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Applications of functions and calculus =
Curve sketching

Sketching the graph of a function requires the knowledge of the
x and y-intercepts, the asymptotic behaviours and the position
and nature of each stationary point. -2

(1,-2)

The x-coordinate of a stationary point can be found by setting

Y _ 0, or f'(x) =0, then solve for x. The y-coordinate is found 1 R
dx Example 2 Sketch the graph of x =—(r—5)’ ™", t €[0,0).
by substituting the x value in the equation of the function. 10

The nature of a stationary point can be determined by finding the t-intercepts: Let x = 0, %( _ 5)2 e — 0. Since

d . . .
value of £ on each side of the stationary point.

dx e >0, .t-5=0 or t =5. This intercept is also a turning
point because (¢ —5) is a repeated factor.
Stationary . . . _ _ . .
Left oint Right Nature x-intercept: Let £ =0, x = 2.5. This is also an end point.
&y 5)} & Asymptotic behaviour: As ¢ — oo, the dominant factor
$>0 5:0 $<0 Local max. e 507, x>0
. . d.
dy <0 ay -0 ay >0 Local min. Stationary points: Z_ 0,
dx dx dx , dt
d d d —0.01(t—-5) e +0.2(t=5)e"" =0,
Do D _y Do Inflection pt. ( o 1) ( )e
dx dx dx —(t=5)e™"(0.01(t—5)-0.2) =0,
&g @y D 0| Inflection pt. —(¢=5)0.01£-0.25)e™ " = 0. Since ™" >0,
dx dx dx

S t—5=0,ie t=5 and x =0 (as discussed earlier),

Note: A local maximum (local minimum) is not necessarily the ~ or 0.01-0.25 =0, ie. r=25and x =40e™’.
maximum (minimum) point of the function. You need to

compare it with other stationary points and end points in the Nature of stationary points:
domain. Ati= 4 5 10 25 26
dx
Example 1 Sketch y =x* —3x, xe[-2,2]. o <0 =0 >0 =0 <0
o ) Nat Local Local
End points: x=-2, y=-2; x=2,=y=2. ature min. max.
x-intercepts: Let y =0, x’ =3x =0, x(x2 - 3)= 0, .
x(x—\EXx+\/§)= 0, x= —\/5,0,\/5.
(25, 40e* (-2.5)
Stationary points: Let Y _ 0, Y _ 3()62 - 1): 0, .x=-11. s
dx dx
SLy=2,-2. (0,2.5)
x=0.1(t-5)"2.e"(-0.1t)
Nature of stationary points: 2
Atx= -2 -1 0 1 2
d 1
= >0 | =0 <0 =0 | >0
dx
Nature Local Lo‘cal i :
max. min. 0 ¢s, 0y 20 40 60 50 100 "
Asymptotic behaviour: None.
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2 1
Example 3 Sketch y = e¥? cos(x) for x €[0,27]. ((c+2)-B-2N(x+2)+B-x)=0, 5(2x-1)=0, x= 5 and

2z 9
Endpoints:Atx:O,y:I.Atx=27r,y:eﬁ. J’:g'
- - Nature of stationary point:
x-intercepts: Let y =0, e cos( )= 0, and since e >0,
37[ 1
..coslx)=0, and hence x =— or — Atx= 0 — 1
(x)= i) ¥ 2
Asymptotic behaviour: None. d
y N P - X
Stationary points: =0, —e"? sin(x)+ 3 e¥? cos(x) =0, Nature Local min.
% ) 1 ES)
—e s1n - —cos sm fcos(x),
tan(x):L,hence x=2 and yzﬁem or 2= 2% and :
3 6 2
T K
= ﬁe()\/g .
2 . y=1/ (2+2) + 1/ (3-gf +1
Nature of stationary points: (EroE
\i =3
e 7” (0,11/6) (0.5,1.8)
Atx= 0.5 — 1 — 4 5
6 6
d : x
_y >( =0 <0 =0 >() -1 0 1 2 g v
dx
Nature Local Lopal
max. min.
o=
i Equations of tangents and normals
50 A -
y y=r (x)
y=e” (x/3°0.5) . cos (x)
tangent
— normal
U.o 0251 05mmaQ 75T = 1251 sn 1751 2 2257 > 0 a \ " X
Gradient of the tangent to the curve y = f(x) at x =a is
Example 4 Sketch y = + +1 for xe[-13). m; = f'(a).
x+2 3-x 1 1
End point: At x=—1, y=2.25. Gradient of the normal is m, = ——=-——-.

