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SURFACE AREAS AND VOLUMES

14.1 INTRODUCTION

r 1 r i - L - -
What had been leamt in previous classes regarding surface areas and volumes of solids like
cuboid, cube, right circular cylinder, right circular cone and sphere has been reviewed in the

previous chapter. In this chapter, we shall discuss problems on conversion of one of these
solids in another.

In our da}'-to-da y life we come across various solids which are combinations of two or more
such solids. For example, a conical circus tent with cylindrical base is a combination of a
right circular cylinder and a right circular cone, also an ice-cream cone is a combination of a
cone and a hemisphere. We shall discuss problems on finding surface areas and volumes of
such solids. We also come across solids which are a part of a cone. For example, a bucket, a
glass tumbler, a friction clutch etc. These solids are known as frustums of a cone. In the end of
the chapter, we shall discuss problemson surface area and volume of frustum of a cone.

14.2 SOME USEFUL FORMULAE

cusoID Let I, band It denote respectively the length, breadth and height of a cuboid. Then,
(i) Total surface area of the cuboid = 2(Ib + bh + llt) square units

(ii) Volume of the cuboid = Area of the base x Height = Length = Breadth x Height

= [bh cubic units

(i) Diagonal of the cuboid = JI* + 0% + h* units.

D c
A A =)
b Cuboid
A B
Fig. 14.1
: _ lh + Ih+ bh + bl = 2(1 + b))t square wmts.
) walls of a room
(iv) Area of four walls of 14
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CUBE If the length of each edge of acube is "a” units, then
(i) Total surfacearea of the cube = 6a* square units
(ii) Volume of the cube = a* cubic units

(iii) Diagonal of the cube = /3 a units

D' oy
A B
D c
Cube
A B
Fig. 14.2

RIGHT CIRCULAR CYLINDER For a right circular cylinder of base radius r and height (or length) h,
we have

(i) Areaofeachend = Areaofbase = nur’ Am B'
(i) Curvedsurfacearea =2nrh R
=2nrxh
= Perimeter of the base x Height h
(1) Totalsurfacearea = Curved surface area + Area of circular ends
= 2arh + 2mr®
=2ar(h+r)
(iv) Volume = nreh
= Area of the base x Height Fig. 14.3

RIGHT CIRCULAR HOLLOW CYLINDER Lef R and r be the external and internal radii of a hollow
cylinder of height h. Then,

(i) Area of each end = n(R* - r*)
(i1) Curved surface area of hollow cylinder
= External surface area + Internal surface area

=2nRh+2nrh

=2nh(R+7r) @
(iii) Total surface area = 2nRh+2nrh +2(rR? - nr?)

=2nh(R+r)+2n(R+r)(R-r)

=2n(R+r)(R+h-r)
(iv) Volume of material = External volume — Internal volume
= nR*h - nrth

= nh(R? -r?)
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RIGHT CIRCULAR CONE For aright circular cone of height h, slant height | and radius of baser, we
have

@) P =r2+1
(i) Curvedsurfacearea = nrl sq. units

(iii) Total surfacearea = Curved surface area + Area of the base

=nrl + nrt

= nr (I + r) sq. units

(iv) Volume = %n r*h

1
=5 (Area of the base) x Height

SPHERE For a sphere of radius r, we have

(i) Surfacearea = 4nr®

(i) Volume = %n;ra
For a hemisphere of radius r, we have

(i) Surfacearea = 2nr*

(ii) Total surfacearea = 2nr® + nr = 3nr?

Fig. 14.6

(iii) Volume = %,UJ

SPHERICAL SHELL If R and rare respectively the outer and inner radii of a spherical shell, then

(i) Qutersurfacearea = 4n R?

I SIS
(ii) Volume of material = Eﬂ{R il

Fig. 14.7

14.3 CONVERSION OF SOLIDS - . )
In this section, we shall discuss problems pertaining to conversion of a solid (discussed in

th : lasses) into another solid of different shape. For e:::un:lple, a metallic sphere is
mzlf;i:); :c:::fr::o a r:ylindrical wire, theearth taken out by digging a well and spreading
it uniformly around the well to forman embankment in the form of a cylindrical shell from its
original sth e of right circular cylinder, etc. The computation of surface areas and volumes

in such cases are illustrated below-
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ILLUSTRATIVE EXAMPLES ey

ENAMPLE 1 Two cubes each of 10 ¢m edge are joined end to end. Find the surface area of the
resulting cuboid.

SOLUTION  Tftwo cubes are joined end to end, we geta cuboid such that
[= Length of the resulting cuboid = 10 cm + 10 em =20 cm
b =Breadth of the resulting cuboid =10 em
ht=Height of the resulting cuboid =10 cm
Surface area of the cuboid = 2 (Ib + bh + 1)

Surface area of the cuboid = 2(20%10 +10x 10 + 20 % 10) em® = 1000 cm?

EXAMPLE 2 Three cubes whose edges measure 3 cm, 4 cm and 5 cm respectively to form a sin gle
cube. Find its edge. Al so, find the surface area of the new cube.

SOLUTION Letxcmbethe edge of the new cube. Then,
Volume of the new cube = Sum of the volumes of three cubes.

C =P+ P45 =27+644125
X =216

—

!

—_—
3 3
= =6 =2>2x=6cm

Edge of the new cube is 6 cm long,.

Surface area of the new cube = 6x* = 6 x (6)° cm® = 216 cm?
EXAMPLE 3 Three cubes each of side 5 cm are joined end to end. Find the surface area of the
resulting cuboid.
SOLUTION  The dimensions of the cuboid so formed are as under:

5cm

| 5¢em | 5em | 5cm |
| Epedi ] I 1

Fig. 14.8

| = Length=15cm, b= Breadth=5cm, and /1 = Height =5 cm
Surface area of the cuboid = 2(15%5+5% 5 + 15x 5) ¢m?

= Surface area of the cuboid = 2(75 + 25 + 75) cm?® = 350 cm?>

EXAMPLE 4  Two cubes each of volume 64 cnt® are joined end to end. Find the surface area and
volume of the resulting cuboid. [NCERT, NCERT EXEMPLAR]

SOLUTION ~ Let the length of eachedge of the cube of volume 64 cm®be x cm. Then,
Volume = 64cm’

=% ¥ =64
3

= x =4

= x=4cm
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—*=4cm=-—— —= 4 om-—
Fig. 14.9
The dimensions of the cuboid so formed are:
L = Length = (4 + 4)cm = 8 em, b = Breadth = 4cmand, h = Height = 4cm
Surface area of the cuboid = 2 (Ib + bh + Ih)
=2(8x4+4x4+8x4)em® = 160 cm®
Volume of the cuboid = by = 8x4x4em? = 128 em”

EXAMPLE 5 The dimensions of a metallic cuboid are: 100 em x 80 cm x 64 cm. It is melted and
recast intoa cube. Find the surface area of the cube.
SOLUTION  Let the length of each edge of the recasted cube be aem.

Volume of the metallic cuboid = 100 x 80 x 64 cm? = 512000 cm?
The metallic cuboid is melted and is recasted into a cube.

Volume of the cube = Volume of the metallic cuboid
= a® = 512000

a® = 8% x10% = (8 x 10)*

a=38x10cm = 80cm
Surface area of the cube = 6a” cm® = 6 x (80)* cm® = 38400 cm?

EXAMPLE 6 Three metallic solid cubes whose edgesare 3 cm, 4 cm and 5 em, are melted and formed
imtoa single cube. Find the edge of the cube so formed. [NCERT EXEMPLAR]

SOLUTION Let the length of the edge of the new cube formed be xem. Then,
Volume of the new cube = Sum of the volumes of three metallic cubes

U

B =324+42+5

==
= x? =27 +64+125
= x? =216

= =6’

= x=6

Hence, the length of an edge of thenew cubeis 6 A,
EXAMPLE 7 A solid iron rectangular block of dimensions 4.4 m, 2.6 m and 1 m is cast intoa hollow

o _ ; A hickness 5 cm. Find the length of the pi
lind internal radius 30 cm and | s PIpE.
cylindrical pipe of [NCERT EXEMPLAR]

SOLUTION Let the length of the pipebehcm. Then, volume of iron in the pipe is equal to the
volume of iron in the block.

R R R
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Volume of the block = (4.4 x 2.6 x m” = (440 x 260 x 100) m”
Wehave,

r = Internal radius of the pipe =30 em

R = External radius of the pipe = (30 + 5) em = 35 cm

Volume of ironin the pipe = (External Volume) - (Internal Volume)
= aR*h - wrh = n(R* - r*)h
=n(R+r(R-r)h
= 7% (35 + 30) x (35 — 30) x hem?
= % 65x% 5x hem®

Now, Volume of ironin the pipe = Volume of iron in the block

= nx65x5x I =440 x 260 x 100
22
— ?x65x5xh=4~1{)x26{]x10{]
Z 1. 4
— h=(44{}>t260x100x~—x——x—-)cm=11200cm:112m.
22 65 5

Hence, the length of the pipeis 112 m.
EXAMPLE 8 The radii of the bases of two right circular solid cones of same height are
r, and r respectively. The cones are melted and recast into a solid sphere of radius R. Show that the

4R3

2 2
notn

height of each cone is given by | =

SOLUTION Leth be the height of each cone. Then,

Sum of the volumes of two cones = Volume of the sphere

1. .5 1 = 4 4
=5 —nnh+—=nrh=—=nR
T
i (n* +1,°)h = 4R
3
=3 o 24R =
h +n

EXAMPLE 9 Two solid right circular cones have the same height. The radii of their bases are

r, and r,. Theyare melted and recast into a cylinder of same height. Show that the radius of the base of

2 2
+1h

3

the cylinder is
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SOLET[ONI tl;aetbh btel the he_ight of two given cones of base radii r, and r, respectively.
Eu'rghff’; € e the radius of the cylinder. It is given that the cylinder is also of
el .

Volume of the cylinder = Sum of the Volumes of two cones

2, 1 _ .2 1.3
- R M= SR < anh

2 1 2 32
= TR hzgﬂhiﬁ +1)
= R2=l(r’12+r22}

3
= R< B+t
3

EXAMPLE 10  The diameter of a metallic sphere is 6 cm. It is melted and drawn into a wire having
diameter of the cross-section as 0.2 cm. Find the length of the wire.
SOLUTION We have,

Diameter of metallic sphere = 6 cm

Radius of metallic sphere = 3 cm
Also, we have

Diameter of cross-section of cylindrical wire = 0.2 cm

Radius of cross-section of cylindrical wire = 0.1cm
Let the length of the wire be It cm. Since metallic sphere is converted into a cylindrical
shaped wire of length /i cm.

Volume of the metal used in wire = Volume of the sphere

= nmeﬁxh=§xux§
2
= rl:x[—l—] xh:ixnxﬂ
10 3
1
= nx —xh=36n
100
= !r:mcm:BH}Ucm:Sﬁmem}s
T
EXAMPLE 11 The diameter ofa metallic sphere is 6.cm. T""f' spheg' is melted and drawn into a wire
of uniform cross-section. If the length of the wire is 36 m, find its radius. [CBSE 2013]

SOLUTION We have,
Diameter of the sphere = 6cm

6
Radius of the sphere = Ecm = Jcm

4 - S I : 4
= Volume of the sphere =27 3’ em? = 36m cm’ [Usmg V= 5”3]

[T e L
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Let the radius of cross-section of wire be rem, It is given that the length of the cylindrical
shaped wire is 36 m.
Volume of the wire = (nr® x 3600) cm” [Using Vi= “"2"’]

since metallic sphere is converted into cylindrical shaped wire. Therefore,
Volume of the wire = Volume of the sphere

= nr x 3600 = 367
a !‘2 = 3’611.' s 1
36007 100
— 1
= r=—cam=1mm
10
ENAMPLE 12 How many shots each having diameter 3 cim can be made from a cuboidal lead solid of
dimensions 9cm x 11 cm x 12 em? INCERT EXEMPLAR]

SOLUTION  Volume of the lead in cubical solid = (9 x 11x 12) em® = 1188 cm?

Suppose x shots can be made from the cubical solid. Then
Volume of lead in x spherical shots = Volume of the solid

|4 fay
= ]EMLE] 1 =1188
1188 x3x7x 8
= =84
= S xR

Hence, 84 shots can be made from the cubical solid.
EXAMPLE 13 Aright cireular cone of radius 3 em had a curved surface area of 47.1 cm?. Find the
volume of the cone. (Use n =3.14) [CBSE 2016]

SOLUTION Lettheheightand the slantheight of the conebe i cm and I cm respectively. It is
given that the radius of the base is r =3 ecm. Itisalso given that the curved surface area of the
cone is47.1 cm?

: nrl =471

= 314x3x1=471

iy I=%cm=5cm

Thus, we obtain | =5cmand r = 3e¢m
?=r+h?

= 25=9+h*

= h =16

= h=4cm

Let V' be the volume of the cone. Then,
1
V==nrh
3
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1 N
. V = 37 314x%3* x4cm® = 3768 cm?

Hence, the volume of the cone is 37.68 cm?.

EXAMPLE 14 A right circular cone is of height 8.4 cm and the radius of its base is 2.1 em. It is
melted and recast into a sphere. Find the radius of the sphere.

cOLUTION We have,

r = Radius of the base of the cone = 2.1cm, /i =Heightof the cone = 8.4 cm

Volume of the cone = -l—m‘zh = * xmx(2.1)° x 8.4 cm®
3

Let R cm be the radius of the sphere obtained by recasting the melted cone. Then,

Volume of the sphere = : nR?
3

Since the volume of the material in the form of cone and sphere remains the same.

_:_;TR-‘ - ]5}: 1% (2.1)° x (8.4)
2
» R? = (2.1)" x84 _ (2.1)°
4
= R = 2.1

Hence, the radius of the sphereis 2.1 cm.

EXAMPLE 15 A metallic sphere of radius 4.2 em is melted and recast into the shape of a cylinder of
radius 6 cm. Find the height of the cylinder. [NCERT]

SOLUTION Let the height of the cylinder be Jt cm. Then,
Volume of the cylinder = Volume of the sphere

=3 nxt‘)th:%xr:x(ai.Zf
4x42x42x42
e h =
3x6x6
=k il = 4% 07 x 07 x1.4cm
EXAMPLE 16 Metallic spheres of radii 6 cm, 8 e and 10 cm respectively, are melted to form a
single solid sphere. Find the radius of the resulting sphere. [NCERT]

SOLUTION Let the radius of the resulting sphere be r cm. Then,
Volume of the resulting sphere = Sum of the volumes of three spheres of radii 6 cm,

8 cmand 10 cm

= %ﬂrlﬂgnx{ijhr%nxs”%nxmﬂ
= P3 =216 + 512 + 1000

=5 P = 1728

= P =12°

= r=12cm.
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ENAMPLE A7 A solud sphere of radius 3 om is metted and then cast into simall sphertcal balls each of
dwmeter 0.6 cm. Find the number of balls thus obtained.

SOLUTION - Let the total number of balls be x.
4

irr.r" =—nx3em® = 36 tem?
3 3

Volume of the solid sphere —

Radius of spherical ball - Eécm =03 cm
2
3 3 36n 3

4 4 3 3
Volume of a spherical bal] =— B) e = il
¢ ot a spherical ball 3:::([(} )" cm Snxmxmxmcm 1000cm

Volume of v spherical balls = L x em?

Clearly, Volume of the solid sphere = Volume of v spherical balls.

L
00

=5 36n =

Hence, 1000 spherical balls are obtained by melting the given solid sphere.

EXAMPLE 18 Find the number of coins, 1.5cm in diameter and 0.2 cm thick, to be melted to forma
right circular cylinder of height 10 cn and diameter 4.5 cm.

SOLUTION  Let the total number of coins be . Clearly, each coin is a cylinder of radius
r=0.75cmand heighth= 02cm.

Volume of a coin = [7 x (0.75)* x 0.2] cm® [Using: V = arh]

Volume of x coins = [n x (0.75)% x 0.2] x cm?

. 4.5 =
Volume of the cylinder =[x x (2.25) x 10]em’ [ Radius = ~5-m = 225 ch

Clearly, Volume of metal in x coins = Volume of the cylinder

= [r % (0.75)% x 0.2} x = [x x (2.25)2 x 10] cm?
- m(2.25 x 2.25 x 10) = 3x3x50 = 450
= 7 (0.75 x 0.75 x 0.2)

EXAMPLE 19 How many spherical bullets can be made out of a solid cube of lead whose edge
measttres +cm, each bullet being 4 cm in diameter.

SOLUTION Let the total number of bullets be x.,

Radius of a spherical bullet = é cm = 2cm

-+
Now, Volume of a spherical bullet = 57: X (2)3cm" = ( 5 X=—x8 Jcm

Volume of x spherical bullets - (f;. x %‘_2_ x8xy ) ot

Volume of the solid cube = (44)% ¢m?
Clearly, Volume of x spherical bullets = Volume of cube
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14.11
4 22
— EX?xSx:c:{;;‘;f
= ix-z—zxﬁxx=44x44344
3 7
M x A x 44 x3Ix7
= x = =L = 2541

4x22x8
Hence, total number of spherical bullets = 2541
EXAMPLE 20  How many spherical lead shots each 4.2 cm in diameter can be obtained from a

rectangular solid of lead with dimensions 66 cm, 42 cm, 21 cm. (Use nt = 22/7).
soLUTION Let the number of lead shotsbe x

Volume of lead in the rectangular solid = (66 x 42 x 21) cm®

Radius of a lead shot = -452- cm = 2.1cm

Volume of a spherical lead shot = % % -2_-?— x (2.1)* em?

/

i 4 22 3. . 3
Volume of x spherical lead shots = e (2.1)" x x ycm

o

Volume of x spherical lead shots = Volume of lead in rectangular solid

{%x%x(ll}?’xx}:ﬁﬁxaﬂx.?l

&

e 66 x42x21x3x7 i 66 x 42 x 21 x 21 x 1000 — 1500
T 4x22x(2.0)° 4x22x21x21x21
Hence, the number of spherical lead shots is 1500,
EXAMPLE 21 The radii of the internal and external surfaces of a metallic spherical shell are 3 cm

=

FRrIR ; 4 it 2
and 5 cm respectively. It s melted and recast into a solid right circular cylinder of height Iﬂ;cm.

[

Find the diameter of the base of the cylinder.
SOLUTION  Let the radius of the base of the cylinder be rem. Then,

] 2
Volume of the metallic solid cylinder of height 10 g

= Volume of the metal in the spherical shell

. =r 2
= 3
— rESigix‘]H
32 3
- , 49
e

| e -
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=

L4
- r=—cm
Ly
Hence, diameter of the base of the cvlinder = 7 em
ENAMPLE 22 Ahemispherical bowl of internal diamety
: :

W filled m 1.'1.4‘.!‘!.'hh’h’.'li'lr h"”f[‘.’-‘ l?f nn f!.ﬂri
the bowel?

SOLUTION . We have,

'r 36 cm contamns a liquid. This liquid is to
Scmand height 6 cm. How man y bottles are required to empty

Radius of hemispherical bowl = 18 em

Volume of hemispherical bow] = 3}1: x (18)* em® [ V= *Z'TW?L }
and, Radius of a cylindrical bottle =3 cm

Height of a cylindrical bottle = 6 cm

Volume of a cylindrical bottle = (mx 3% x6)em’ [ V= nrth
Suppose x bottles are required to empty the bowl,

Volume of x cylindrical bottles = (tx9x%6xx)em?
Clearly, Volume of liquid in x bottles = Volume of bowl

"
=5 nx9x6x1'=-?nx(18)3

2r x 18°
X = =72
I3xntx9x6
Hence, 72 bottles are required to empty the bowl.
EXAMPLE 23 A right circular cone s 3.6 cm high and radius of its base is 1.6 cnn. It is melted and

recast into a right circular cone with radius of its base as 1.2 com. Find its height.
SOLUTION We have,

=

_ First cone Second cone
| Radii n = Léem rn=12cm
' Heights I =3.6cm hy =7
, Volumes Vi V,
'l Clearly, two cones have the same volume.
i! i=V,
4
1) B 1 2
ﬁ = 377 I =~§rrr;,_ Iy
E’E} = iy =rhy
2
= hy = r’—ﬁ
S
; _1.6x1.6x3.6cm_16x16x36_64cm
= *T T idag 2x12x10
Hence, the height of new cone is 6.4 cm.
g EXAMPLE 24  Solid cylinder of brass 8 m high and 4 m diameter is melted and recast into a cone of
. diameter 3 m. Find the height of the cone.

a.;."'n-l‘.j




SURFACE AREAS AND VOLUMES —
SOLUTION  We have,
Cylinder Cone
i h=2m rn =15m
Heights I =8m Iy =2
Volumes 4 v
2
Clearly, Volume of the cone = Volume of the cylinder
i..E-p Vi = V-z
1 » 2
=5 g:ﬂ:rz hy = an“h,
2 .
= By, =37k
3r,°h 3x2% x8
= hy = ‘21=:>.'r2=——-:(—m:>.':1=ﬂnm=42.66m
ry (1.5 £ Tah

Hence, the height of the cone is 42.66 m.
EXAMPLE 25 A sphere of diameter 6 cm is dropped in a right circular cylindrical vessel partly

filled with water. The diameter of the cylindrical vessel is 12 cm. If the sphere iscom pletely submerged
inwater, by how much will the level of water rise in the cylindrical vessel?

SOLUTION Wehave, Radius of the sphere =3cm

4 %
Volume of the sphere = —é—rr x (3 em® = 36 em” [ V==nr ]

=

Radius of the cylindrical vessel = 6cm
Suppose water level rises by i em in the cylindrical vessel. Then,

Volume of the cylinder of height it cm and radius 6 cm
= (nx 6" x h)em® = 36 ahem’ [ Ve m':h]

This is the volume of water displaced by the sphere. Clearly, volume of water displaced by
the sphere is equal to the volume of the sphere.

