Functions

Relations and functions
Function notation
Domain and range
Rational functions
Composite functions
Inverse functions

Contents:

MAONA®D




lﬂm FUNCTIONS  (Chapter 15)

—

OPENING PROBLEM

The charges for parking a car in a short-term car park at an airport are shown in the tabje

below, The total charge is dependent on the length of time ¢ the car is parked. 14 grap
Car park charges
Time t (hours) | Charge 304 charge (£) *’i' a—* ”‘ N —
0<t<1 | £5.00 T L TS e
1<t<2 | £9.00 2 —— =41
2<t<3 | £11.00 BN ses WS NG MlSREERE .
3<t<6 | £13.00 0t =21——T—T 1 _%‘\*\
6<t<9 | £18.00 il s e R R “"’f“—m?\
9<t<12 | £2200 e T T T DR T ) %
12<t<24 | £28.00 i
Things to think about: 1

L, 7 V. 7 e

a What values of time are illustrated in the graph?
b What are the possible charges?

; : Y i
¢ What feature of the graph ensures that there is only ;s,/%_,_._.? L

one charge for any given time?

In the course so far, we have studied several different relationships between variables. In particular, for
two variables  and y:
e A linear function is a relationship which can be expressed in the form y = ax +b where a, b are
constants, a # 0.
e A quadratic function is a relationship which can be expressed in the form y = ax®+br+c where
a, b, ¢ are constants, a # 0.

In the Opening Problem we see another type of relationship, between the two variables fime and charge.
We call this a piecewise function because its graph has several sections.

In this Chapter we explore what it really means for the relationship between two variables to be called
a function. We will then explore properties of functions which will help us work with and understand

them.

 RELATIONS AND FUNCTIONS

A relation between variables z and y is any set of points in the (z, y) plane.
We say that the points connect the two variables.

A relation is often expressed in the form of an equation connecting the variables z and ¥.
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s .
_r+3 and =y are the equations of two relations. Each equation generates 8 set

Ple’.y which we can graph:

T T L R Y %

-
i Rl
=]

foweve® pot al

(1)

Yk

\/

The set of all points in the first quadrant
is the relation >0, y > 0.

FUNCTIONS

(2)

| relations can be defined by an equation. Below are two examples:

Y
° .
°
[ ]
° o
- ] >
° - o T
[ ]
C ®

These 13 points form a relation. It can be
described as a finite set of points, but not

by an equation.

A function is a relation in which no two different ordered pairs have the same

z-coordinate or first component.

We can see from this definition that a function is a special type of relation.

Every function is a relation, but not every relation is a function.

ALGEBRAIC TEST FOR FUNCTIONS

Suppose a relation is given as an equation. If the substitution of any value for z
results in at most one value of y, then the relation is a function.

FDI‘ exﬂmpl e:

L) — ’ A
¥=3z-1 isa function, since for any value of x there is only one corresponding value of y

' T=g2 : pir 8
Y" 1s not a function, since if z =4 then y = +2.

GE
OMETRIC TEST OR VERTICAL LINE TEST FOR FUNCTIONS

S
UPPose we draw all possible vertical lines on the graph of a relation.

3 X
: ii each line cuts the graph at most once, then the relation is a function.
at least one line cuts the graph more than once, then the relation is not a function.
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| relations can be defined by an equation. Below are two examples:

tal
ever, 10
fowe*® vp (2) vA
(1) < L ]
L]
L} ®
-4 FanY L]
———at T A T . . z
[ ]
S L]
Y J
The set of all points in the first quadrant These 13 points form a relation. It can be
. he relation T > 0, y> 0. described as a finite set of points, but not
s by an equation.
FUNCTIONS

A function is a relation in which no two different ordered pairs have the same
z-coordinate or first component.

We can see from this definition that a function is a special type of relation.

Every function is a relation, but not every relation is a function.
ALGEBRAIC TEST FOR FUNCTIONS

Suppose a relation is given as an equation. If the substitution of any value for =
results in at most one value of y, then the relation is a function.

For example:

. - . . . 1 i

Yy=3x-1 isa function, since for any value of z there is only one corresponding value of y
(] —nd 2 ¢ 2 z

L=9° isnotg function, since if z =4 then y = +2.

GE
OMETRIC TEST OR VERTICAL LINE TEST FOR FUNCTIONS

Su :
PPose we draw all possible vertical lines on the graph of a relation.