P i ) d - ! mr f (a)
Asymptotic behaviour: As x — 37, y —>o0. Use y -y, = m(x—x,) to find equations of tangents and
The function is positive for x € [— 1,3), no x-intercepts. normals.

-intercept: Let x =0, 1
r” p Y= For tangents: y— f(a)= f"(a)x(x—a).

. . dy 1 1 1

Stationary points: — = — + =0, For normals: y — fla)=— xlx—a
PP NS A P v fla)=—gyle=a)

(x+2)2‘(3‘x)2_ 2P —(B=x) =
6o e2) =0, . (x+2) -(3-x) =0,

© Copyright 2005 itute.com Applications of functions and calculus



Example 1 Find the equation of the normal to the curve
y=3log,(2x+1)-1 at x=0.

dy 6
dx 2x+1

Atx=0, y=-1, m; = =6and.'.mN:—g.

Equation of the normal: y—"1= —%(x -0), . y= —éx -1.

Example 2 Find the equation of the tangent to the curve
y= a(x + 1)(x - 1)2 at the y-intercept. Find the point where the
tangent crosses the curve. Explain why this point is independent

ofa.
At the y-intercept, x=0, y=a,
%:2a(x+l)(x—l)+a(x—l)z —ale-1)2(c+1)+x-1)

x
= a(x—l)(3x+1): -a.
Equation of the tangent at the y-intercept: y —a = —a(x - 0) ,
ie. y=—a(x-1).
Solve y = —a(x—1) and y = a(x+1)x—1)* simultaneously to
—a(x - 1) = a(x + 1)(x - 1)2 ,
a(x—l)+a(x+l)(x—l)2 =0, a(x—l)(l+(x+l)(x—l))= 0,

salx=1)x* =0, .. x =0 (where the line touches the curve) or

find the intersection. ..

x =1 (where the line crosses the curve) and y =0.
The intersecting point is (1,0), and since the parameter a does
not appear in the coordinates, it is independent of a.

+y

Example 3 The line y = -2x+1 is a tangent to the parabola
y = x> — px+¢ . Find the values of p and ¢.

P is the x-coordinate of the

mT:%:2x—p:—2. Lx=

point of contact. The y-coordinate is found by substituting

xzp2 in y=-2x+1,..y=3-p,

p—2j2_p(p—2)

+q.

. 2
orin y=x"—px+gq,..y=
y px+tq y ( 5 5

© Copyright 2005 itute.com

p-2) plp-2)
3-p= 5 — + g , it can be simplified to

(2-p)’ =4(g—1). The values of p and ¢ have to satisfy this

relationship, e.g. if p=0, g=2;if p=1, q:%;ifpz—l,

q= % . The number of possibilities is infinite.

y=x*Z-pxtq

Maximum/minimum problems

In practical situations, the value of a quantity (dependent
variable) varies with the value of another quantity (independent
variable). For certain value of the latter, the value of the former
is a maximum/minimum. This can be found by differentiation or
graphics calculator.

In formulating a problem, sometimes the dependent variable is a
function of two (or more) other variables. It is necessary to find
the relationship between the two other variables. The dependent
variable can then be expressed in terms of one of them before
finding the maximum/minimum.

Example 1 An upright rectangular window is to be installed in
the middle of a wall with dimensions shown in the following
figure.

Semicircle
I I (Radius = 1 m)
I . 1.
<—>
I x/2 I
h I I
I I
Square

I I
I I
I N I
1 1
1 |

Find the area of the largest window possible for the wall.

Applications of functions and calculus 3



Let x m and /2 m be the width and the height of the window
respectively.
The area of the window 4 = xh .

2
The relationship between s and x is 7 =2+ /1 - (gj .

L A(x)= x| 2+ 1—&)2 :x[2+\/¥}

Use graphics calculator to graph the area function A(x) and

determine the maximum.
x=1.86m, 4=440m’.

Example 2 Find the points on the curve y = x> + 2x —1 that
are closest to the point (-1,-1).

Let (x, y) be a point on the curve closest to (—1,-1). The
distance between the two points is:

D(x) = \/(x—f 1)2 + (y—f 1)2 = \/(x + 1)2 + <x2 + 2x)2 .

dD 1

Lo (2(x+1)+2(x? + 2x)2x +2)).
dx 2\/(x+1)2 —i—()c2 +2x)2

L0t 2o,
X

2(x+1)1+2(x* +2x))=0, . x=-1 and y=-2 or

—44416-8 2442 .

