Topic 7. Graphs.
Level 2.
Problem GRA2_01.
e

For n > 2, an even positive integer, sketch the graphs ofa) y=x";b) y=x7",¢) y=x"3

% .

d) y=x
Solution:

a)

y = x2k, k=1,2,
T T T IA/
2 4 X
y=x",n=2k k=12,..
Ed_.)i — 2kx2k—-l
dx
Sign of @
dx
- 0 +
0 X
(0,0)

The minimum turning point is (0, 0).

(—x)* = x** = the graph y = x** is the graph of an even function => the graph y = x** is
symmetric about y-axis.

b)



y=x",n=2k, k=12,..
Domain {x:x # 0}

Elz_ - __2kx—2k—l
dx

Sign of @
dx

0 X
y = wasx —> 0=> the line x = 0 is a vertical asymptote.
y — 0asx —> o = the line y = 0 is a horizontal asymptote.

(—x)* = x = the function y = +2* is even and the graph y = x* is symmetric about y-

axis.

c)

y=x",n=2kk=12,..
Domain {x:x >0}



—C—JX is not defined at x =0.

dx

% —swasx —> 0" = the tangent line at the critical point (0, 0) is vertical.

y=x ",n=2kk=12,.

Domain {x: x > 0}

y —>+wasx —> 0" = the line x = 0 is a vertical asymptote.

y = 0" asx — +co = the line y = 0 is a horizontal asymptote.

Problem GRA2_02.
o

For n >3, an odd positive integer, sketch the graphs of a) y=x";b) y = x",c)y=x
Q) y=x".
Solution:
a)
YA
100 |
2k+1
n =X . k = O,l s oes
50 Y
n >
4 X

y=x",n=2k+1,k=01,..

D gy = 2k +Dx
dx

Sign of @
dx



+

v

0

%

0
—
(0,0)

Clearly the curve is symmetric about the point (0, 0) as the transformation y — —y and x &> —x

leaves the Cartesian equation of the curve unchanged.
b)

7

y/
60

y=x",n=2k+1 k= 0.,1,...

Domain {x:x # 0}

As x>0,y —> —o,andasx = 07, y = +0 = the line x = 0 is a vertical asymptote.

As x>,y —>0=> theline y=0isa horizontal asymptote.

Clearly the curve is symmetric about the point (0, 0) as the transformation y — —y and x > —x
leaves the Cartesian equation of the curve unchanged.

c)
A
5 y = xl/“, n=2k+l1,
- k=0,1,..
0 >
1 I ] T I I T
-10 -6 -2 2 6 X
2
-4 |

1.
dx n
dy

2 isnotdefined at x=0.
dx



= (0, 0) is a critical point.

% yo0asx — 0 = the tangent line at (0, 0) is vertical.

Clearly the curve is symmetric about the point (0, 0) as the transformation y — —y and x — —x
leaves the Cartesian equation of the curve unchanged

d)

YA
6__
4 y:x'l/n,n=2k+l,
7 k=01, ..

T T f T 9

7 2 X
-6

y=x",n=2k+1,k=01..

Domain {x:x # 0}

As x>0,y —>-o,andasx —> 0*, y — +o = the line x=0isa vertical asymptote.

As x >, y — 0=> the line y =0 isa horizontal asymptote.

Clearly the curve is symmetric about the point (0, 0) as the transformation y — —y and x — —x
leaves the Cartesian equation of the curve unchanged.

Problem GRA2_03.
Sketch (showing critical points) the graph of y = x(2+ «/;) .

Solution:

yA
”0- y =x(2+Vx)
12-

- /

44 /s

(. T T
-4 /() 4 8
/_4_

"

y=x(2+x)
Domain {x:x 2 0}.
dy

—@:24-—3—\/;, x> 0. 2 s2a5x00 =
X 2 dx



the tangent line at the critical point (0, 0) is y=2x.
y=x2+x)

Problem GRA2_04.
Sketch (showing critical points) the graph of y = x + ||

Solution:
104
8
6. y = x+x|
4
2]
{ 0 T T )
-6 -4 -2 0 2 4 x
y=x+|
3 2x,x20 dy _ 2,x>0
Y=l o,x<0 dx |0,x<0
ﬁz—)Z as x —> 07 92—)0 as x —> 07
dx dx
= Z’—y is not defined at x = 0, and (0, 0) is a critical point.
x

Problem GRA2_05.
Sketch (showing critical points) the graph of y = || = |x -2

Solution:




y:

lez[x,xzo i

=2

ki
-x,x<0

Note that,
ifx22,y=x-x-2=2
if2>x20,y=x+x-2=2x-2

l_ x-2,x22
Tlox+2,x<2

ifx<0,y=-x+x-2=-2

2, x=2 y
= y=|2x-2, 2>x20 LA
dx
-2, x<0
dy

dy

dx

= g’Z is not defined at x = 2, and (2, 2) is a critical point.
x

dy

dx

—0as x—27

—>2a x—0"

Problem GRA2_06.

