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Further Calculus Part 11

Applications of integration
Areas of regions bounded by curves

Example 1 Find the exact area of the region bounded by

the curve y = ! , x=—1, x=1 and the x-axis.

1—x?

1
V1-x?

Note: Although

1
Area =I
-1

- is undefined at x ==*1, the
I-x
1

V1-x?

dx is finite.

1
definite integral J
-1

Example 2 Find the exact area of the region bounded by

1+2 .
the curve y= 1+ and the x-axis from x=0to x=1.

1 1
Areazjl+2§dx=j( 12+ zxzjdx
01+x o\1+x~ 1+x

1 1
=J. lzdx+J. 2x2dx
o1+ x 01+ x
1 2
= [Tan’lx]g +J. lﬂdx = [Tan’lx]:) +J. ldu
0 u dx 1 u

= [Tan’lx]é + [logL,|Lt|]12 = % +log, 2.
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dx = [Sin'le = Sin™ (l)— Sin™ (—l)z .

Example 3 (a) Find the exact area of the region bounded

by the curve y = Sin~'x and the y-axis from y=0 to y=

(b) Hence find the exact area of the region bounded by the
curve y = Sin”'x and the x-axis fromx=0tox = 1.

VA

w2l _

dy

—_—— e e =

><V

0

(@ y=Sin'x, x=siny.
Area = dey = ‘F sin ydy = [— cos y]oE
0 0

= (— COSEJ —(— cosO): 1.
2
(b) The required area is obtained by subtracting the answer

in (a) from the area of the rectangular region lx% .

V4 . . LN .
o Area = 3 —1. Note: direct evaluation of j Sin~'xdx is not
0

required for exam purpose. However, students are expected

1
to find j Sin~'xdx ~0.5708 by graphics calculator.
0

Example 4 Find the exact value of J.eloge xdx .
1

J.logc xdx gives the area of the region between the curve
1

y=log, x and the x-axis from x =1 to x=e. Direct

e
evaluation of Iloge xdx is not required.
1

v

When x=e, y=1.
Area of the region bounded by the curve y =log, x and the
y-axis from y=0to y=1:

1 1
jxdy :j e’dy = [eyT0 =e—1.
0 0
Area of the region bounded by the curve y =log, x and the

x-axis from x =1 to x =e is obtained by subtracting the
area (e —1) from the area of the rectangular region ex1.

‘rlogc, xdx=ex1-(e—~1)=1.
1
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Example 5 (a) Use graphics calculator to find the area of

the region bounded by the curves y = x> and y=+v2-x> .

(b) Hence find the area of the regions bounded by the two
curves and the x-axis.

(a) Solve y=x" and y=+/2-x* simultaneously to find
the x-coordinates of the intersections.

xt=42-x%, (x2)2 +x*-2=0, .. (x2 +2)x? —1):0 s
Sx=+1.
Area of region bounded by the two curves:

1
.[ [\/2 —x*—x’ jdx ~1.904 (Graphics calculator)
-1

(b) Area of the regions bounded by the two curves and the
x-axis is given by subtracting answer (a) from the area of
the semi-circular region:

drea %(;z(\/f)z)—wm ~1238

Volumes of solids of revolution of a region about the x-
axis, and the y-axis

Example 1 The region bounded by the curve y =sinx,

the x-axis, x = 0 and x = 7 is rotated about the x-axis.
Calculate the volume of the solid of revolution.

4y

y==in(x}

() $ Volume of disc = 77y Ax
y
Ax

Volume of the solid of revolution= lim Z 2 Ax
Ax—0

T 2 T ) 7[72'
- d:j d:j—l— 2
J.Oﬂy X Oirsm xax 02( COS x)dx

3 1. s
=|=|x—=sin2x|| =—-.
2 2 o 2

© Copyright itute.com 2006 Free download & print from www.itute.com Do not reproduce by other means

Example 2 Find the exact volume of the solid generated by
rotating about the x-axis the region bounded by the curve

y=a/x+1,theline y=x-1, the x-axis, and the y-axis.
Coordinates of the intersection: x —1=+4/x+1,

(x—l)2 =x+1, x> =3x=0, x(x-3)=0,only x=3
satisfies the equation, y=2.

e
T

yesgrt (x+1)

&

Volume of the solid = volume generated by y =+/x+1
minus volume generated by y=x-1

3
= J:) ﬂ(\/x + 1)2 dx — volume of cone

Example3 The region bounded by y = x* — 2x — 3, the

x-axis, x = 0 and x = 3 is rotated about the y-axis. Calculate
the volume of the solid of revolution.

y=x2 —2x—3:(x—1)2 -4.
The curve cuts the y-axis at y = -3, and the minimum point
is found to be (1,—4) .

