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Chapter 7C: Graphing Techniques

SYLLABUS INCLUDES

o Use of a graphing calculator to graph a given function
o Important charactenistics of graphs such as symmetry, intersections with the axes, turning
points and asymptotes of the following
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« Determining the equations of asymptotes, axes of symmetry, and restnctions on the

possible values of x and/or y

« Simple parametric equations and their graphs

CONTENT

1 Characteristics of graphs
1.1 Intersections with the axes

1.2 Axes of symmetry
1.2.1 Symmetry about the x-axis or y-axis
1.2.2 Symmetry about other lines

1.3 Restrictions on the possible values of x and/or y
1.4 Asymptotes
1.5 Shape of graphs

2 Rational functions

ax+b v-
' where ¢ # 0, and the numerator and

2.1 Graphs of functions of the form f(x) = "
cx

denominator have no common factor if a # 0

: ax’ +bx+c
2.2 Graphs of functions of the form f(x)=T—, where a# 0, d#0 and the
+e

numerator and the denominator have no common factors
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3 Conic Sections
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4 Parametric equations and their graphs
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i CHARACTERISTICS OF GRAPHS

In sketching graphs, certain features of a curve can be observed, or easily calculated, from the
cquation of the curve. Some of the important features that we can consider are inlersections
with the axes, axes of symmetry, asymptotes, restrictions on the possible values of x and/or y
turning points etc.

1.1 Intersections with the axes

It is usually easy to determine whether the curve y = f(x) meets the x-axis and/or y-axis. The x
intercepts are found by setting &0 in the equation of the curve and solving for x. Similarly,
the y intercepts are found by/&etting x =0 in the equation of the curve and solving for y.

2 2
’ - . .
For example, the curve with equation —4-——9—-——1 clearly intersects the x-axis at (2,0) and

(=2,0) but does not cross the y-axis.

1.2  Axes of symmetry

1.2.1 Symmetry about the x-axis or y-axis

If the equation of the curve is unchanged when Y\s NP{Q@A L% (-x) , the graph
is symmetrical about the H“U’m . Similarly, if the equation of the curve is unchanged
when %isw{om& by (‘H) , the graph is symmetrical about the X-axis

L~

For example, the graph of the curve with equation y = In(x?) is symmetrical about the Y{-2x(s
! 2 2
while the graph of the curve with equation %—% =1 is symmetrical both about the x-axis and

y-axis.

YA
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Note:

- : 3 3 x! y he case of
T'he dotted lines y :,;5_1- and y = =5 & are asymptotes to the curve . I. In the case o

the curve y=In(x?), the line x=0 is an asympltote to the curve. We will learn more about
asymptotes in section 1.4,

1.2.2  Symmetry about other lines

Besides symmetry about the axes, the graph of the curve could possibly have other axes of
symmetry. !

-~ by . 2 . - .

For the curve with equation y =4 ~(x=2)", the graph is symmetrical about the line x =2,

i . I . y
In the case of the curve with cquation y =1+ 1’ a line of symmetry is y = x.

7 alo o tuon'r-d e .
4
/Y ! *
/‘E\ | _ 1 + l
E & 1 & =
0 52 4 x T —— 1 "
' \ x

y=4—(x-2) !

Y
;) ;
<<(1—'L)"’ (eall edakiongiup - behieon fraphs of ‘Ef‘-'f(’) ard a:f 1(7)
\
Note: 0 ——
To determine if a curve is symmetrical in the line y = x, we can easily do so byf}eplacing_ﬁdtl;
§wlth'yandywnh x) If the equation of the curve is unchanged, then the line y=x isaline of

symmetry. .

Exercise:
State a line of symmetry of the following curves whose equations are
i
= =™ .
© 4 xz—x-!-l,j(oﬂ\fﬁj)g the 4
l Fwoure ~
Answer: (i) x=7 , (i) _ X=0
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1.3 Restrictions on the possible values of x and/or y

It is sometimes useful to consider whether there are any restrictions on the possible values of x
and/or y when we graph the curve y = f(x).
For instance, the curve with equation y = In(2 - x) is only well-defined when x < 2. Thus the
graph of y = In(2 = x) lics only in the region where x < 2.