Use the graph of f(x) =4- x* (an even function) to sketch (showing critic

X

X

of y =|f(x)].
Solution:
A y=1f &)
4
)]
) ——>
F2 0 2, X
/ ]
/ -2 \
| | v= 4-x2"
/ -4 |

0,x>2
2,0<x<?2
0,x<0

2 a8 x—> 2
d

gl-ao as x —> 0°

= & is not defined at x = 0, and (0, —2)is a critical point.

dx

al points) the graph

f(x)y=4-x*= f(=x) = 4-(~x)* =4—x* = f(=x) = f(x) = the graph of y= f(x) is
symmetric about the y-axis.

y=|4—x2.=[4_x2’

2
x° —4,

4-x*>0
4-x* <0



The sections of y =4— 2 which lie below the x-axis are reflected in the x-axis. The graph of

y= \4 - xz\ is also symmetric about the y-axis, as \4 ~(- x)z\ = \4 - le .
xX—4, x<-2 2x, x<-2
= —2<x<2

y:\4—x2\= 4-x*, —-2<x<2 —g—)i— -2x,
Xio4 x=2 x 2%, x>2

QX——)4 as x > 2%, %—»—4 as x—>2':>?—) is not defined at x=2,and(2,0)isacritica1
x

point. Hence the symmetric about the y-axis point (-2,0) is also critical.

Problem GRA2_07.

Use the graph y = x(x +2) to sketch showing critical points the graph of y = lx(x + 2)\ .

Solution:

Those sections of y = x(x +2) which lie below x-axis are reflected in the x-axis.

x(x+2), x<-2 p 2x+2, x<—2
y=lix+2) =| - x(x+2), —2<x<0 -dX= _2x-2, ~2<x<0
W(x+2), 0<x * 2x+2, 0<x

dy—>—2 as x > 27, E12}—-—>2 as x —> 27 D> —
dx dx

is not defined at x = -2, and (-2, 0)is a critical point.
—Liy——>—2 as x —> 07, —O-Z—X——).’Z as x> 0" :>£iX
dx dx dx
is not defined atx = 0, and (0, 0) is a critical point.

Problem GRA2_08.
Sketch the graph of |x|+|/=1.

Solution:



ol + ] =1
Clearly lxl,lyl20:> domain {x:—1<x <1}, range {y:-1<y<l}.
1+x,-1<x<0 E{Z_{l’—1<x<0

If y >0, then yz{

1-x,0<x<1 “de | -1,0<x<1

:>91)i——>+1asx-+0" and glé)——a—lasx—)O’r
dx d

X

= %}i is not defined at x =0, and (0, 1) isa critical point.

x
The curve is symmetric about x-axis as the transformation y — —y leaves the Cartesian

equation of the curve unchanged. Hence the symmetric point (0, -1} is also critical.
If y <0, then y:{—l—x,—1Sx<0'
—1+x,0<x<1
The curve is also symmetric about the line y = x asthe transformation (x,y) —> (,x) leaves
the Cartesian equation of the curve unchanged. Hence the points (1, 0) and (-1, 0) is also critical.

Problem GRA2_09.
Use the graph of y = cosx to sketch the graph of y = cos(x — %) .

Solution:



y = cos(x-1/2)

The graph y = cos(x — g—) is obtained by translating the graph y = c0os x through —721 units to the

right.

Problem GRA2_10.

Use the graph of y = sin" x to sketch the graph of: y =sin T x —% .

Solution:

n/ZZ\ y .

y = sin'x-n/2

The graph y = sin " x —% is obtained by translating the graph y = sin”' x through % units

down.

Problem GRA2_11.
1
Use the graphs of y =Inx and y= 1 to sketch the graph of y =Inx+—.
X x

Solution:



YA
\
14 = -
0t >
s 1 2 3 X
14 ¢y =)
-2-

The ordinates of the graph y =Inx+ 1 are obtained by summing the ordinates of the graphs
X

y=Inx and yzl.
x

Problem GRA2_12.
Use the graphs of y =x and y = ¢ to sketch the graph of y=x—e™".

