CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

Chapter 9 Applications of Definite Integration
Supplementary Notes

Name: ( ) Class: F.5

9.1 Areas of Plane Figures

A. Area between a Curve and the x-axis
Let y=f(x) be a continuous function defined on the interval [a, b].

If f(x)>0 for all x in the interval [a, b], then the area bounded by the curve y=f(x), the
K- 01 and the lines 4= & and X =b can be found by integrating f(x)

with respect to x from a to b, \

l.e.Area 4 = bf(x)dx l): ‘{U‘) E y=£f(x)
j{ d : x___'_
. Y X | TP
1 A ulll =
famn w200 drx H_‘)
wn fC\/‘(rTﬁ

If f(x)<0 for all x in the interval [a, b], then the area bounded by the curve y=f(x), the
X-axis and the lines A =& and %=b can be found by integrating f(x)

. y
with respect to x from a to b, \
a b
1.e.Aread = —I f(x)dx g :
A I
|
y=1f(x})

Example

. . 1 . .
1. Find the area of the region bounded by y = ZX4 + 5, the x-axis and the lines x =—1 and x = 2 as

shown in the figure. y y= g5
T4

AYeL = J‘T(tka‘ﬂ’ ) dx
1ot -
[ =~ &'x]“‘

(~5-5) :

1}

- X

_q

[}]

|---I
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION

SECONDARY 5

2.

Find the area of the region bounded by y=-sinx and the x-axis between x =% and x=rx

as shown in the figure. y
n A .
J (- $nx) dx 6 z
T 0 T > X
i ]ﬂ 2 Y?m‘m)\ Owven :
= s | = 5
= |+ 2
) ? l S
T G- G 6 y=-sinx
= —- E—
2

In general, a curve y =f(x) may not lie entirely above or below the x-axis as shown in the

following figure.

In this case, the total area bounded by the graph of y = f(x), the x-axis and the lines x=a and

x=>b is given by:

4+4,=] f(x)dx+[— j:’f(x)dx}

The area bounded by the graph of y =f(x) and the x-axis is given by definite integrals, as

illustrated in the figure below:

/ :\ 0 /O\
\'|/
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

Example
3. The figure shows the graph of y =x’. Find the sum of the areas of the shaded region R, and
R, ( ) - 4(9‘ {
clx = e 1 = 0 )<
.S__‘ x )- ﬂ- - y

4.  Find the area of the shaded region in the following figure.

¥R ;
) LS :
/. %‘%*%HJX + /\ :
SO NEEIZE
o Z-R e g
" o~ 3 L
A _Ix X
[zo | * (:"-W(:(—\
LR O y
[T TR
\ 3 3 Y
A _Ix X
_f-[ 20 l).* (:Ft.w(:(q
3 % 91
b ( %)+ 3
L]
5
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

5. The figure shows the graph of y =(x—1)(x—2). Find the total area of the shaded regions.

ALA y

A

= Jo' (x—D(x~2) dx — f: (%) (x-v dx y=-Dx-2)
Jo‘ (™~ 3x+2) dx - XL(«l' 2X t2) dx
1 4(3 31 . >9(J Z\\—/)‘ > X

X
LT = +”(]. A-Tnlwapt .
- 5 -
- 6 (-¢) =1 4% & -,
6. Consider the curve y=(x-D(x-3)(x-5). 45 - o — =t

(a) Find the x-intercepts of the curve.
(b) Find the area bounded by the graph y=(x—1)(x—3)(x—5), the x-axis and the lines x = 1

and x = 5.

(@) 1,3,y
(})) rwt X=2 /
19: (-0 (”’3)C>PX) (' /
(

= - (-3 =
|- (-1 /'1;\/5

=3, 70

Ovvee

:Jg(x—u(%-s)(xf&’) dx -
J‘ (%=1 (%= 3) (A=) dx
= J (K-St & - 10 - J (/><3 7%+»30<~'J)Jx

- [ ”L\: _ 3+ "5—3‘_1-4:%} - 3% 'IX]
= Li '('\f’)
=3
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CHAPTER 9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5
7.

(a) Find the x-intercept(s) of the curve y=4"-1.