In the case of the curve with equation y” = x —1, we observe that since y' =0 forall ye i,

then x—120=>x 21, Thus the graph lics only in the region where x =1,

Example 1

xz 4.

It is given that that y=
x+1

, xeR, x#-1. Without using a calculator, find the set of
values that y can take.

Solution ' P I'—~- e
\dzfi vel, 'Ki‘-l \ | N 4oy
b s \| /
x4y : i \, /
K-y xd (3] b 2 ertiiviesg : ?\l{,,/
: “ (LY

LT'L{MZQ -———-—-—-—L-—§-____‘,'___ﬁ, o
o yural ) dgeriican) k‘j]l ‘“LUU"NQ : ‘

g b4 AL "

\‘k"“)(j—ﬂ 70

‘d?. - or \3, b A

- owhof rqleayof Y N (-20y €)Y (1,»)

Note:

tefyul

Graphs of circles, ellipses and hyperbolas (which will be dealt with in Séttion 3) have certain
restrictions on values of x and y as well.

Consider the graph of x* + »* =9, which is a circle with centre at the origin and radius 3 units.
Wenote that -3<x<3 and -3<y<3.

For the graph of hyperbola x* —2y* =1, we observe that as x*> =142y, we have x> >1, since
y*20 forall yeR. Thus x<-lorx=21.

Chapter 7C: Graphing Techniques
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1.4 Asymptotes

. An asymptote of the curve with equation y=f(x) is ilinc_or_a"~curifé:?th5t-t_ﬁé:g(5f2m
[ =1(x) approaches when x or y is largd It gives an indication of the behaviour of the curve

when x— o or —co and/or when y —w or —w. In our syllabus, we will only concern
ourselves with linear asymptotes,

Example 2

Find the equations of the asymptotes of the curve with equation y =2 —-]—.
x

Solution

‘awhlwuro

i
>

. and hence ‘{(i Rl a/}\mﬂ'lmhl, MWU’CQ-

Note that, in fact, we also have as x — -0,y =2,

As x — 07 (i.e. approaching x =0 from the left), y = . Thus X:0U o ppdical QSWUR-

Note also that as x — 0" (i.e. approaching x =0 from the right), y — —co.

Graphically, we see that ' 7%

Example 3

Find the equation(s) of the asymptote(s) of the curve with equation y = —g-xv—' e,

Solution

As x > o, e™* = 0 and hence y-—)%x.

Thus lJ %"“ an 0“4'1“ arymplote-

Chapter 7C: Graphing Techniques
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Graphically, we have oA

Exercise:

1

State the equations of the asymptotes of the curve with equation y=x-—.

: £k 3 i
Answer: _‘|*%, ¥ x>a , 4aY
1Y)

1.5  Shape of graphs

Having discussed intercepts and asymptotes of graphs, it remains for us to study the shape of
the graph. Recall in Chapter 7B we have discussed the concept of strictly increasing
(decreasing), concavity as well as stationary points.

These form the foundation to determine the shape of any given graph. Hence given a curve
with equation y=f(x), it is important for us to look at f'(x) to determine the shape of the
graph.

SUMMARY FOR CURVE SKETCHING

A simple way to start any curve sketching question is to remember the following mnemonic:
S (Shape/Stationary Points) I (Intercepts) A (Asymptotes). In practice, we usually start from

determining the asymptotes (if any), then the intercepts, followed by the shape, which includes
the stationary points.

S I A

(Shape/Stationary Points) (Intercepts) (Asymptotes)

In the next section, we will learn how to sketch some standard curves such as graphs of rational
functions and conic sections.