Solution:
yA
) -6
y =exp(-x) " i
~N
~ - —2 =
T ===
2 =1 1 2 X
-~ =-2
y=X i
y = x - exp(-X) --6

In order to sketch the graph of y = x~— ¢ we apply the procedure of subtraction of ordinates of

P

the graphs y=x and y=e .

Problem GRA2_13.
Sketch the graph of y = x’ + -1—2—
b

Solution:




The ordinates of the graph y =

y=x" and

symmetric about y-axis.

Problem GRA2_14.
Sketch the graph of y = x* — LN
X

Solution:

N
]
274

The ordinates of the graph y

ordinates of the graphs y =x” and y = !
X

Problem GRA2_15.
Sketch the graph of y = cosx +sinx.

Solution:

1 . 1.
y =— . Clearly the function x* + el is even, and hence the graph y =

=x" - 1 are obtained by applying the pr
X

x* + -17 are obtained by summing the ordinates of the graphs
X

, 1.
=X +-—2—18
X

ocedure of subtraction of




y = v2.cos(x-n/4)

\\\y = cos(x—m/4)

'y = cos(X)
X

Yy =CoSX+Ssinx = \/E(cosg—costrsin%sin X) = «/Ecos(x—%j = y= «/Ecos(x—%).

The graph y = cos(x - %) is obtained by translating the graph y =cosx through -} units to the
right.
The graph y = V2 oos(x - —}) is obtained by enlarging y = cos(x - %) by a factor J2 inthe

direction parallel to the y-axis.

Problem GRA2_16.
Sketch the graph of y = %(e* - e"‘).

Solution:

y = exp(x) — exp(-X)

 _ [oxp(9 -~ exp(x)]
2

The graph of y =¢* — ¢ is obtained by subtraction of ordinates of the graphs y =e" and
y=e’.
The graph y = %(e* - e"*) is obtained by enlarging y=¢" — e by a factor ) in the direction

parallel to the y-axis.




Problem GRA2_17.
Use the graph of y = cos™ x to sketch the graphs of:

1 4 o x
a) y=—cos_ x, b)y=cos ||
)y 2 )y (J

Solution.

a)

1 . . . . o
The graph y = Ecos“1 % is obtained by enlarging y = cos™' x by a factor 15 in the direction

parallel to the y-axis.

b)

y:

The graph y = cos” L—;ij is obtained by enlarging y = cos™ x by a factor 2 in the direction

parallel to the x-axis.

Problem GRA2_18.
Sketch the graph of y =x"Inx.



Solution:

The graph y = x*Inx is obtained by multiplication of ordinates y = x> and y =Inx.
Features:

e Domain {x:x > 0}

e y=0 when x=1

o y=x"Inx liesabove y = x* only for x> e (where Inx>1).

eAs x>0, ]1n x\ —s o0 more slowly than 1 and hence xInx —>07.
x

Problem GRA2_19.

X

Use the graphs of y = x and y = ¢* to sketch the graph of y = e
X

Solution:
yA !y =exp(x)
/
/
A p
L e
. ,,-21 - ,__y_’: 1/x
T 2|’ ,X

——_i — —
y=€xp(x)

X

The graph y = ¢ _ is obtained by multiplication of ordinates of y = 1 and y=e".
x X

X

e
Features of y=—:
X

e Domain {x: x# 0}



e y=c¢as x=1

o y:f-— lies above y:l for x>0 and for x <0
X X

X

e
eAsx—0", e >l D y=——>+4%
Y7

X

; e
eAs x>0, ¢ =1 =Dy=—7—>"%
X

Problem GRA2_20.

Sketch the graph of y = ———-
sin” x
Solution:
y 1
o j\ Y sin'x
/2 oy = sin'x

4N (1,2
- >

-1 7 1
(-1,-2/m) " ] X
¢ 24
The graph y = ——— are constructed by considering the features of y=sin”' x.
sin” x
Features of y =— 1_‘ :
sin” x

e sin”' x, have the same sign.

sin” x

decreases.

e sin”' x increases =

PR

sin X

e sin~' x = 0 when x = 0 = the line x = 0 is the vertical asymptote of ¥ = ——3

Sin - X

Problem GRA2_21.