(b) Find the area of the region bounded by the curve y =4"—1, the line x = 2 and the x-axis

(a) rv«‘(' 1,)-.0, ¥X—|:O v
W= 0
X >0
(b) Aves
= JIU-{-X-—\ ) dx ° X
—-er 2
=l = -
‘.‘Qk\t ]0 «:)_
S N Syt
Ay 7T Ay
- d B
Ju ¥

Find the area of the region bounded by the curve y =2"—4, the line x =—1 and the x-axis.
X
g 2 19
K= 2.

J_:bx— ) dx e T

2 8
[ -«

3
YLiJ\E vl)\ &rta. = ‘l"
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

B. Area between a Curve and the y-axis

Let x=g(y) be a continuous function defined on the interval [c, d].

If g(y)=>0 for all y in the interval [c, d], then the area bounded by the curve x=g(y), the
M - x5 and the lines \'} =C and v} -d is given by:

J

A

| J A
Area A =chg(y)dy A= 3(‘1) j Afafemicis oy 1 .x=g(}’)
J‘:l ﬂd‘j h %v‘(r’ts ; .

\ S—3

Sam , K209

If g(y)<0 forally in the interval [c, d], then the area bounded by the curve x=g(y), the

\41- XS and the lines Vj‘:c/ and V) -d is givenm \)j ! y
\
\
Area A= —Idg(y)dy x=g(y) /] A
/\v) ‘ //
-+ f = X
B > X \ S
_{.

Example
8. Find the area of the region bounded by x =3)"+ y, the y-axis and the lines y = 0 and y = 4 as

shown in the figure.

Q thH
S YL,

L ey 4
[~ 5]

= ()\'""8 0
:%1,
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9. Find the area of the region bounded by x = z—1, the y-axis and the lines y =2 and y = 5 as
y

shown in the figure.

_Ji L_;—-‘)Qlj
“ZZRV\V)~ ‘j]i
- - (I—QV\Y-X -zgvn— +L)
- (LR«%—;>

3 - L/QV\%

1)

1)

o

- X

10. Find the area of the region bounded by x = Lz + 2, the y-axis and the lines y =2 and y = 4 as
Y

shown in the figure.

Qe

Jj(‘{,)‘,'(-z) Jj

——

-—

(l
¢ —

§
- ")—‘—" "V)] 2

AR AT
!
¢
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APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5
Check Your Concept
Example

11. Find the area of the shaded region in each of the following figures.

(a) y - ()
N A y=3UYx-2+2

chanfe s-¥5’tc’f

ey ]

- -
5 > x 0 > X
O
M, Iyt
'j"‘ = >x- When .r\, (= 7 x-» *?
Q’]—I)s = X—%r -—t— 3 ’X"l
(\,J- 2) 42 = X - = X+

= > dx—
(| = X—2
3= X
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

12. (a) Using integration by part, find Ilnx dx.

Shade = b - (5%
:O(BV\X— ch‘x

=4<wa—%+¢

(b) Find the area of the shaded region in each of the following figures.
(1) y (i) ¥y

A ' A

fo«d\) T -

0 >x : 0|

'
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

In general, a curve x=g,(y) lies on both sides of the y-axis.

y
A

p / x=g(y)
v) - '(ﬂ'uo&(;‘ﬁ

&
_-(—
0 / —> X
C
i
Thus, the total area bounded by the graph of x=g,(y), the y-axis and the lines y=c¢ and y=d
is given by: d‘) d
Area of the shaded region = L g, (y)dx +[—J' .8 (y)d;J

Example

. 1 . .
13. Find the area of the shaded region bounded by the curve y=x?+ e the y-axis, the x-axis and

the line y:z. I y

L 3 J; “ -L)Ji& 7A

LR VIR U B Ef

- ] Lt
R LR R | e
e e g ,
o 3 X _ /0 &
= (0‘ Sﬁf)_‘- ( 6(‘" O) R 4(2
_ o3 W=% ~
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

14. In the figure, find the area of the shaded region bounded by the curve x=)’ -y’ —4y+4 and
the y-axis.

rv«‘t X=0, ﬂ}"JL' ‘y + k=0
':]L("J’” —toy-1) =0
Cv)—\)(v)"’ ) =°
L\r\)(»))cl)(\)/ ) =0
\:)= \ 2, 2

x=y -y’ —4y+4

Cres
SO 49 - e

“[E-faey] [ %% -],

&Y - =

= q-((,)

H
:
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C. Area between Two Curves

Suppose y=f(x) and y=g(x) aretwo continuous functions on the interval [a,b] with

f(x) = g(x)>0.