36nh =36n=h=1cm
Hence, water level rises by 1.cm.
EXAMPLE 26 A conical vessel whose internal radius is 5 conand height 24 cm is full of water. The
water is emptied into a cylindrical vessel with in ternal radius 10 cms. Find the height to which the
water rises.
SOLUTION We have,

r. = radius of the conical vessel =5 cm, Iy = height of the conical vessel =24 em

] - ©

and, = radius of the cy]indrzcai vessel = 10 cm

Suppose water rises upto the height of li; cm in the cylindrical vessel.

Clearly, Volume of water in conical vessel = Volume of water in cylindrical vessel
’

2 2
l]‘[rl-h] T[rz hz

o

—1

2 2
nhy =3n"y
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= Sx5x24=3x10x10x h,
: 7
— Jf.,:~——-—-53\5xh4=2l:[11
T 3x10x10

Hence, the height of water in the cvlindrical vessel is 2 em.
EXAMPLE 27 A glass cylinder with diameter 20 cm has water toa height of 9 em. A metal cube of
Senvedge s immersed i it completely. Calculate the height by which water will rise in the cylinder.
(Take = = 3.142)
SOLUTION  Suppose the water rises by licm. Clearly, water in the cylinder formsa cylinder
of height 1 em and radius 10 cm,

Volume of the water displaced = Volume of the cube of edge 8 cm

= nwrh = 8
= 312x10° xh=8x8x8 [+ r=10cm]
= il cm = 1.6cm

T 3142210 %10

EXNAMPLE 28 500 persons are taking a dip into a cuboidal pond which is 80 m long and 50 i broad.
What 1s the rise of water level in the pond, if the average displacenent of the water by a person is
0.04nr? [NCERT EXEMPLAR]
SOLUTION  Suppose level of water rises by /i metres in the pond. Then, clearly, water risen

inthe pond forms a cuboidal of dimensions 80 m x 80 m x m.
80 x 50 x It = Volume of water displaced by 500 persons

= 80 % 30 = I = 500 = 0.04
= 40001 = 20

1
= h= 556 m = (0.5 cm

EXAMPLE 29 The barrel of a fountain-pen, cylindrical in shape, is 7 cm long and 5 mm in diameter.
A full barrel of ink in the pen zwill be used up on writing 330 words on an average. How many words
would nse up a bottle of ink containing onefifth of alitre ?

SOLUTION We have,
Volume of a barrel = (%2— % 0,25 % (.25 x ?J em’® = 1.375 em?

1
Volume of ink in the bottle = % litre = —{}5@ em” = 200 cm’

Total number of barrels that can be filled from the given volume of ink — ]sz
I7E
. 200
So, required number of words = ; x 330 = 48000

.

EXAMPLE 30 The cost of painting the total outside surface of a closed cylindrical oil tank at 60
paise per sq. dm is T237.60. The height of the tank is 6 tines the radius of the base of the tank. Find its
volume correct to two decimal places.

SOLUTION  Let » dm be the radius of the base and /i dm be the height of the cylindrical tank.
Then, h=6r(given)
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Total surfacearea = 2yr(r + By =2nar(r +6r) = 14nr’

= Cost of painting =?('lf;rrr3}x—6—0—=?4—2-nr:
100 5

It is given that the cost of painting is ¥ 237.60

42 5

—nr" =237.60

5
— E>c2:»:i"2 = 237.60

5 7 S
- r3=237.-3[]xix1—9:> =3dm
wreTm
h=6r=18dm

Hence, Volume of the cylinder =xr” i=(nx3x3x%18) dm” =[%x9!13 Jdmj =509.14dm”’

EXAMPLE 31 A wellwith 10 nt inside diameter is dug 14 m deep. Earth taken out of it isspread all
a round to a width of 5 m to form an embankment. Find the height of embankment.

SOLUTION We have,
Volume of the earth dugout = (zr*h) m*

2
= Volume of the earth dugout = -";- x5x5x14m® =1100m*

Fig. 14.11

: 5 .3 g g3y o 22 2
Area of the embankment (shaded region) =n(R"—r")=n(10"-5")m =?x75m

Volume of the earth dugout 1100 7= 1100
= = =4.66m.

Height of the embankment=""0 o' f the embankment 22 w75 22x75
7

with diameter 7 m is dug and the earth from digging is evenly

EXAMPLE 32 A 20 m deep well ! |
s by 14 m. Find the height of the platform.

spread out to form a platform 22m
S A GRS [NCERT, CBSE 2015
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SOLUTION Wehave,
Volume of the earth taken out of the well

o

: . — :
=Volume of a evlinder of radius 5 M and height 20 m

] x20m' = 770 m*
L2 )
Let the height raised of 22 m x 14 m platform be equal to i metres. Then,
Volume of the earth in platform = Volume of the earth taken out of the well

I3

— \"

e
¢

< | =~

xMxh=770

770 5
— =L m=/i==m=25m.
22x 14 2

EXAMPLE 33 Anagriculture field is in the form of a rectangle of length 20 m width 14 m. A 10 m
deep well of diameter 7m is dug in a corner of the field and the earth taken ou! of the well is spread
cvenly over the remaining part of the field. Find the rise in its level.

SOLUTION Wehave,

Radius of the well =Z, Depth of the well = 10 m

1| ~1

Volume of the earth dug =n[-§—]-x10m3:%2—x§x5xlﬂm3=358m3

Also, we have
Length of the field = 14 m, Breadth of the field = 14 m

Area of the field = 20 x 14 m? = 280 m-

Area of the base of the well =nx[ZJ m?> zﬁx?_’.ximz =_7’Zmz
2 7 2 2 2

- Areaofthe remaining part of the field = Area of the field - Area of the base of the field

;(ZBD_ZZsz =(§M]m3 =.4_5Em3
2 2 2

Let the rise in the level of the field be h metres.

Volume of the raised field = Area of the base x Height = [ ig—'i x I ] m”
But, Volume of the raised field = Volume of the earth dugout
% x It = 385
2% 385 770
= = —=1.594
= 183 483 o

Hence, rise in the level of the field = 1.594 m.
EXAMPLE 34 A cylindrical pipe has inner diameter of 7 cm and water flows through it at
192.5 itres per minute. Find the rate of flow in kilometres per hour, [CBSE 2013]

SOLUTION We have,
Volume of water that flows per hour = (192.50 x 60) litres

= (192.50 x 60 x 1000) e (i)
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Inner diameter of the Pipe =7 cm
S Inner radius of the pipe 7 cm = 3.5em

Let /rcm be the length of the column of water that flows in one hour.
Clearly, water column forms a cylinder of radius 3.5 cm and length i em.

. Volume of water that flows in one hour = Volume of the cylinder of radius 3.5 cm and
length icm

— JN
=(?><(3.5)‘xhjcm3 oo (i)

From (i) and (ii), we have

22
?- x 3.5 x 3.5 x I = 192.50 x 60 x 1000

i 192.50 x 60 x 1000 x 7
22x35%35
Hence, the rate of flow of water is 3 km per hour.

EXAMPLE 35  Water is being pumped out through a circular pipe whose internal diameter is
7 e If the flow of water is 72 cm per second, how many litres of water are being pumped out in one
hour?

= cm = 300000 cm = 3 km

SOLUTION  We have, Radius of the circular pipe = ; cm

. I s s
Clearly, water column forms a cylinder of radius — cm. Itis given that the water flows outat

the rate of 72 cm/sec.
Length of the water column flowing outin one second = 72 em.

Volume of the water flowing out per second

= Volume of the cylinder of radius -:_; cmand length 72 em.

-?2 Fio ?_Z ) LEZE S 3
= HX(EJ x72cm” =X ZK 2><7-C1“ =5 X 2=-< 7 x72cm” = 2772 cm
Volume of the water flowing out inone hour = (2772 x 3600) em” [+ 1hr=3600 sec.]
= 9979200 em”
9979200 |
= ————— litres = 9979.2 litres

1000

Hence, 9979.2 litres of water flows out per hour.

EXAMPLE 36 Water is flowing at the rate of 3 knt/ hr through a circular pipe of 20 emt internal
diameter intoa circular cistern of diameter 10 mand depth 2 m. In how much time will the cistern be
e [CBSE 2008

SOLUTION Suppose the cistern is filled in x hours. Since water is flowing at the rate of
3km /hr. Therefore,
Length of the water columnin xhours = 3x km = 3000x metres,

Clearly, the water column forms a cylinder of radius

- Ecm =10 em = .1_16 m and I = height (length) = 3000x metres
2

Pedas

i rrr#;
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Volume of the water that flows in the cistern in ¥ hours

—nrih = Exixlx&'[]{l{]x]m]
.7 10 10

4 : : 22 ‘
Also, Volume of thecistern = [ =2 x5x5%x2 |m’ [ r=5m,hh=2m]
7

Since the cisternis filled in x hours.
Volume of the water that flows in the cistern in x hours = Volume of the cistern.

27 1 3000 22
— — —_ X =— q 2
AL B0 v
(5x5x2x%x10x10" 5
s v :L SRR 2% 1 Jhrs = —hours = 1 hour 40 minutes.
3000 3

EXAMPLE 37 Water is flowing at the rate of 7 metres per second through a circular pipe whose
imternal diameter is 2 cm into a cylindrical tank the radius of whose base is 40 cm. Determine the
mcrease in the water level in 1/2 hour., [CBSE 2006C, 2013]

SOLUTION Wehave,
Rate of flow of water = 7 m/sec = 700 cm/sec.

Length of the water column in % hours = (700 = 30 x 60) cm

Internal radius of circular pipe =1 cm.
Clearly, water column forms a cylinder of radius 1 emand length = (700 x 30 x 60) cm.

. .1
Volume of the water that flows in the tank in s hr

=(-2?3>< 1x1x?enx30xﬁchm7‘ [Using: V = nr*h] i}
Let  cm be the rise in the leve! of water in the tank. Then,
Volume of the water in the tank = % % 40 » 40 x i em” ...(i1)
From (i) and (ii), we obtain
%x-{ﬂx:}ﬂxh =§1111}(7Uﬂx30>(50
= L
40 » 40

1
Hence, the rise in the level of water in the tank in 3 hr is 787.5 cm.

EXAMPLE 38 Water is flowing at the rate of 5 km/hr through a pipe of diameter 14 cm into a
rectangular tank which is 50 m long and 44 m wide. Determine the time i which the level of

the water in the tank will rise by 7 em. [CBSE 2017]
SOLUTION Suppose the level of the water in the tank will rise by 7 em in x hours.
Since the water is flowing at the rate of 5 km/hr. Therefore,

Length of the water columnin xhours = 5x km = 5000 x metres

Clearly, the water column forms a cylinder whose radius » = .1;4_ cm = 17% i

and, Length = = 5000 x metres




SURFACE AREAS AND VOLUMES

14.19
Volume of the water f1 owing through the cylindrical pipe in x hours
=nr’h = %’Ex[‘il]— X 5000x m* = 2 x — x . x 5000x m® = 77x m’
00 7 100 100

Also,
Volume of the water that falls into the tank in x hours = 50 x 44 x T ¥ = 154 m®

But, Volume of the water flowing through the cylindrical pipe in x hours
= Volume of the water that falls in the tank in x hours

= 77x = 154
oo 14
= 77

Hence, the level of the water in the tank will rise by 7 ¢m in 2 hours.

EXAMPLE 39  The rain water from a roof of 22 m x 20 m drains into a cylindrical vessel having
diameter of base 2 mand height 3.5 m. If the vessel is just full, find the rain fall in em.
[CBSE 2010]
SOLUTION We have,
r = Radius of cylindrical vessel =1 m, i = Height of cylindrical vessel =3.5 m

5 5
Volume 0fcyiindrical vessel = nr-h = % x1*x35m’ =11m?

Let the rain fall be x m. Then,
Volume of the water = Volume of a cuboid of base 22 m x 20 m and height x metres
=(22x 20 x x) m?
Since the vessel is just full of the water that drains out of the roof into the vessel.
Volume of the water = Volume of the cyvlindrical vessel
= 2x20xx =11
11 1 100

=—m=—cm=25cm
22«20 40 40

= X =

EXAMPLE 40 Water ina canal, 30 dm wide and 12 dm deep 1s flowing with velocity of 10 km/hr.
How much area will it irvigate in 30 minules, if 8 cmof standing water is required for irrgation?
[CBSE 2014
SOLUTION We have,
Width of the canal = 30dm = 300cm = 3 m
Depth of the canal = 12dm =120 cm = 1.2 m.
Itis given that the water is flowing with velocity 10 km/hr. Therefore,

1
Length of the water column formed in 5 hour = 5km = 5000 m

. 4
Volume of the water flowing in 5 hour = Volume of the cuboid of length 5000 m,
width 3m and depth 1.2m
= Volume of the water followingin2hour= 5000 x 3% 1.2 m* = 18000 m*

. The
Suppose x m? area is irrigated in 5 hour. Then,
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H S ] . 2
V% = = 1800025 x = 3200000 2 ¢ - 295000 m?

100 8

- 1
Hence, the canal irrigates 225000 m?2 area in e hour.

.

ENAMPLE 41 Water flowsat the rate of 10 metre per minute through a cylindrical pipe having its
diameteras 5 mnr, How much time will it take to fill a contcal vessel whose diameter of base 1s 40 em
and depth 24 cm?
SOLUTION  We have,

Volume of the water that flows out in one minute

= Volume of the cylinder of diameter 5 mm and length 10 metre

: . i 5 1
= Volume of the cylinder of radius 5 mm (= —] cmand length 1000 cm

1
22 1
=—X —xl 1000 cm®
7 4 4
¥ - i . 1 22 3 -{
Volume of a conical vessel of base radius 20 cm and depth 24 cm = g W X (20)7 x 24 em’

Suppose the conical vessel is filled in x minutes.
Volume of the water that flows out in ¥ minutes = Volume of the conical vessel

=
— ‘—lexlxmﬂﬂxx=lx2x2(}2x2~1
7 4 4 3 7
1 d00x24x4x4 512 .
= X =—X = minutes
3 1000 10
= v = 51 minutes 12 seconds.

EXAMPLE 42 A hemispherical tank of radius 1.75 m is full of water. It is connected with a pipe
which empties it at the rate of 7 litres per second. How much time will it take to empty the tank

completely?
SOLUTION Suppose the pipe takes x seconds to empty the tank. Then,

Volume of the water that flows out of the tank in x seconds
= Volume of the hemispherical tank.

Volume of the water that flows out of the tank x in seconds

e 3
= Volume of the hemispherical shell of radius 175 cm
a 2000 = 2 x 22 x 175 x 175 x 175
3 7
= Y= E X E X 1r5x105% 305 = 1604.16 seconds
3 7 7000
=5 X = 16{;]6 minutes = 26.73 minutes

. . . 4
EXAMPLE 43 A hemispherical tank full of water is emptied by a pipe at the rate of 3 = litres per
/

second. How much time will it take to make the tank half-empty, if the tank is 3 m in diameter?
[CBSE 2016]




'

SURFACE AREAS AND VOLUMES

14.21
SOLUTION We have, Radius of hemispherical tank = 3 m
2
2. Volume of the tank = gx 2 " [Ermwa _ 3.5
377 '\2 T
Volume of the water to be emptied = l " ?2 m? = ﬂ = 2 % 1000 litres = Y litres
2" 14 28 28
Since £ litres of water is emptied in one second. Therefore,
3y =3
Total time taken to empty half the tanki.e Ll litres of water = 992(;“0 # 2 seconds
= 99000 x £ seconds
28 25
99000 7 1 .
= x —x— minutes
28 25 60

= 16.5 minutes

EXAMPLE 44 The largest sphere is carved out of a cube of a side 7 em. Find the volume of the sphere.

SOLUTION The diameter of the largest sphere which can be carved out of a cube of side 7 cm
is7cm.

Radius of the sphere = 1 = 7 cm

12~

Hence,

4
Volume of the :5}3!1&:1—.' = = ar’

wt

g o 3 _
o %x E;T_ % { Z ) cm?® = %x % % % em” = 179.66 cm”
EXAMPLE 45  Determine the ratio of the volwme of a cube to that of a sphere which will exactly fit
mside the cube.

SOLUTION Let the radius of the sphere which fits exactly into a cube be r units. Then,
Length of each edge of the cube = 2runits

Let V, and V, be the volumesof the cubeand sphere respectively. Then,

4
V, = (2r) and V5 = .3,,1,.1

v, 8’

v, 4 ar’
3
EXAMPLE 46 Find the maximim volume of a cone that can be carved out of a solid hemisphere of

radius r.

- Vl:vzzfa:n

Hlo

L LAY
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SOLUTION - Clearly,

3 e . - .
Radius of the base of cone = Radius of the hemisphere =r

and, Height of the cone = Radius of the hemisphere = r

ek B W, X

v

Fig.14.12

1 . -
Volume of the cone = Z g2 x5 = lmﬁ cubic units
3

3

EXAMPLE 47 The radius of a solid iron sphere is 8 cm. Eight rings of iron plate of external radius

y |
6 ; cm and thickness 3 cm are made by melting this sphere. Find the internal diameter ofeach ring.

SOLUTION Wehave,

s 4 2
Volume of solid iron sphere = ST 8% cm? = b tcm’

- . ; 2
External radius of each iron ring = 6=cm = . cm

Let the internal radius of each ring be r em. Since each ring forms a hollow cylindrical shell

: s 20 i
of external and internal radii — cm and rem respectively and height 3 cm.

: (20F¥ 5 3
Volume of eachring = ¢ = = r-¢=3cm

Volume of 8 such rings = Bn[% - ]:-: 3em’ = 24::[@ — 7 jcrn"
9

Clearly, Volume of 8 rings = Volume of the sphere

400 n] 2048
Mgl ——r? | ==—n
= 4“(_ 9 3
2
= iq_q_ 2:“0481:)-: :

9 | T3 " mn
;400 256 144

— b o = =16
9 9 9
= r=4cm
Hence, internal radius of each ring is 4 cm.
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E’}&,M ?Sl}if:jn,{;l;m;;ci” vessel of f’ﬂﬂ'r:us 6 cm and height 8 cm is completely filled with water. A
ol cdad) 0 the water {md s size ts such that when it touches the sides, it is just immersed as
shown in Fig.14.13. What fraction of water over flotws?

SOLUTION  Let the radius of the sphere be rem.

In AVO'A, we have “gem_ o

o B
tﬂn9=—8'=1:> Si.l'l{]:%
In AVPO, We have §
=]
ging=—
Vi
3z r
:} —
Y B=E Fig. 14.13
= 24 -3r =5r
= 8r =24
= r=3am
V, = Volume of the sphere P en® = nan
3
.

1
V, = Volume of the water = Volume of the cone = e 62 x8cm® = 96mcm

Clearly, volume of the water that flows out of the cone is same as the volume of the
spherei.e., V,.
Fraction of the water that flowsout =V, : 1V, =36n:9n=3:8

ALITER In AVO'A, we have

VA? = VO? + OA°
= VA? = §° + 67 =100
= VA =10cm.
Now, ACY = AP [+ Tangents drawn from A to the circle are equal]
= AP -w [ AO' = 6cm]

VP = VA — AP = (10 - 6)cm = 4cm
Now, VO = V0O -00 = (8-r)em
In AVPO, we have

Vo? = VP* + OP?
= B —r) =16 +7

o 64—-16r+r2=]6+r1:> 16r =48 = r=3ecm.

Now, proceed as in the previous solution.
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ENAMPLE 49 Sclers howse has an overhead tank in the shape of a cylinder. This is filled by
pumping water roma sump (underground tank). Which is in the shape of a cuboid. The sump
frags .f:n.';'r:.--mu:- LS5 m s Lddm x 0.95 m. The overhead tank has its radius of 60 cm and its
leight 15 95 om. Find the height of the water, left in the sump after the overhead tank has been

t-_-‘-"'"F'*'i‘ft'f” filled withwater from a sump whicl had been full. Compare the capacity of the tank with
that of the sump, (Use 7= 3.14), [NCERT]

SOLUTION Clmr]}_.-, the volume of the water in the overhead tank is equal to the volume of
the water removed from the sump.

Now,
Volume of water inthe overhead tank = 3,14 x 0.6 x 0.6 x 0.95 m” [Using: V= -Erzh]
=3.14x036x0.95m"
Volume of water in the sump wheniitis full of water = 1.57 x 1.44 x 0.95 m®
=157 x 4% 0.36 x 0.95m’

=2%314x 036 x0.95m"

Volume of water left in the sump after filling the tank

=(2%3.14 %036 x095-3.14x 036 x 0.95) m’
=314x0.36x095(2-1)m® = 3.14 x 0.36 x 0.95 m?>

Area of the base of the sump =1.57x1.44 m* =1.57x4x0.36m> =2 % 3.14x 0.36 m>

314x036%0.95 095

2x314x036 T~ 3 - 0475m =475cm

Height of water in the sump =

Capacity of tank 314 x036x095 1

Capacity of sump  2x 3.14x 036 x0.95 2

Hence, the capacity of the tank is half the capacity of the sump.

EXAMPLE 50 If thediameter of cross-section of awire is decreased by 5% how nuech percent will the
length be increased so that the volume remains the same ?

SOLUTION  Let rbe the radius of cross-section of wire and /i be its length. Then,

Volume = 7 h (i)
5% of diameter of cross-section = i |
100 10
New diameter = 2y _ © _ _1.9_"
10 10
=5 New radius = ﬁ
20

Let the new length be ;. Then,
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Volume = af 2. ?
e i)

From (i) and (ii), we obtain

2

a 19r \* )
nrh = n[——) h _ 361 _ 400
20 1 = ,'] = mhl s | hl = Ea !'II
Increase inlength = iy =i = il i
361 a6l
= Percentage increase in length = _—h‘ =4 =100 = 3_93 %100 = 300 _ 10.8%
I I 361 '

Hence, the length of the wire increases by 10.8%

EXAMPLE 51 A well, whose diameter is 7m, has been dug 22.5 m deep and the earth dugout is used
to form an embankment around it. If the height of the embankment is 1.5 m, find the width of the
enibankment.

SOLUTION We have, Radius of the well = % m = 3.5 m and, Depth of the well = 225 m

7 7 45

Volume of the earth dugout =rx(3.5) x225m® = mx g ¥

Let the width of the embankment be r metres. Clearly, embankment forms a cylindrical
shell whose inner and outer radii are3.5mand (r+3.5)m respectively and height 1.5 m.