Chapter 7C: Graphing Techniques
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2 RATIONAL FUNCTIONS

+b

! wher@ @2, and th@Aumerator”
{
Tand denominator have no common factor if a « 07

2.1 Graphs of functions of the form f(x)= -
cx

ax+ b

In general, the graph of y =f(x) where f(x)= where ¢ # 0 takes one of the following

(o &

ettt sttt

The dotted lines are known as asymptotes. They are lines which the curve y = f(x) approaches
when x or y is large.

Note:

The graph of y = il
cx +

has no turning points. To understand this, we consider % which can

. d d —b
be easily shown to be given by Ey = (—;T;.

When ad —bc #0 ,W%;t 0} Hence the graph of y=f(x) has no turning points.

B o

When ad —bc=0, % =0 for all real values of x (except for x = =4 )- Hence y =f(x) will be
c

cei ) d
athorizontal lifiél(with the point when x = - removed).
We— c

G ro Nn\jr}. \oo{!\} uther

Chapter 7C: Graphing Techniques
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Example 4

x-1 : : : i ;
Sketch the graph of y=——/, x# -2, labelling clearly any intersections with the axes, turning
5 hagpt I84ab,

’ s

points and asymptotes. & , e,
rie)jer
Hrgegtots —_—
Solution
]
To find axial intercepts. When x=0, y=- > and when y=0, x=I.
To find the vertical asymptote:
We observe thatas x — =27, y-= tw ., Also, we have as x —»=2*, Yy =
x=1
oo Theline  yz-1ys o verticod  agymptott for the graph of y=——.
( iy i e G
Simply put, vertical asymptotes for rational functions occur at points where the denominator is
zero, provided the numerator and denominator have no common factors.
To find the horizontal asymptote:
We need to consider what happens to y as x — £o0,
x=1. 3
Express y= in the form y=1-——.
x+2 x+2
3
As x —>iw, =D U y=\ , i.e. the graph “approaches” the line y =1 as x — +o.
. x-1
:. The line (d:\ o homenkdl YTyl for the graph of y=——.
) i Y x+2-
-
1 Iv// -
. ' + »
| AN
\ {
| < o a
! o A
LT sy
Note :

The GC gives _thc shape of the graph. In many cases, you may need to resize the window to
capture the entire graph, or to change window settings to capture critical features of the graph.

Chapter 7C: Graphing Techniques
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We can use it to find intersections with axes and turning points, but it does not draw
asymptotes! To determine if a graph has any asymptotes, you need to examine its equation.

. ; ; " . ¢ x -]
To illustrate this point, we shall investigate a case by sketching the graph of y=——,
I B : g the grap ) oy
What you see What it should be _—
_x-1 _x-1
x+2 x+2
.
L]
i
L]
]
.......... T BT |
S == J - ————— ¢
17 Y]
R ¥
‘ ]
]
]
L
x==2
Remarks : There are 2 asymptotes, but
both are not shown.
GC Keystrokes Screenshots
: - :
1. Press [Y=]followed by [ALPHA E.'\’;:L thts Flap)
E\Y2=
\Y3=
2.Select1: n/d J-\vq=
| ned
{j2:Unsd
13 »n/dOrUnsd
AFOD
ORMAL” FLOS -
3. Key in the numerator and denominator e R
I\YIEW
g s
E\Ys=
FI\Y1=
EINYs=

4. Press[Z0OOM] ._J -
5. Select 6: ZStandard } .

(standard window of ~10<x <10, —10< y<10) ' ' n
g o Ix=¢ ¥ l y D
x-3 EE ] e
)\ \:A ) } | Chapter 7C: Graphing Techniques

\ i Page 10 of 27
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1
6. Press[2nd)[TRACE - e
2:zero
7. Select 1: value (to calculate y -intercept) it ot
2: zero (to calculate x -intercept) g b i
3: minimum (to calculate min. turning pt.) [ [7:4f(x)dx
4: maximum (to calculate max. turning pt.) ||
g ax’ +bx+c
2.2 Graphs of functions of the form f(x) = e where a# 0, d # 0 and the
e

numerator and the denominator have no common factors

2
In general, the graph of y=f(x) where f (x)=axdx;ixt£ where ¢ #0 takes one of the
e

following forms.

oblique asymptote

U, Y S

vertical asymptote

hurnw.’a ‘m;[,

The dotted lines are the asymptotes. There is a vertical asymptote and an oblique asymptote.
The graph of y = f(x) may or may not have turning points depending on th¢ values of a, b, ¢, d
and e. We will now look at an example to illustrate how to sketch graphs of this form.