B y=f(x)

Xx=b

//‘_D\/y=g(x)

> X

0] F E

Consider the area of the region bounded by the curves and the vertical lines x = a and x = b as follows:

, !: SCK)JX

1 o

y=fx)

Similarly, when f(y) and g(y) are continuous functions on the interval [c¢,d] with f(y)>g(y), the

area of the region bounded by the curves x=f(y) and x=g(y) and the horizontal lines y = ¢ and

y = d can be found using the following formula:

Area = ["[f(») - g(»)]dy

AR

y
\

d

x=gly
x=f(y)

-
| ‘

3 > X
; c
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

Example

15. In the figure, find the area of the shaded region bounded by the curves y=-x"+2x>+2x-5
and y=x"-2x"-1.

Avee y =x'-2x" -1

T ETRURRE) P

(e}
_-—— - —

J > [ -3+ W(;‘h«x -y - (4;' “L"I) J er
[

(1]

J-: (2= ™ —ax—+ D +

J"‘ (_,,'X}—!- ex™+ 2x -4) dx

y==x +2x"+2x-5

—_ 4 3 A 2
:[A;_ b’ /x"—(-lf’)cj“k"'ﬁ;*%—f/’k'%]s
b

v’
wlE
|
\
PRl
SN—

16. In the figure, find the area of the shaded region bounded by the curve x=)"+y*—yp+2 and
the line x=y+2.

x=y+2

x=y +y —y+2

1)
1]
5 ¥~
|
Yo
\
9
N—
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17. Find the area of the region bounded by the curve y =-x’—2x+3 and the line y=x+3

(onsider - X*—21x+3 = X +2 A= -
0 = X'+ 3x ‘jf —(-0H"=2(—) +3
0 = &(%Xt3) = —(+2+%)
X=0 o -3 -
Y= -(+3
aves = S; [-«*-;,HS-(’“B)] dx -

:J_; (-'x‘-;x)dx
[T
3

)
:-[zgf 3 ]

P
.

2

18. Find the area of the region bounded by the curve y =x’-3x—4 andthe line x—y—-4=0

\]:X'Sc
Consider x>~ 3x-\ = x-\ X=|
3 -
X' fx =0 4= 3 4 = -
X (- ) =0 3 -
x=0, 7> )7 o
= [ et 19 L
. Uz 0= 2= -y
[ > Tak- o 4§ & -2
C ]S - teode + 80 Cenmx I

(!

lj=-|'¥
o - ¥ z =-J

[/X_‘:_ "Xtil - LZX"% ]o

- (%-8)+(8-%)

3

1)

1
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19. (a) Using integration by parts, find Ixe‘xdx.

.
e

(1) Find the x-coordinates of the points of intersection of C and L.
(i1) Find the area of the region bounded by C and L.

(&) _[m”‘cl?c A=, szt-e."
= —Jade™

A
P fe‘*ioc ‘]“
e -4(?,_% - 6_“

(b) Consider the curve C:y=xe " andtheline L:y=

ok

]

+ C
_ X
th) ) Cowsider e

x A
xe X - e
NEESE

X=>0 ~ 2

e on K
Gy o s [T(ACH R dn
— X -X __'_ ﬁ:—. ]1
= _“e’ — 2 - e’- 2 o

1 (7]
|

Cr

“ o
1
v

Prepared by KC CHU | 15




CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

9.2 Volumes of Solids of Revolution

A solid generated by revolving a plane region about a straight line (the axis of revolution) is called a

solid of revolution.

Example:

Wizt | [/ verticl

D

Revolving a right-angled triangle about one of its

adjacent sides to the right angle results in a cone.

A. Volumes of Solids of Revolution Generated by Revolving about a Coordinate Axis

Consider the plane region bounded by a curve y =f(x), the x-axis and two vertical lines x = a and

x =b as shown in the figure. Then, we revolve the region about the x-axis through a complete revolution

to generate a solid.

y=f(x)

D

=
4

Suppose the interval [a,b] is divided into #n sub-intervals [ x,, x, |, [ x,,x, ],...,[ x, ;, x, ] of equal width

Ax . Choose a point ¢, , where k=1,2,...,n, from each sub-interval [ x, ,,x, ].
Consider the slice with radius f(c,) and thickness Ax.We denote the volume of this slice as AV .