- 5 3
Volume of the embankment = ni(r+3.5)° -(3.5) 1x1.5 m’ =n(r+7)rx = m’

But, Volume of the embankment = Volume of the earth dugout
3 7.4
= nr(r+?)x5=n>€-§x£x2
9
= r(r+7)= -‘—i— %15
= 4r% +28r = 735
= ar® + 28r-735=0 = s N
()
=5 r= ﬁf——r—-‘?ng_ Fig.14.14
-28 + /1254 S5l _ 28112 84,0 [~ r>0]
= r= 8 8 8

Hence, the width of the embankment is 10.5 m.

: s linder of wood with a solid cylinder of graphite filled
A lead pencil consists of a cylin PRHE LY graphite,
Egrpﬁi f:ﬁ. meter ﬂfﬁrw pencil is 7 1, the diameter of the graphiteis 1 mm and the length of the

pencil is 10 cm. Calculate the weight of ﬁl:-‘ whole pencil, if the specific gravity of the wood is 0.7 gm/
cm’® and that of the graphite is 2.1gmfem”
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' T T : 1
SOLUTION - We have, Diameter of tl'legrﬂp]ulecylinder =1l mm = —cm

Radius = —1— cm
20

ral

Length of the graphite cvlinder =10 cm
Volume of the graphite cvlinder = L L] e x 10 ) cm”
: 7 20 20
Weight of graphite = Volume x Specific gravity
9

z(?xz_t}.x%x1nxz,1]gm = (.165 gm

Diameter of pencil = 7 mm = —l%cm
: it @ ;
Radius of pencil = 5o ™ and, Length of pencil = 10 em

2
Volume of pencil = 27—" X % X -2% «10cm”

Volumeofwondzt-g-xixixlﬂ—gz-x—l-x——l-xlﬂ)cmj
7 0 20 7 20 2

%x-ilaxalaxlﬂﬁxi?—l}cms =1?1-x5%x48cm3

& O |
Weight of wood =[?x—zﬁx4ﬂx0.7]gm =(-]—1:-< — x 48 x -%ng = 2.64 gm

Hence, Total weight = (2.64 + (.165) gm = 2.805 gm.

EXAMPLE 53 A copperwired mm in diameler is evenly wound about a cylinder whose ler 1gth is 24
cnt and diameter 20 cm so as to cover the whole surface. Find the length and weight of the wire
assuming the specific gravity to be 8.88 gm/fem’.

SOLUTION  Clearly, one round of wire covers 4 mm ( = -li{]' cm } in thickness of the surface of
the cylinder and length of the cylinder is 24 cm.

24 24 =10
Number of rounds to cover 24 cm = S
e 4/10 4 ¥

Diameter of the cylinder =20 cm

Radius of the cylinder =10 cm

Length of the wire in completing one round =2 5 =2nx10em =20 n¢m .

Length of the wire in covering the whole surface
= Lengthof the wire in completing 60 rounds
= (207 x 60) ecm = 1200 mcm
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-

Radius of copper wire= 2 mm = ﬁcnx

: . _
Volume of wire = [ T X 1"_[} - x 1200 r J em® = 487" em”
1

So, Weight of wire = (487 x 8.88) gm = 426.24 n°gm
EXAMPLE 54 A copper wire 3 mm in diameter is wound about a cylinder whose length is
1.2 m, and diameter 10 cm, so as to cover the curved surface of the cylinder. Find the length and
mass of the wire, assuming the density of the copper wire to be 8.88 gram per cn. [NCERT]
3
SOLUTION Wehave, d =Diameter of copper wire=3mm = e cm.

and, I = Height (length) of the cylinder=1.2 m =120 cm.

Fig. 14.15
: ek h bt
Number of rounds taken by the wire to cover the curved surface of the cylinder = 3
120
=—3_ =400
10

Length of wire used in taking one round = 2mr = (2x3.14x5)cm = 314 cm

ering the curved surface of the cylinder = (31.4 x400) cm

=12560 cm = 125.6 m

. Total length of wire used incov

Mass of the wire = Length x Density = 12560 x B.88 gram=111532.8 gm = 111.533 kg

I o o BT 5

S EVEL-1|

dius 1 em, can be made from a solid sphere of lead of radius

1. 1. How many balls, each of ra

? " "
b herical bullets each of 5 cm in diameter can be cast from a rectangular
2. How many sphe

; ) x1mx5dm?
E\]UC}[ nf'mtit]::llllc)? :I":diuq 3 cm is melted and recast into three spherical balls, The radii
3. A spherical De ¢ e

& . 1 2 em respectively. Determine the diameter of
» balls are 1.5 cm and
of the two of the ba

the third ball.
4. 2.2 cubicdm Uf.h]'ﬂfi:i
length of the wire.

is to be drawninto a cylindrical wire 0.25 cm in diameter. Find the

o et
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i

o

10.

11.

18,

19.

What length of a solid cvhinder 2em in diameter must be taken to recast into a hollow
cvliinder of length 16 cm, external diameter 20 em and thickness 2.5 mm?

- Avvlindrical vessel having diameter equalto its height is full of water which is poured

nto two identical eylindrical vessels with diameter 42 cm and height 21 em which are
filled completely. Find the diameter of the cylindrical vessel

- Marcular plates each of diameter 14 cm and thickness 0.5 cm are placed one above the

other to form a right circular cylinder. Find its total surface area.

25 circular plates, each of radius 10.5 cmand thickness 1.6 cm, are placed one above the

other to form a solid circular cylinder. Find the curved surface area and the volume of the
cviinder so formed.

- Find the number of metallic circular discs with 1.5 cm base diameter and of height 0.2 cm

to be melted to form a right circular cylinder of height 10 em and diameter
+5em. [NCERT EXEMPLAR]

How many spherical lead shots each of diameter 4.2 em can be obtained from a solid
rectangular lead piece with dimensions 6 cm x 42 cm x 21 cm.

INCERT EXEMPLAR]
How many spherical lead shots of diameter 4 cm can be made out of a solid cube of lead
whose edge measures 44 cm. INCERT EXEMPLAR]

- Three cubes of a metal whose edges are in the ratio 3: 4 : 5 are melted and converted into

asingle cube whose diagonal is 1243 cm. Find the edges of the three cubes.
[NCERT EXEMPLAR]

- Asolid metallic sphere of radius 10.5 cm is melted and recastinto a number of smaller

cones, each of radius 3.5 cm and height 3 cm. Find the number of cones so formed.
[CBSE 2017, NCERT EXEMPLAR]

- The diameter of a metallic sphere is equal to 9 em. It is melted and drawninto along wire

of diameter 2mm having uniform cross-section. Find the length of the wire.

- Aniron spherical ball has been melted and recast into smaller balls of equal size. If the

radius of each of the smaller balls is 1/4 of the radius of the original ball, how many such
balls are made? Compare the surface area, of all the smaller balls combined together
with that of the original ball.

A copper sphere of radius 3 cm is melted and recast into a right circular cone of height 3
cm. Find the radius of the base of the cone.

- Acopper rod of diameter 1 cmand length 8 cm is drawn into a wire of length 18 m of

uniform thickness. Find the thickness of the wire. INCERT]

The diameters of internal and external surfaces of a hollow spherical shell are 10 cm and
6 cm respectively. If it is melted and recast into a solid cylinder of length of

2 % cm, find the diameter of the cylinder.

How many coins 1.75 cm in diameter and 2 mm thick must be melted to form a cuboid
I1em % 10cm x 7 cm? [NCERT]

. The surface area of a solid metallic sphere is 616 em?. It is melted and recast

into a cone of height 28 cm. Find the diameter of the base of the cone so formed. (Use
n =22/7), [CBSE 2010]
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21.

[
2

30.

3l.

33.

34.

35.

36.

37.
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Q&):;‘:?:ii]pt:;;ksh 132 cm high and with radius of base 18 cm, is filled with sand. This
£ the o M an the g_rmlnd and a conical heap of sand is formed. If the height
of the conical heap is 24 cm, find the radius and slant height of the heap.

|[CBSE 2012, 2014]

. A solid metallic sphere of radius 5.6 cm is melted and solid cones each of radius 2.8 cm

and height 3.2 cm are made. Find the number of such cones formed. [CBSE 2014, 2017]

A solid cuboid of iron with dimensions 53 cm x 40 cm x 15 cm is melted and recast into

a ‘cylindrical pipe. The outer and inner diameters of pipe are 8 cmand 7 cm respectively.
Find the length of pipe. [CBSE 2015]

. The diameters of the internal and external surfaces of a hollow spherical shell are

6 cm and 10 cm respectively. If it is melted and recast into a solid cylinder of
diameter 14 cm, find the height of the cylinder. [CBSE 2001 C]

. A hollow sphere of internal and external diameters 4 cmand 8 cm respectively is melted

into a cone of base diameter § cm. Calculate the height of the cone.

A hollow sphere of internal and external radii2 cm and 4 cm respectively is melted into
a cone of base radius 4 cm. Find the height and slant height of the cone.

. A spherical ball of radius 3cm s melted and recast into three spherical balls. The ra dii

of two of the balls are 1.5 cm and 2 cm. Find the diameter of the third ball.

A path2 m wide surroundsa circular pond of diameter 40 m. How many cubic metres of

gravel are required to grave the pathtoa depth of 20 cm?

A 16 m deep well with diameter 3.5 mis dug up and the earth from it is spread evenly to

form a platform 27.5 mby 7 m. Find the height of the platform.

A well of diameter 2 m is dug 14 m deep. The earth taken out of it is spread evenly

all around it to form an embankment of height 40 cm. Find the wid th of the embankment.
[CBSE 2015}

A well with inner radius 4 m is dug 14m deep. Earth taken out of it has been spread

evenly all around a width of 3 m it to form an embankment. Find the height of the

embankment. [CBSE 2016

A well of diameter 3mis dug 14m deep. The earth taken out of it has been spread evenly

all around it to a width of 4 m to form an embankment. Find the height of the

embankment. [CBSE 2016]
Find the volume of the largest right circular cone that can be cut out of a cube whose edge

159 cm.
A cylindrical bucket, 32 cm highand 18cm of radius of the base, is filled withsand. This
bucket is emptied on the ground and a conical h@ap_nf sand is formed. If the height of the
conical heap is 24 cm, find the radius and slant height of the heap.
Rain water, which falls on a flat rectangular surface of length 6 m and breadth
4 m is transferred into a cylindrical vessel of internal radius 20 cm. What will
be the height of water in the cylindrical vessel if a rainfall of 1 cm has fallen ?

[Use n = 22/7]

The rain water from a roof of dimensions 22 m x 20 m drains into a cylindrical vessel
having diameter of base 2 m and helght 3.5 m. If thr-e rain water collected from the roof
just fills the .;:y]jndrical vessel, then find the rain fall in em. [NCERT EXEMPLAR]

A conical flask is full of water. The flask hasibas&radius r and height hi. The water 15
poured into a cy]'mdrical flask of base-radius mr. Find the height of water in the

cylindrical flask.
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Arectangular tank 15m long and 11 m broad is required to receive entire liquid contents

trom a full cvlindrical tank of internal diameter 21 m and length 5 m. Find the least
height of the tank that will serve the purpose.

\ hemispherical bow! of internal radius 9 emis full of liquid. This liquid is to be filled

mnto cyvlindrical shaped small bottles each of diameter 3 em and height 4 em. How
many bottles are necessary to empty the bowl?

A cylindrical tub of radius 12 ¢m contains water to a depth of 20 cm. A spherical ball is

dropped into the tub and the level of the water is raised by 6.75 cm. Find the radius of the
ball.

200 persons have to dip ina rectangular tank which is 80 m long and 50 m broad. What
is the rise in the level of water in the tank, if the average displacement of water by a
person is 0.04 m™? [NCERT EXEMPLAR]

- A cylindrical jar of radius 6 cm contains oil. Iron spheres each of radius 1.5 em are

immersed in the oil. How many spheres are necessary to raise the level of the oil by two
centimetres?

A cylindrical tub of radius 12 cm contains water to a depth of 20 cm. A spherical form

ball of radius 9 cm is dropped into the tub and thus the level of water is raised by /i cm,
Whatis the value of ?

Metal spheres, each of radius 2 cm, are packed into a rectangular box of internal
dimension 16 cm % 8 cm x 8 cm when 16 spheres are packed the box is filled with
preservative liquid. Find the volume of this liquid. [Use n =669/213]

- A vessel in the shape of a cuboid contains some water. If three indentical spheres are

immersed in the water, the level of water is increased by 2cm. If the area of the base of the
cuboid is 160 cm® and its height 12 cm, determine the radius of any of the spheres.

- 150 spherical marbles, each of diameter 1.4 ¢m are dropped in a cylindrical vessel of

diameter 7 cm containing some water, which are com pletely immersed in water. Find the
rise in the level of water in the vessel. [CBSE 2014]

- Sushant hasa vessel, of the form of an inverted cone, open at the top, of height 11 em and

radius of top as 2.5 cm and is full of water. Metallic spherical balls each of diameter

th
0.5 cmare put inthe vessel due to which [ E) of the water in the vessel flows out. Find

how many balls were put in the vessel. Sushant made the arrangement so that the water
that flows out irrigates the flower beds. What value has been sﬁown by Sushant?
[CBSE 2014]
16 glass spheres each of radius 2 cm are packed into a cuboidal box of internal
dimensions 16 cm x 8.cm x 8 cmand then the box is filled with wa ter. Find the volume of
water filled in the box. INCERT EXEMPLAR]

Water flows through a cylindrical pipe, whose inner radius js I cm, at the rate of
80 e¢m/secinan empty cylindrical tank, the radius of whose base is 40 em. What is the
rise of water level in tank in half an hour? INCERT EXEMPLAR]

Waterina canal 1.5m wide and 6 m deep is flowing with a speed of 10 km /hr. How much
area will itirrigate in 30 minutes if 8 cm of standing water is desired? [NCERT]

- A farmer runs a pipe of internal diameter 20 cm from the canal into a cylindrical tank in his

field which is 10 m in diameter and 2 m deep. If water flows through the pipe at the rate of 3
km/h, in how much time will the tank be filled? [CBSE 2014, NCERT]
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A Cylmd“m_| tank full of water is emptied by a pipe at the rate of 225 litres per minute.
How much time will it take to empty half the tank, if the diameter of its base is 3 m and its
height is 3.5m? [Use n=22/7] [CBSE 2014]
Water is Hlowing at the rate of 2.52 km/h throt zh a cylinderical pipe into a cylindrical
tank, the radius of the base is 40 cm. If the increase in the level of water in the tank, in
half an hour is 3.15 m, find the internal diameter of the pipe. [CBSE 2015]
Water flows at the rate of 15 km /hr through a pipe of diameter 14 cm into a cuboidal
pond whichis 50 m long and 44 m wide. In what time will the level of water in the pond
rise by 21 cm? [NCERT EXEMPLAR]
A canal is 300 em wide and 120 cm deep. The water in the canal is flowing with a speed
of 20 km/h. How much area will it irrigate in 20 minutes if 8 cm of standing water is
desired? (NCERT EXEMPLAR]
The sum of the radius of base and height of a solid right circular cylinder is 37 cm. If the
total surface area of the solid cylinder is 1628 em?, find the volume of cylinder.
(Use n=22/7) [CBSE 2016]
A tent of height 77 dm is in the form a right circular cylinder of diameter 36 m and height
44 dm surmounted by a right circular cone. Find the cost of the canvas at
Z 3.50 per m*. [Use 7=22/7]
The largest sphere is to be curved out of a right circular cylinder of radius 7 cm. and
height 14 cm. Find the volume of the sphere.
A right angled triangle whose sides are 3 cm, 4 cmand 5 cm is revolved about the sides
containing the right angle in two ways. Find the difference in volumes of the two cones
so formed. Also, find their curved surfaces.
A 5 m wide cloth is used to make a conical tent of base diameter 14 m and height
24 m. Find the cost of cloth used at the rate of ¥ 25 per metre. [Use 1=22/7]

[CBSE 2014]

1
The volume of a hemi-sphere is 24255c:n3. Find its curved surface area. (Use n = 22/7)
[CBSE 2012]

The difference between the outer and inner curved surface areas of a hollow

right circular cylinder 14 cm long is 88 cm?®. If the volume of metal used in making the

cylinderis 176 cm’, find the outer and inner diameters of the cylinder. (Use = =22/7)
[CBSE 2010]

The internal and external diameters of a hollow hemispherical vessel are 21 cm and

25.2 ¢m respectively. The cost of painting 1 cm?® of the surface is 10 paise. Find the

total cost to paint the vessel all over.

Prove that the surface area of a sphere is equal to the curved surface area of the

circumscribed cylinder.

If the total surface area of a solid hemisphereis 462 cm?, find its volume (Take & = 22/7 )

ICBSE 2014]

Water flows at the rate of 10 m/minute through a cylindrical pipe 5 mm in diameter.
How long would it take to fill a conical vessel whose diameter at the base is 40 cm and
depth 24 cm? _ INCERT EXEMPLAR]
A solid right circular cone of height 120 cm and radius 60 cm is placed in a right circular
cylinder full of water of height 180 cm such that it touches the bottom. Find the volume
of water left in the cylinder, if the radius of the cylinder is equal to the radius of the cone.
INCERT EXEMPLAR]
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A heap of rice in the form of a cone of diameter 9 m and height 3.5 m. Find the volume of
rice. How much canvas cloth is required to cover the heap?
INCERT EXEMPLAR, CBSE 2018]

69. A cvlindrical bucket of height 32 ¢m and base radius 18 ¢m is filled with sand. This
bucket is emptied on the ground and a conical heap of sand is formed. If the height of the
conical heap is 24 cm, find the radius and slant height of the heap.

INCERT EXEMPLAR]

70. A i"wn'ti;'.pl'u.l-rical bowl of internal radius 9 em is full of liquid. The liquid is to be filled
into cylindrical shaped bottles cach of radius 1.5 cm and height 4 cm. How many bottles
are needed to empty the bowl? INCERT EXEMPLAR]

71 A tactory manufactures 120,000 pencils daily The pencils are cylindrical in shape each
of length 25 em and circumference of baseas 1.5 cm. Determine the cost of colouring the
curved surfaces of the pencils manufactured in one day at¥0.05 per dm=,

[NCERT EXEMPLAR]
3 :
72. The i— th partof a conical vessel of internal radius 5 cm and height 24 cmis full of water.
The water is emptied into a cylindrical vessel with internal radius 10 cm. Find the height
of water in cylindrical vessel. [CBSE 2017]

— ANSWERS

L 512 2. 8400 3. 5cm 4. 448 metres

5. 79cm 6. 42cm 7. 1408 cm?

8. 2640 cm?, 13860 cm’ 9. 450 10. 1500
11. 2541 12. 6¢cm,8cm, 10cm 13. 126
14. 12150 em 15. 64 balls,4:1  16. 6¢cm 17. 0.67 mm
18. 14cm 19. 400 20. ldcm 21. 36.cm, 12413 em
22. 28 23. 2698.18 cm 24, Ecm 25. 14cm
26. 14cm,1456cm  27. 25cm 28. 52.8m* 29. 80cm
30. 5m 31. 6.78m 32. 9/8 33. 190.93 cm®

h
34. 36cm,43.27cm 35, 191¢cm 36. 2.5cm 37: Ime
38. 10.5m 39, 54 40. 9cm 41. 0.5¢m
42. 16 43. 6.75cm 44. 448 cm’ 45. 294 ¢m
46. 5.6cm 47. 440 48. 487.6 cm® 49. 90 cm
50. 562500 m* 51. 1 hour 40 minutes 52. 55 minutes
53. 4cm 54. 2 hour 55. 30 hectares 56. 4620 cm”
57. ¥ 5365. 80 58. 1437 59. 4mem”®, 20 wem?, 151 em?
60. T 2750 61. 693 cm’ 62. 5¢m,3cm 63. T 184.34
65. 7em 66. 51 minutes 12 sec 67. 1.584 m*
68. 74.25m?, 80.61 m? 69. 36 cm, 43.27 cm
70. 54 71. T 2250 72. 1.5em.
HINT TO SELECTED PROBLEMS
4 tx 8§
Volume of sphere of radius 8 cm
1. Number ofballs = P B 512

Volume of sphere of radius 1em 4 .

3
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14.33
Totalnumberofcoins = 11x10x7  11x10x7 400
22 (1.?5'3 1Y B (7¥. 2
(2] (2) B0
_ 2 10 7 4 10
Let r be the radius of the third ball. Then
4 4
21xXG = Zax (15 4 2nxiop 4 4,0 2 5
3 5 A )+3”"(2)+‘3‘“":>27=§+8+r‘:>r3=%=ﬂ’=—§
2 x4
Y X4 %
Helghi of et = Volume of the earth dugout __7 — 678 m
Area of the embankment 22 72 _ 42
7 A=
) nxz’x%xl‘i
Height of the embankment - 22 m-Em

n[ﬂxll._%é) 8
2. 2 2%

Let rbe the radius and 1 the slant height. Then,

Volume of the bucket = Volume of the heap = nx 18% x32 = %n X1t x24 = r =36

Let the least height be Iy metre. Then, 15x 11x It = Elgn X [ 321 ]— x 5.

Suppose x iron spheres are required to raise the level of the oil by two ecm. Then,
Volume of x iron spheres = Volume of oil raised

= A'xinx ('1.5}:JL =nx6°x2 = .'I'J'lil't(—-] =Rr=>r=16
Let ¥ cm be the radius of the ball. Then, '

" "1 -} |
Volume of ball = Volume of water raised = ;m"’ =ax (12 x6.75 = r = 9 cm.