Chapter 7C: Graphing Techniques
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Example 5§

'_3x-4 ; : ; g
Sketch the graph of y=x—3—xl——. x #1, labelling clearly any intersections with the axes,
xn_

turning points and asymptotes.

- o

Solution
To find axial intercepts: When x=0, y=4 and when y=0, x=-1, 4,

To find the vertical asymptote: As x> 17, y—>+oandas x > 1*, y = -
Hence the graph has a vertical asymptote  » -1

As x— 0, y does not approach a constant, so there is no horizontal asymptote. However, we
have an oblique asymptote.

To find the oblique asymptote :
Consider what happens to y as x — +o0.

2 — —

We first express y = e e in the form y=x-2 —i.

x-1 x-1

. 6 .
As x -+, y—>x-2 (since ——1—>0), Le. the graph “approaches” the line y=x-2 as
x -_—

X —» o0,
o.Theline x-L 1 “'\Ek{k”t\va mrwo‘@ for the graph of y = M. k.2

x-1

To find stationary points:

2— —
=w-=x—2——§—— =5 d—y=l+ g =#0. y,
x-1 x-1 dx (x-1)

Hence, there are no stationary points on the curve.

x*-3x-4 6
x—1 x-1

Asymptotes are x=1 and y=x-2.

o

Chapter 7C: Graphing Techniques
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Example 6
2x* +5x+10 : . : .
Sketch the graph of y=x—-—x2—l, x # -2, labelling clearly any intersections with the
x+

axes, turning points and asymptotes.

Solution

ataspeto C(tcha) bl incrat vher g0, pletiac €O
- x+2 - X1 Bagr ret x et ? > mustbaye

\ N ‘ lanx.C) ‘j g 'UH‘J{«

'lll___r\_f\ﬂr Wx ¥ g B tj'-'rkm‘ﬁ ¥ Pm\jd

54 dy.  Canan (g po

> g dx W"_—_‘-—'—" iuq;f Ge

) > ] Iir-,,'

- (Q\\\) J". vy Yy} 1,,1“‘__‘“]

aj x S -1 Y — e FSII‘_]

voitical XL

Telie X:-Try qr\us\iﬂ\[ﬂt_\(
a8 X2 4=, Lj =~ (hh‘.

n\% hire ‘1 Txp ip p!‘\. ;‘khf\u( ﬂf\jf'\-rfa\(

Note:
In general, if the equation of the curve is known, we can use the GC to find the shape,
intersections with axes and turning points of the graph. However, we need to examine the
equation to determine the asymptotes.
‘%
Example7 f 0\“_#
: k+2 : .
The curve C has equation y = x + k + ——, where k is a constant. Find the range of values of k
x —
for which the curve C cuts the x-axis at two distinct points.

Giventhat k=2,
(i) Sketch the curve C, stating its asymptotes, stationary points and axial intercepts if any.
(ii) The two asymptotes of C intersect at point P. Show that P lies on the line

y = mx +(4—2m) for all real values of m.

Hence, state the range of values of m for which the line y = mx + (4 -“Qm) does not cut

the curve C.