SRRlI - o :
IfeaCh line cuts the graph at most once, then the relation is a function.
a : il .
tleast one line cuts the graph more than once, then the relation is not a function.

-
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Example 1 %) Self Tuto,
Which of the following relations ar¢ functions?
o Y b Y (4 Y
T T
3 T X |
. b Y (4 Y
™\ |
| —
-+ | \
a function a function not a function
GRAPHICAL NOTE
e Ifa graph contains a small open circle such as e thiS point is not included.
e If a graph contains 2 small filled-in circle such as e, this point is included.
ndsuchas — " ° then the graph continues indefinitely

an arrowhead at an €

ction, or the shape may repeat as it has

e If a graph contains
in that general dire

EXERCISE 15A
1 Which of the following sets of ordered pair

a {(1,3), (23,31 & 2)}

algebraic methods to decide whether t

s are functions? Explain your ans
b {2 1), (3 1) (-12) (2 0)}

hese relations are functions. Explain you

done previously.

WETS.

T anSwers.

¢ z2+9y2=9

2 Use
a y=2>-9 b z+y=9
3 Use the vertical line test to determine which of the following relations are functions:
a Y b Y 4 vA d v
T f oz /
4 The managers of a new amusement park are discussing the
schedule of ticket prices. Maurice suggests the table alongside
Explain why this relation between age and cost is not a 0:- 2 years (infants) i
function, and discuss the problems that this will cause. 2 - 16 years (Children) s
16+ years (adults) {ﬂﬂ
5 s it possible for a function to have :
more than one y-intercept? Explain your answer.

Is the graph of a straight line always a function? Give evidence to support your answer
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e /, 2

/ side shows the curves y = z° and
h along

ap
e iti i ces between
7 TQ = & the gimilarities and differen

. each curve is

y DiscuSS including whether ¥ 4
3 e curveS L may also consider what
pction- (s) map one curve onto the other.

a jon

mmatio

sfo 1 — Soav/in
raf 2 —x, W€ can write Yy \/_

L Y

NY

: ol s
> Usmi/:at part of the graph of y* == =z
i

nds to ¥
corresPO ion? Explain your answer. \/
__ /7 afunction? Explainy :
s y=V7

1] 3

Jongside shows the curves y = T and [
ha

The gr2P

8 y.':l =T
3 Explain ;

b For the curve Yy

hy both of these curves are functions.
w

— gz, write y as a function of z.

A
N

57

[n the Opening Problem:
Is the relation describing the car park charges a function?
[}

If we know the time somebody parked for, can we determine the exact charge they need to pay?
: If we know the charge somebody pays, can we determine the exact time they have parked for?
[}

T S ——

B " FUNCTION NoTATION

L PO

function machines are sometimes used to illustrate how functions behave.

If 4 is the input fed into the machine,
the output is 2(4) + 3 = 11.

The aboye “machine” has

i been programmed to perform a particular function. If we use f to represent
i particular function, we

can write “f is the function that will convert z into 2z + 3.”

)
" fwould conyert 2 into  2(2)+3=7 and
—4 into 2(—4)+ 3 = —5.

.
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This function can be written as:

f(x) is read as

s x— 2+ 3
\—-—-—\/—"'_/ “f()r..r"_

/ / e
function f such that x is converted into 2z + 3

Two other equivalent forms we use ar¢ f(z)=2x+3 and y =2z + 3.
f(z) is the value of y for a given value of x, s0 Y= f(T):

f is the function which converts = into f(z), so we write L 1]
= f(z) is sometimes called the function value or image of z. NN
For f(I)=2I+3Z 7"-‘ el
. f2)=22)+3=T L PEAEE A
the point (2, 7) lies on the graph of the function. - " :

e f(—4)=2(—-4)+3=-5 ] i ]
the point (—4, —5) also lies on the graph. NEN=EVAERE

| SN e 8

| Example 2 <) Self Tutor

If f: z+ 2z° — 3z, find the value of:
a f(5) b f(—4)

f(z) =222 — 3z

We use brackets to help
a f(5)=2(5)>2-3(5) {replacing = with (5)} avoid confusion.
=225 —15
=45
b f(—4) =2(—4)> —3(—4) {replacing = with (—4)}
= 2(16) + 12
=44

EXERCISE 15B
1 If f(z) =3z — 22+ 2, find the value of:

a f(0) b f(3) ¢ f(=3) d f(-7) e f(3)
2 If g: mHm—g, find the value of:

a g(1) b g(4) ¢ g(-1) d g(—4) e g(—3)
3 Suppose G(z)=2*2.

a Evaluate: i G(2) i G(0) i G(—3

b Find a value of z such that G(z) does not exist.
¢ Find z such that G(z) = —3.