Ay

rn B

X2
Since y = x’ —2x—3:(x—1)2 -4,

X =Ay+4+lorx, =—Jy+4+1

Further Calculus Part IT 2



. Volume = J:O 7(x, )2 dy - r}ﬂ(xz )2 dy

=I (y+5+2\/yT)dy J. (y+5 2\/yT)dy

0
1 4 3 1 4 3
= l:;{zyz +5y+ E(y + 4)2 J:|_4 —|:;{Ey2 +5y —E(y + 4)2 H_4
32 71 457r
=x| — |-7l-12)-7z| -—— 12
o2 )-ater)-o -5 Joato12)- 2
Example 4 A hole of radius 1.0 cm is drilled through the

centre of a sphere of radius 4.0 cm. Find the volume
removed.

The volume removed consists of the volumes of the cylinder

(radius 1.0 cm, length 2415 cm) and two end caps.

4y

RAZHPOE=ANL

\(sqrt(ls) D]

2 }4 3

4
Volume of each end =j 24 j 16
olume of each end cap =] X )d

4
{;{wx—lﬁﬂ - [128 m/_j 0.2006
37 s 3

.. Total volume removed
= 7(1.0)? (215 )+ 2 x 0.2006 = 24.7359 cm’,

Differential equations

An equation involving derivatives is a differential equation.

f()

dlfferentlal equatlons.

f( ), i = f() etc. are examples of

To solve a differential equation is to find the relationship
between the two variables x and y. Usually y is expressed in
terms of x.

Direction (slope) field of a differential equation

Given a differential equation, a ‘map’ showing the slope of
the relation or function can be drawn up. At each point
(x, y) in the coordinate plane, a short line segment with a

slope given by % = f(x), f(y) or f(x,y) is marked for
X

that point. The resulting ‘map’ is called a direction (slope)
field of the differential equation.
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Example 1 Draw a direction field of L4 =xfor -3<x<3

Ix
and -3<y<3.
\ \ N i a /
\ \ N E s / ay/a
AN A
\ o
R X B3 o 1 2 Y
NN s s
AN NN i
VN v,

Example 2 Draw a direction field of P = 1 for 0<x<6

dx x
and -3<y<3.
id
wraxes
//// ,,,,,,,,
//// ,,,,,,,,
Z//// ////////
//// ////////
J//// ////////
//// ////////
o 4
-1 o /71 2 3 4 5 3
A A
’J//// ///////
A A
’Z//// ///////
[ S e e e e -
’3//// ,,,,,,,,
d
Example 3 Draw a slope field of d_y =2 for
X
—-3<x<5and -3<y<3.
4Ty
sy aseyr2
/7 /7 /7 /7 /ST
VO O A
< 0~ o~ %O <N NN
A NN N Y N N NN
NN N NN N NN

Example 4 Sketch two particular solution curves over the
following direction field. One satisfies the initial condition
P(2)=3, the other satisfies P(4)=4.

P

NN N
EERNN NN NN N NN
AN NN N NN
S AN NSNS SISO NN
AN S S Y
ES TR NN NN N N N NN
AN N N S N NN

AN N G N
o NN\
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A slope field enables one to find the general solution to a
differential equation. If initial conditions are known, a
particular solution can be determined.

The slope field in example 2 indicates that y =log, x+C is

. 1 . .
the general solution to L4 =— . Three particular solution

dc x
curves shown below correspond to three different initial
conditions represented by the three points (4.5,2.5), (1,0)

and (4.5,0).

The top curve passes through (4.5,2.5), ot
y=log, x+1.

The middle curve passes through (1,()), itis y=log, x.
The bottom curve passes through (4.5,0) ,itis
y=log,x-15.

dy/dx=1/x

Techniques in solving differential equations

(1) Type %:f(x)

dy

Example 1  Solve o —e*, given y=0 when x=0.
e

ﬂz—e“, yzj.—ez"dx=—lezx+C.
dx 2

1, 1
y=0 when x=0, .'.Oz—Ee +C, .'.Czi.