Solution ( -
T e in A
L' Uqe > 0 ¥
k-1
EHY LA
(e hpay,

Chapter 7C: Graphing Techniques
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()] . '1""”‘ Y-‘?,
*y : . X‘VL " Q—-
' ] X-1
y=x+2+x—;— E Ol)‘l‘clw_ apjmp}.h 4 X‘](’l
E verdical uglimph{q Yy U (tioe denarmical e
g Fo, x k1)
5 : axes ~ IMUUP\S‘ twhen A-t, 1(
; wheh ‘j by, o= iRl
:  Coxt BIOY
: s XUEY
x22 [re solubren)
“) “] ;V X+l b ok&uvdmn
qu TSuEe {}WP‘"J i hee dots red yndergect
J ¢, Ml
coordriaferel [ (1 q) fape c}radq‘o,m‘ LY c]U*Jr!er
fub  %° 1\“ Y into TT‘\"{'(({ 'LTU) ‘IYM!‘W *‘ry\
follaw e Q,’{‘J\.Ql'ﬁn
{f Ix - e \S" % 41
4oy (o) T gomeete
o e il g er GNRLE | o m“{“( Um) patser fhrovt
neh (=) =) i ”Plj?“ U real valnee 0F M.
In summary,
ax+b ax+b .
= : Express y = in the form y=p+ » Where p and q are
¥ cx+d ¥ ¥ ex+d ¥=F ex+d 4 q
constants.
where ¢ # 0, )
P " e Vertical asymptote : x =——
c
denominator have ) a
no common factor * Horizontal asymptote : y=p==
c

If a=0, the horizontal asymptote is y =0, i.e. X -axis

= -axz—+ti+—c Express y=ax_2+_1ﬂ in the form y = (px +q) + E e
dx+e dx +e Hte
where a= 0, d#0, | 7 9 and r arc constants, p#0.
numerator and * Vertical asymptote : x = -\
denominator have - d
no common factor * Oblique asymptote : y=pr+gq

Chapter 7C: Graphing Techniques
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Note:
In general when we deal with graphs of rational functions, we can apply similar strategies
discussed earlier to determine the equations of the asymptotes. That is,

- vertical asymptotes occur at values of x where the denominator is zero, provided the

numerator and denominator have no common factors.
- horizontal or oblique asymptotes can be determined by writing the rational expression
in a form of a polynomial plus a proper fraction.

Example 8

Determine the equations of any asymptotes of the following curves with equations
x(2x+3 x* -8

@ yeo = 9 y-F

xt =] x“=2

and sketch the curves on separate diagrams.

Solution )
1 i -(1x
a = il . SR
( ) y x2~1 A‘( (Xl'l) |j;5
: a
Asymptotesare X | o X} o
l"..lll\i"'\ ot -LE‘ x-b il GC 4t
Ya Al ij}J
1!
- -1
x(2x+3) 2(x ) F3vil "7 Qxes -indercepis:
() - x? -1 B X -\ 2| % 2={ FEITIN '
l . Xy ) &
L U S Rt yef b X0
Asymptotes are ¥ ‘| v Fest g YR

Chapter 7C: Graphing Techniques
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| Y4 :

: -\

] [}

] I

3 : \ :

E 5 . i x(2x +3)

[ ] e 2

H y, ' e ——— X~ .

B e —— e i g e R M W s
NN S/ N %

] (]

; :

E :

; |

X -1
Y|
3
x -8 (yl_'l}(‘() fh7x ) wheny Y Y.y
C )= = ; \ & )
= ) x?=2 T Riea ‘ ¥ 1T Hhearve OWlitle anypoplefe 5
Y% tren ¥ 74
When x> oo, 4 ) v Faye (x 4) 70 ad x1-7 71
Asymptotes are Y - . Y - N PA S TEOT
ymp I, v, )X J

Chapter 7C: Graphing Techniques
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3 CONIC SECTIONS

Conics are curves that can be obtained from the intersections of a cone and a plane. In this
section. we will look at the equations of circle, ellipse, and hyperbola and some of their
characteristics.

\

i
\

Circlo Ellipse Parabola Hyperbola
O - [

3.1 Circle

The equation of a circle with centre (0,0) and radius r units is given by
x> +y’ =r’, wherer>0.