Use the graphs of y =x and y = ¢* to sketch the graph of y = _xT .
e

Solution:



The graph of y = _xx_ is obtained by division of ordinates of the graphs y =x and y = e,
e

Features:
e y=0 when x=0.

e Forallrealx, xe* <x = the graph y = _xT lies below the line y =x.
X
o y=—x7>0 only for x>0, and y=—xX—<0 only for x <0.
e e
o As x —> +o0, " —> +c0 more quickly than any power of x and hence _xT —0".
e

X

X - . -
o As x = —0, — = Xe * _y oo more quickly than e .
e

Problem GRA2_22.

Use the graphs of y = x and y = Inx to sketch the graph of y = Inx .
x

Solution:.

The graph of y = Inx , domain {x :x > 0}, is obtained by division of ordinates of the graphs
x

y=Inx and y=x.
Features:



e y=0 when x=1.

Inx
e As x —> +o0, Inx — +oo ata much slower rate than any power of x and hence — — 07
x
Inx
eAs x > 0", — > —©.
X

e Forall x>0, ll)£<lnx::> the graphofyzm lies below y=Inx.
x x

Problem GRA2_23.

x’ 1 x’
~ x —1+—— . Hence sketch the graph of y =——.
1 x+1

Show that ——
X+ x+1

Solution:

2 xr-1+1 xP-1 1
— — +

= —=x—l+—.
x+1 x+1 x+1  x+1 x+1

The graph has been constructed by addition of the ordinates of y=x—1 and y = —1—1 .
X+
y=x-1 isan asymptote as x —> .

Problem GRA2_24.

2

Sketch the graph of y = ’zx—-I .
x —_—

Solution:



y—x2—1 xt -1 xt -1 x* -1

has been translated one unit upward.

The graph y =
graph y -1

y =1 is an asymptote as x —> . The graph y = 21 " is a reciprocal of y = x> 1.
X

Consider the graphs y = f(x) and y = —f—z—g, where f(x)=x"—1.
X

Features:

. £ —

have the same sign.
f(x)

o f(x)=0 when x= +]1 = thelines x=-1and x= 1 are vertical asymptotes of y = —j—f—zx—)

—0".

o As x > o, f(x) >+o =

()

o Minimum turning point of y = f(x)is (0,-1) = maximum turning point of

=7 is (0,-1).

Problem GRA2_25.

2

Sketch the graph of y = 44
X

Solution:



2
y:x 4 =x+i. Domain {x: x#0}.
x X
The graph has been constructed by addition o

f the ordinates of

4 .
—., y=Xx1san asymptote as x — .

y=xand y=
x

Problem GRA2_26.
3 3\?
Use the graph of y =3x— % to sketch the graph of. y = (3x - 74—)

Solution:

f(x)=3x—i‘43— f'(x):3—-i—x2

Sign of f'(x)

~ 0 + 0 -

(2,4) (2.4



— 2 EZ_X_ 1 _('Z)_)___ __x_z__ _22
y=lf@F —=2/®f =20 D077

-‘;% = %x(zﬁ — )23 + X2 - X)2+X)

4

Sign of
8o

0 +0 -0 +0-0+

(-243,0) (-2,16) (0,0) (2,16) (23,0

Problem GRA2_27.
Use the graph of y =4sinx 0 sketch the graph of y = (4 sin x)2 .

Solution:

lon®
2 N/

-4 y = 4sin(x)

f(x)=4sinx f'(x)=4cosx
s .. T .
Critical points are 3 + nm, 1 - integral

Sign of f'(x)

0o -0+ 0 -0

LB R i1 3p X
2 2 2 2
~— ~~

(-n/2,-4) (m/2,4)



y=[r@F Y _y F) () @ _ 2(4sin x)4cosx)=16sin 2x
dx dx
Critical points are n-g— , n-integral

Sign of i
dx

0+0-0+0-0«

wo-m 0 T ...
2 2
[ ~— ~

(n/2,16) (0,0) (m/2,16)

Problem GRA2_28.
Use the graph of y =1—x" to sketch the graph of y = (1 —~ x2)3 .

Solution:

f(x)zl—x2 f(x)=-2x

Sign of f'(x)
- 0 +
-t
0 X
0,1

y=lr@F 2 =3l 1) Yo x- 'Y

Sign of /2
dx



——t—t
-1 0 1 X
— ~~ ~

('1’0) (0,1) (190)

Problem GRA2_29.
For the function f(x) = +? —1 use the graph of y = f(x) to sketch the graphs of

a) y=f(x),b) ¥ =S(x).