. __182x+l

1 .
Note: y = —Eez“ +C is called the general solution, and

y= —%ez“ +% is a particular solution of the differential

equation.

Example 2 Solve Zx% =1,given y=1 when x=e.
/x

Zxd—yz ,ﬂzL,yzj.de=llogex+C.
dx dx 2x 2x 2 7
y=1 when x=e,.'.lzllogee+C,.'.C:l.

2 2
: —llo x|+l
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Example 3 Verify that y =1++/1+x? is a solution to the

equation 1+ x %—x:O.
x

y=1++1+x" , apply the chain rule, d_y: i

dx 1+ x2 '

J—sz:RHS.

Substitute, LHS =1+ x*| ——

V1+x?
s y=1++1+x" is a solution because it satisfies the
differential equation.

Example 4 Verify that y = loge(x2 +2x— 3) is a solution

to the equation Xl 2 \dy =1
2 x+1)dx

y=log, (x2 +2x— 3), apply the chain rule,

dy _ 2x+2 2(x+1)

dx  x*+2x-3 :x2+2x—3 '

Substitute, LHS = [x_” - Lj 22(x +1)
2 x+1)x"+2x-3
2
(bt o) Aerl) g
2(x+1) x’ +2x-3

y=log, (x2 +2x— 3) satisfies the differential equation, .. it
is a solution.

2

2) Type ‘;Z = £(x)
X

Example 1 Find the general solution to the equation
dy__1_

dx’ 1-x

d’y _ 1

dx? 1-x

dxzj(l—x)%dx _ 2(l-x)r +C,

Q_.[ 1
dx V1i—x

y:J.(—Z(l—x)%+dex:§(l—x)%+CX+D

Example 2  Find the particular solution to the differential
2

equation —f =—cos2t, given ax =0 and x=-1 when
dt dt

t=0.
d*x
dr*

=—cos2t,

ﬁ = I—costht = —lsin2t+C,
dt 2

ﬁ:0 when t=0, ..C=0and ﬁz—lsinZt,
dt dt 2

x= ‘[—lsin2tdt = lcos21¢ +D,
2 4

x=-1when t=0, .'.—1:1+D, .'.D:—i.
4 4

Hence x = lcosZt —i.
4 4
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Example 3 Verify that y =3e™" is a solution to the

2
differential equation d f +3 @ +2y=0.
dx dx
2
y=3e™, P _ —6e7, 4y g} =12¢7".
dx dx
Substitute, LHS =12¢" +3(-6¢* )+ 2(3¢ > )= 0 = RHS,
. . d’y .d
sy =3e" is a solution of g} +3%2 10y -0.
X dx

6 Tye L=1(y)
X

It can be shown that ﬂ = @ .
dy dx

Therefore, the differential equation % =f (y) can be
X

changed to & = 1

dy  fy)

Example 1  Solve z—y =-2y for y in terms of x.
X

dy_ o dx_ 1 ~x—J'—idy,

dx_ y,..a——g, X = 2y

+c.

'x——lb
S > gV

Express y in terms of x:
[y|=e?0) =ee™ = e, where A= >0.

Hence y=+A4de™ for xeR.

Verification: y= Ae ™", % =D24e =2y,
X

y=—de™, % =24e =-2y.

Example 2 Given y =0 when x = 0, find the particular

solution of d_y = ; .
dx 1-y

Express y in terms of x:

2x=—(1-y) +1, (1-y)f =1-2x, 1-y=+y1-2x,
y=1=% m .

Note: y=1- J1-2x is the only solution that satisfies the
condition y = 0 when x = 0.
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Example 3  Find the general solution to the differential

equation % = %(yz - 4).
2
51
dx 4 4 1 1

& -4 (-2)p+2) y-2 y+2’

xzjl L dy =log,
y=2 y+2

y=2

y—2|—loge|y+2|+c

+c.

=e"“=e"e‘ =Ade",where A=e“>0.

y_z‘ x—c X —c

Ly=2
o y+2
y—2=*xAde*y+24e", .. yF Ae*y=2+24e",

(el e). - - 2]

1¥ Ae”

tAe”, y—2=iAex(y+2),

Example 4 Find x when y =1, given y = 0 when x = 0 and
y__ 1

dv (v-1)y-2)

dy 1 dx

= —=(y-1)y-2)=1>-3y+2,
e ) R

xzj(yz—3y+2)dy:%y3—%y2+2y+c.
y=0whenx=0, ..C=0.
5

Wheny =1, x:l—i+2:—.
3 2 6

Example 5 Find the general solution to the differential

equation % =49-)".
X

d
_y: 9_y2’£: 1 3 x:J‘
dx dy

sox=S8in"! (%) +c. Hence y= 3sin(x - c).