2x* +4x+1=0,ie x= d
4 2
2
y:{—uﬁ} +2[—2+ﬁ}_1:3—2ﬁ_2+ﬁ_1:_3
2 2 2 2
~4-J16-8 -2-42
or x = = and
4 2
2
y:[—z—ﬁj +2[—2—\/5]_1:3+2\/3_2_\/5_1=_§.
2 2 2 2

The three points closest to (—1,-1) are (—1,-2),

(—2+v6._§]and{—2—v5._§].

2 2 2 2
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Example 3 Find the length of the longest rigid pipe that can be
carried horizontally from a 3-m wide corridor to another 3-m
wide corridor perpendicular to the first. Ignore the diameter of
the pipe.

3m

Let the horizontal straight line distance through the corner C
from one inside wall to the next wall be L = x+ y metres. There

is a relationship between x and y. Similar triangles,
y 3 ) 3x ) L(x) . 3x

;_ x2—9’“y:\/x2—9’“ x/xz—9.

The longest possible pipe is restricted by the shortest distance L.

3Wx% =9 = (3x) —— J
a_y, {'xz_g

dx x:-9
N ) S D7 ey,
(x2—9 x> -9 <x2—9)5 X
-2 g, 2 3:1,(x2—9)%=3,x2—9=9,

(xz —9)5

Lx=32 andy:¥:3x/§.Hence L=672.

(xz —9)5

x= 4 3ﬁ 5

L

d— <0 =0 >0
dx

Nature Local min.

- L =642 is the shortest distance and hence the longest pipe is

6\/5 m.

Example 4 A bushwalker is in a forest 2 km from a straight
road. His car is 5 km down the road. He can walk 6 kmh™ in the
forest and 8 kmh™ along the road. Toward what point on the
road should he walk to minimise the time required to reach his
car?

Q
A Forest
2 km :

\'% S

<____5T<Iﬁ____> Car on road

<—-->

x km
Applications of functions and calculus 4



Let x km be the distance of the bushwalker from the point along

the road. He walks x> + 2% km in the forest and 5—x km

dis tan ce

along the road. Using the formula time = , the total

speed

x> +4 5-x
-+

time taken 7(x)= —— hours, where 0 < x<5.

1 1 x 1

T'(x): X2 —— =
6Vx2 +4 8

6x24x* +4 8

1
Let 7'(x)=0, —2— —— =0, 6vx? +4 =8x,
6vx2+4 8

3Wx? +4 =4x, 9> +4)=16x>, 7x* =36,
6 67

X=—s=—.
7 7
x= 2 ﬂ 3
7
T
d— <0 =0 >0
dx
Nature Local min.

. o . 6T
.. the point that minimise the time is —— km along the road

from the initial position of the bushwalker.

Example 5 The concentration y of a drug in the blood time ¢

(e”” —e™ ), where a, b and

L k
after injection is given by y = 5
-

k are positive constants and a > b . Find the maximum
concentration and the time it occurs after injection.

ﬂ: k (_be—bt_'_ae—at).LetQ:O’
dt a-b dt
—bt
k —be™ + ae"”): 0, . ~be” +ae =0, <=2,
a-b eiat b

- ettt :ﬁ, e(a—b)t _

b

t= ! lo gj
a—b 2\ )

oot ).

S|

1 a a 4
At t < log| L1, (a=b)<log,| 2|, e <2
tor (4] (a-pk <tog (4] o0 <8
—bt
e_ <£, be™ —ae <0, . ~be™ +ae™™ >0, ﬂ> 0.
e at b dt

! log, a4 ,ﬂ<0
a-b b) dt

1 lo [gj 1S maximum
b ge b 9y .

Similarly, at ¢ >

satt=
a—

© Copyright 2005 itute.com

Rate of change of a function

If f(x) is any function differentiable at x = a , then the rate of
change of f(x) with respecttoxat x =a is f(a).

The average rate of change of f (x) with respect to x between

£(6)- 1(a)

—a

x=a and x=b,where b>a,is

Example 1 The position of a particle moving along a straight

line at time 7 is 7(¢)=1¢* — 2t -3, where 0 < < 6. Given the
initial velocity v(0)="2, find (a) the initial position of the
particle, (b) the rate of change of position with respect to time
(i.e. the velocity) at ¢ =1, (c) the average rate of change of
position with respect to time (i.e. average velocity) between
t=0 and ¢ =5, (d) the rate of change of velocity with respect to
time (i.e. the acceleration) at =1,

(e) the average rate of change of velocity with respect to time
(i.e. the average acceleration) between =0 and ¢ =5,

(f) sketch the r-¢ graph, (g) use the graph to find the distance
travelled from =0 to ¢ =5, (h) the average rate of change in
distance travelled with respect to time (i.e. the average speed)
between =0 and ¢ =5.