[

!
15x6x10000x5 . gx5000x25
2 - x_x— m* = 562500 1'1'\2

m
8] 7
(lﬂﬂ

. 2 ¥ -
Vulumcofcylmdncal tank = nx5 x2m” =50nrm

Volume of the water that flows through the pipe in { hours
= Volume of a cylinder of radius of 10 em and length = 3f km = 3000 t m

Required area -

3

= {n x(L]ﬁ x.’.’»(]r[][”}mjl = 30ni m”
10

30nt =50 =t = E hours = 1 hour 40 minutes
o 3

Height of the circumscribing cylinder = 2r, : |
Radius of the circumscribing cylinder = r, where r is the radius of the i

14.4 SURFACE AREAS AND VOLUMES OF COMBINATIONS OF SOLIDS

Uptill now we have learnt about various appli-fatiuq:s of the formulas for finding the surface
areas and volumes of basic solids, namely, a rightcircular cone, a right circular cylinder, a

v oS »



1434 MATHEMATICS- X

sphere, a hemisphere ete. Inthis section, we shall apply them to find the surface areas and
volumes ot solids which are combinations of the basic solids. For example, a circus tent
consisting ot a cylindrical base surmounted by a conical roof, a toy in the form of a cone
mounted on a hemisphere ete. are combinations of two or more basic solids. Following

examples wall illustrate the method of finding surface areas and volumes of such
combinations of solids,

ILLUSTRATIVE EXAMPLES
LEVEL-1

EXAMPLE 1 Aniron pillar has some part in the form of a right circular cylinder and remaining in
the form of a right circular cone. The radius nftln base of each of cone and cylinder is 8 cm. The
cylindrical part is 240 cm h:-.,h and the conical part is 36 cm high. Find the wwqh! of the pillar if one
cubic cnt of tron weighs 7.8 grams.
SOLUTION  Let r; em and r, em denote the radii of the base of the cylinder and cone
respectively. Then,

n=rn=8m
Let i, and /1 cm be the heights of the cylinder and
the cone respectively. Then,

hy =36 cm

Iy = 240 ecm and h, = 36 cm
Volume of the cylinder = nr h; cm _
= (7 x 8 x 8 x 240) cm” : h, =240 cm
= (1t x 64 x 240) cm® ]
¥ 1 3 3 Al/-d—la_-\\ g
Volume of the cone = Em':‘hz cm” N
r= 8cm
1 : 3
=[§”3“3"3(’]C‘“ Fig. 14.16
= (%naw%]cm“

Total volume of the iron = Volume of the cylinder + Volume of the cone
=[nx64x240+%nxﬁ4x3ﬁ)cm1
=mx 64 x(240 + 12) cm

22
z-ﬁ—x()&l-xZSZij :22}(64)':36('“11

Hence, Total weight of the pillar = Volume x Weight per cm?
= (22 x 64 x 36) x 7.8 gms
= 395366.4 gms = 395.3664 kg
EXAMPLE 2 The interior of a building is in the form of a right circular cylinder of diameter 4.2 m

and height 4 m surmownted by a cone. The vertical height of cone is 2.1 m. Find the outer su rface area
and volume of the building. (Use n = 22/7)

SOLUTION  Let r, be the radius of base of the cylinder and-iy m be its height. It is given that
n=21mand i, =4m. Let » m be the radius of the base of the cone, hi, m be its

heightand /, m and be its slantheight. Itisalsogiventhat r, = 21m, i, = 2.1 m.
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42m

Fig. 14.17

i'-lll“

T 2

2 = -
il h=yn +h = o7 212 = (21P x2 =21x /2 m

LetSbe the outer surface area and V be the volume of the building. Then,
5 = Curved surfacearea of cylinder + Curved surface area of cone

= (21 hy + nrly) m?
= 7t(2n Iy + ryly) m®

22 3
(2%x21x4+21x21x/2)m?

]

x 2.1%(8 + 2.1 x+/2) m?

i

B[R~y

x 2.1 x (8 + 2.1 x 1.414) m?

= = % 2.1x (8 + 2.9694) m*

~J]

') el
= 2.1x10.9694 m* = 22x0.3x10.9694 m* =72.3980 m? = 72.40 m>

=X

and, V = Volume of the cylinder + Volume of the cone

= [ nrizhl 4 -]—rrrqzhz Jm3
)

o

m—]"“[ hy + —:-hz ] m*

.

=—2—2x2.1x2.11(4+l“2-1Jm3
7 3

2 01x21x(4+07)m’ =22x03x21x47 m? = 65.142 m?
7

EXA MPLE 3 A circus tent is cyﬁi'nfﬂ't'ﬂ-’ up!ﬂ il ht’fﬁ:.’!t ﬂfﬂl m ahd conical abope it {ftih‘d:’nuu’frr f!f

the base is 105 m and the slant height of the conical part is 53 m, find the total canvas used in making
the tent, ICBSE 2004]
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SOLUTION - The total canvas used is equal to the outer surface area of the tent.

\'
1::""6‘
A B
C \
’ o
105 m
Fig. 14.18

Total canvas used = Curved surface area of cylinder + Curved surface area of cone

. . .
= 2x%x52.5>:3+2?—"x52.5x53]m“ [+ S =2arh + nrl]

]

2 5
= _?2 x525(6+53)m™ =9735 m"~

EXAMPLE 4 A right circular cylinder having diameter 12 cm and height 15 cm is full of ice-cream.
The ice-cream is to be filled in cones of height 12 cmand diameter 6 cm having a hemispherical shape
on the top. Find the number of such cones which can be filled with ice-crean. [CBSE 2006C]

SOLUTION  We have, r=Radius of thecylinder =6¢m, li = Height of the cylinder =15 ecm

Fig. 14.19

Volume of the cylinder = arih =ax6>x15em’ =540 mem’

It is given that
r; = Radius of the ice-cream cone = 3 em and, I, = Height of the ice-cream cone = 12 cm

. 1 .3 1
“. Volume of the conical part of ice-cream cone =§w:r,".';'1 = mx3*x12em’ =36mtem”

[
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Volume of the hemispherica] top of the ice-cream cone = %“?’13 _ _i_x o 3% =18p o
Total volume of the ice-cream cone = (3 + 187) cm”® = 547 cm?
Number of ice-cream cones = Volume of the cy]i.nder i 540n - 10

Total volume of ice-cream cone S54n

EXAMPLE 5 A .l‘ﬂ!f is of the shape of a right circular cylinder upto a height of 3 metres and then
becomes a nght circwlar cone with a maximum height of 13.5 metres above the ground. Calculate the
cost of painting the inner side of the tent at the rate of &2 per square metre, if the radius of the base is
14 metres, ' [CBSE 2005]

Fig. 14.20

SOLUTION  Let rm be the radius of the base of the cylinder and h metres be its height. It is
giventhat r = 14 mand i = 3 m.

2 : 2 =] o)
Curved surface area of the cylinder = 2arhm” = (2 X ?2 x 14 x 3)[:1" =264 m~

Let ; mbe the radius of the base, Iy mbe the heightand /| mbe the slant height of the cone.

Itisgiventhat r; = 14 m, l, = (13.5-3)m = 10.5m.

A= Jrll -f--"}l: = J]_._IE 4 (lU.S]z = J196 + 110.25 = +/306.25 = 17.5
22 . "
Curved surface area of the cone = nnly = [? x 14 %175 ] m? =770 m?2

Let S be the total area which is to be painted. Then,
S — Curved surface area of the cylinder + Curved surface area of the cone

= § = (264 + 770) m? = 1034 m?
Hence, Costof painting =5 x Rate =% (1034 x 2) =3 2068
EXAMPLE 6 A solid wooden toy is in the shape of a right circuldar cone mounted on g hemisphere. If

the radius of the hemisphere is 4.2 cmand the total height of the toy is 10.2 cm, find the volume of the
wooden toy. [CBSE 2012]

SOLUTION Wehave, VO' = 10.2cm, 0A = 00 = 42 cm

Let r be the radius of the hemisphere and ht be the height of the conical partof the toy. Then,
r=0A=42cm, h=V0=V0-00"= (10.2-4.2)em = 6em

" ey — o= il 1A
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Also, radius of the base of the cone = OA = r = 4.2 ¢m

Let Ve the volume of the wooden toy. Then,
V"= Volume of the conical part + Volume of the hemispherical part
I ' :1-
s V| =mrfhe g ]cm"
e | =
are 1 .
- V=—(+2r)em’ AL 2
3 T
Y (99 1 \_—/
= V=ox—x42x42x(6+2x42)cm ]
3 7 S
42m
1 22 - - 3 3 i
= V=gx T xd42xd42xl4dam’ = 26611 em Fig. 14.21

EXAMPLE 7 Asolid 1s in the form of a right circular cone mounted on a hemisphere. The radius of
the henuisphere is 3.5 cm and the height of the cone is 4 em. Thesolid is placed in a cylindrical tub, full
of water, m such a way that the whole solid 1s submerged in water. If the radius of the cylinder is 5 cm
and its height is 10.5 cm, find the volume of water left in the cylindrical tub, (Use n = 22/7)

SOLUTION Wehave, VO =4cm,0A = 0B =00 = 3.5cm.

35cm o

Fig. 14.22

Volume of its conical part + Volume of its hemispherical part

%x%x(f‘lﬁ}z x4+%x%2-x{3.5)3}-(:m3

Volume of the solid

L}

%x-iz:’({.?rﬁ)z |4+ 2%35)em? = {%x%x[%y :-:I]}a:rﬂ'1L

Clearly, when the solid is submerged in the cylindrical tub the volume of water that
flows out of the cylinder is equal to the volume of the solid.

Hence,
Volume of water left in the cylinder = Volume of cylinder - Volume of the solid

{2105 -1 22T ot

j

I
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22 21 1 7 7
_ 22 2l 7
l?xzﬁxz—gx'—?—rxgxgﬁﬁll}cma

B - 1 7
_(le2ax3-—§x11x5x11Jcm3

= (825 -141.16) cm® = 683.83 cm®

FNMT {’F-,E ﬁ’ A ﬂ‘}f{ iy :"Cﬂtf contammer of radius 6 cm and height 15 cm is filled with ice-creant. The
whole ice-cream has to be distributed to 10 children in equal cones with hemispherical tops. If the
height of the conical portion is four times the radius of its base, find the radius of He ice-cream cone.

[CBSE 2016)

SDL}_rrION _Let the radius of the base of the conical portion be r em. Then, height of the
conical portion =4r cm.

Let V be the volume of cone with hemispherical top. Then,
V'= Volume of the cone + Volume of the hemispherical top

1. &5
- [Em" x 4r +%1r3]cm3 =(g'rr" ]cm'q' =(2ar*)em?
51 e

Fig.14.23

Volume of 10 cones with hemispherical tops =10V = (10 x 27" yem?® = 2077% em?

§ 2 B Al 3
VUIIIIHL‘ of thlf C}-’li!"ldl’i(‘ﬂl container = (n:-c (Sl ]5}Ln'l =540n cm

Clearly,

Volume of 10 cones with hemispherical tops = Volume of the cylindrical container
= 207r® = 540x

— r-‘ = 2?

= r=3gom

Hence, radius of the ice-cream cone is 3 cm.
EXAMPLE 9 A solid is in te form of a cylinder with .’_u-mr'sphwimf ends. The total height of the
solid is 19 ¢mr and the diameter of the eylinder is 7.cm. Find the volume and total surface area of the

solid (Use m = 22/7) ' ‘
SOLUTION et rcm be the radiusand /i cm the height of the cylinder. Then,

)

7
r:zcm and, h=[1‘3—3*“J‘5m =12cm
5 . 2

-

= i iy o= 8. |
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7 220
Also radius of hemisphere = S om = rem m E[
Let Vbe the volume and S be the surface area of the solid, Then, e
V' = Volume of the cylinder + Volume of two hemispheres '
E
| 2 % 'L EL;
= VvV =3nar h+"L—m | cm 4
| 5 J)
2 4r 5
= ! —ﬁr'lh —{]cm‘ 1 v 3]
Fig.14.24
(22 (7Y 2 3
— ‘lT Li] []')4..‘)(__]]’ — z)ﬂzk'i}' m:":ﬁ-il.ﬁﬁc:[“s
7 X2 [ S T a T 3
ﬂnd,
§ = Curved surface area of cylinder + Surface area of two hemispheres
= S=Q2nrh+2x2nr*)em?
=5 S =2ar(h+2r)em?
29 '
— S=2x_—"x-><[12+2xz)cm2—[Txgxle‘i] 2 = 3418 cm?
7 2 2 7 2

EXAMPLE 10 A solid is composed of a cylinder with hemispherical ends. If the whole length of the
solid is 108 cm and the diameter of the hemispherical ends is 36 cm, find the cost of polishing the
stirface of the solid at the rate of 7 paise per sq. cm. (Use n = 22/7).
SOLUTION Wehave,

r = radius of the cylinder = radius of hemispherical ends = 18 em

It = height of the cylinder =72 cm
Let S be the total surface area of the solid. Then,

S = Curved surface area of the cylinder +Surface areas of hemispherical ends

= S :(ZJIHI+2><2'-’T?’1:'C“‘- 18 cm
- § = (2nrh+ 4ar’)cm? E I m j
— S =2nar(lh+2r)em? e
2% 22 4185 (72 + 36) cm? . . §
s Sz_x?x (72 ! [ r=18em, h=72 cm] o 2
7 2 2 :
L%}
Rate of polishing =7 paise per sq. cm. = u ]
Fig. 14.25

7
Cost of polishing = ?( 12219.42 x ﬁ} =¥ 855.36

EXAMPLE 11 A toy isin the shape ofa right circular cylinder with a hemisphere on one end and a
cone on the other. The height and radius of the cylindrical part are 13 cmand 5 cm respectively. The
vadii of the hemispherical and conical parts are the same as that of the cylindrical part. Calculate the
surface area of the toy if height of the conical part is 12 cm.
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SOLUTION  Let rcm be the radius and h em the height of the cylindrical part. It is given that
r=5emand =13 cm. Clearly, radii of the spherical partand base of the conical part are also
rem. Let Jiy em be the height, /cm be the slant height of the conical part. Then,

?=r+n?

S5cm

=5 = r* + .'112 )
12 cm
= =5 +12* =V169 =13cm . [ Iy =12em, 7 = 5cm]
Let S be the surface area of the toy. Then,
13cm

5 = Curved surface area of the cylindrical part
+Curved surface area of hemispherical part J
+ Curved surface area of conical part

=% S= (2nrh +2nr® + nrl)cm?

Fig. 14.26
= S =nr(2h+2r+ )em?
= S§= %xSx(2x13+2x5+]3) cm2=(%x5x49]m2=??0cm1

EXAMPLE 12 A vessel is in the form of a hemispherical bowl mounted by a hollow E_‘y'ffndf?ﬂ The
diameter of the sphere is 14 cm and the total height of the vessel is 13 cm. Find its capacity.
(Take m = 22/7) [NCERT, CBSE 2006C]
SOLUTION Let rbe the radius of the hemispherical bowl and /1 be the height of the cylinder.
Itis given that r=7 cmand h = 6¢m. Let Vbethe total capacity of the bowl. Then,

V = Volume of the cylinder + Volume of the hemisphere

=% V=[Tfl"2-ri+%ﬂf3)cm3 7 cm 7 cm

32 3 4928 3 _ 164966 Fig.14.27
= V=22xTkrem =g S

1 s i ight circular cylinder with a hemispherical shape at

solid toy is in the form of a right circu rcy 5 pe

:::::; ;11- ﬁdﬁm:';t;!;;“- ﬂﬂwr end. Their common diameter is 4.2 cm and the height of the cylindrical
and conical portions are 1Zcm and 7 cm respectively. Find the volume of the solid toy. (Use n=22/7)

[NCERT, CBSE 2002C]

olume of the solid toy. Then,
SOLUTION vV lf;\;mﬂ;%‘; the conical porl:inn + Volume of the C)"Hﬂd.tical Pm-tion

+ Volume of the hemispherical portion.
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2 e 1 7132 A 172 - 2 g3 1
= v —:ga'!*[...l] x7+nx(21) xl._+:;-><rrx(._.1) P
1 2 3 R e
— 1,.f=;xn:x(2.l} (7+3x124+2x21)em
) 21em —_ |
1 . 3 R 12cm
= V= 5 xax(21) x47.2cm’
=5 V=nx07x21x472cm? 2jom
E 1 5
= =—x07x21x472em* = 218.064 cm® Fig.14.28
7

FXAMPLE 14 A godown building is in the form as shown in Fig. 14.29. The vertical cross-section

parallel to the width side of the building is a rectangle 7 m x 3 m, mounted by a semi-circle of radius
35 m. The inner measurements of the cuboidal portion of the building are
10m x 7 m x 3 m. Find the volume of the godown and the total interior surface area excluding
the floor (base). (Take n = 22/7)

SOLUTION  Since the top of the building is in the form of half of the cylinder of radius
3.5m, and length 10 m, split along the diameter. Let V be the volume of the godown. Then,

1
V = Volume of the cuboid + 5 (Volume of the cylinder of radius 3.5m and length 10 m)

= V ={1{]x7x 3+-;—(§x3.5x3.5x1[]}}m3 =(210+192.5) m> =402.5 m?

Jim

S;E:_T
% N

o
1“"'\3

\ /3m =—

Fig. 14.29

Let S be the total interior surface area excluding the base floor. Then,

1
S = Areaof four walls + 3 (Curved surface area of the cylinder)
+2 (Area of the senli-circles)
= g = [2(10+ 7)x3x %(ZX %x 3.5 x 1[]]+ 2[%,( _2?3,: (3.5]2 )] m?
=5 S = (102 + 110 + 38.5) m” = 250.5 m*

EXAMPLE 15 A solid toy is in the form of a hemisphere surmounted by aright Circ'.ufar cone, Height
of the cone is 2 cm and the diameter of the base is 4 cm. Ifaright circular cylinder circumscribes the
solid. Find how much more space it will cover. [INCERT]

SOLUTION  Let BPC be the hemisphere and ABC be the cone mounted on the base of the
hemisphere. Let EFGH be the right circular cylinder circumscribing the given toy.

-
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SOLUTION  Let BPC be the hemisph
: emisphere and ABC be the cone mounted on the base of the
hemisphere. Let EFGH be the right circular cylinder circumscribing the given toy.

A

E F
B o C
H 5 G
Fig.14.30
We have,
OA = Height of the cone = 2 cm
and, BC = Diameter of the base of the cone =4 cm
BO = Radius of the hemisphere = %BC = l;—::'m =2cm
= OP = 2cm |- OP = OB]
AP=0P+0A=(2+2)cm =4cm
Now, Volume of the right circular cylinder = nx 2% x 4em? = 16mem’

Volume of the solid toy = %nx 0¥ %nx g x2}cm3 = 8ncm’

Required space = Volume of the right circular cylinder — Volume of the toy

=16mem’—8xem® = 8mem?.

Hence, the right circular cylinder covers 8 zem’ more space than the solid toy.
EXAMPLE 16 From asolid circular cylinder with height 10 cm and radius of the base 6 cm, a right
circular cone of the same height and same base is removed. Find the volume of the remaining solid.

Also, find the whole surface area. [CBSE 2009]
SOLUTION Let V be the volume of the remaining solid and S be the whole surface area.

Then,

Fig. 14.31
lume of the cylinder — Volume of the cone.

vV = Vo

= V:{nx 6° "10"';1::””62“0}ma = (360m - 120m) cm® = 240 tem®

DRI B T
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Slant height of the cone = OC = \I'IE}{J'E +0'C? = 10?2 162 = J136 em =234 em

and,
S = Curved surface area of the cvlinder
+ Area of the base -uf the cylinder + Curved surface area of cone
= S=12ax6x10+ X6+ mx6x Eﬁicm"' = (156 + lzﬁ)ncmz
EXAMPLE 17

Awooden article was made by scooping out a hemisphere from each end of a solid
culinder. as shown in Fig. 14.32. If the height of the cylinder is 10 cm, and its base is of radius 3.5 cm,
find the total surface aren of the article. [CBSE 2014, 2018, NCERT]

SOLUTION - Let rbe the radius of the base of the cylinder and It be its height. Let S be the total
surface area of the article. Then,

5 =Curved surface area of the cylinder + 2 (Surface area of a hemisphere)

= S=2nrh+22nr%)
=% S=2nr(h+2r) 1
h
22 5 ’
Y 5=3>=?>=3.5{10+2x3.5)cm‘
= § =22x17 cm? = 374 em?

Fig. 14.32

EXAMPLE 18 A tent is in the shape of a cylinder surmounted by a conical top. If the height and
diameter of the cylindrical part are 2.1 m and 4 m, and slant height of the top is 2.8 m, find the area of
the canvas used for making the tent. Also, find the cost of canvas of the tent at the rate of <500
pernr. [NCERT]
SOLUTION  For conical portion, r=2m and /=28 m. Let S, the curved surface area of
conical portion. Then,

v
S=ml=nx2x28m*=56nm?> \z.am
For cylindrical portion,wehave r =2m, i = 21m Ao an—\ B
Let 5, be the curved surface area of cylindrical portion. Then,
21m
S, =2nrh =2nx2x21m =84am? :
Let S be the area of the canvas used. Then, 5 :
2m O 2m c
214y 22 2 _ 4 2 :
§=5+5 =(56n+84n)m —14:-:—?—111 =44 m Fig. 14.33

Total cost of the canvas at the rate of ¥ 500 per m? =¥ (500 x 44) = ¥ 22000

EXAMPLE 19  From asolid cylinder whose height is 2.4 cm and diameter 1.4 cm, a conical cavity of
the same height and same diameter is hollowed out. Find the total surface area of the remai ning solid

to the nearest cm”. [NCERT, CBSE 2012, 2017]
SOLUTION  Let S be the total surface area of the remaining solid. Then,

S = Curved surface area of the cylinder + Area of the base of the cylinder
+ Curved surface area of the cone
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#— Conical cavity

Remaining solid

Fig. 14.34

22 2 5
= 8= 2% 7 x 0.7 x24+ - x (0.7)% +% x 0.7 x \[(24)" + (0.7)°

[ =2 + 12 = J(0.7) + (24 }

= § = 44 x 024 +22x0.1x07 + 2% 0.1 x 2.5 = 1056 + 1.54 + 55cm” =17.6 em’
Hence, the total surface area to the nearest cm?is 18 cm?
EXAMPLE 20 A solid is in the shape of a cone standing on a hemisphere with both their radii being
equal to 1 cm and the height of the cone is equal to its radius. Find the volume of the solid in terms of =
[NCERT]
SOLUTION We have,
r; =Radius of the cone =1cm, h; = Height of the cone =1 cm

and, r, = Radius of the hemisphere =1 cm
v
I..l ..?.a-...
Af it X

Fig. 14.35

Let V be the volume of the solid. Then,
V = Volume of the cone + Volume of the hemisphere

:(lnx12><1+3n><13)cm3 = mtem”
= 3 3

1 2. 2.8
3 3

EXAMPLE 21 Rachel, an engineering student was ﬂlﬂkfﬂf to make a model in her workshop, which
was shaped like a cylinder wwith two cones attached to its two ends, using thin aluminium sheet. The
20l is 3 e and its length is 12 cm. If each cone has a height of 2 cm, find the volume

diameter of the model 15
of air contained in the model that Rachel made. [NCERT]

SOLUTION We have,
r, = Radius of two
r, = Radius of the ¢

conical parts =1.5 cm, = Height of two conical parts =2 cm
ylindrical part = 1.5cm, hy=Height of the cylindrical part=8 cm
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..............................................................