Then AV, = #{f(c,)]’Ax.

By summing up the volumes of the 7 slices, we can find the volume of the solid of revolution.

Hence,
Volume of the solid is given by:

V =lim ;ﬂ[f(ck)]zAx

> h

, X
= [ #[f00)] dx

= z[ [f] dx

Prepared by KC CHU | 16



CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

Theorem 1  Disc Method — Revolution about the x-axis
For any function y=f(x) defined on the interval [a,b], the volume of the solid generated by
revolving the region bounded by y =f(x), the x-axis, the lines x = a and x = b about the x-axis is

given by

y
1 y=f(x)
V= 7r.|.b[f(x)]2 dx or V= 7Z'J.b y2dx
of a b 3> x
Example

20. In the figure, the region bounded by the parabola y =x’, the x-axis, the lines x = 1 and x = 2 is

revolved about the x-axis. Find the volume of the solid of revolution.

\n\l/\wL y
i 2—— Lé A
i _(( [y ex y=x2
2 ¢
= T X dx
.-rs ; ) = ] 5 > X
LS
- T\'l,_j—](
_ 3T
- 5

1
21. In the figure, the region bounded by the curve y=2x ?, the x-axis, the lines x =1 and x =4 is

revolved about the x-axis. Find the volume of the solid of revolution.

Volna

J\'r\\,]"“ dx
[ (zx_{;)L dx

f

(W}

)

]

L(—'l'\J:[ x  dx
= 4 [/QV\W:(?
= kW ﬂ\,,\[-
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

Consider the plane region bounded by a curve x =g(y), the y-axis and two horizontal lines y = ¢ and
y =d as shown in the figure. Then the region is revolved about the y-axis through a complete revolution

to generate a solid of revolution.

x=g(y)

Suppose the interval [c,d] is divided into n sub-intervals [ y,, v, 1, [¥,,, 1,---.[ ¥, » ¥, ] of equal width
Ay . Choose a point ¢, , where k =1,2,...,n, from each sub-interval [ y, ,, v, ].
Consider the slice with radius g(#,) and thickness Ay . We denote the volume of this slice as AV, .

Then AV, ={g(t )’ Ay.

Volume of the solid is given by:

—_— 1 N 2
v —};g%;ﬂ[g(tk)] Ay

d 2
= [ #le(T dy
d I
=7 [g(dy ' > x
¢ 0
Theorem 2  Disc Method — Revolution about the y-axis y
For any function x=g(y) defined on the interval [c,d], the volume of the 4
solid generated by revolving the region bounded by x=g(y), the y-axis, ;
the lines y=c and y=d about the y-axis is given by x=g(y)
d 2 d 2
V= ﬂj [g(y)] dy or V= ﬂj x-dy c
X
0

Prepared by KC CHU | 18
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Example

22. Referring to the figure, find the volume of the solid generated by revolving the region bounded by
the curve y = x’, the y-axis and the line y = 8 about the y-axis.
3

= % V\M:_j&'n/x‘wlj

A PR B
- X sjo (\"33:33 dj

y

wit S

:n“ﬁ_%_g T
L =], i
Y

23. Find the volume of the solid of revolution generated by revolving the region (as shown) bounded
by the y-axis, the curve y = 2x*> — 1 and the line y = 1 about the y-axis.

|
j:” | \»\w«,: ’GJ_‘ "]—)-i J.j

3::_,\:9(1 = 1)\_ [£+v)]-\
U Xx=er
g

24. Find the volume of the solid of revolution generated by revolving the region (as shown) bounded
by the x-axis, the y-axis, the curve y = In x and the line y = 1 about the y-axis.

gl Vol = I )

6‘,):« =T Jl z/2«\7 J\] y=Inx
&2 =%

Y |
Z ]0

1]

=|
~—
v,
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Hollow Solid of Revolution

If a plane region bounded by two curves y=f(x), y=g(x), the lines x = a and x = b is revolved

about the x-axis, a hollow solid is generated.
y y
y=g(x)

= i\ ht-A /g
Obviously; the volume Vobf the hollow solibd is given by: ?" [.j ) — -Fo() ] 2
v o=z [e@] de-x] [f dv =z ([g(x)]2 —[f(x)]Z)dx

Theorem 3  Disc Method — Hollow Solids about the x-axis
For the curves y=f(x) and y=g(x) that satisfy 0<f(x)<g(x) for a<x<b, the volume of a

solid generated by revolving a region bounded by two curves y =f(x), y=g(x), the lines x =a and

x = b about the x-axis is given by }r'
b y=g(x)
v =z ([T ~[f] ax /—,
| — I
o] a i
Example

25. Referring to the figure, find the volume of the solid generated by revolving the region bounded

by the curve y=2x—x" and the line y= % about the x-axis.