(a) Initial position: at t =0, r(O):’3.

| »
3 ol T
(b) Velocity: v(t) = % =2t-2,att=1, v(l) =0, i.e. the
particle is momentarily at rest.
r(5)-r(0)  "12-73

¢) Average velocity: v = =
(©) g Vi Ve <0 s

=+3

(d) Acceleration: a = ?z* 2, which is a constant. Same
t

acceleration for ¢ >0 .

(e) Average acceleration: a,, = v(S)— v(O) = 8- 2_*2 .
5-0 5

a and a,, are the same because a is constant.

®

1s

(5,12)
10

(0, =3

(1,-4)

(g) The particle moves backwards from ~3 to ~4, then

forwards to *12. Total distance=1+16=17.

distance 17 _, , , which is different

time 5
from the average velocity.

(h) Average speed =

Applications of functions and calculus 5



Example 2 (a) Find the rate of change of volume V' of a
spherical balloon with respect to its radius » when » =5.

(b) Find the rate of change of volume ¥ of the spherical balloon
with respect to its surface area A when r =5.

(a) Volume of a sphere V' (r)= %727”3 . (z—V =4m?* , when
r
r=5, 2 _4a(s*)=100z.
dr
(b) Surfacearea A=4m*, -.r= A ,
4

4| | A4 12 1 2
V(A)="H | = A2 = A2,

3 ( 47r} 3Jar N
v 3 1

1
—_—x—AzzlJé,whenr:S,A:1007r,
dAd 2 6Jr 4\

3
dd4 2
Note: (b) can be done in the following way since the two rates,

d—V and d—Z are related.

dr
V(’”):im’},d—V:Mzrz.A(r):47zr2,%:8ﬂr
3 dr dr
Using the chain rule: d—V:d—V d—A,
dr dA dr
2
LAV JdA AT T hen =5, Y23
dA dr/ dr 8m 2 4 2

Related rates

If two quantities x and y are related by y = f (x) , then the rate of

change of y with respect to a third quantity ¢ is related to the rate
of change of x with respect to the third quantity ¢ by
Db B ) B
dt  dx dt dt dt

Example 1 At a distance of 40 m from the base of a tall
building, a person observes an external elevator moving up at a
constant speed of 2.0 ms™. Determine the rate of change of the
angle of elevation when the elevator is 30 m above the person’s
eye level.

The relationship between the height above the eye level and the
angle of elevation is #=40tan 6 .

© Copyright 2005 itute.com

% =40sec’ 0. (Note: the derivative is correct only when 8 is

in radians)

The chain rule: an :ﬁ ﬁ,
de dt
de dh [dh 2.0 1 )
S—=—]—= =—cos“ 6.

dt — dt] d6  40sec’6 20
Instead of finding & when 4 =30, and substitute into the above
expression, find cosé in terms of 4.

i va0r -7
7 h
-0
40
2
40 do 1 40
sl =—e—e—e—/ —— . — = — | Y— | .
Vh? +40> dt 20( p? 4 40°
When /2 =30, % = (0.032 radians per second
=0.032x 180 ~ 1.8 degrees per second.
V4

Example 2 The side elevation of a playground slide can be
modeled by y =2.2¢% for 0 < x < 4. Length measures are in

metres and time in seconds. The shadow on the ground of a girl
sliding down moves at 1.5 ms” when she is at x = 2.0. Calculate
her descending speed (vertical) at that moment.

4y

3.5
2.5
y=2.2e" (0. 8x)

1.5

0.5

y =22, Z—y =—1.76¢ "% .

x
The chain rule: d_y = d_y X @ .
dt dx dt

Given the velocity of the shadow = % =1.5at x=2.0,

the vertical velocity = b = L X L3
dt dx dt
=-1.76¢ "% 1.5 = —0.53 ms™. The negative sign indicates

downward motion.

Applications of functions and calculus 6



Example 3 Water is poured into a conical cup at a rate of

5.0 cm’ per second. The cup is 12.6 cm tall and the radius of the
rim of the cup is 4.2 cm. How fast does the water level rise when
the depth of water is 8.0 cm?