Fig. 14.36
Let Vbe the volume of the air contained in the model. The n,

V = Volume of the cylindrical part + Volumes of two conical parts

=5 V= rtrfhz +2x [%“’131’11 )
= V=-ETIX(1.5)2x8+2x13xnx[],5}2x2 cm’
= V={nx[-§-) XB+§xnx[%) x?.}cm?’
3 _ 3 _ 2 3 3
o V={131’t+3ﬂ}ﬂ'ﬂ =2lncm _zijm =66cm”.

EXAMPLE 22 A gulabjamun when completely ready for eating contains sugar syrup up to about
30% of its volume. Find approximately how much syrup would be found in 45 gulabjamuns
shaped like a cylinder with two hemispherical ends, if the complete length of each of the
gulabjamun is 5 cm and its diameter is 2.8 cm. [NCERT]

SOLUTION We have,
h = Length of the cylindrical part of a gulabjamun = (5-1.4-14)cm =2.2 em
r = Radius of the cylindrical part of a gulabjamun = 1.4 cm
Also, r = Radius of a hemispherical part of a gulabjamun = 1.4 cm

L L T e, sScm SRR ES e s

Fig.14.37

Let V be the volume of a gulabjamun. Then,
V =Volume of two hemispherical part + Volume of cylindrical part

- V= z(gnra J +rth

= V= %m‘:’ +nr’h
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— V=Tff2[gr+hJ

122 cm3 - ?5-:5‘2 cm]

-

22
5 v=-7—x1.4x1.4x(-§.x1.4+2.2)m3=22x0.2>=1-4><

Volume of 45 gulabjamuns = 75';52 x 45 cm® = 1127.28 cm?

Volume of syrup = 30% of 1127.28 cm? = % % 112728 cm® = 338.184 cm”

EXAMPLE 23 A wvessel in the form of inverted cone. Its height is 8 cm and radius of its top, which is
open, is 5 cm. It is filled with water upto the brim, When lead shots, each of which is a sphere of radius
0.5 cm are dropped in the vessel, one fourth of the water flows out. Find the number of lead shots
dropped in the vessel. [NCERT]
SOLUTION Wehave,

r = Radius of the base of the cone = 5 cm, J: = Height of the cone =8 cm

N

Fig. 14.38

T 62 4 8 o? o 200 "
Volume of water in the cone = Em-h = gx nxd xBcm” = Tn cm

1 200r 45 50m 3
Volume of the water that flows out of the cone = T cm” = Tcm
i di 0.5cm= 2 0.5)° 3=__4ﬂx_,:m3=“c 3
Volume of a spherical lead shot of radius 0. =S (05P em® =gR¥g —cm

’ 1
n spherical lead shots are dropped in the vessel so that —th of the water

Suppose 1
contained in the vessel flows out of the vessel.

Volume of n spherical lead-shots = Volume of the water that flows out

n‘fo—n
= 6 3
n =100

—

Hence, 100 lead shots are dropped in the vessel.

A solid consisting of a right cone standing on a hemisphere is placed upright in a
nd touches the bottom. Find the volume of water left in the
60 cm and its height is 180 cm, the radius of the hemisphere is
assuming that the hemisphere and the cone have common base.

INCERT]

EXAMPLE 24
right circular cylinder full of water @
eylinder, if the radius of the z:-y.'mdfr is
60 cin and height of the coneis 1 20¢m,
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SOLLTION - Forthe eylinder: r=Radius of the base = 60 cm, I = Height =180 cm
V= Volume of water that the cylinder contains = 2 = {Tt x (60)* x 130} em’

For conical part: r= Radius of the base =60 cm, Ity = Height =120 cm.

Let V', be the volume of the conical part. Then,

Vi= %m‘:.'!.
: £ VB G,
P 1 . LT TIPSR i, e L |
=% ‘fl:Ex.'rxﬁD“leU('mJ =[nx6[]3><4{}}cm3
For hemispherical part : r = Radius =60 cm i
Let V; bethe volume of the hemisphere. Then, 'O B
” 60 cm
V, = {—n:x603}cm3
3 oBoeme C
— Vo = [Errx?.ﬂxﬂ,)z}ﬂna ={-‘4Un:6021cm3 R
Let V; the the volume of the water left-out in the cylinder. Then,
¥y =Wy =l
i Va = {mx 607 x 180 - 7 x 607 x 40 - 407 x 60° | cm”
=% V3=nx6{]2x{18[]—4(}—4[]}an3
= V3=—2?'Ex3600x100cm3
22 » 360000
TR IR 8 o PR, . FRROE 5 P

V3 = —————c¢ m- =
= 3 7 T k(100 700

EXAMPLE 25 A solid iron pole consists of a cylinder of height 220 cm and base diameter
24.cm, which is surmounted by another cylinder of height 60 cm and radius 8 cm. Eind the mass of the
pole, given that 1 cm’ of iron has approximately 8 g mass (Use 7= 3.14), INCERT]
SOLUTION Let Vbethetotal volumeofironintwocylinders. Then, ...

V = (wx12 220 8 < 60)cm’ piuee
e
il e E
= V =35520ncm’ = 35520 x3.14cm’ = 111532.8 cm® — 9.5_ — l
Let M be the total mass of the iron pole. Then, S
M = 1115328 x 8 grams = =0 %8 1 _ g0 2604 kg 1

1000
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EXAMPLE 26 A spherical glass vessel has a cylindrical neck 8 cm long, 2 cm in diameter: the
diameter of the spherical partis 8.5 cm. By measuring the amount of water it holds, a child finds its
volume to be 345 cnt’®. Check whether she is correct., taking the above as the inside measurements and
7 =3.16. [NCERT]
SOLUTION Wehave, 2cm

1 = Length of the cylindrical neck = 8 cm
r = Radius of the cylindrical neck =1 cm

: Bcm

Volume of the cylindrical neck = nri = nx 1> x8cm’ = 8ncm

: 4 (85Y 3
Volume of the spherical part = a—:: % 5 cm

“ 13’5 % (4.25)° cm?

Amount of water in the vessel = { 8m + —43£ x (4.25)° } cm?

Fig. 14.41

= n[B - %x {4.25)3}1:1113

=314 x 13+§x 4.?.53:4.25:-:4.25}&113

= 3.14 x (8 + 102.354) cm®

= 336511 cm® = 346.5cm’
Hence, the volume found by the child is not correct.

EXAMPLE 27 Rasheed got a playing top (lattu) as his birthday present, which surprisingly had no
colour on it. He wanted to colour it with his crayons. The top is shaped like a cone surmounted by a
hemisphere. The entire fop s 5 cntin height and thediameter of the top is 3.5 cm. Find the area he has

to colour. ( Take nt = 22/7). [NCERT]
SOLUTION We have,

Fig. 14.42

r = Radius of hemispherical portion of the lattu = §_5cm = %cm

@
: : 3. 7
r = Radius of the conical portion = ==t

4
: : 35 13
) = Height of the conical portion = ( . -~ ) em =~ em
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Let!be the slant height of the conical part. Then,

I=vr +h ——JL—] +[—1—] = i49+m)cm - ﬁﬁcm=3.69(:m==3.7cm
4 4 4 -+

Let Sbe the total surface area of the top. Then,

S=2nr +nrl

o S=xr2r+1
M = -
= 5=?*1L3-‘i+3.?]cm:
7 -t 4
R 8 : 1 ; 4 2
- 1‘!=‘T{3.5+3.7}Cm =_ﬂ-x?.2cm‘=11x3.6cm‘=39*6cm

EXAMPLE 28 A decorative block shoun in Fig. 14.43 is made of two solids — a cube and a hemi-sphere.
The base of the block is a cube with edge 5 cm, and the hemisphere fixed on the top has a diameter 4.2 cm,
Find the total surface area of the block ( Take x = 22/7 )-

[NCERT, CBSE 2009, 2016]
SOLUTION  Let Sbe the total surface area of the decorative block. Then, ”
.« Cm

S = Total surface area of the cube — Base area of hemisphere B

+Curved surface area of hemisphere

=5 5=(l.':'>:~c5><5—'m"2+."£1'*c1"2)|::m2 &
L)

= S = (150 + mr) em?
s s =1150 + % x (2.1)* } em? 5cm
— S ={150+22x0.3x 2.1} cm? J
5cm
= S = (150 + 13.86) cm® = 163.86 cm? Fig. 14.43
EXAMPLE 29 A cubical block of side 7 cm is surmounded by a hemisphere. What is the greatest
diameter of the hemisphere can have? Find the total surface area of the solid. INCERT)]

SOLUTION  Clearly, greatest diameter of the hemisphere is equal to the length of an edge of
the cubei.e. 7 cm.

Tcm

1 7ecm

Fig.14.44

Radius of the hemisphere = -;— cm
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Let S be the total surface area of the solid, Then,

S = Surface area of the cube + Curved surface area of hemisphere ‘
_ Area of the base of the hemisphere

2 2
5= ax;:uzxi%x[Z] _gx(zj | o2
7 \2) 7 \2J |

S=(294+77 - Elcmi = 294+E em? = 332.5ecm’
= 2 | 2
EXAMPLE 30 A hemispherical depression is cut-out from one face of the r:t_:b:‘m! wooden block such
that the diameter | of the hemisphere is equal to the edge of the cube. Determine the surface area of the

remaining solid. [NCERT, CBSE 2010, 2014]

, I
SOLUTION It is given that a hemisphere of radius 5 s cut-out from the top face of the

cuboidal wooden box. Let S be the surface area of the remaining solid. Then,

Fig. 14.45
S = Surface area of the cuboidal box whose each edge is of length |
— Area of the top of the hemispherical part
+ Curved surface area of the hemispherical

part
2 2 2 2 2
i BV el gl B i 2 .
= [ =61’“-—n[5] +2n(2) T 75 o 4(24+1t)5q.li.1mts-
EXAMPLE 31 A medicinecapstieis in the shape of a cylinder with two hemispheres stuck to each of

its ends as shown in Fig. 14.46. The length of the entire capsule is 14 mm and the diameter of the
capsule is 5 mmi. Find its surface area. ekt
SOLUTION For cylindrical part, we have

r:Radiu5=§inHﬂ=2-5mmr h = length = {14 — (25 + 2.5)} mm = 9 mm

Let S, be the curved surfacearea of the cylindrical part. Then,
1
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)
sy S =2nrh = 2x = x 25x 9 mm?>

i 5 mm
For two hemispherical parts, we have

- 14 mm

r = Radius = 25 mm
) ' ; , Fig. 16.46
Let S, be the curved surface area of two hemispherical parts. Then,
- » 3 22 2 2
Sy =2x2nr° =4nr° = gx ==y (2.5)° mm*
Let S be the surface area of the ca psule. Then,

22
$5=5+8 = {332N2.5x9+4x—2;x{2.5)2 mm?*

7
2 2
= S=1x_—?2-x2.5{9+2x2.5}mm‘
2.?. 3 2 2
— 5=2£-?:-<2.5x14mm"=2x22x2.5x2mm = 220 mm~

EXAMPLE 32 Shanta runs an industry in a shed which was in the shape of a cuboid surmounted by half-
cylinder. If the base of the shed is 7 m by 15m, and height of the cuboidal portion is 8 m, find the volume of
the air that the shed can hold. If the industry requires machinery which would occupy a total space of
300 ne and there are 20 workers cach of whom wouldd occupy 0.08 m® space on an average, howmuch air
would be in the shed when it is working? (Take n = 22/7). INCERT]

SOLUTION  Clearly, volume of air inside the shed (when there is no people or machinery) is
equal to the volume of air inside the cuboid and inside the half-cylinder taken together.

For cuboidal part, we have

length = 15 m, breadth = 7 m and height = 8 m

Volume of cuboidal part = 15x 7 x 8 m? = 840 m° - :
in i
Clearly, *
r=Radius of half-cylinder = % (Width of the cuboid) = % m Fig.14.47
and,

h=Height (length) of half-cylinder = Length of cuboid =15 m

Volume of half-cylinder =%1rr2h =-;:x%><(§)‘ %15 m? =E4§5- m® =288.75m>

Volume of air inside the shed when there is no people or machinery = (840 + 288.75) m"

= 112875 m’
Now,
Total space occupied by 20 workers = 20 x 0.08 m® = 1.6 m?
Total space occupied by the machinery = 300 m3

Volume of the air inside the shed when there are machine and workers inside it
=(1128.75-1.6 - 300) m® = 827.15 m>

-




SURFACE AREAS AND VOLUMES 14.53

EXAMPLE 33 A Juice seller was serving his . 4 T

gt 5 serving his customers using glasses, The inner dianieter of the
m .fjmdmi{!: g;}ii wﬂf 5.“”' but the bottom of the glass had a ernigﬁ:ﬂerfmf raised portion which red uced
the capacity of the glass. If the height of the glass was 10 cm, find what the apparent capacity of the glass
was and what the actual capacity was (Use 7=3.14). (NCERT, CBSE 2009}
SOLUTION  We have, Inner diameter of the glass =5 cm, Height of the glass =10cm

. Apparent capacity of the glass = 3.14 x [EJ- x 10 cm®
2

25 3
=31dx—x10cm” = 3
4 % cm 1%25 cm m

3
Volume of hemispherical part = 2 x 3.14 % [E) e B
3 2

Fig. 14.48

” %x 314x25x 25x 25¢cm® = 3271 cm®

Actual capacity of glass = Apparent capacity of glass — Volume of hemispherical part
= (19625 - 32.71)em® = 163.54 cm®

EXAMPLE 34 A container shaped like a right circular cylinder Irm*m‘}' diameter 12 cm and height
15 cm is full of ice-cream. The ice-cream is to be filled info cones of height 12 cmand diameter 6 cn,
having a hemispherical shape on the top. Find the n wumber of such cones which can be filled with ice-
cream.

SOLUTION Let V; be the volume of ice-cream in the container shaped like a right circular
cylinder having radius 6 cmand height 15cm. Then,

V, = nx6° x15em’

v
Fig. 14.49

ice-cream cone shown in Fig. 14.48. Then,

Let V; be the volume of one

7 = %nx?ﬁ +.;_nx32><]2 em? = (181 + 36n) em® = 54 cm’

Let the total number of cones that can be filled with the ice-cream given in the container be n.

Then, : I £ : .
Volume of ice-cream in n cones = Volume of ice-cream in the container

. ”szv]
tx36x15

Sin 10.

= 54rrxrr=nx36x15:>n=
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EXAMPLE 35 The interior ofa building is in the form of cylinder of dumeter 4.3 mand height 3.8
m, surmounted by a cone whose vertical angle is a right m;gh:. Find the area of the surface and the
volume of the building. (Take n=3.14 ).

SOLUTION  We have,

1 = Radius of the base of the cylinder — 45 m=215m
2

2 =Radius of the base of the cone=2.15m, Iy =Height of the cylinder =3.8 m
v

Fig. 14.50

In AVOA, we have

.. e OA 1 215
Smh“—V—A R VA=(V2x215)m =(1414x 215)m = 3.04 m

Clearly, AVOA is anisosceles triangle. Therefore, VO = 0A = 215 m
Thus, we have

h, = Heightofthecone = VO =2.15m, I, = Slantheight of the cone = VA = 304 m

Let 5 be the Surface area of the building. Then,
5 = Surface area of the cylinder + Surface area of cone

S =(2nn Iy +nry ) m?
5 =Q2rnh +nr,fz}m2 [ n =r =215m]

S = nn(2h +1,) m?

b U Uy

$=3.14x%215%(2x3.8+3.04)m? =314x2.15x10.64 m?2 - 71.83 m2

Let V be the volume of the building. Then,
V = Volume of the cylinder + Volume of the cone

e V;[nr,zh, +%nr22hzjm3
= nr’h +lnr2h m’ [
- V=|nnph 3 2 & i"2=r|]

== V= r:r]z(hl +%.4'i2 ij
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N V=3*1422.15x2.15x[3_3+-2'£]m3
3
- V =[314%215x 2.15x (3.8 + 0.7166)] m*
S V =(314x215x215% 45166) m> = 65.55 m’

EXAMPLE 36 Find the volume of the largest right circular cone that can be cut out of a cube whose
edgeis9cm.

SOLUTION = The base of the largest right circular cone will be the circle inscribed in a face of
the cube and its height will be equal to an edge of the cube.

g

_ 9 cm
Fig. 14.51
r = Radius of the base of the cone = -g—m1 [+ edge=9cm]

-

and, h = Height of cone = 9cm

lxgzx._g._xgxgcma =‘26£C

Volume of the cone = %m’"’h = e iar m° = 190.93 cem”

EXAMPLE 37 A right triangle, whose sides are 15 cm and 20 cm, is made to revolve about ils
hypotenuse. Find the volume and surface area of the double cone so formed. (Use mt = 3.14)

SOLUTION Let ABC bethe right angled triangle such that AB=15cmand AC=20cm.
Using Pythagoras theorem, we have A

BC? = AB? + AC® e N
oy
BC 15 + 2 B o G
= BC? = 225 + 400 = 625 15emN_ |
% | 20cm

= BC = 25cm +
Let OB = x and OA = . Fig. 1452

Applying Pythagoras theorems in triangles OAB and OAC, we have

AB? = OB + OA? and AC” = 0A* + OC?
= 15% = 22 + ¥ and 207 = y* +(25 - x)?
24yt :.225311{:1(25-1‘]2 +y* =400
{J:2 + i } = 400 - 225

U

= (2522 +¥° )~

—

M o - e 4
TR Bt e o B <
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> (B—x) <% =178
- (B -x-2)@25-x+3)=175
= (D-2)x25=175 = 25-2y=7 = 2y =18 = ¥ =9

Putting x = 9 in x® + 4 = 295 e get
Bl+y* =225 =y = 14 = y =12,

Thus, we have OA =12ecm and OB = 9¢m.,
Let Vbe the volume and S be the surface area of the double cone. Then,
V'=Vol. of cone CAA' + Vol. of cone BAA'

1 .. 2
V ==-m{OA%)x OC + %H(OA'] x OB
3 &

— V:lmxIZ:xlﬁf—lnx]E:xQ
3 3
7
= V==ax1#(16 +9)
o
=N L":%—x3.l4x14-1x25cm3 = 3768 cm”®
and, 5 = Curved surface area of cone CAA’ + Curved surface area of cone BAA'
=5 S=nx0AxAC +nxOA x AB
= S=(rx12x20 + nx 12 x 15)cm?
= S =420 rem” = 420 x 3.14 em? = 1318.8 cm?

EXAMPLE 38 A cone made of paper has height 3h and vertical angle 2 a It contains two other
cones of height 2h and h and vertical angles 4 and 6 respectively. Find the ratio of the two
volumes mn between the cones.

SOLUTION - LetU, V,and W be the volumes of cones VAB, V, A, B, and VA, B, respectively.
For cone VAB, we have

VO =3hand OA = 3htan a

27
U= %n(Bh tan a)? x 3h = —;—hz tan® o

Fromcone V| A, B,, wehave

V,0 = 2h and OA, = 2h tan 2a

V= %:rt(ﬂ: tan2a)® x 2h = g:r:h3 tan” 2¢

Forcone V;, A, B,, we have

Vo0 = hand OA; = h tan 3a Fig. 14.53

= %::{J: tan 3a)” x h = *:1,:“}13 tan® 3a
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_27n 4 8 3
il o= Th tan’ a - *?,Eflj tan? 2u = i(27"tan?' a - 8 tan? 2a)

8 3
and, V-W= Enha tan? 2¢; - giﬂ tan® 3¢ = ﬂ(ﬁ tan? 2 — tan” 3a)
Required ratio = (U - V) : (v - W)

= (27tan’ o - 8 tan> 2a) : (8tan” 20 — tan® 3at).

EXAMPLE 39 A golfball has diameter equal to 4.1 cm. Its surface has 150 dimples each of radius 2
mm. Calculate total surface area which is exposed to the surroundings assuming that the dimples are
hemispherical.

SOLUTION We observe that :

Surface area of the ball = 47 [EJ- cm? = 16.81 tcm?
2

Fig. 14.54

In case of each dimple, surface area equal to 7r” (ris the radius of each dimple) is removed
from the surface of the ball where as the surface area of hemisphere i.e. 2 xriis exposed to
the surroundings. Let 5 be the total surface area exposed to the surroundings. Then,

S = Surface area of the ball —150x ot +150x 27’

= S = 16,817 + 150xr”
' 2
= 6§ =116.81n+150nx 0 cm
a3 a 2.2 2 =
= S = (1681 + 6r)cm’ = 2281z em” = 2281 x —Fem” = 71,68 em”

EXAMPLE 40 A wooden toy rocket is in the ?;hape of a cone m-::-tm!cdv on a cylinder as shown in
Fig. 14.55. The leight of the mrir; rocket 1s '26 cm, while the Ju-_:ght of the conical part is
6 cm. The base of the conical portion has a diameter of 5 cm, while the base diameter of the
cylindrical portion 1s 3 cm. If the cammf portion Is t.a be painted orange and the cylindrical portion
vellow, find thearea of the rocket painted with each of these colours. (Take r = 3.14)

[NCERT]

the base of the cone and its slant height be [. Further, let r,
beits height. Itis given that

=15cm and hl =20 cm

SOLUTION Let rbe the radius of
be the radius of the cylinderand
p=25cm, h=6cm A
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Let 5, and S, be the areas to be painted orange and yellow respectively.