Va4
Consider the circle with equation x* +y* =9. 3 o
xX+y =9
This is a circle with centre (0, 0) and radius 3 units.
. > X
y j“ ¥ -3 o 3
-3

Now, let us find out the equation of a circle with centre (2,1) and radius 3 units.

h
. (X, )

C
::

Using Pythagoras’ Theorem, we know the equation of a circle with centre (2,1) and radius 3
units is (x—=2)* +(y-1)* =3* =9.

Chapter 7C: Graphing Techniques
Page 17 of 27



Raffles Institution H2 Mathematics

The standard form of the equation of a circle with centre (4, k) and radius # units is given by

(x=h) +(y=k) =1?, wherer>0.

Note:
I The coefficients of x”and y* are equal.
2. . When sketching a circle,

e the scale for both axes should be the same, and use a compass
° label the centre and radius clearly

2016 Year 5

° check if the origin is in the circle, on the circle, or outside the circle. (How?)

Example 9
Sketch, on separate diagrams, the circles given by the cquations

i) (x+3)+(y+1) =16, (i) ¥ +y +2x-4y=0 .
Solution
() y

(x+3) +(y+1) =4

—p X
It s gralley
Hant g td‘a\'ﬂ
ey innde i
Cirtl-f

Circle with centre %> ~')  and

radius ' units. unvhs

accle with ceptre (“\)'1) arnd reding [

* Try using the GC to sketch the circle to check your answers.

S B

Chapter 7C: Graphing Techniques
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3.2 Ellipse

| |

. . : - X
The equation of an ellipse centred at (0, 0) 1s given By =% F =1, where a>0,b>0,
a b

2 2
a0 ' . ' X /
Consider the ellipse with equation  —+ Y =1,
51 ';I
This is an ellipse with centre (0,0).
The graph is symmetrical about the x-axis and y-axis. -5 ol 9 T

The length of semi-major axis (horizontal) is 5 units and

the length of semi-minor axis (vertical) is 3 units. 3
Note:
1. When a=b, the cquation becomes the equation of a circle of radius a and centre

(0, 0). Hence, a circle is a special ellipse.
2 When a#b , the x? and y? terms have the same sign but different coefficients.
] When sketching an ellipse,

o the scale for both axes should be the same

e  note symmetry about x=0 and y=0

o label the centre and lengths of semi-major and semi-minor axes clearly

e check if the origin is in the ellipse, on the ellipse, or outside the ellipse.

LU

Example 10 4 s
" " ~\L
Sketch the ellipse with equation 9x* +4y” =36. J" . “ &
Solution y
Gytf §yr 36 1 oo oo 1o Hards, o s ! ‘-?.
p I ['r,‘ T, 0 ok { |
1 \ ) \
SN “
¢ q

Chapter 7C: Graphing Techniques
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3.3  Hyperbola

The equation of a hyperbola with centre (0,0) is given by — iea] of —-"—=

2 2
Consider the hyperbola with equation -%- ],

‘(V =——=x ¥ 4
This graph is symmetrical about the x-axis and y- axis.\l
. 4 4
It has 2 oblique asymptotes, y = —Ex and y = -gx VR R

2
When y=0,%=l = x=13

To find the asymptotes of a hyperbola :

2 2 2 2
Consider z—z—j:—z =1. Rewriting, we obtain li' =—-1

Observe that as x — *w, 1 becomes insignificant.
2 2

Hence, _y? ~ x_z for large values of x.
k* h

Consequently, we get y = i%x as the oblique asymptotes.

3 B
Similarly for %—% =l

Not in syllabus: Formal proof of obtaining the asymptotes of a hvperbola

2 2
Consider ——=—=1,

I

. . k K K k
Rewriting, we obtain y=:t;x 1——2.As X — %00, — — 0. Hence, y—)i-};x.
x x

k : o -
Consequently, we get y = i;x as the oblique asymptotes. (Similarly for lk)? —%—2— =1.)