Solution:

a)

Features:
o y=4f(x) is defined only where f(x)2=0.

o f(x)=0 where x= H= 4 = —Ji(—)Q— is not defined at x = 1= (-1,0) and (1,0) are

d 2/f(%)
critical points.
dy__x S wasx —>—1"orx— 1*' = the tangent lines at (+1,0) are vertical.

dx m
e The graph y = m lies above the graph y = f(x) where f(x)<1.
The graph y =+ f (%) lies below the graph y = f(x) where f(x)>1.
e y=f(x), y= W intersect where f(x)=1lor f(x) = 0.




y=7f(x) = y* = f(x) = (-y)* = f(x) . Hence the graph y* = f(x) is obtained by reflecting
y =+ f(x) in the x-axis. The graph y* = f(x) has vertical tangent lines at the critical points
(£1,0).

Problem GRA2_30.
Use the graph of y = 4cosx to sketch the graphs of:

a) y =+4cosx b) y* =4cosx
Solution:
a)
L
j o / \ A
\ I /
2 |
r\\ Y\ I y = V(4cos(x))
0]
} Ny
) H | T T ¥ I 7
3, oo 03 X
I /
\ \
I /
\, 4 \ 'y =4cos(x)

Let f(x)=4cosx

Features of y =/ f(x):
e y=./f(x) isdefined only where f(x)=0.

e f(x)=0 where x = L 7n, n - integral = &_ S is not defined at
2

dr 2.1 (x)
x= kid +7n, n -integral = (—g +nm, 0), n - integral, are critical points.

o Q:ﬂn—x—»oo as x —> (g—+2nn)’,n-integral, or x ——>(—g+2nn)+,n-integral,:>

e \[f(x)

. T . .
the tangent lines at (—2— +7n, 0), n - integral, are vertical.

b)



AY
O N "\ 'y =4cos(X)
[

\ 12\ |

\\ l \\ f y? = 4cos(x)
0
-3 3

y=Af(x) = > =f(x) = (=)’ = f(x) Hence the graph y* = f(x) is obtained
by reflecting y =/ f(x) in the x-axis. The graph y* = f(x) has vertical tangent lines at the

critical points (g +nm, 0), n - integral.

Problem GRA2 31.
Sketch the graph of y = In(1—x?).

Solution:
gf\ RALN
! |
1 Y= LA 2
91 1 SRS
0 | | > — /!/ \K —>
1 2 3 u RV AN I
-1- ;T b
/ [ ] [ \ u=1-x2
- / | -4 | \
/ | 7 [ \
px=-1 x=1

Features of the graph of the composite function y = In(1 - x?):

e y=lnu, u=1-x> = y=In(l-x%).

e y=Inu isdefined where u =1-x> >0 = domain {x:-1<x<1}

e Vertical asymptote of y=Inw at u=0.Butu=1-x" and I-x* =0 at x=%1 =
x=—1 and x =1 are vertical asymptotes of y = In(1 - x?).

eu=1-x"<1 = y=Inu<0.

e In(1-(-x)*) =In(1-x*) = the function y = In(1-x?) is even.

2

e y=Inuy isan increasing function = y = In(1—x*) increases as 1—x* increases and

decreases as 1—x? decreases.



Problem GRA2_32.
Sketch the graph of y =e”

xZ

Solution:

Features of the composite function y = e

u 2 x?

e y=¢u=x" —Dy=e

2
XZ X

—(— 2 —_ —_ . .
o™ =™ = p=e isaneven function.
R : : o xt 2
e y=¢™ isan decreasing function = y =e™ increases as x° decreases and decreases as

x? increases.
e The minimum turning point (0, 0) of u = x> corresponds to the maximum turning point

(0,1) of y= e,

Problem GRA2_33.

Sketch (showing critical points) the graph of x% + y% =1.
Solution:




x% +y% =1.Clearly x, y > 0= domain {x:0<x <1}, range {y:0< y<1}. Taking the
derivative of both sides with respect to x, remembering that y is a function of x, we have

%
ERVAREIN A e i 2
2 2 dx dx y

d . . o .
Asy—->0",x->1 = d—y —» —oo . Hence the curve has a vertical tangent line at the critical point

X
(1,0).
dy

Asx—>0",y->1 = i —» 0™ Hence the curve has a horizontal tangent line at the critical
x

point (0,1).
The curve is symmetric about y = x, since the transformation y <> x leaves the Cartesian
equation of the curve unchanged.