Example 6 Find the particular solution to the differential
equation % =—y/1-2y" , which satisfies the initial
X
condition when x =0,y =0.
%:_V1_2y25§:_ ! 5
’ P - (2

xX= __ LCos’l(\/ay)+C.

dy. .. x=
my P

1 (n T
Whenx=0,y=0, ..0=—| — [+C, ..C=——=.
g \/E[ZJ 22
1 Vs
Hence x =—Cos™ \/Ey ———, and
V2 ( ) 22

yg[ﬁgj
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Example 7 Find the general solution to the differential

. d
equation Y _ cos? 2y.
dx

d
D _ cos? 2y d

dx ’ d_y:c0522y

=sec’ 2y,
2 1
.'.x:‘[sec 2ydy:5tan2y+c, tan2y:2(x—c).

Hence y = %tan’1 2(x - c) .

Numerical solution of ? =f (x) using technology
X

(analytic solution not required)

Given % =f (x) with y =c¢ when x = a, the numerical
/X

solution of % =f (x) when x =5 is found by evaluating
X

b . .
y= I f (x)dx + ¢ using graphics calculator.

Example 1 Find the value of y whenx =0.5, given
Y sin(xz) where y =2 when x=0.

dx

dy _ . (2

— =sinlx" ),

=sin(’)

05 . [,
when x=0.5, y="sin(x® ix+2=0.0415+2=2.0415

Example 2 Evaluate Q when =35, given [Z—? =log, (mj
t

and Q=2 when 7=1.

do 10
= —log,| — |,
dt ge[ t ]

when =1, szloge(%jdhﬂ=5.163+2=7.163.

Example 3 Find the numerical solution to the differential
equation P Sin| Z-1| at x=3, given y =2 when
dx 2

x=2.

Y _ e[ X1),
dx 2

3
when x=3, y :J' Sin™ (g —ljdx +2~0.256+2=2256.
2

Example 4 Use graphics calculator to solve % =1+

for x when #=1, given x=5 when t=2.

2

ﬂ: 1+t ,

dt
1 2

when =1, x:J. \/1+t2dt+5:—J. N1+£2dt+5
2 1

=-1.810+5=3.190.
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Euler’s method

Euler’s method is used to find an approximate numerical

solution to a first order differential equation, % =F (x, y),
x

given y =y, when x=x,.

The procedure is to find approximate values of y at equally
spaced x-coordinates, x,, x, =x,+h, x, =x, +h,...... ,
where 7 is the spacing (or step size), using the linear
approximation y,,, ~y, +hF(x,,y,).

The differential equation gives the slope at (xn , yn) as

dy
— =F .
dx (‘xn’yn)

Sfx)

At X, y =y, +hF(x,,)
At x,, y, =y, +hF(x,,y,)
At Xy, ¥, =y, +hF(x,,0,) etc,

Example 1 Use Euler’s method with step size 0.1 to find an
approximate solution to % =x+y whenx=0.3,
X

given y =1 when x = 0.

Q:F(x,y):x+y.
dx

At x=0, y=1,

At x=0.1, y~1+0.1x1=1.1,

At x=0.2, y=1.1+0.1x1.2=1.22,
At x=0.3, y~1.22+0.1x1.42=1.362.

F(o,1)=1.
F0.1,1.1)=1.2.
F(0.2,1.22)=1.42.

Example 2 Use Euler’s method with step size 20 to find an

do 90

approximate solutionto ——=2—
dt 1000 +¢

Q=400 at ¢=0. (See example 5 page 8)

at t= 60, given

Y 99

E_F(t’Q)_z_ 1000+¢

Atr=0, 0 =400, F(0,400)=-1.6.
Atr=20, Q=400-20x1.6 =368, F(20,368)=-1.247 .
Atr=40, Q=368-20x1.247 =343.1, F(40,343.1)=—0.969 .
Att=60, O =343.1-20x0.969 = 323.7.
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Setting up differential equations

Example | A bacteria culture starts with 1500 bacteria.
The population grows to 4500 after 2 hours. Assuming the
culture grows at a rate proportional to its population, set up
a differential equation for the population growth. Find (a)
the constant of proportionality and (b) the population after 5
hours.