I

=

EXAMPLE 41 Mayank made a bird-bath for his garden in the shape of a cylinder with a
hemispherical dipression at one end as shown in Fig. 14.56. The height of the hollow cylinder is

1.45 m and its radius is 30 cm. Find the total surface area of the bird-bath. ( Take n = 22/7 )

e e —p

MATHEMATICS-X

L=+ =4(25) + 62 =65cm =/4.25 + 36 = /40.25 |

Fig. 14.55

5 = Curved surface area of the cone + Base area of the cone—Base area of the cylinder
5 =nrl+ar® —nrd

8§, = n{ri+r2 —rlz}

§ =n{25x65+(25) - (1.5 } em?

5, =3.14(16.25 + 6.25 - 2.25)cm® = 3.14 x 20.25 cm® = 63.585 cm?

5, =Curved surface area of the cylinder + Area of the base of the cylinder
S, =2nnhy + nrf

S, =nn(2h +n)

S, =3.14x15(2x 20 +1.5)cm?

S, =3.14x15x41.5cm? = 4.71 x 41.5cm® = 195465 cm?

[NCERT]

SOLUTION  Let r be the common radius of the cylinder and hemisphere and ) be the height l
of the hollow cylinder. Then, r =30 cm and h =1.45m = 145 cm. Let S be the total surface area |
of the bird-bath. Then, \

S = Curved surface area of the cylinder + Curved surface area of the hemisphere |

S=2nrh+2nr* =2nr(h+r)
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30cm

1.45m
Fig. 14.56
22 ; .
= § =2x—-x30(145 + 30)cm® = 33000 cm® = 3.3 m’

EXAMPLE 42 A pen stand made of wood is in the shape of a cuboid with four conical depressions to
hold pens. The dimensions of the cuboid are 15 cm by 10 cm by 3.5 cm. The diameter of each of the
depression is 1 cm and the depth is 1.4 cm. Find the volume of the wood in the entire stand.

[NCERT, CBSE 2017]
SOLUTION  Itis given that the dimensions of the cuboidal part are 15 cmby 10 cm by 3.5ecm
Volume of the cuboid =(15 x 10 x 3.5) cm® =525 cm?

Itis given that there are four conical depressions such that the radius of each depression is
0.5 cmand the depthis 1.4 cm. Let V be the volume of wood taken out to make four cavities.

Then, = =3 R S
V = 4 x Volume of a cone of base radius 0.5 cm and height 1.4 cm
Y v=4xlx§xo.5x0.5x1.4cm3 SkRARE N
3 ¥
.22 3. 1. 1 a8
= — X — X =X—=X—00n
= Ve gmem’ =147an’ (pprodimately) <

Hence, Volume of the wood in the entire stand = (525-1.47) em3 =523.53 ¢cm?

EXAMPLE 43 A cistern, internally measuring 150 e % 1_20 cm x 110 em has 129600 cm® of water
in it. Porous bricks are placed in the water until the cistern is full to the brim. Each brick absorbs one
seventeenth of its otwn volume of water. How many bricks can be put in without the water overflowing,

each brick being 22.5 cm x 7.5cm x 6.5an? [NCERT]

SOLUTION Wehave,
Volume of cistern = 150 x 120 x 110 em® = 1980000 em?

3
aterin cistern = 129600 cm

k = 225x75%65cm’ = 1096.875 cm?

Volume of w,
Volume of one bric

. 1
Volume of water absorbed by one brick = T 1096.875 ecm®

Let n be the total number of bricks which can be put in the cistern without water

overflowing. Then,
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Volume of water absorbed by nbricks = n :xml*? « 1096.875 cm”

Volume of water left in the cistern = | 129600 — S 1()%.8‘?5} cm'”
17

Since thecisternas iilled upto the brim, Therefore,

U

|

12

~1
.

Volume of water lett inthe cistern + Volume of bricks = Volume of the cistern

n
129600 ~ 17 « 1096.875 + n x 1096.875 = 1980000

¥

1 x 1096.875 — -]% % 1096.875 = 1980000 — 129600

il

1096575 x | n - {': | = 1850400

F i

161 _ 1850400

!

1096.875 x

17550 x —— = 1850400 = p = 2OMN0 X7 _ 1o0s 41 21792

1% 17550

EXERCISE 14.2

A tentis in the form of a right circular cylinder surmounted by a cone. The diameter of
cylinder is 24 m. The height of the cylindrical portion is 11 m while the vertex of the cone
is 16 m above the ground. Find the area of canvas required for the tent.
A rocket is in the form of a circular cylinder closed at the lower end with a cone of the
same radius attached to the top. The cylinder is of radius 2.5 m and height 21 m and the
cone has the slant height 8 m. Calculate the total surface area and the volume of the
rocket.
A tent of height 77 dm is in the form of a right circular cylinder of diameter 36 m and
height 44 dm surmounted by a right circular cone. Find the cost of the canvas at
< 3.50 per m- (Use = 22/7).
A toy is in the form of a cone surmounted on a hemisphere. The diameter of the base and
the height of the cone are 6 cm and 4 cm, respectively. Determine the surface area of the
toy. (Use n=3.14)
A solid is in the form of a right circular cylinder, with a hemisphere at one end and a
cone at the other end. The radius of the common base is 3.5 cm and the heights of the
cylindrical and conical portions are 10 cm. and 6 cm, respectively. Find the total surface
area of the solid. (Use n = 22/7)
A toy is in the shape of a right circular cylinder with a hemisphere on one end and a cone
on the other. The radius and height of the cylindrical part are 5 cm and 13 c¢m
respectively. The radii of the hemispherical and conical parts are the same as that of the
cylindrical part. Find the surface area of the toy if the total height of the toy is 30 cm.
[CBSE 2002]
A cylindrical tub of radius 5 cm and length 9.8 cm is full of water. A solid in the form of

aright circular cone mounted on a hemisphere is immersed in the tub. If the radius of the
hemisphere is immersed in the tub. If the radius of the hemisphere is

3.5 cm and height of the cone outside the hemisphere is 5 cm, find the volume of the
water left in the tub. (Take n = 22/7) [CBSE 2000C]
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L\r;::i?;rlzl;t :m!?;_czy!indrir:al sh_apc surmounted by a conical roof. The radius of the
}d 5 al base 1520 m-.The heights of the cylindrical and conical portions are 4.2 m

and 2.1 m respechvdy. Find the volume of the tent.

A Eetrol;&nkls-a cylinder of base diameter 21 ¢m and length 18 cm fitted with conical

ends eac of axis length 9 cm. Determine the capacity of the tank.

A Funmal hole is drilled ina circular cylinder of height 12 cm and base radius 5cm. The

height and the base radius of the cone are also the same. Find the whole surface and

volume of the remaining cylinder.

A tentisin the formofa cylinder of diameter 20 m and height 2.5 m, surmounted by a

cone of equal base and height 7.5 m. Find the capacity of the tent and the cost of the

canvas at ¥ 100 per square metre.

A boiler .is in the form of a cylinder 2 m long with hemispherical ends each of

2 metre diameter. Find the volume of the boiler.

A vessel is a hollow cylinder fitted with a hemispherical bottom of the same base. The

depth of the cylinder is L m and the diameter of hemisphere is 3.5 m. Calculate the

volume and the internal surface area of the solid.

A solid is composed of a cylinder with hemispherical ends. If the whole length of the
solid is 104 cm and the radius of each of the hemispherical ends is 7 cm, find the cost
of polishing its surface at the rate of ¥ 10 per dm?®. [CBSE 2006C]
A cylindrical vessel of diameter 14 cm and height 42 cm is fixed symmetrically inside a

similar vessel of diameter 16 cm and height 42 em. The total space between the two
vessels is filled with cork dust for heat insulation purposes. How many cubic
centimeters of cork dust will be required?

A cylindrical road roller made of iron is 1 m long, Its internal diameter is 54 cm and the
thickness of the iron sheet used in making the roller is 9 cm. Find the mass of the roller,

if 1 em? of iron has 7.8 gm mass. (Use & = 3.14)
A vessel in the form of a hollow hemisphere mounted by a hollow cylinder. The diameter
of the hemisphere is 14 cm and the total height of the vessel is 13 cm. Find the inner

surface area of the vessel. [CBSE 2013]
A toy is in the form of a coneof radius 3.5cm mounted ona hemisphere of same radius. The
total height of the toy is 15.5 cm. Find the total surface area of the toy. [CBSE 2013]

The difference between outside and inside Surfa-:;‘e areas of cylindrical metallic pipe

14 em long is 44 mZ If the pipe is made of 99 ecm” of metal, find the outer and inner

radii of the pipe. . . .

A rightcircular cylinder having diameter 12 cm and height 15 cm is full ice-cream. The
in cones of height 12 cm and diameter 6 cm having a

ice- is to be filled
i Find the number of such cones which can be filled

hemispherical shape on the top.

with ice-cream. : :
indrical portion 110 cm high and of base diameter 12 cm is

Asolid i le havingcyl : 1
sjﬂﬁ; ;}E{;%z’ a cone 9;5 cm high Find the mass of the pole, given that the mass of 1 cm’

of ironis 8 gm.

A solid toy is in the
the cone is 2 cm an
circumscribes the toy,

form of a hemisphere surmounted by a right circular cone. Height of
d the diameter of the base is 4 cm. If a right circular cylinder
find how much more space it will cover.

o - : > of height 120 em and radius 60 di

; tingofari ht circular cone of heigt . : 60 cm standing on
:ﬁ 1-?3:;.?5&;:35;; of %adius Ggﬂ cm is Piﬂc_‘fd upright in a right circular cylinder full of water
such mft it touches the bottoms. F}nd the vc_ulume of water left in the cylinder, if the
radius of the cylinder is 60 cm and its height is 180 cm.
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24.

35.

A cylindrical vessel with internal diameter 10 cm and height 10.5 cmiis full of water. A
solid cone of base diameter 7 em and height 6 cm is completely immersed in wa ter. Find
the value of water (1) displaced out of the cylinder. (ii) left in the cylinder.

(Take n=22/7) [CBSE 2009]

- Ahemispherical depression is cut out from one face of a cubical wooden block of edge

21 em, such that the diameter of the hemisphere is equal to the edge of the cube.
Determine the volume and total surface area of the remaining block. [CBSE 2010]

- Atoyis in the form of a hemisphere surmounted by a right circular cone of the same base

radius as that of the hemisphere. If the radius of the base of the cone is 21 cm and its
volume is 2/3 of the volume of the hemisphere, calculate the height of the cone and the
sufrace area of the toy. (Use n =22/7), [CBSE 2010]
A solid is in the shape of a cone surmounted ona hemisphere, the radius of each of them
is being 3.5 cm and the total height of solid is 9.5 cm. Find the volume of the solid. (Use
n=22/7). [CBSE 2012]
An wooden toy is made by scooping out a hemisphere of same radius from each end of
a solid cylinder. If the height of tﬁe cylinderis 10 cm, and its base is of radius 3.5 cm, find
the volume of wood in the toy. (Use n =22/7). [CBSE 2013]

- The largest possible sphere is carved out of a wooden solid cube of side 7 em. Find the

volume of the wood left. (Use & =22/7). [CBSE 2014]

- Fromasolid cylinder of height 2.8 cm and diameter 4.2 cm, a conical cavi ty of the same

height and same diameter is hollowed out. Find the total surface area of the remaining
solid. (Take n =22/7). [CBSE 2014]

- Thelargest cone is curved out from one face of solid cube of side 21 cm. Find the volume

of the remaining solid. [CBSE 2015]

. Asolid wooden toy is in the form of a hemisphere surmounted by a cone of same radius.

The radius of hemisphere is 3.5 cm and the total wood used in the making of toy is

166 % cm” . Find the height of the toy. Also, find the cost of painting the hemispherical

part of the toy at the rate of ¥ 10 per cm?. (Take r =22/7). [CBSE 2015]

In Fig. 14.58, from a cuboidal solid metalic block, of dimensions 15 cm x 10 cm
x 5 cm, a cylindrical hole of diameter 7 cm is drilled out. Find the surface area of the
remaining block. (Take = =22/7). [CBSE 2015]

|| 7cm I'

Scm

i

’/(Dcm

15 em
Fig. 14.58

- Abuilding s in the form of a cylinder surmounted by a hemispherical vaulted dome and

19
contains 41 51 m’ of air. If the internal diameter of dome is equal to its total height above

the floor, find the height of the building? INCERT EXEMPLAR]

A pen stand made of wood is in the shape of a cuboid with four conical depressions and
a cubical depression to hold the pens and pins, respectively. The dimension of the
cuboid are 10 cm x 5 cm x 4 cm. The radius of each of the conica depression is 0.5 cm and
the depth is 2.1 cm. The edge of the cubical depression is 3 cm. Find the volume of the

wood in the entire stand. INCERT EXEMPLAR]
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36. Abuildingis in the formof 3 cylinder surmounted by a hemispherical dome. The base

i : 2
diameter of the domeis equalto 5 of the total height of the building. Find the height of

B, i ) 1
the bu:ldmg, if it contains E?E m3 of air. INCERT EXEMPLAR]

37. A solid toy is in the form of a hemisphere surmounted by a right circular cone. The height
of coneis 4 cm and the diameter of the base is 8 cm. Determine the volume of the toy. If a
cube circumscribes the toy, then find the difference of the volumes of cube and the toy.
Also, find the total surface area of the toy. [NCERT EXEMPLAR]

38. A circus tentisin the shape of a cylinder surmounted by a conical top of same diameter.
If their common diameter is 56 m, the height of the cylindrical part is 6 m and the total
height of the tent above the ground is 27 m, find the area oif the canvas used in making

the tent. [CBSE 2017]
ANSWERS
1. 1320 m* 2. 4125m? 461.77cm® 3. T5365.80 4. 103. 62 cm’
5. 372.56cm® 6. 770 cm? 7. 616 cm® 8. 6160 m’
9. 8316 cm® 10. Volume =200 = em?, Surface area =210 © em”
220 ; S
11. 5007 m?, T 55000 12. Em’ 13. 56.15m’, 70— m’
14. T457.60  15. 1980 cm’ 16. 13887 kg = 17. 572cm?
18. 214.5cm®  19. gcmandh:m 20. 10 21. 102.188 kg
22, 8ncm’® 23. 1.131m’ 24, (i) 77em® (i) 748 cm’®
25. 2992.50 cm?, 9030 cm? 26. 28 cm, 5082 cm? 27. 166.83 cm®
8. 205.33 cm®  29. 163.33cm®  30. 73.92cm’ 31. 4410 cm®
32. 9.5¢cm, T 770 33. 583 cm? 34. 4m
35. 1708cm?  36. 6m 37. 310.86 cm?, 171.68 cm?> 38. 4136 m*

HINTS TO SELECTED PROBLEMS
19. Let outer and inner radii of the pipe be Rand r respectively. Then,

2
2% 2 x (R-r)x14 = 44and, = x (R = %) x 14 = 9
7

= R-r:landRz—rz=—3- => R—r=%and,(R+r)x%=§
1 9 =5 "
— R—-—r=—a.1"ldR+r=_:> R—-iandr—z
2 Volume of the circular cylinder
20. Number of ice-cream CONeS = "G, me of one ice-cream cone
mx 6x6x15 nx36x15

= = =1D
%xnx3x3x12+2—:x33 %x(l()8+54}

W 2 8
ﬁxﬁlelﬂ+-3_x6 :.:9 xlumkg

21. Mass of the pole =

bbb e g pap bR 0 b .
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22. Required space = Volume of the evlinder — Volume of the toy

> 2 1 5
mﬁﬁ‘x4—=;xrtx23+;xrcx2“x2 = 8mem”

14.5 FRUSTUM OF A RIGHT CIRCULAR CONE

In the previous section, we have learnt about surface areas and volumes of combina-tions of
two or more basic solids like right circular cone, right circular cylinder, sphere etc. In this
section, we shalllearn about a solid which is a part of a right circular cone when it is cut by a
plane parallel to the base of the cone. Such a solid is called a frustum as defined below.,

FRUSTUM [fa right circular cone is cut off by a plane parallel to its base, then the portion of the cone
between the cutting plane and the base of the cone is called a frustum of the cone.

In Fig. 14.59 (i) right circular cone VAB is cut by a plane parallel to its circular base with
centre O and diameter AB. The portion containing the vertex V is removed (Fig. 14.59
(11)). The left out portion ABB” A" shown in Fig. 14.59 (iii) is the frustum of the cone VAEB.
The circular faces AOBand A' O' B’ are called the circular ends of the frustum.

Fig. 14.59 (i), (i), (ifi)

Clearly, a frustum of a right circular cone has two unequal flat circular bases and a
curved surface.

Let us now define some other terms like height, lateral (slant) height etc. related to a
frustum.

HEIGHT The height or thickness of a frustum is the perpendicular distance between its two circular
bases.

Clearly, the line segment Q0 joining the centres of two circular bases (Fig. 14.59 (iii)) is
perpendicular to them. So, OO’ is the height of the frustum.,

Also, 00 =Vo-Vvo

Thus, the height of the frustum ABB' A’ isequal to the difference between the heights of the
cones VABand VA' B

SLANT HEIGHT The slant eight of a frustum of a right circular cone is the length of the line segment
Joining the extremities of two parallel radii, drawn in the same direction, of the two circular bases.

InFig. 14.59, slant height of the frustum ABA' B' = AA’ = BB'.

Clearly, AA"= VA - VA' and BB' = VB - VB’

Thus, the slant height of the frustum equals the difference between the slant heights of the
cones VAB and VA' B'.
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14.6 VOLUME AND SURFACE AREA OF A FRUSTUM OF A RIGHT CIRCULAR CONE

Leth be'lhe heigl-!t, I the slant height and 7, and r, the radii of the circular bases of the frustum
ABB' A’ shown in Fig. 14.60 such that r, >r,. Clearly, this frustum can be viewed as the

difference of the two right circular cones VABand VA' B'.

Let theheight of thecone VAB beh, and itsslant heightbe, i.e., VO=1h, and VA=VB=1,
: VA'=VA-AA'= |, -landVO' = VO-00' = I = h

Clearly, right triangles VOA and VO A’ are similar. v
_ VO _OA VA '
= VDI‘ DFHI VA:F Iﬁ
hy=-h

I
= i—- = i :_Il
h‘l — h rz f-l =1 P __.rg-“ 5 I
— h-h = 5 h=i /
Iy n A
= 1 Rob, 1_1
h n 1
=g W s Bl s B A T
hy n L n
T =T.
h_rl—rz _I__T-I'—rz 12
= oo e T Fig. 14.60
l
= By = andl =—0
h—n n—n
Now, } j
e I
Height of the cone VA'B' =i =h = ., SHER e T ...(ii)
?'1 —‘rz ir'1 = rz
I Ir.
Slant height of the cone VA'B' =1, -1 = —l =2 .. (i)

f'-“—'rz L] ‘—r:;_

Let V be the volume of the frustum of cone. Then,
V = Volume of cone VAB - Volume of cone VA'B'

4 1
— V = lﬂr]'ﬂ'l -—'é'f[rzzﬂll - h)
I T
Tt .ln'l3 ] ( "”'23 J}
= TR Bl I
3|\n—"n =¥
s verlw- )}
3\lh—n
= § ——h—-*(f} ™ "z)(’iz o R rlz)}
3 nR—n
2
= V=-g-h(r,’+r1rz+fz )

L B : ,
Thus, the volume V of the frustum of the.cone 15 given by V' = 3" (n* +nrp +1,° )h.
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Let S denote the curved surface area of the frustum of cone. Then,
S = Lateral (curved) surface area of cone VAB — Curved surface area of cone VA'B'

= S=nph -nn(l, -1

1 S r “I — T ‘lrﬁ ! ”
. ! = r, s B P [Using (i) and (iii)]
o 5=n[ o ]r
=
- S=n(n +n)

Thus,  Curved surface area of a the frustum = (h, +1,)1

Total surface area of the frustum
= Lateral (curved) surface area + Surface area of circular bases

2 .

=aln +n)l+7wn” +ar

=nlln+r)l+ "12 + rzzl
REMARK 1 If Ay and A, denote the surface areas of circular bases, with centres O and O

respectively, of the frustum. Then, A = ;r:rlz and Ay = nr,

Volume of the frustum of cone = %(rf +nn + ?'12)«’1

I 3 3
& Volume of the frustum of cone = %{nr,z + 7y’ +nn? xan? ]!
= Volume of the frustum of cone = %(A, + A, +JAA)

REMARK 2  Inright triangle ALA' (Fig. 14.60), we have

M:E = ALZ +AfL2 = F = (.?'] _rzll +h! = | = ’[r] _rz)E +hz
Slant height of the frustum of cone = ,,/(,»1 -n)* +h?

Height of the cone of which the frustum is a part = 5
iy =il
2 !
Slant height of the cone of which the frustum is a part = - d! :
1= n
ILLUSTRATIVE EXAMPLES
LEVEL-1
EXAMPLE 1 If the radii of the circular ends of a conical bucket which is 45 em high, are
28 cmand 7 em, find the capacity of the bucket (Use & = 22/7). [CBSE 2004, 2005]

SOLUTION - Clearly, bucket forms a frustum of a cone such that the radii of its circular ends
are n = 28cm, r, =7 cm and height h = 45cm. Let Vbe the capacity of the bucket. Then,
V= Volume of the frustum
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V=it 340
= =370+ 5" 4y
1 92 i
= V=35 x45(28 +72 + 28x7)
= V'=22x15x(28x4+7 +28) = 330 x 147 cm® = 48510 cm”

EXAMPLE 2 _The radii of the circular ends of a frustum of height 6 cm are 14 cm and 6 cm
respectively. Find the lateral surface area and total surface area of the frustum.