Chapter 7C: Graphing Techniques
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2 !
: : S
What about the graph of a hyperbola with equation ‘:—) T =17 Using the same approach as
)

above, we observe that this graph is S)IIIIIICII’IL.ll about the x-axis and y- axis.
It also has 2 oblique asymptotes, y = —/%I and y= ;yx However, in this case, the curve

intersects the y-axis but not the x-axis. .y |
|

Note :
. 1. The x? and y? terms have opposite signs.
2. When drawing a hyperbola,
. the scale for both axes should be the same
. draw curve approaching the oblique asymptotes

. label the centre and vertices of the hyperbola

R label the equations of the asymptotes.
Example 11
2 2
Sketch the hyperbola xT_ -};— =1, indicating clearly the equations of asymptotes.
Solution 3 ibdys Wy
L KLy

uu.lmp\ulq i la; ] Le e Bk

o . =T
S
.
A} . '-;‘/
N 3 X2 9yl X L
b 3 . / 4 ‘i%_ | 1T g
/ ; . | . \,
/ GO N \
, AN

Chapter 7C: Graphing Techniques
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4 PARAMETRIC EQUATIONS AND THEIR GRAPHS

Recall that we have studied in Chapter 7A how to find the pradient of a curve defined
parametrically at any given point. Here, we shall study how we can sketch such parametric
curves and how to use the sketches to work out the gradient.

Example 12
Sketch the curve with parametric equations x = cos(, y = sin’ JOE0Em Find the gradient at

. 4
the point where 0 = 3

Solution
0=0:x=1,y=0

i?;”:x:(),}':l

=V

-1 0 1 O=rn:x=-1y=0

From GC, gradient at the point where 0=%is -1.30 (3sf).

GC Keystrokes Screenshots

1. Change the mode to PAR (parametric mode). S e
AIDLT] PEGREE
FUNCTION SE9

WITTHEIFE roLee
DET-TAICK T BOT-THIN
SInuL
arbi re~(sL)
HORIZONTAL  GRAPH-TRBLE
RACTION TYPE:L¥T] Uned

IAnsHERS:CITNT] DEC Frac-arrrox
JGOTO2MDFOKNAT GRAPR [T] YIS
STATDIAGNOSTICS: FIfd om

STAT HIZARDS:

SET CLOCK

FLOAT BUTO BEAL Rsoian rir

= i g Plotl  Plot2z Plota

2. In the [Yg] screen, enter the functions "\XirBeos(T)
YirB(sin(T))’

DISTANCE BETHEEM TICK MARKS OM AXIS -
3. Need to adjust window settings. RO ™
min=l
Tnax=3. 141592654
T step=.13089969389957
Limitation : Xmin=-2
. . =3 - % o Xmax=2
The default setting is Tain =0,T,,, =27, Xsel=1
Ymin=-1
Ymax=1
Yscl=1
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N T it fide] Al Miat A ressl
4. Press [GRAPH] for a sketch of the curve. ~\
4 Y
5. To find the gradient of the curve at the point where m
P P
0=— 1:value
g Ftss de
- Jidasdt
(a) press TRACE 4:desdt
(b) Sclect 2: dy/dx
; T -t -
(c) Type 3 and press enter. g Voot 1308
| _ [N
{
|
g e e

; dv/dx="1.299037

Note :
The GC gives the shape of the graph. In many cases, you may need to resize the window to
capture the entire graph, or to change window settings to capture critical features of the graph.

We can use it to find intersections with axes and turning points, but it does not draw
asymptotes!

To determine if a graph has any asymptotes, you need to examine its equation. Sometimes, a
vertical line may appear like a vertical asymptote, but actually it is only connecting one point
off the top of the screen with the next point off the bottom. The GC does-not know if there is
any undefined value between the values it is graphing.
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To illustrate this point, we shall use the following example,

Example 13

g . I
A curve € has parametric equations x=¢-2 and y=1-2+ Py forr#4.
l =
(i) Find a Cartesian equation of C,
(ii) Hence sketch the curve C.