(a) Let N >0 be the population at time ¢ hours, and L;—];] be

the rate of growth. Assume 0;_];/ o« N, .. 0;_N =kN , where k
t

is the constant of proportionality. (Note: & is a positive value
for growth; it is a negative value for decline or decay).

LB N R
dr AN kN kN
okt = J.%dN —log,|N|+C =log, N +C.

dN:l'[idN,
KN

When =0, N=1500, ..C =-log,1500.

N
Hence kt =log, N —log 1500, or kt =log | ——|.
8. V08 g‘(lSOO)

When ¢=2, N=4500, .~.k=%10ge3=10ge\/§.

(loge \/5) =log, N ) Hence N =1500¢= )
1500
(b) When 1 =5, N =1500¢"*) Z1500(/3 ] ~ 23400

Example 2 In radioactive decay, the rate of decay is
proportional to the amount of sample remaining. The half
life of radium-226 is 1600 years approximately, i.e. half of
the sample remains after about 1600 years. The initial mass
of a sample of radium-226 is 200 mg.

(a) Set up a differential equation for the amount remaining.
(b) Find a formula for the amount remaining in terms of't
years.

(c) Find the mass after 2000 years.

(d) When will the mass of radium-226 in the sample be 20
mg?

(a) Let Q mg be the remaining mass of radium-226 after ¢

years, and i—(tz be the rate of decay. Given 62—? <,

CZ—? =kQ , where £ is the proportionality constant.

cdar 1 (Lo 1L
R I kadQ,

okt = JédQ ~log,|0]+ C =log, 0+ C.

Q0 _
(b) ===k,

When t=0, =200, ..C=-log,200.

Hence kt=log, O —log, 200, or kt =log, (gj .

200
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! loge% ~—-0.0004332.

When ¢=1600, 0=100, ..k =
1600

:.—0.0004332¢ = loge(%} Hence O = 20 00004332t

(c) When £ =2000, Q=200 00043322000 _g4 09

(d) Since —0.0004332¢ = log [ 2,
200

t=—-——+——log, Q2 .
0.0004332 200

When Q=20mg, ¢t = ﬂj ~ 5300 yrs.

-———log,
0.0004332 200

Example 3 The rate of cooling of an object is proportional
to the difference in temperature between the object and its
surroundings. This is known as Newton’s law of cooling. Let
the room temperature be maintained at 20°C and the object
cools from 50 to 30 degrees in 15 minutes.

(a) Set up a differential equation for the temperature of the
object.

(b) What was the temperature of the object 10 minutes after
it was 50°C?

(c) When was it at 25°C?

(a) Let T > 20°C be the temperature of the object at time ¢
minutes, and L;—f be the rate of change in temperature. The

difference in temperature between the object and its
surroundings is 7 —20.

Given 4L o (T -20), .. ar _ k(1 -20).
dt dt

1
“dar  k(r-20)
-.r:j;drzlj;dr

k(r-20)"  kJT-20"""

kt:J.Ldeloge
T-20
Let =0 when T'=50, ..C =-log,30.

Hence kt =log, (T ~20)-log, 30 = loge[T3—020j '

dr o o\
(b)z—k(T 20), .

T -20/+C =log, (T -20)+C.

At t=15,T =30,

15k = loge(%j =-log,3, .. k= —%loge 3=-0.07324.

. —0.07324¢ = loge( Oj or T =30e %724 4 2.

At t=10, T =30e "7 +20=34.4°C.

(c) When T =25, —0.07324¢ = loge(zs - ZOJ 7

t = 24.5 minutes.
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Example 4 A tank contains 2000 L of brine with a
concentration of 0.2 kg of salt per litre. Pure water is run
into the tank at a rate of 20 L per minute. The mixture is
stirred continuously and allowed to run out at the same rate.
(a) Set up a differential equation for the amount of salt in
the tank.

(b) How much salt will remain after half an hour?

(c) At what time will the concentration be 0.1 kg of salt per
litre?

(a) Let Q kg be the amount of salt in the tank at time ¢
minutes, and i{—? be the rate of change in the amount of salt

in the tank.
—Q =rate of inflow of salt — rate of outflow of salt.

Rate of inflow of salt

= concentration of solution (kg per L) x rate of inflow of
solution (L per min.)