SOLUTION We have, , = 14cm, r, = 6cmand i = 6 cm . Let ! be the slant height of the
frustum. Then,

1=yl +(n - = I=36+(14—6) = V36 +64 = 10em

Let LSA and T5A respectively be the lateral surface area and total surface area of the frustum.
Then,

22 2 3
LSA= n(r, + )l =§x(l4+6}xmmz = dont = 620.0F e’

TSA=n{nr? +n2+(r+n)l) =%x[19&+36+20><1[)}cm2 =2—:-x432cm2 =1357.71cm?

EXAMPLE 3 The perimeters of the ends of a frustum are 48 cm and 36 cm. If the height of the
frustum be 11 cmn, find its volume.

SOLUTION Let 1 and r, be the radii of the circular ends of the frustum and hibe its height.
Then,

24 18
2nr, = 48,21, = 36and h =1lem = n e =?andh =1lcm
Let V be the volume of the frustum. Then,
V= %n{r]: + rzz + rlrz}.':
. 2
1 uy, (B, %, 1]
= V=§xnx11#‘{{-ﬂ—) + n e
576 + 324 + 432 3
= V=-1->c'rv:>i:115-t"‘——E:.'—ﬂ_—-2———_}"'?3“'1jl
3
11382 5 1,132 500, 3
- V=—3—>c s em® = 3,{ = x7cm 1554 cm

EXAMPLE 4 The slant height of the frustun of a cone is 4 cm, and the perimeter of its circular bases
are18 cn-r and 6 om respectively. Find the curved surface area of the frustum.
SOLUTION Letr, and r; be the radiiof the circular bases of the frust, ! be the slant height and
hbe the height. It is given that
i 3
= -18and2nr, =6 = I=4em,n =—andn, = =
| =4cm,2nn =1 2 g X

A

ll =N -9—+ 3 4 2 ]
Curved surface area = %(n + ) = 7| —+ = x4em” = 48 em

S T T N F e
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ENAMPLE 5 A bucket is in the form of a frustum of a cone and holds 28.490 litres of water. The radii
of the top and bottom are 28 cmand 21 cm respectively. Find the height of the bucket.

[CBSE 2012, 2014)

SOLUTION - Letthe height of the bucket be iem. Wehave, 1 = 28em, 1, = 21 em

and, V = Volume of the bucket = 28.490 litres = 28.490 x 1000 cm? = 28490 cm?
Nt\\\'.

V = 28490 ¢m?

1 ) 5
— ;rdr (n™ +nr +n7)=28490
]- 2:1 %3 2
= E:-:—_'-*-:.JIK[ES'+28321+21"}=28490
d
22

U

;":'1- x frx (784 + 588 + 441) = 28490

%
=y :xhx1813=..3490:>h=w]-cm::~I::lScm
21 22 x 1813

Thus, height of the bucket = 15 cm.

EXAMPLE 6 A friction clutch is in the form of a frustum of a cone, the diameter of the ends being
32cmand 20 cm and length 8 cm. Find its bearing surface and volume.

SOLUTION  Let ABB'A’ be the friction clutch of slant height I em. G
A B
Wehave, o

20 cm

n=16cmnrn =10cmand h = 8cm

B =n sl -nY HWB

= P=64+36 = 1=10cm 32 cm

Let S be the bearing surface and V be the volume of the clutch. Then,  Fig. 14.61
5= Lateral surface of the frustum

= §=n(n+n)l = % x (16 + 10) x 10 cm? = 817.14 cm?
and,

V= lr:h(r,1 + N 4 rf)

= V:%x%xﬁnflﬁz+16=<10+102}cn13
176
- V:%x%xﬁx(ﬁﬁ+lﬁﬂ+lﬂﬂ)ﬂns=2—1x515cm3=4324‘57m3
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" XAMPLE The hei
EXAN 7 Theheight of a cone is 30 cm. A small cone is cut off at the top by a plane parallel to the

base. If its volume be 77 of the volume of the given cone, at what height above the base is the section

mode?

plane parallel to the base ata height h from the base of the cone.
Clearly, AVOA ~ AVO' A’

yo oa 8 _x +
VO OA ™~ I n (1)

It is given that

=

=

Hence, the section is made at a height of 20 cm from the base of the cone.
EXAMPLE 8 A container, open from the top, made up of a metal sheet is in the form of a frustum of a
lower and upper ends as 8 cmand 20 cm respectively. Find the cost

of milk which can completely fill the container at the rate of T15 per litre and the cost of metal shee
[CBSE 2008, 2014, 2016]

cone of height 16 cm with radii of its

Volume of cone VA'B' = ;1;; Volume of cone VAB %

9
2
[h_l] By = % [Using (i)]

h =10cm
h=30-h =(30-10)cm = 20cm

if the costs &5 per 100 cni®. (Use © = 3.14)

SOLUTION Let [ be the slant height of the frustum. Itis given that n, = 20cm, r, = 8 cm

and It = 16cm.

Let V be the volume of the ¢

[CBSE 2016, 2017]
SOLUTION Let VAB bea cone of height 30 cm and base radius  cm. Suppose it is cutoff by a

=\ —nP+1? = 1= (20~ 8)" +16” = Y144+ 256 = V400 = 20 cm

Al -8 cm-- B

L i
Fig. 14.63

ontainer. Then,

= g{rf wrtannlh
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i o, ;
120% + 8° 4 20 x 8} x 16 cm”

SR

A6 x16

— Il = —

¢
em’ = 1044992 em?® = 1044992

- lGD[J litres = 10.45 litres approx.

Costof milk at the rate 0f ¥ 15 per litre =¥ (10.45 x 15) =¥ 156.75
Let S be the surface area of the frustum. Then,

§=x(n +n)l+nn [+ Top is open]

I

S

{3.14(20 + 8)x 20 + 3.14 x 87} em?
= S

I

3.14 % (560 + 64) cm® = 3.14 x 624 em? = 1959.36 cm?

1959.36 x 5
100

EXAMPLE 9 A tent is made in the form of a conic frustum surmounted by a cone. The diameters of
the base and the top of the frustum are 20 m'and 6 m res pectively and the height is 24 m. If the height of
the tent is 28 m, find the quantity of canvas required.

SOLUTION  Let hrbe the height of the frustum and r, and 1, be the radii of its circular bases. It
isgiventhat f =24 m, 5 =10 mand r, = 3 m. Let/be the slant height of the frustum. Then,

1=y -nP+1* = J10-3) +242 =39 +576 =65 m=25m

Cost of metal used =¥ ( ) =3 97.96 (Approx)

Fig. 14.64

Let [, be the slant height of the cone /4’g’. Then,

l, = VOB +VO? =yJ3* +4% =5m
Let S be the quantity of canvas required. Then,
5 = Lateral surface area of frustum + Lateral surface area of cone VA’B’ !
= S=n(n+n)l+nnl,
= S={:r(1{}+3)x25+nx3x5}m2=(325n+15n)m2=340an

EXAMPLE 10 An oil funnel of tin sheet r:ons:'stg of @ cylindrical portion 10 cm long attached to a
frustum of a cone. If the total height be 22 cm, diameter of the cylindrical portion be 8 cm and the
diameter of the top of the funnel be 18 cm, find the area of the tin required to make the  funnel.

[NCERT]
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SOLUTION  Let/be the slant height of the frustum part of the funnel. Then,

[=JO-4) +12% = 25+ 144 cm = 13¢em

Let Sbe the area of the tin required to make the funnel. Then,

9 tm— T

12cm

i
\‘

10cm

i

Fig. 14.65

S = Curved surface area of cylindrical portion + Curved surface area of frustum portion
= S=2nnh+xn(n +n)l

= S={2nx4x10+n(4+9)x13}cm? = (80x + 1697) cm® = 249 = cm?

EXAMPLE 11 A solid metallic right circular cone 20 cnt high with vertical angle 60° is cut into two
parts at the middle point of its height by a plane parallel to the base. If the frustum, so obtained, be

drawn into a wire of diameter T cm, find the length of the wire. [CBSE 2014]

SOLUTION Let VAB be the solid metallic right circular cone of height 20 cm. Suppose this
coneis cut by a plane parallel to its base atapoint O' such that VO' = OO i.e. O' is the mid-
point of VO. Let r, and r, bethe radii of circular ends of the frustum ABB'A'.

In triangles VOA and VO'A', wehave

0OA OA
o P e, 3 2 — —
tan 30° = Vo and tan 30 5O
1 " 1 Iy
— — = d —— = —
3 0 i J3 10
20 10
- andr, = —=cm
= n i cem and r, 7 | E
Let V be the volume of the frustum. Then, N e

. Fig. 14.66
B Jgﬁ{ R +n +hn )i

= V=E[ﬂ+l@+zggjxmcmz=@m?mz
3\3 3 3 ?

1 .
Let the length of the wire of 75 cm diameter be [ cm and V, be the volume of the metal

used in the wire.

[ radius = i cm]
32
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nl -
= —
b 1024

i

_— ; : ; : 1
The frustum is recast into a wire of length  em and diameter — cm.

Volume of the metal used in wire = Volume of the frustum

—a V=V

" ntl _ 70007

- 1024 9

=i ] - xﬂgﬂrrxlﬂz-l o mu{]xl{]ﬁcm ~ 7964.4 m
T

EXAMPLE 12 A bucket of height 8 cm and made up of copper sheet is in the form of frustum of a
right circular cone with radii of its lower and upper ends as 3 cm and 9 cm respectively. Calculate.
(1) the height of the cone c?‘ which the bucket is a part.
(i) thevolume of water which can be filled in the bucket.
(it1) the area of copper sheet required to make the bucket. [CBSE 2014]

SOLUTION  Let libe the height, I the slant height and r, and r, the radii of the circular bases
of a frustum of a cone. Itisgiventhat h = 8 cm, n=9cmandnr =3 cm
(i) Let /i be the height of the cone of which the bucket is a part. Then,

hr;
1 = ,ng-_—[-g—x;-)cm=12cm

hy =

hh—nh
(ii) Let V be the volume of the water which can be filled in the bucket. Then,
V = Volume of the frustum

= V=ﬁg'(l'12 nn ) =g(92 +9x3+3?) x8cm® = 312 n em?®

(ii1) Let Sbe the area of the copper sheet required to make the bucket. Then,
S = n(n + 1)1+ nr?, wherelis the slant height of the frustum

5 S=n(9+3)x(9-3)% +8° +nx3? ['.'I:J(rl-r2)2+.l:z]

= S =129t em?

EXAMPLE 13 An open metallic bucket is in the shape of a frustum of a cone mounted on hollow
cylindrical base made of metallic sheet. If the diameters of the two circular ends of the bucket are 45 cm
and 25 cm, the total vertical height of the bucket is 30 cm and that of the cylindrical portion is 6 cm,
find thearea of the metallic sheet used to make the bucket. Also, find the volume of the water it can hold.

(Take = = 22/7). [NCERT]
SOLUTION /i =Height of the frustum of the cone = (30 - 6) cm = 24 em

i

+ A rs‘.w ..........
Fig. 14.67
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Radii of the circular ends are h=25emandr, = 125cm
Let /be the slant height of the frustum, Then,

p m = 28 s (25— 12.5)° = /576 + 100 = 26 cm
Let A be the area of metallic sheet used. Then,

A = Curved surface area of the frustum of cone + Area of circular base
+ Curved surface area of cylinder.

= A =n(n +n)l+ a5 + 2nnh,, where li, = height of the base = 6 cm
5 A=n[(225+125)x 26+ 1252 +2x125%6 |cm”
= A = nx(1216.25)cm* = %2— x 1216.25 cm? = 3822.5 cm®
Let V be the volume of water that the bucket can hold. Then,

1 L) 2

V:gx:lrx(ﬁ°+r2‘+rlr2]xh

1 2 , ,
= v=§x§x{22.5-+12.5—+22.5x12.5}x24 cm’

1 2 5 ;
- o 5:-(-"?2:.{ [(9%25) + (5% 251 + (9% 25) x (5% 2.5)| x 24 cm’
o V:%x%x{2,5)3(92+52+9x5]x24cm3

9 . i

" =%x?x{z,5)- x(151)x 24cm” = 23728,57 cm” = 23.728 litres .

So, the bucket can hold 23.728 litres of water.

EXAMPLE 14 A shuttle cock used for playing badminton has the shape of a frustum of a cone
mounted on a hemisphere as shown in Fig. 14.68. The external diameters of the frustum are
5 cm and 2 em, the height of the entire shuttle cock is 7 cm. Find its external surface area.

SOLUTION Wehave,
n= Radius of the lower end of the frustum = 1 em

r, = Radius of the upper end of the frustum =2.5 cm

-

Ji = Height of the frustum =6 ¢m.

2hom -—

Fig. 14.68

Let [ be the slant height of the frustum. Then,

o TGP = {6+ @517 = ¥ cm - 618

e
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Let S be the external surface area of shuttle cock. Then,

S = Curved surface area of the frustum + Surface area of hemisphere
Y b
= S=nr(n+n)l+2nn°

= S ={n(1+25)x6.18 +2x nx1*} em?

I :l: "j il l 3
IT x35x 6,18 +2x ? cm” = (67.98 + 6.28) cm*™ = 7426 cm”~
' /

= )

ENAMPLE 15 Hamumappa and his wife Gangavoa are busy making Jaggery out of sugar-cane.
They have processed the sugarcane juice to make the molasses which is poured into moulds of the
shape shown in Fig. 14.69. It will be cooled to solidify in this shape to be sent to the market. Each
mould is in the shape of a frustum of a cone having the diameters of its two circular ends as 30 cin and
35 cm and the height of the mould is 14 cm. If each cm® of molasses weighs about 1.2 g, find the
weight of molasses that can be poured into each mould (take n = 22/7 ¥ INCERT]

SOLUTION  Clearly, the mould is in the shape of a frustum of a cone with radii of two
5
circularendsas r = ? cm=15cm,n = 3? cm =17.5em and height h =14 cm.

Let Vbe the volume of molasses that can be poured into the mould. Then,
V= Volume of the mould

— v=§h(rﬁ+rf+rlrz)
- V:lxgxn(ﬁz+1?.52+15x17.5]cm3

3 7 Fig. 14.69

H 34925
= V=134~(225+ 306.25 + 262.5) cm® =?X793.?5cm3 e cm’
Let M be the mass of molasses that can be poured into each mould.
Itis given that 1 cm3 of molasses has mass 1.2 gm.
34925 34925 x 0.4 13970
= 2=——x12gm=————kg=—kg =1397 k
M=Vxl2==g=x128m =000 <& = Tonp <8 -

EXAMPLE 16 A fez, the headgear cap used by the trucks is shaped like the frustum of a cone. If its
radius on the open side is 10 cm, radius at the upper base is 4 em and its slant height is

15 cm, find the area of material used for making it. INCERT]
SOLUTION Clearly, the fez is in the shape of a frustum of a cone with radii of two bases as
n =10cm,r, =4 cm and slant height | = 15cm. Let A be the area of the material used.

Closed

Fig.14.70
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A =Curved surface area + Area of the closed base
=¥ A = nfn + )+ mp?
22
— A:{}—x(]{l+4)x15+%x42}cm2
3’2y, ]
= -“1=[352><2:<15+—F—]cm“ =[5eo+§;’—2-er — 660+ 50.28 cm® =710.28 cm .
LEVEL-2

EXAMPLE 17 A hollow cone is cut by a plane paraliel to the base and the upper portion is removed. If

8
the curved surface of the remainder is g Of the curved surface of the whole cone, find the ratio of the
line-segment intowhich the cone’s altitude is divided by the plane. [CBSE 2004]
SOLUTION  Let VAB bea hollow cone of height H, slant height L and base radius R.

Suppose this cone is cut by a plane parallel to the base such that O is the centre of the
circular section of the cone. Let /i be the height, I be the slant heightand r be the base radius of

the smaller cone VA'R'.
Clearly, AVO'A'~AVOA
VO OA VA _ b
VO ©0A vA H
Itis given that

(1)

4
L

2| =~

)

8 "
Curved surface area of the frustum ABB'A' = 5 x Curved surface area of the cone

8
= n(R+r)(Lw!)=§nRL
8
= (R+ 1) (L=1)=RL
'R+r][[.—1]_8
= Lol |
[ R L 9
§ / __1:3_
= [”EJ(I’I]‘q
h( .__Ji]:ﬁ [Using (i)] Fig. 14.71
= {HEJ[I H) 9
= 1_""-_‘:.§
H- 9
= .h_—-:I_?_
H* 9
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h= i l I_; =3 e H
H* 9 H 3 "3
H
; i h 1 1
Hence, required ratio = = soaa
H-k 4 _ B3

o
EXAMPLE 18 The height of a right circular cone is trisected by two planes drawn parallel to the base.
Showe that the volwmies of the three portions starting from the top are in the ratio 1:7: 19.
SOLUTION  Let VABbea right circular cone of height 3/ and base radius r. This cone is cut
by planes parallel to its base at points ' and Lsuchthat VL = L' = h.
Since triangles VOA and VO'A’ are similar. i
VO OA r 3h 2r
Sib—, BT — = —h=—
VO OA n 2
Also, AVOA ~AVLC
Vo _0A_ 3h_r

= = = = h =—
VL LC h n B
Let V; be the volume of cone VCD. Then,

Vi = l}‘trzzh = ln(i]‘ h = —mnrth.
3 3 \3

.

Let V5 be the volume of the frustum A'B'DC. Then,

o g Fig. 14.72
Vs = %n(r{‘ +1" + Rl 4
1 (42 2 277 { 2r r]
= — — — _— o = — d Y = =
= Vs an[g+g+g]h n 3zm ry 3
i
Vo = —mnr-h
i 2 %
Let V; be the volume of the frustum ABB'A". Then,
= W, = %:‘r(r2 +n e )h
1 5 A 2t 197 »
g * h= “h
= V; 3n[r+9+3}1 2?:'

1 o, 7 2, 197 5
Required ratio =V, : V, : V5 = -Z—nr“h c—mnrh: EIt-r‘lhl =1:7:19,

EXAMPLE 19 The radius of the base of a right circular cone s r. It is cut by a plane parallel to the
base at a height h from the base. The distance of the bowndary of the upper surface from the centre of the

basc of the frustunt is / "o+ % Show that the volume of the frustum is ;—*;:rrzh.
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2

SOLUTION  Wehave, OA = r, 00 = j; and OB = [b? + —
- 2
Using Pythagoras theorem in AOO'B’, we obtain
OB* = 00? + 0'B*
3 ?'2
= R+ . i* + O'B?
. p— Fig.14.73

3
Let V be the volume of the frustum. Then,
Vzln{r3 (ifﬂ-xi}h *ln{r2+f-+i}fr—-£nrlh
3 3 3 3 9 34 a7 '

EXAMPLE 20 A right circular cone is divided by a plane parallel to its base in twe equal volumes. In
what ratio will the plane divide the axis of the cone?

SOLUTION Let VAB be a cone of height i and base radius r. Suppose it is cut by a plane
parallel to the base of the cone at point 0. Let O'A’ = r, and VO' = h;.

Clearly, AVO'A’~AVOA
VO  OA h o r

—_— e = — =
VO oA b o

Itis given that "
Volume of cone VA'B' = Volume of the frustum ABB’' A’
1 5 i : 2
= Enrl"hl :51'[(!'"-}*!'1 +rr1](.'r—l’I;] A‘Q:O___‘_/B
= nhy = (r* 457 +m)h=hy) Fig. 14.74
3 2,2 =
- "11‘”1 " [ o J[ il } [Dividing both sides by »/,]
nohy n" hy
: /
= 1= i] +1+[L]H—’—I]
n n )\
by - h h sver
= 1= ..—] +]+L— —_—1 [Using (i)]
Iy Iy Iy
= ol
l j] J h] hl

= .=[£]3‘1] [~ @ +as ) (a-1)=a® -1
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, h
Henee, required ratio L = I
-0 (Y} 2"

[m'lJ )

AVITER Wehave,

Volume of cone VA'B' = Volume of frustum ABB' A’

== Volume of cone VA'B' = %(Vulumc of cone VAB)
= é:r]:hl = %h%nr'zh
- AY() 1

\ T ] [ h | 2
~ ,n,lwﬁ]_l et
ks LIJLH "2 [Using (9]
_— ';_*L_L.l}m }_‘_ai”

h 2 / h] a

1 1
h=hy b _, 27 -1
I

Hence, required ratio —

-~ - EXERCISE 14.3

LEVEL-1

1. A buckethas top and bottom diameters of 40 cm and 20 cm respectively. Find the volume
of the bucket if its depth is 12 cm. ﬁAlsn, find the cost of tin sheet used for ma king the
bucket at the rate of ¥ 1.20 per dm~. (Use n = 3.14)

A frustum of a right circular cone has a diameter of base 20 cm, of top 12 cm, and height
3 ¢cm. Find the area of its whole surface and volume.

3. Theslant height of the frustum of a cone is 4 cm and the perimeters of its circular ends are
18 cm and 6 cm. Find the curved surface of the frustum.

4. The perimeters of the ends of a frustum of a right circular cone are 44 em and 33 em. If the
height of the frustum be 16 cm, find its volume, the slant surface and the total surface.

If the radii of the circular ends of a conical bucket which is 45 cm high be 28 cm and 7 em,
find the capacity of the bucket. ( Use = = 22/7). [CBSE 2000]
6. The height of a coneis 20 cm. A small cone is cut off from the top by a plane parallel to the

!_l

u

base. If its volume be 1/125 of the volume of the original cone, determine at what height
above the base the section is made.

If the radii of the circular ends of a bucket 24 cm high are 5 cm and 15 cm res
find the surface area of the bucket.

~J

pectively,
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10.

11.

13.

14.

16.

18.

19.

20.
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iy " afrustum of a right circular cone are 12 cm and 3 emand the
eight is 12 cm. Find the total surface area and the volume of the frustum.