FUNCTIONS (Chapter 15) 399

= 5—1T— 2, find in simplest form:

0 self Tutor

if fffr(-‘f) b f(z+2) ¢ flz—1)—5
a
/_1:)—"—:;:?_9:) = (—-‘8)2 {replacing T with (-z)}
- ( =5+ — :Ez
f(= +2)=5— (z+2) — (z£2) {replacing T with (z + 2)}
b

—5—x—2— [2% + 4z + 4]
—3—z—2>—4p—4
__.__.-1:2—-517—1

=5—a+1—(s* =27
=—z?+zx

. fz=1) =05 (6-(@-1)—(z-1)*) -5  {replacing z with (z — 1)}

T = 0L find in simplest form:

g If f;(l) b f(—a) o

: K o t f(z+h)

Fla) = 972 + 3z — 1, find in simplest form:

s lfa F(z+4) b F(2-2) ¢ -onlig

i ¢ £G2 f F(z+h)
g 1 f(2) = z2, find in simplest form:

a f(3z) b f(%) ¢ 3f(x) d 2f(c—1)+5
1 If f(z) = =, find in simplest form:

§ frepresents a function. Explain the difference in meaning between f and f(z).

? On the same set of axes, draw the graphs of three different functions f(z) such that
f(6) = 3.

0 Find a linear function f(z) =az +b for which f(2) =1 and f(—3) = 11.

1 For a hot air balloon ride, the function H(t) gives [ [ §H|(metrés) [ | | |
the height of the balloon after ¢ minutes. Its graph S BEEL G e

is shown alongside.

2 Find H(30), and explain what your answer
means.

b Find the values of t such that H(t) = 600.
Interpret your answer.

¢ For what values of ¢ was the height of the
balloon recorded?

d What ran

ge of heights was recorded for the

f(2)=1 and

balloon?

¥
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12

13

T(2) = 6. Find a, b, and c.

14

V(t) = 9000 — 900t pounds.

a Find V(4), and state what V(4) means.

b Find ¢t when V/(t) = 3600, and explain what this means.
¢ Find the original purchase price of the photocopier.

d For what values of ¢ is it reasonable to use this function?

We have seen that a relation is a set of points which connects AY

two variables.

The domain of a relation is the set of values which the
variable on the horizontal axis can take.

usually z.

The range of a relation is the set of values which the variable

The value of a photocopier t years after purchase is given by

This variable is

on the vertical axis can take. This variable is usually y.

The quadratic function T'(z) = az? + bz + ¢ has the values T(0) = —q, T(1)

\

Given f(z) =az + f, f(1)=1, and f(2) =5, find constants a and b.
I

e
=2

3 and

DOMAIN AND RANGE

Y

: —————
<— domain —»; =

The domain and range of a relation can be described in several ways. Examples are given in the tale

below:
Set notation Bracket notation Number line graph Meaning o |
the set of all z such
{z |z > 3} T € [3, oof > Ve o | that 2 is greater than
3 or equal to 3
— o the set of all z such
s > ;! :
Gl s e = |2 > | that z is less than 2
the set of all = such
{z|-2<z<1} R =Pl - I | » - | that z is between -2
=2} 4l and 1, including 1
the set of all  such
. -8 o—>» that z is less than of
=)z =00 e SRR IR (I) All > | equal to 0, or greater

than 4

e

e
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mee OF FUNCTIONS

MA""

p0 e domain and range of a function, we can observe its graph. For example:

i ¢ Opening Problem, the car 3°1ncharg'e EAMBEES =
(1) In harges function is defined for Ca ! | -
ark € ¢ such that 0 <t < 24. DT R SRR e
< tlt;:: domainis {t|0 <t <24} | ‘{_‘ |
ossible charges are £5, £9, ity =z i ' T E
T P13, £18, £22, and £28. 10 53—
= ;he range 1S t__ L ___|‘£ o5 _,A,vﬁ_, — . ;
(5.9, 11, 13, 18, 22, 28}. : | | | time (hours)
0 3 6 9 12 15 18 21 24
AY All values of z > —1 are included,
(%) so the domain is {z |z > —1}.
All values of y > —3 are included,
| i so the range is {y | y > —3}. .
-— \J/ .‘
(—1,—3)/$
(3) AY x can take afly‘value, e
(2,1) so the domain is “r can be any
{xeR} or z€R. real number”.
S 7 The ¥ cannot be > 1, \
\ so the range is {y | y < 1}.
\
(4) AY x can take all values except 2,
so the domainis {z |z #2} or = # 2.
y=1 y can take all values except 1,
A e T

For €xample, we can specify
Ifa domain is pot specified,
€5t part of R for whi h"»fﬁ

S
Me examples of naty
table Opposite,
E:iCk on the icon 1o obt
tura) dOmain RN

: 4

so the range is {y |y # 1} or y # 1.
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a y b

(4.3)

A

y

For each of the following graphs, state the domain and range: \%

> T

(2,-1)

Rangeis {y|y>-2}

Range is

a Domainis {z|z <8} b Domainis {ze€ R}\

{yly>-1).

EXERCISE 15C

1 A driver who exceeds the speed limit receives demerit
points as shown in the table.

a Draw a graph to display this information.
b Is the relation a function? Explain your answer.
¢ Find the domain and range of the relation.

2 This graph shows the temperature in Barcelona over
a 30 minute period as the wind shifts.

a Explain why a temperature graph like this must
be a function.

b Find the domain and range of the function.

T S

limit (z kmh~1)

Amount over speed

Demerit Poings m

0<z<10
10z <20
20€z <30
3I0<Lr<4b
T > 45

btemperature (T °C) [ T ——————
p ( ITT

—25 SENEL
0 ’\/\7““
—15 | A1 SY
L B
L‘ Jhh . time (£ minutes)

ﬁ 5 10 5 20 % 3(?‘

i | !
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/grapm’d’y: f(x) alongside. Ay

ider the /
h nisde whether each statement 1s true or false: (=7,10)

ec ;

_pis in the domain of f. (5,8)
p 2isin the range of f. (46 (0,6)
¢ 9isin the range of f. y=f()
d ﬁ is in the domain of f. (2,3)

;i i —+
\
g Use quadratic theory to find the range of each function:
a y:a:2 b y=—2’ ¢ y=2>+2
v ¢ y=1-(2-2)° f y=(2c+1)*+3
g y:x2~7$+10 h y:—$2+2$+8 i f::c»—->5a:—3:1:2
State the domain and range of each of the following functions:
1 1
a flz)=vz -9 b f(a:)zm_5 ¢ f(z)= —
a Vz—-5 1is defined when z—52>0 AY
o L =S

 the domainis {z |z 2 55

A square root cannot be negative.

. therangeis {y|y2 0}. ik B

S 5 :'r

L s defined when 2 =570
LD

- the domainis {z|z# Bk

No matter how large or small is,

y = f(z) is never Zero.

. therangeis {y|¥7# 0}.

b

¢ - is defined when z—952>0 ;
r—5 AY 5 1
e B il y= —-;'g
. the domainis {z|z > 5}.
y = f(z) is always positive and never zero. -— ,55 >

. therangeis {¥|y> 0}.
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6 Consider the function f(z) = /7.
a State the domain of the function.

b Copy and complete this table of values: ) 0l1(41]9
f(z)
¢ Hence sketch the graph of the function.
d Find the range of the function.
7 State the domain and range of each function:
1
a f(z)=+vz+6 b me:-cE C f(-’ﬂ):—L
T +1
1 . :
day== o Jeid e /e
Example 6
Use technology to help sketch these functions. Locate any turning points. Hence state the doma;
and range of the function. !
1
a f(z)=—ct+22—7 b fla)=2"— =
R —
a AY b y
- ® o
(0.794, —5.81)
= (—0.794,1.89)° | 1 .
Biet. Ay 7 E
flx)=—z*+22-7 flz)=—ct==
Y
The domain is {z | z € R}. The domain is {z | z # 0}.
The range is {y |y < —5.81}. The range is {y | y € R}.
8 Use technology to help sketch these functions. Locate any turning points. R
Hence state the domain and range of the function.
a f(z)=23-322-9z+10 b f(z)=2*+4z°>—-16z+3 *
¢ flz)=Vz®+4 d f(z)=+vz2—4
e f(z)=v9-—2z? (2 e s Locating any turning points S |
=2 important for finding the range: |
N idr=9 1
S )= h fz)=o+=
- 1 -
I flz) =2+ = i f(:g):g;3+i
o =g

ksfi(z)i= 32 IR (z) = » 25
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pnology to sketch these functions on their given domain. Locate the points at the end(s) of
) se t€C Jin, a5 well as any turning points. Hence state the range of the function.
omatts
the 9