12.6

Use similar triangles to find the relationship between » and 4.
r h h

— = r=—
42 12.6 3
Volume of a cone = %IL’RZH , ..volume of water=V = %727”2/’! .

3

Substitute » = g into the last expression, V(h) =—/,and
av _
dh 9

. dvdv dh dh dV [dV
The chainrule; — = —x—, /. —=—/ —.
dt dh dt dt dt/ dh

Given cjz’_lt/ = 5.0 (constant), at # = 8.0, the rate of change of

dh 5.0
depth=— = =0.22cm.
=~ 2807
9

Example 4 A load is lifted upwards by a person pulling a rope
at 1.2 ms™. See the diagram below. How fast does the load rise
when the lower pulley is 2.0 m above the ground?

40m

1.2 ms™

1.5m 1.5m

© Copyright 2005 itute.com

Let L m be the length of the rope from the upper pulley through
the lower pulley to the wall and # m be the height of the lower
pulley above the ground. Assume zero size for the pulleys.

Use Pythagorean Theorem to find the relationship between L and
h.

SRR P SN

|
|
|
:4.0—h
|

2
(g] =152 +(4-h), . L=2y225+(4-n),

d_L:;X(_z(A;_h)):M'
dh 225+ (4-n) 225+ (4—h)
Thechainmle:d—L:d—Lxd—h,.'.ﬁ:% d—L

dt dh di’ T dr dt] dh

Given CZI—L = —1.2 (constant, negative because L is decreasing),
t

when % = 2.0, the raising speed of the load
dh -1.2

=== =0.75ms™.
i —2(4-2) ms

225+ (4-2)

Linear approximation f(a+ %)~ f(a)+hf'(a)

Gradient of the tangent ~ gradient of the chord, this
approximation is good for small 7,

e. %HI z% or f’(a)z—f(a+hh)_f(a),
AyzAx% or f(a+h)z f(a)+hf’(a).
x X=a

Applications of functions and calculus 7



Given L = 2e", find the change in y when x
X

changes from 1 to 1.1.

=(1.1—1)Z—y

X

Example 1

AyzAxﬂ =0.1x2e=0.2e.
dx

x=a x=1

Example 2 Find the approximate increase in radius when the
volume of a spherical balloon increases from 1.0 m® to 1.1 m’.

1 1
- — 1
Vzim’}, r= XT =(i)3V3,
3 4r 4r
1 1
dr (3,5 (1 ),5
dv 3\4n 367
1 1
1 , 1
A= ar 0.1(Lj3(1.0)3 - 0.1(Lj3.
V. 36 36

Example 3 Find the approximate value of 4101 .

f(x)=\/;, f'(x)=L,let x=100,then h=1,

2Jx

£(100)=+100 =10, f7(100)= =0.05.

1
24/100

Since f(a+h)~ f(a)+hf'(a), -. 4101 =10 +1x0.05 =10.05

Example 4 Given that f(3)=0.01and f'(3)=-2, find the

approximate solution (close to 3) of the equation f (x) =0.

Using f(a+h)~ f(a)+hf'(a), 0~0.01+h(=2), .. h = 0.005 .
Hence the approximate solution is
x=a+h=3+0.005=3.005.

Example 5 Given f(x)=x*-3x+3,find f(~2.1) and hence

find an approximate zero of f (x)

£(=2.1)=0.039 that is close to zero. f'(x)=3x -3,
o f(=2.1)=10.23.
Using f(a+h)~ f(a)+hf"(a), 0~0.039 +~(10.23),

.. h = —0.0038 . Hence an approximate zero is
x=a+h=-21-0.0038=-2.1038.

Example 6 The formula for calculating the average speed is

D . . . . .
v = = If there is a 5% error in measuring the time t, what is the
percentage error in the calculated average speed?

,_D A _dv A D

N JAv
¢ A dtT T At 2

Ay

At

At v t

% error in v= gx 100% =~ —%x 100% = —5% (The negative
v

sign indicates that the calculated v is lower than the true v if the
measured ¢ is higher than the true ¢)

© Copyright 2005 itute.com

Finding area under a curve by integration

The area of the region bounded by the x-axis and a curve

[k

f(x)=0 forall xela,b],or f(x)<0 forall xela,b].

y = f(x) in the interval [a,b] is given by 4 = if

Ay

X | |

- — I

If f (x) changes sign at x = ¢ in the interval [a,b], then two
definite integrals are required to evaluate the area of the bounded

J: f(x)dx + ff(x)dx

region, 4 =

Ay

v

H

If f (x) changes sign again, a third definite integral is required.