Problem GRA2_34.
Sketch (showing critical points and stationary points) the graph of x> +4y* =4,

Solution:

Y o

x* +4y* =4 Clearly x%, y* 20, hence domain {x:—-2<x<2},range {y:-1<y<l}. Take
the derivative of both sides with respect to x. Consider y as a function of x and use the chain

rule. Then we have 2x+8yQ:0:>d—y:—l 1.
dx dx 4\ y

As y—>0,x>+2= % — —oo and the curve has vertical tangent at (-2,0) and (2,0).
x

Asx=0,y==%1= g)i =0 and the curve has horizontal tangent at (0,-1) (0,1).
x

Clearly the curve is symmetric about the lines y = Oand x = 0 as the transformation
y = —yand x — —x leave the Cartesian equation of the curve unchanged.

Problem GRA2_3S.
Sketch the graph of y = \x‘ - \x - 4| . Use this graph to solve the inequality |x| - ‘x - 4. >2.

Answer: {x:x>3}.




Solution:

y = -X+(x-4) y = x-(x-4)

>Y

0 4
y = X+(x-4)

-4, x<0
y=|2x-4,0<x<4

4, x>4
By inspection of the graph,

x|—|x—4/>2 for x>3.

Problem GRA2_36.
Sketch the graph of y = cosx for 0 < x <27 Use this graph to solve the inequalities.

a) cosxs—lz-,forOSxS2n;b) |cosx\_<_%,for 0<x<2m.

Answer: a) {x:Estén};b) {x:EstznorinSxﬁén}.
3 3 3 3 3 3

Solution:




a) cosx = % < x=%cos™ % +2mn, n integral. But of these values of x only cos™ = g— and

- g +2n = %n are from the interval [0; 27]. By inspection of the graph,

1 b 5
cosx<—,for—<x<—m.
2 3 3

b) Icosxlsl<:>—~1—s<:osxsl.
2 2 2
1 2 4
COSX=——=D>X=—TOLX=—T.
2 3

By inspecting the graph,

1 T 2 4 5
cosx[sEforggxsgnorgnSxS—n.

Problem GRA2_37.
Sketch the graph of y = x* —4x”. Use this graph to find the number of real roots of the
equation x* —4x” = kx, where k is a positive real number.

Answer: 2 real roots.

Solution:

YA y = x*ax’
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Real solution of the equation x* —4x’ = kx are given by x-values where y = x* —4x” and
y = kx intersect. k > 0 = the equation has 2 real roots.

Problem GRA2_38.
(x+1)*

Sketch the graph of y =-—; T Use this graph to find the set of values of the real number &
x

for which the equation (x +1)* = £(x* +1) has two real distinct roots.

Answer: {k:0<k <8, k=1}.

Solution:
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Real solution of the equation (x +1)* = k(x* +1) are given by x-values where y = (i:t)l and

y =k intersect. Hence the equation has two real distinct roots for the following set of &
{k:0<k<8 k=1}.

Problem GRA2_39.



Find the gradient of the tangent from the origin to the curve y = Inx . Hence find the set of
values of the real number & such that the equation Inx = kx has two real distinct roots.

Answer:. 1,0<k<l.

e e
Solution:
YA y = xle
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Let the gradient of the tangent from the origin to the curve be equal to a. Then a = (Inx), ie.,

1 i .
a = —. In addition at the point (x, y) where the tangent touch the curve y =Inx and
X

simultaneously y = ax . Hence we have the simultaneous equations:

1 1 1 1
a=— a=— a=— a=-—
x X x e
y=hxe|y=hxo |y=e | y=e
y=ax y=1 y=1 y=1

Real solution of the equation Inx = kx are given by x-values where y =Inx and y = kx
intersect. Hence the equation has two real distinct roots for the following set of k {k:0 <k < l} .
e

Problem GRA2_40.
A chord AB of a circle makes on angle 0 with the diameter passing through 4. If the area of

the minor segment is one-quarter the area of the circle, show that sin26 = —g— 20. Solve this
equation graphically.

Answer: 0=0.4.

Solution:



Let the chord 4B subtends an angle o at the centre of a circle. [OA‘ = ‘OB\ = the triangle O4AB
is isosceles = ZOAB = ZOBA . Hence o =7 —26.

Area of a segment = % area of a circle = %rz (o.—sina) = %nrz

n—26—sin(n—26)=g:>sin29:§—26.
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) Y =n/2-x

Solution of this equation is given by 6 -values, where y =sinxand y = 5 x intersect, and

20 = x . From the graph we have 20~ 0.83 >0~ 04.