_art. A z y
2X- X" = 2 V'\"w: TH] I« y=2x-x? y=—’2(—
= o PR DY SN
ex~2X° = X “Jo [ex-x*)- GG )7 ]
3x—2x* > 3 .
=T J" (- o+ at- L)k
K(3-2x)=° . t : \“\ X
2 v 3 Iy 4%
Ko o = =1\J:(«~WX+—\¢-"()JX
2
- \) 2
A1yl
23
> 2 g
o
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Similarly, if a plane region bounded by two curves x=f(y) and x=g(y), the linesy=candy=4d

is revolved about the y-axis, a hollow solid is generated.

3

dk - -

Theorem 4  Disc Method — Hollow Solids about the y-axis

For the curves x=f(y) and x=g(y) that satisfy 0<f(y)<g(y) or g(y)<f(y)<0 for
c<y<d, the volume of a solid generated by revolving a region bounded by two curves x=1f(y),
x =g(y), the lines y = c and y = d about the y-axis is given by

v =z ([e0)] -[f)] )dv
¥ [jUV- 1“&»,)]1

) 4
\

/
:; x=f(y)
gE = -/

x=g(y)

Example

26. Find the volume of the solid generated by revolving the shaded region bounded by the curves
x+y*=1 and x=./1-3" about the y-axis. y A= '_UL
voluwns

\1&)
:'I\J_“ [ (1—'/") - ('-VJ’)‘—] ‘Jj
o

= T J.: (- V)‘_ |+>\11— lj“)é\)

-“JL‘ (v"«v)\‘)&'] —1/

x+y2/
- 3 $ 91 z
T 14;“‘9?]-\ x-1-y
A (—"—"‘l'""—\-) 2 )2
37y T3S x= [y
- k1

)

1)

>

)
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verticel [ havizvonta

B. Volume of Solids of Revolution by Revolving about a Line Parallel to a Coordinate Axis

As shown in the figure, the plane region bounded by the curve y =f(x), the linesx=a andx=>5is

revolved about the line y = k (which is parallel to the x-axis) to generate a hollow solid.

Theorem 5 Disc Method — Revolution about an Axis Parallel to the x-axis

For any function y=f(x) defined on the interval [a,b], the volume of the solid generated by

revolving the region bounded by y =f(x), the lines y =k, x = a and x = b about the line y = k is given

by v

v =r[ [f(x) - kT dx or v=r| (y-k)ds

+ T J: [foo - k> 7 da

Theorem 6  Disc Method — Revolution about an Axis Parallel to the y-axis

For any function x=g(y) defined on the interval [c,d], the volume of the solid generated by

revolving the region bounded by x =g(y), the lines x = 4, y = c and y = d about the line x = 4 is given

by
X=h
I

d d
V=r| Te()-hTdy or V=r| (x—h)dy
¢ ¢ x=g(y)

AW
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Example

27. Find the volume of the solid of revolution generated by revolving the region (as shown) bounded
by the curve y = Jx and the lines y =1 and x =4 about the line y = 1.

olwmt = j“'r\(\j-l)tclx
2 J:‘ n (Tx—l)th

:T\jT (- >Jx 1) dx
-1
- _{4—(; 3 L‘,f)“;i_(-/X]l‘f % Y

y

\’

—_——

> ( |
= 3> 0 I ’
TE-F k-3 5-0) |
- T
!

28. Find the volume of the solid of revolution generated by revolving the region (as shown) bounded

by the line x = —1 and the curve x = cos y for —z < x < 7 about the line x =—1.