Note: It is important to know the behaviour (graph) of the
function before setting up the definite integral(s) to find the area.

Example 1 Find the area of the region enclosed by the x-axis
and y=0.4(x+2)x—4).

=

T

The left and right extremes of the region are the x-intercepts,
x =-2 and x =4 respectively, given by the linear factors.

Expand y = 0.4(x + 2)x —4) to obtain y = 0.4(x2 —2x- 8).

e

- 8(4)j - 0.4(% —(~2) -8(- 2)}

Applications of functions and calculus 8

Area = ‘_'.420.4(x2 —-2x— S)dx

=144

3
0.4(4—— 4?
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2
X

Example 2 Consider the function f(x)= e 2 .Thisisa

1
N2
probability density function known as the standard normal

distribution. The area under the curve from x=a to x =5
gives the probability that x lies between a and b,
I .
Ton e 2 dx . Use graphics calculator to
2

evaluate the following probabilities.
(@ Pr(-1<x<1), b) Pr(-2<x<2), (c) Pr(-3<x<3),
(d) Pr(-o0 < x <0).

ie. Pr(a<x<b)=r

1

V2r

Sketch y =

e 2 ,2nd calc jf(x)dx etc.

1

V2r

e 2dx=0.68

(@) Pr(—1<x<1):£

e 2dx=0.95

(b) Pr(—2<x<2)=j \/;_
- T
© Pr(—3<x<3)=r !

=2z

(d Pr(—oo<x<oo):j

1
=27

2
2
2

e 2dx=0.997

2

e 2dx=1.

00

Example 3 Find the area of the region bounded by the y-axis,
the line y =2 and the curve y =e”.

Forthecurve y=e*,when y=2, e" =2, ".x=log,2.

Area of the required region = area of the rectangular region — the
area of the region under y = e from x=0to x =log, 2
log, 2 Tog,
=2log, 2—I *etdx = 2log,2 - [e“ ]Lg‘z =2log,2-(2-1)
0
=0.39

© Copyright 2005 itute.com

0 x
|n 0.z 0.4 0.6 0.8

-1 -0.8 -0.6 -0.4 -0.2 1 1.2 1.4

Example 4 Find the area of the region(s) bounded by the curve

y= 2cos§ +1, the x-axis, the lines x =0 and x =27 .

Sketch the graph first. The curve crosses the x-axis. Find this x-

intercept. Let y =0, 2cos£+1=0, cosiz—l, .'.2:2—”,
2 2 2 3
4z
3

Area = +

4z or ¥
J-4 (2 cos— + ljdx
hl 2

J-T (2 cosz + 1jdx
0 2 ;

i 2z

=| 4sin> +x ’ +| 4sin = + x
2 0 2 4z
3

2

_lasin ZZ + 27 asinz+ 27) [ 4sin 22 + 22
33 33
3+ 34T
3 3
et g

:2\/§+4?”+2\/§—2T”:4\/§+2T”.

4y

Total area=9.02

0 x

o 025t O 07sm = 1257 W’
-1

0257
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Area of region(s) between two curves Example 2 Find the area of the region(s) bounded by y =sinx,

2
If f(x)> g(x) in the interval [a,b], or g(x)> f(x) in the y= ;X, x=0and x=7.
interval [a,b], the area of the region between the two curves is

[(r()- gl

AV

. 2 .
. Solve y =sinx and y = —x simultaneously to find x =0 and
Vid

given by area =

X = % in the interval [0,7[] . Total area of bounded regions

% : = J.Z(sinx—zxjdx + J.:(sinx—ngdx
I I 0 Vs ~ Vi

2

If the two curves cross at x = ¢ in the interval [a,b], the area of = (0 - —] -(-1- 0* +
the regions between the two curves is given by

[0 gl

area = +

) (o)

Total area=pi/Z2

The x-coordinates of the intersections are found by solving
y=f (x) and y = g(x) simultaneously.

Example 1 Find the area of the region enclosed by -
y=x>+2x—-1and y=—x>+2x+1.

. . . .1
Solve the two equations simultaneously to find the x-coordinates Note: The area of the enclosed regions is 7 of the area of the
of the intersections.

) rectangular region

¥ 42x—1=—x>+2x+1, " 2x* =2, " x==1.

Area - ‘ [ (62 +201)- (o w2

1 3 ! a
='[(2x2—2 W= 22 ox| |=[2-2]-[Z242)=8 P
. 3 3 3 3

© Copyright 2005 itute.com
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