= 0x20=0 kg per minute

The volume of solution in the
tank remains constant at 2000 L
because the volume of inflow
equals the volume of outflow.
At time ¢ the amount of salt in
the tank is O kg,

", concentration = _Q kg per L
2000

Rate of outflow of salt \l/
= concentration of solution (kg per L) x rate of outflow of
solution (L per min.)

- 9 x20 = Q2 kg per minute.
2000 100

d_Q:O—g, ie. d—Q: Q
dt 100 dt

-2
L de 100 —100 1
005" J' do = IOOJQdQ,

0017 = J' 540~ ~log, 0+C.

At t =0, O = concentration x volume = 0.2x2000 =400 kg,
..C =—-log, 400 . Hence —0.01¢ =log, O —log, 400,

Q —0.01z
—0.01t=log | -2- |, - 0=400e°"
Og"(400 Q=400

At t =30, O=400e""" =296 kg.

(c) When the concentration is 0.1 kg per L,

0=0.1x2000=200kg, .-0.01¢ = log, ( gg}

t = 69.3 minutes.
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Example 5 Repeat example 4, this time brine with a
concentration of 0.1 kg of salt per litre is run into the tank
(instead of pure water) at a rate of 20 L per minute, and the
mixture runs out at 18 L per minute.

Set up a differential equation for the amount of salt in the
tank.

Let Q kg be the amount of salt in the tank at time # minutes,
d . .
and d_Q be the rate of change in the amount of salt in the
t

tank.

a0

=rate of inflow of salt — rate of outflow of salt.

Rate of inflow of salt

= concentration of solution (kg per L) x rate of inflow of
solution (L per min.)

= 0.1x20=2 kg per minute

Since 20 L per min. of solution runs in and only 18 L per
min. of the mixture runs out, the volume of solution in the
tank increases by 2 L per min. After  minutes, the volume
increases by 2¢ L. .".total volume = 2000+ 2¢ L. Hence at

Y

time ¢, the concentration = ————
2000+ 2¢

kg per L.

Rate of outflow of salt
= concentration of solution (kg per L) x rate of outflow of
solution (L per min.)

= 0 Y kg per minute
2000 —2¢ 1000
do_, 90
ot 1000—¢

Setting up differential equation involving related rates

Example | A spherical snowball is melting at a rate of
rcm3 min™. (a) Set up a differential equation for its radius

r cm. (b) What is its radius after 1827 minutes if initially its
radius is 10 cm?

(a) Let ¥ cm® be the volume of the spherical snowball of
radius 7 cm at time ¢ minutes, and LZ—Z/ be the rate of change
of the volume.

The relationship between Vand ris V = %mﬂ .

AV _av dr_d(4 \dr , dr
— —mr” |—. Hence —r=4m"—
“dt dr dt Cdr\3 dt dt
and . dr —L.

dt A

dt
(b) - on =4, t_J' dmrdr=—2m* +C.

r

Given r =10 when t=0, .. C =2007r.
Hence ¢t =—2m* +2007 .
When ¢ =180z, 22> =207,

~r=A10.
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Example 2 Water is leaking out of an inverted conical tank
at a rate of 0.01 m® min™' while water is being pumped into
the tank at a constant rate of p m® min™'. The tank has a
height of 6 m, and the radius at the top is 2 m. Initially the
water level is 1 m, and it is 4 m after an hour. At what time
the level is 5 m?

Let ¥ m® be the volume of water in the tank at time ¢ min, &
m the depth and » m the radius of the water surface.
Rate of change in volume = inflow rate — outflow rate,
. dr
1e. —=p-0.01
dt L

The relationship between % and 7 is given by % = 2’

6

Lr= g . Hence the relationship between ¥ and # is

2
vl LB s
3 3703 27

dV _dv _dh _ah’dh  dh_9(p-0.01)

Cdr dn a9 dr dr

+C
p—-001)  27(p-0.01)
Al
27(p-0.01) 27(p-0.01)

At 1260, h=4, 60=— %
27(p-0.01)

3_
When h=5, t:JS—IL:IISminutes.

27(0.1322-0.01)

ﬂz 7Z'h2 t:‘[ ﬂ'h2 d B ﬂh3
dh 9(p-0.01)° 9(

Att=0,h=1, ..C=

. p=0.1322.

© Copyright itute.com 2006 Free download & print from www.itute.com Do not reproduce by other means

Further Calculus Part IT