_‘$4+2z3+5m2+$+2, Osz<4
a ¥©

_ _ozt+ bzt +2, —25z<2
e
1
=0
T2

ton f(:z:) = v/x2 4 5z + k has natural domain z € R.

Plte 10 : : .
Find the possible values of k. b Find the range of f(z) in terms of k.
a
¢ the domain and range of each relation:
Sta
L (P +v¥ =4 b ~{(#7)| i)

.~ RATIONAL FUNCTIONS

. oar and quadratic functions are the first members of a family called the polynomials. The polynomials
Lin .

0 all be written in the form y = ag + a1z + asx? + asz3 + ...
¢
When 2 polynomial is divided by another polynomial, we call it a rational function.

[n this Section we consider only the simplest cases of a linear function divided by another linear function.

RECIPROCAL FUNCTIONS

A reciprocal function is a function of the form y = E, k # 0.
T

The graph of a reciprocal function is called a rectangular hyperbola.

The simplest example of a reciprocal function is f(z) = 1o graph is shown below.
T

Notice that: YA

o The graph has two branches. vertical

1 . asymptote —=|
8 U= ~ is undefined when x = 0, so the '

domain is {z | z # 0}.

On a sign diagram, we indicate this value with
a dashed line.

1)

A
&

2 £ S Rasiratrssninann

= £ i i > horizontal
0 : asymptote

3 The graph includes two asymptotes, which are

1es the graph approaches but never reaches.
>

=0 is a vertical asymptote.

. ) 1 v
WeWnte: as z -0, = —> —
T
i B
as r—> 0", = —> o0
b

73 1 o 2 5 1
When “as 5 _, 0T, = — oo™ is read out loud, we say “as z tends to zero from the right, =
tends to infinity”
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» y =0 is a horizontal asymptote.

We write: as xr — oo, -1——»0"'
T

“« 5 means
“tends tO”_

1 5
as ¢t — —oo0, ——0
I

1 :
When “as ¢ — oo, — — 01” is read out loud,
T

13 e = 1
we say “as x tends to infinity, — tends to zero from
T

above.”

When sketching the graph of a reciprocal function, it
is useful to determine some points which lie on the

graph.

The reciprocal function y = % passes through the
T

points (1, k), (k,1), (-1, —k), and (—k, —-1).

DEMO

EXERCISE 15D.1
1

1 a Sketchthe graphsof y=—, y = E, and y = % on the same set of axes.
T

8

b For the function y = E, k> 0:
H

i Describe the effect of varying k.
ii State the quadrants in which the graph lies.
jii Draw a sign diagram for the function.

1 2
2 a Sketch the graphs of y = S U et and y = —% on the same set of axes.

b For the function y = ;, k <O0:

i Describe the effect of varying k.
ii State the quadrants in which the graph lies.
iii Draw a sign diagram for the function.

k20, sstate:

a the domain b the range

3 For the reciprocal function y =

8 |3

¢ the vertical asymptote d the horizontal asymptote.
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mach reciprocal function:

petcrmine the ©

fl
a yﬁl b yﬁl C Y
(6,1) (-9,4)
S - ¥ > = 5
(—5’_3)
} v Y
_taz+h
UNCTIONS OF THE FORM 3y = — S O #£0

RATIONAL F

We now consider the T

function.
The graphs of th
VESTIC

What to do:

1 Use technology to examine graphs 0
ii Write down the equations of the asymptotes.

i State

ai== o

2 Experiment with functions of the form y =
cz+d

For an equation of this form,

ese rational functions also have hori

the domain.
3 7 3z+1
z—2 Y z+2

b

a the horizontal asymptote

a For an equation of this form, state the equation of th
see how to quickly write down the equation of the horizontal asymptot

b Canyou

3 Experiment with functions of the form y = 27 b
cx+d

your answer.

e For a function writt
cz+d

» the vertical asymptote is T =

e Fo

» the ve

¢ a function written in the form y = eT+b
cT

on in the form y= —°

+d

rtical asymptote is z=

Iy @ -

ational functions which result when a linea

f the following functions. For each graph:

C

state the equation of:
b the vertical asymptote.

r function is divided by another linear

zontal and vertical asymptotes.