™
o = T\j [4(‘ (~\)]14\j
=n (1 Gty

-
el [} j:q‘ﬂ (&SL\) + ),C,.;\)-f ( ) Jj
= T\Sj& (m—(— ?/Casv)ﬂ-\)c\\]

2

—

= (] SST\ (%-&— %5\,)‘1' ji&sv/))cg\j

R g
= T l-;;\/) -+ >—€;vw)-+ '2'(.. S‘W\I‘)l _
ol [ iz—ﬁ_ (-%T\)]

= 3M°
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Hollow Solid of Revolution
As shown in the figure, the plane region bounded by the curves y=g(x) and y=f(x), the lines
x =a and x = b is revolved about the line y = k (which is parallel to the x-axis) to generate a hollow

solid.

Volume of the hollow solid

= 7[ g0 ~kPdv—z[ [£(x) - kPdr

= 7 {lg() ~ kT ~[£(x) kT } dx

Similarly, if the plane region bounded by the curves x=g(y) and x=1f(y), the lines y = c and
y =d 1s revolved about the line x = & (which is parallel to the y-axis) to generate a hollow solid, we

have:

Volume of the hollow solid

= [ (o)~ AT ~[£) -] |y
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CHAPTER 9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5
29.
y Ale-%)=9
loX — x* =9
AE— (oK t T =0
A=\ ?

The figure shows the graphs of x+y =10 and xy=9.
(a) Find the volume of the solid formed if the shaded region is revolved about the x-axis.

(b) Find the volume of the solid formed when the shaded region is revolved about the line

y=-1. 4 - i‘
(4)  toluwme = T J‘ [(lo-xj’— (%) ]dx
- T‘Jj (loe= dox+ A= %},)ol'x
1
- T [ looX — |b4\7‘—(- 2‘;" 4—%] [
=7 [q“»'ﬁlo—(- 1‘(&-(-7— (leo—(ot J§+ Xl)]
= 0
3
i () 7d
b velewe = T [ l(w—ﬂ(*\) (%t Tda

-0 Ja\‘ [(»\- Xt X - (8’,\{» t =
3 _ X ) Sx

=T SG‘ (‘W = 22X KL“' ’x‘x %
(

x> %‘—( - (&Lx} (

= T { o = W+ 5+

= (B o)
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

Summary: Volume of Solids of Revolution

A. Solid — 1 square [ ]?

Volume of a solid of revolution about a coordinate axis

About the x-axis About the y-axis
y y
A A
W
d -
N ) x=gly)
[\ T T [\ > X 0 » X
ol g b L
P
b 5 d 2
Volume = 7ZJ. [f(x)] dx Volume = 7IJ. [g(¥)] dy

Volume of a solid of revolution about a line parallel to a coordinate axis

y y
A A oo r=g0)
y=f(x) P
/f g s
mn /‘ —
A |\ y=k
! L ‘T~
0 (T) ;J o 0 ¢ \ > X
b ) d 2
Volume =7 [ [f(x)—k]*dx Volume =7 [ [g(y)—hT dy
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CHAPTER 9

APPLICATIONS OF DEFINITE INTEGRATION

SECONDARY 5

B. Hollow Solid — 2 squares |

-1

]2

Volume of a hollow solid of revolution about a coordinate axis

C

y
A

y=fx)

0

(Y e
(O Ipu—

C;x

Volume =z {[f, (x)] ~[£,(x)] jdx

A

v

x=g,(y) x=g(y)

d----

pO
.

Volume = ﬂI: {[g, (V] —[g, ("I }dy

Volume of a hollow solid of revolution about a line parallel to a coodinate axis

Y
A
y=hx)
y=f(x)
clh Falrm
| ! '\;y_k
e = x
Ol a b

Volume =7z {[f,(x) ~ kT ~[f, (x) ~ kT }dx

Cp=-

P,
x=g,(y)

x=qy)

0)

x=h

Volume =7 " [g, ()~ AT’ ~[2,(y)~ AT’ }dy
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CHAPTER Y9 APPLICATIONS OF DEFINITE INTEGRATION SECONDARY 5

Application of Definite Integration

Example
30. The figure shows a bowl, which is formed by revolving part of the curve y =x> about the y-axis.

(a) If the bowl holds water of height / units, express the volume of the water in the bowl in
terms of /. b

(b) Find the capacity of the bowl. 3t

(c) Water is poured into the bowl at a rate of 27 cubic units/s, find the rate of change of the

water level when 4 =8. dv
d_'b =~ 2T
(&) wolume
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