Solution

(i) (J;\,( \ X2

What you see if you use Parametric mode to What it should be
sketch the graph
1
x=f{-2 and y=1-2+— ii) y=x+
4 r—4 s Lt

NORHAL FLOAT/AUTO REALZRADIAN HP 1] Y o

1l

Remarks : There are actually 2 asymptotes
(y=x and x=2). The vertical line to the

right of y-axis appears like a vertical
asymptote, but actually it is only connecting x==2

one point off the top of the screen with the Cyste g .
next point off the bottom. The GC does not
know if there is any undefined value
between the values it is graphing. This is
made more obvious in another window
setting as shown below :

HORMAL FLOAT AUTD REAL RADIAN MP ﬂ ;
. 4 T

N
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Example 14
A curve has parametric equations
x=2cos0+cos20, y=2sinf-sin20, 0<0<wr.

(i)  Sketch the curve.
s 1 . 2 .
(i) Expressx in the form x = 2(cus(}‘-1-n) +b where a and b are constants to be determined.

Hence, find the least value of x and the value of & when it occurs.

Solution
333
(i) 2" 2 _
: y’l‘
1 -
) .,
1
1
: \.,. [ 0)'.‘.1 L)
| o
: -\—\"‘-\-._\_‘_
1
1 -
! -‘qﬁ-_i—
o -1 0 3 ;x
2
(ii)
L Tes® {lcoreg - Wk B0 x oYyt
’{
] 5 5 e v - u:v
Uil togo tg) -% AR far B
AL (eh X~V
DL R = ¢ .
? ( 0 'l) 1 51 oy "(QDI/LQ)-’U
"B — i ( n D
2 T _&1 | \u 2 I(O)B‘lTL‘QSLQ—‘:\'
1 L 3 z L . ——. ° " . e
{'('uﬂei‘:t) V] Q ) 1 = o1 - fith;l -':‘-*ﬁ [r'?z:_d,_
! - -3 s ; \ Ll )
Cos0 i XL g # L1 gh
a ll;_ X ¢ U]‘j: E-"?U o
. . PSS
least vatee of y ¢ AS wher @ - "ny %
Luj‘(li) |
19 ]%
bo debarmy e the Cou L L. i o e
I quadra . e L L
L‘H"‘ @ !-vlbil. ~,
3 i
y 4 rlﬂn (N | ) 2.{.]3_ (5
("‘) J\('-B) 'LJ ('?f)
33
%L 1y
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CONCLUSION

Graphs have many practical uses in everyday life. For example, the exponential curve is useful
in modelling the rate of growth of the population of a species, or the rate of decay of a
radioactive substance. The applications of conics are related to their reflective properties and to

planetary motion. For example, the reflectors on automobile headlights and dish antennas are
parabolic, while the orbits of planets are elliptic.

It is useful to recognise the equations of basic functions and understand the properties of their
graphs. When sketching graphs, one should take note of characteristics such as symmetry,
intersections with the axes, turning points and asymptotes.

A graphing calculator is a useful tool in sketching graphs. However, it has certain limitations.
For example, it cannot draw vertical asymptotes, and the graphs obtained are only an

approximation. A GC also does not know what critical features of a graph to display — that is
dependent on you.

SUMMARY

_—“Chupla 7C Th&.l—plu:gl;djli]u?
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Appendix — Parabola

A parabola is a symmetrical open plane curve formed by the intersection of a cone with a plane
parallel to its side. The path of a projectile under the influence of gravity follows a curve of this

shape.

The equation of parabola with vertex (0,0) is given by

y =cx or X' =cy.
>0
¢ c>0
y .T va
(0,0) x
(0,0) x
c<0 c>0
S YA
o (0,0) ‘
\ ’x
0,004 x
This graph is symmetrical about x-axis. This graph is symmetrical about y-axis.

The standard form of the equation of a parabola with vertex (0,0) is given by
' yr=cx or x*=cy where c,d #0.
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