RATIONAL FUNCTIONS

GRAPHING
PACKAGE

ks 2z —9
y 33—z

+q where b, c#0.

where ¢ # 0.

e vertical asymptote.
e? Explain

+a where b, c#0:

> the horizontal asymptote is Y = &

where ¢ # 0:

a

> the horizontal asymptote is ¥ = =
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Consider the function y = 2

x—2

+ 4.

a Find the asymptotes of the function.
¢ Use technology to help sketch the function,

b Find the axes intercepts

including the features found in a and b

a The vertical asymptote is = = 2.
The horizontal asymptote is y = 4.
6

b When y =0, 2_2——4
—4(x—2)=6
—4zx+8=6

—4p=—2
o

When z=0, y=-"2+4=1

So, the z-intercept is 3 and the
y-intercept is 1.

\

AY

T e
i |

T —9

HathiDeslForel)

15
10

T

10

B HathDeglforn])
vl

,,
6
iy
=
3
2|

L X
—3—2—1°|\12345E789

EXERCISE 15D.2
1 For each of the following functions:
i Find the equations of the asymptotes.
iii Find the axes intercepts.
iv
v Sketch the graph of the function.

a flz)=—

b fiz—24 ——
e

ii State the domain and range.

Discuss the behaviour of the function as it approaches its asymptotes.

1

—2— —

¢ f@=2--3

Example 8

Draw a sign diagram for —— L

2z +1°

| ) Self Tutor

rz—1
2z + 1

Since (z—1) and (2z+1) are
single factors, the signs alternate.

is zero when = =1 and undefined when = = -—%.

A
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7 Yy 4 iz=3
<z A 1/ i %
- > E .
Pt
v
¢ 2l G o2
z+5 2%+ 1
3 —
g z h 8.’.[:
Tz —2 T
o) Self Tutor
: 2z +1
Consider the function Jis) = e
Find the vertical asymptote of the function. b Find the axes intercepts.

Rearrange the function to find the horizontal asymptote.

a

c

d Draw a sign diagram of the function.

¢ Hence discuss the behaviour of the function near the asymptotes.
f

Sketch the function, showing the features you have found.

a The vertical asymptote is x« = 1.

BE/(0) = —il = —1, so the y-intercept is —1. R

f(z)=0 when 2r+1=0

: fraction
r=—1 z—1
L AR _%- becomes 1111]ﬁnitely
small.
- f(:l:) = 2z 1
T—1
(o= 1)+ 3
z—1
f
r—1
the horizontal asymptote is y =2
d
s P F
e

1

(]

€ As .’13—*1—, f(a:)—z»—oo

As X 1+’ f(.'L') s
As r — e f(-'L') S
As r — 00, f(‘.'E) . 2+

¥

5]
Il
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410 FUNCTIONS (Chapter 15)

& For each of the following functions:

i Find the equation of the vertical asymptote.

ii Find the axes intercepts.
iii Rearrange the function to find the horizontal asymptote.
iv Draw a sign diagram of the function.

v Hence discuss the behaviour of the function near its asymptotes.
vi Sketch the graph of the function.

el . z+3 3z —1

a f(:z;)_ﬂ:—1 b fage < f(a:):m_

21 ! 2z +4 z+3

R = s f fo) =

5 The graph alongside shows the linear functions f(z) and 7
g(I)' /
Copy the graph, and on the same set of axes, graph & V= f(z)
£ (=) . Indicate clearly where any z-intercepts and - S~

\

" g(z)
asymptotes OCCUL.

\J

> . b
& Consider the function y = ‘”’_1'2, where a, b, ¢, d are constants and ¢ # 0.
CcT

a State the domain of the function.
b State the equation of the vertical asymptote.
¢ Find the axes intercepts.

b 24
d Show that for ¢ # 0, i b - o <.
cx+d c cr+d

Hence explain why the horizontal asymptote STy —

Click on the icon to run a card game for rational functions.

> —
I

y=9g(z)
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