A tent consists of a frustum of a cone capped by a cone. If the radii of the ends of the
fru&:hlm be 13 mand 7 m, the height of the frustum be 8 m and the slant height of the
conical cap be 12 m, find the canvas required for the tent. (Take: = = 22/7)

A .milk cc?.ntai_ner of height 16 cm is made of metal sheet in the form of a frustum of a cone
wEt11 radii of its lower and upper ends as 8 cm and 20 cm respectively. Find the cost of
milk at the rate of 44 per litre which the container can hold. [NCERT EXEMPLAR]

A bucket s in the form of a frustum of a cone of height 30 cm with radii of its lower and
upper ends as 10 cm and 20 cm respectively. Find the capacity and surface area of the
bucket. Also, find the cost of milk which can completely fill the cointainer, at the rate of
%25 per litre. (Use n=3.14) [NCERT EXEMPLAR]

- Abucketis in the form of a frustum of a cone with a capacity of 12308.8 cm® of water. The

radii of the top and bottom circular ends are 20 em and 12 cm respectively. Find the
height of the bucket and the area of the metal sheet used in its making. (Use t1=3.14).

[CBSE 2006C, 2016]

A bucket made of aluminium sheet is of height 20 cm and its upper and lower ends are
of radius 25 cm and 10 cm respectively. Find the cost of making the bucket if the

aluminium sheet costs ¥ 70 per 100 cm?. (Use = 3.14). [CBSE 2006C]
The radii of the circular ends of a solid frustum of a cone are 33 em and 27 cm and its
slant height is 10 cm. Find its total surface area. [CBSE 2005]

. A bucket made up of a metal sheet is in the form of a frustum of a cone of height 16 cm

with diameters of its lower and upper ends as 16 cm and 40 cm respectively. Find the
volume of the bucket. Also, find the cost of the bucket if the cost of metal sheet used
is ¥ 20 per 100 cm? (Use n=23.14) [CBSE 2008, 2013)
A solid is in the shape of a frustum of a cone. The diameters of the two circular ends are
60 cm and 36 cm and the leight is 9 cm. Find the area of its whole surface and the volume.

[CBSE 2010]

. A milk container is made of metal sheet in the shape of frustum of a cone whose volume

3
is 10459ch3'111¢3 radii of its lower and upper circular ends are 8 cm and

20 cm respectively. Find the cost of metal sheet used in making the container at the
rate of T 1.40 percm®. (Use & =22.7) ICBSE 2010]

A solid cone of base radius 10 cm is cut into two parts through the mid-point of its
height, by a plane parallel to its base. Find the ratio in the volumes of two parts of the
cone. [CBSE 2013, 2017]

A bucket open at the top, and made up of a metal sheet is in the form of a frustum of a
cone. The depth of the bucket is 24 cm and the diameters of its upper and lower circular
ends are 30 cm and 10 cm respectively. Find the cost of metal sheet used in it at the rate
of't'l{}permﬂcmz- (Use n =3.14). [CBSE 2013]

In Fig. 14.75, from the top of a solid cone of height 12 cm and base radius 6 cm, a cone of
height 4 cm is removed by a plane parallel to the base. Find the total surface area of the
remaining solid. (Use = =22/7 and /5 =2.236), [CBSE 2015]
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Fig. 14.75

- Theheight of a cone is 10 em. The cone is divided into two parts using a plane parallel

toits base at the middle of its height. Find the ratio of the volumes of two parts.

|[CBSE 2017]

. A bucket, made of metal sheet, is in the form of a cone whose heightis 35 cm and radii of

circular ends are 30 cm and 12 cm. How many litres of milk it contains if itis full to the
brim? If the milk is sold at 7 40 per litre, find the amount received by the person.
[CBSE 2017])
The diameters of the lower and upper ends of a bucket in the form of a frustum of a cone
are 10 emand 30 cm respectively. If its height is 24 cm,
(i) Find the area of the metal sheet used to make the bucket.
(i) Why we should avoid the bucket made by ordinary plastic? (use n=3.14)

[CBSE 2018]

LEVEL-2

A reservoir in the form of the frustum of a right circular cone contains 44 x 107 litres of
water which fills it completely. The radii of the bottom and top of the reservoir are 50
metres and 100 metres respectively. Find the depth of water and the lateral surface area
of the reservoir. (Take: = = 22/7)

——- . — —— ANSWERS
8800 cm’, T 21.40 2. 678.85 cm?, 616 cm? 3. 48cm?

1900 cm?, 619.65 cm?, 860.275 cm* 5. 48510 cm?®

16cm 7. 545mcm? 8. 37Brem?, 756 T em”
892.57 m* 10. T 460.24

. Capacity =21.980 litres, Surface area = 3292.6 cm?, Cost of milk = Z 549.50

Height =15 cm, Area =2160.32 cm® 13. ¥ 2143.05

. 7599.42 cm? 15. 10449.92 cm? ¥ 2089.98 16, 1944r cm?, 52921 cm?
. T4224 18, 1:7 19, 17113
. 350.59 cm? 21. 137 22. 51.48 litres, ¥ 2059.20

(i) 1711.30 em? 24. 24 m,26145.9 m?
__________ REVISION EXERCISE

1.

2,

A metallic sphere 1 dm in diameter is beaten into a circular sheet of uniform thickness
equal to 1 mm. Find the radius of the sheet.

Three solid spheres of radii 3, 4 and 5cm reslil.ecﬁveiy are melted and converted into a
single solid sphere. Find the radius of this sphere.
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A spherical shell of lead, whose external diameter is 18 cm, is melted and recast into a

i 3 = . g & N = i i
r -@_.,ht circular cylinder, whose height is 8 cm and diameter 12 cm. Determine the internal
diameter of the shell.

- A well with 10 m inside diameter is dug 8.4 m deep. Earth taken out of it is spread all

around ittoa width of 7.5 m to form an embankment. Find the height of the embankment.

. Inthe middleof a rectangular field measuring 30 m x 20 m, a well of 7 m diameter and

].{] m dt?pth is dug. The earth so removed is evenly spread over the remaining part of the
field. Find the height through which the level of the field is raised.
The inner and outer radii of a hollow cylinder are 15 cm and 20 ¢m, respectively. The

cylinder is melted and recast into a solid cylinder of the same height. Find the radius of
the base of new cylinder,

- Two cylindrical vessels are filled with oil. Their radii are 15 cm, 12 cm and heights

20 c¢m, 16 em respectively. Find the radius of a cylindrical vessel 21 cm in height, which
will just contain the oil of the two given vessels.

A cylindrical bucket 28 cm in diameter and 72 cm high is full of water. The water is
emptied into a rectangular tank 66 cm long and 28 cm wide. Find the height of the water
level in the tank.

A cubiccm of gold is drawn into a wire 0.1 mm in diameter, find the length of the wire.

A well of diameter 3 m is dug 14 m deep. The earth taken out of it is spread evenly all
around it to a width of 4 m to form an embankment. Find the height of the embankment.
A conical vessel whose internal radius is 10 cm and height 48 cm is full of water. Find
the volume of water. If this water is poured into a cylindrical vessel with internal radius
20 cm, find the height to which the water level rises in it.

The vertical height of a conical tent is 42 dm and the diameter of its base is 5.4 m. Find the
number of persons it can accommodate if each person is to be allowed 29.16 cubic dm.
A right circular cylinder and aright circular cone have equal bases and equal heights. If
their curved surfaces are in the ratio 8 : 5, determine the ratio of the radius of the base to
the height of either of them.

A sphere of diameter 5 cm s dropped into a cylindrical vessel partly filled with water.
The diameter of the base of the vessel is 10 cm. If the sphere is completely submerged, by
how much will the level of water rise?

A spherical ball of iron has been melted and made into smaller balls. If the radius of each
smaller ball is one-fourth of the radius of the original one, how many such balls can be
made?

Find the depth of a cylindrical tank of radius 28 m, if its capacity is equal to that of a
rectangular tank of size 28m x 16m x 11 m.

A hemispherical bowl of internal radius 15 ecm contains a liquid. The liquid is to be filled
into cylindrical-shaped bottles of diameter 5 cm and height 6 cm. How many bottles are
necessary toempty thebowl? [CBSE 2001 C}
In a cylindrical vessel of diameter 24¢cm, ﬁ”"dr up with sufficient quantity of water, a
solid spherical ball of radius 6cm 15 completely immersed. Find the increase in height of
water level.

A hemisphere of lead of radius 7 cm is cast into a right circular cone of height
49 ¢m. Find the radius of the base.
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A solid metallic sphere of diameter 28 em is melted and recastinto a number of smaller

-

cones, vachot diameter 4 5 emand height 3 em. Find the number of cones so formed.

CBSE 2004]

- The diameter of a copper sphere is 18 em. The sphere is melted and is drawn into a long

wire of unitorm circular cross-section. If the length of the wire is 108 m, find its diameter.

A henusphere of lead of radius 7 cmiis cast into a right circular cone of height 49 cm. Find
the radius of the base.

. A metallic sphere of radius 10.5 cm is melted and thus recast into small cones, each of

radius 3.5 cm and height 3 cm. Find how many cones are obtained. [CBSE 2004]

24 A cone, a hemisphere and a cylinder stand on equal bases and have the same height.

Show that their volumes areintheratio1: 2: 3.

. A hollow sphere of internal and external diameters 4 and 8 cm respectively is melted

into a cone of base diameter S cm. Find the height of the cone.

. The largest sphere is carved out of a cube of side 10.5 em. Find the volume of the sphere.
. Find the weight of a hollow sphere of metal having internal and external diameters as 20

cmand 22 em, respectively if 1 m® of metal weighs 21g.

A solid sphere of radius ‘v is melted and recast into a hollow cylinder of uniform
thickness. If the external radius of the base of the cylinder is 4 cm, its height 24 cm and
thickness 2 cm, find the value of ‘.

Lead spheres of diameter 6 cm are dropped into a cylindrical beaker containing some
water and are fully submerged. If the diameter of the beaker is 18 cm and water rises by
40 cm. find the number of lead spheres dropped in the water.

The height of a solid cylinder is 15 cm and the diameter of its base is 7 cm. Two equal
conical holes each of radius 3 cm and height 4 cm are cut off. Find the volume of the
remaining solid.

. A solid is composed of a cylinder with hemispherical ends. If the length of the whole

solid is 108 cm. and the diameter of the cylinder is 36 cm, find the cost of polishing the
surface at the rate of 7 paise per cm”. [Use 7=3.1416]
The surface area of a sphere is the same as the curved surface area of a cone having the
radius of the base as 120 cm and height 160 cm. Find the radius of the sphere.

. A rightcircular cylinder and aright circular cone have equal bases and equal heights. If

their curved surfaces are in the ratio 8 : 5, determine the ratio of the radius of the base to
the height of either of them.

. A rectangular vessel of dimensions 20 cm x 16 cm x 11 cm. is full of water. This water is

poured into a conical vessel. The top of the conical vessel has its radius 10 cm. If the
conical vessel is filled completely, determine its height. [Use 7= 22/7]

. If ryand r, be the radii of two solid metallic spheres and if they are melted into one solid

sphere, prove that the radius of the new sphere is (J"l'1 + rf )13

A solid metal sphere of 6 cm diameter is melted and a circular sheet of thickness
1 cmis prepared Determine the diameter of the sheet.

. A hemispherical tank full of water is emptied by a pipe at the rate of = litres per

second. How much time will it take to half-empty the tank, if the tank is 3 metres in
diameter?
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Find ]the number of coins, 1.5 cm is diameter and 0.2 cm thick, to be melted to forma right
circular cylinder of height 10 cm and diameter 4.5 em.

The radius of the base of 3 right circular cone of semi-vertical angle « is r. Show that its

1
: 3
=Y
volume is 3 nre cot a and curved surface areais nr> cosec d.

Aniron pﬂla'r c::tnsists of a cylindrical portion 2.8 m high and 20 cm in diameter and a
cone 42 cm high is surmountin g it. Find the weight of the pillar, given that 1 cubic cm of
iron weighs 7.5 gm,

A circus tent is cylindrical to a height of 3 metres and conical above it. If its diameter is
105 m and the slant height of the conical portion is 53 m, calculate the length of the
canvas 5 m wide to make the required tent.

Height of a solid cylinder is 10 cm and diameter 8 cm. Two equal conical hole have been
made from its both ends. If the diameter of the holes is 6 cm and height 4 cm, find (i)
volume of the cylinder, (ii) volume of one conical hole, (iii) volume of the remaining solid.

The height of a solid cylinder is 15 cm. and the diameter of its base is 7 cm. Two equal

conical holes each of radius 3 ecm, and height 4 cm are cut off. Find the volume of the
remaining solid.

A solid is composed of a cylinder with hemispherical ends. If the length of the whole
solid is 108 cm and the diameter of the cylinder is 36 cm, find the cost of polishing
the surface at the rate of 7 paise per cm?. (Use 1t = 3.1416)

The largest sphere is to be curved out of a right circular cylinder of radius 7 cm. and
height 14 cm. Find the volume of the sphere.

A tentis in the form of a right circular cylinder surmounted by a cone. The diameter of the
base of the cylinder or the cone is 24 m. The height of the cylinder is 11 m. If the vertex of
the cone is 16 m above the ground, find the area of the canvas required for making the
tent. (Use n =22/7)

A toyis in the form of a cone mounted on a hemisphere of radius 3.5 cm. The total height

of the toy is 15.5 cm find the total surface area and volume of the toy.
[CBSE 2000, 2002]

A cylindrical container is filled with ice-cream, whose diameter is 12 cm and heightis 15
cm. The whole ice-cream is distributed to 10 children in equal cones having
hemispherical tops. If the height of the conical portion is twice the diameter of its base,

find the diameter of the ice-cream.

Find the volume of a solid in the form of a right circular cylinder with hemispherical

ends whose total length is 27 m and the diameter of each hemispherical end

is 0.7 m.

A tent of height 8.25m is in the form of a right circular cylinder with diameter of base 30
m and height5.5m, surmounted by a right circu;ar cone of the same base. Find the cost
vas of the tent at the rate of T 45 per m=.,

g ofa cylindrical portion 110 cm high and of base diameter 12 cm
is surmounted by a cone 9 cm high. Find the mass of the pole, given that 1 em” of iron has
8 gram mass approximately. (Use: r = 355/115)

The interior of a building is in the form of a cylinder of base radius 12 m and height 3.5

a cone of equal base and slant hGig_.ht 12.5m. Find the internal curved
ity of the building,.

of the can

m, surmounted by
surface area and the capac
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A nghtangled triangle withsides 3 emand 4 em s revolved around its hypotenuse. Find
the volume of the double cone thus generated.

A toy isin the form of a cone mounted on a hemisphere with the same radius. The
diameter of the base of the conical portion is 6 cm and its height is 4 cm. Determine
the surface area of the toy . (Use t = 3.14)

5 Find the mass of a 3.5 m long lead pipe, if the external diameter of the pipe is

24 cm, thickness of the metal is 2 mm and the mass of 1 em® of lead is 11.4 grams.

A solid 1s i the form of a eylinder with hemispherical ends. Total height of the solid is
19 cm and the diameter of the cylinder is 7 cm. Find the volume and total surface area of
the sohd.

A golf ball has diameter equal to 4.2 em. Its surface has 200 dimples each of radius

2mm. Calculate the total surface area which is exposed to the surroundings assuming
that the dimples are hemispherical.

- The radiiof the ends of a bucket of height 24 cm are 15 em and 5 cm. Find its capacity.

(Take m = 22/7).

The radii of the ends of a bucket 30 cm high are 21 cm and 7 em. Find its capacity in litres
and the amount of sheet required to make this bucket.

The radii of the ends of a frustum of a right circular cone are 5 metres and
§ metres and its lateral height is 5 metres. Find the lateral surface and volume of the
frustum.

A frustum of a cone is 9 cm thick and the diameters of its circular ends are 28 cm and
4 cm. Find the volume and lateral surface area of the frustum. (Take = = 22/7).

A bucket is in the form of a frustum of a cone and holds 15.25 litres of water. The
diameters of the top and bottom are 25 cm and 20 cm respectively. Find its height and
area of tin used in its construction.

. If a cone of radius 10 em is divided into two parts by drawing a plane through the

mud-point of its axis, parallel to its base. Compare the volumes of the two parts.

[CBSE 2000 C]
A tent is of the shape of a right circular cylinder upto a height of 3 metres and then
becomes a right circular cone with a maximum height of 13.5 metres above the ground.

Calculate the cost of painting the inner side of the tent at the rate of ¥ 2 per square metre,
if the radius of the base is 14 metres.

An oil funnel of tin sheet consists of a cylindrical portion 10 em long attached to a
frustum of a cone. If the total height be 22 cm, the diameter of the cylindrical portion
8 cm and the diameter of the top of the funnel 18 cm, find the area of the tin

required. (Use:n=22/7). [NCERT]
A solid cylinder of diameter 12 cm and height 15 cm is melted and recast into toys with

the shape of a right circular cone mounted on a hemisphere of radius 3 em. If the height
of the toy is 12 cm, find the number of toys so formed. ICBSE 2006 C]

A container open at the top, is in the form of a frustum of a cone of height 24 cm with radii
ofits lower and upper circular ends as 8cm and 20 cm respectively. Find the cost of milk
which can completely fill the container at the rate of T 21 per litre. (Usen=22/7)

[CBSE 2014]
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A cone of i iz6i :
maximum size is carved out from a cube of edge 14 cm. Find the surface area of

the cone and of the rema ining solid left out after the cone carved out.
[NCERT EXEMPLAR]

A ?one t:_lf rad_ius 4 cm is divided into two parts by drawing a plane through the mid
point ofits axis and parallel to its base. Compare the volumes of two parts.

[NCERT EXEMPLAR]
A wall24 m, 0.4 m thick and 6m high is constructed with the bricks each of dimensions

25cm x 16 cm x 10 em. If the mortar occupies 2 th of the volume of the wall, then find

the number of bricks used in constructing the wall.
[NCERT EXEMPLAR]
A bucket s in the form of a frustum of a cone and holds 28.490 litres of water. The radii
of the top and bottom are 28 cm and 21 cm respectively. Find the height of the bucket.
[INCERT EXEMPLAR]

Marbles of diameter 1.4 cm are dropped into a cylindrical beaker of diameter 7 cm
containing some water. Find the number of marbles that should be dropped into the
beaker so that the water level rises by 5.6 cm. [NCERT EXEMPLAR]
Two cones with same base radius 8 cm and height 15 cm are joined together along their
bases. Find the surface area of the shape formed. [NCERT EXEMPLAR]
From a solid cube of side 7 cm, a conical cavity of height 7 cm and radius 3 cm is
hollowed out. Find the volume of the remaining solid. [NCERT EXEMPLAR]
Two solid cones A and Bare placed in a cylindrical tube as shown in Fig, 14.76. The ratio
of their capacitiesare2: 1. Find the heights and capacities of the cones. Also, find the
volume of the remaining portion of the cylinder. INCERT EXEMPLAR]

21cm

oonl) ————"_ {)

Fig. 14.76

An icecream cone full of icecream having radius 5 cm and height 10 cm as shown in
Fig. 14.77. Calculate the volume of icecream, provided that its 1/6 part is left
INCERT EXEMPLAR]

unfilled with icecream.

5cm

10 cm

Fig. 14.77

R
| =
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e PN __ ANSWERS
1. 408cm 2. 6bem 3. 6197 4. 1.6em

5 68.bcm 6. 13.2cm 7. 18cem 8. 2dcm

9 127.3m 10. 1.125m 11. 5024cm® 4em 12, 11

15. 3:4 14. 5/6cm 15. 64 16. 2m

17. 60 18. 2¢cm 19. 3.74em 20. 126

21. 0.6em 22, 3.74cm 23. 126 25. 14em

26. 606.375 27. 29.13kg 28. 6cm 29. 90

30. 502.1 em? 31. T855. (2 32. 77.46cm 33. 3:4

34. 33.6cm 36. 12cm 37. 16.5 minutes 38. 450

0. 693 kg 41. 1947 m 42, 160 mem®, 12 xem® , 136 © cm®

43. 502.1 cm® 44. ¥ 855.02 45. 1437 6. 1320 m?

47. 214.5 cm?, 243.83 cm® 48. 6cm 49. 0.95m (appr.)

50. ¥ 55687.50 51. 102.24 kg 52. 73543 m%, 2112 m?

53, 3@3;‘5 e 54, 103.62 cm? 55, 5518 kg

56. 641.67 cm?, 418 cm? 57. 80.58 cm? 58. 8171.42 em?

39, 20.02 litres, 3069 cm® 60. 204.28 m?, 540.56 cm®
61. 684mem’, 240 mem? 62. 38.18cm, 3017 cm?
63. 127 64. 2068 65. 249 rcm? 66. 12
67. 329.47 68. 154(v/5 + 1)em?, (1022 + 1545)em? 69, 1:7
70. 12960 71. 15cm 72. 150 73. 855cm” (Approx.)
74, 277 cm® 75. 14cm,7cm, 132cm?, 66 cm®, 396 em? 76, 327.4 em?

VERY SHORT ANSWER TYPE QUESTIONS (VSAQs)

1. The radii of the bases of a cylinder and a cone are in the ratio 3 : 4 and their heights are

!d

wn

~3

in the ratio 2 : 3. What is the ratio of their volumes?

If the heights of two right circular cones are in the ratio 1: 2and the perimeters of their
bases are in the ratio 3 : 4, what is the ratio of their volumes?

. If a cone and a sphere have equal radii and equal volumes. What is the ratio of the

diameter of the sphere to the height of the cone?

. A cone, a hemisphere and a cylinder stand on equal bases and have the same height.

What is the ratio of their volumes?

- The radii of two cylinders are in the ratio 3 : 5 and their heights are in the ratio

2:3. What is the ratio of their curved surface areas?
Two cubes have their volumes in the ratio 1: 27. What is the ratio of their surface areas?

. Tworightcircular cylinders of equal volumes have their heights in the ratio 1 : 2. What

is the ratio of their radii?

—
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If the vo]umfzs of two cones are in the ratio 1 : 4 and their diameters are in the ratio
4:5, then write the ratio of their weights.

A sphere and a cube have equal surface areas. What is the ratio of the volume of the
sphere to that of the cube?

What is the ratio of the volume of a cube to that of a sphere which will fit inside it?

V\{hat is the ratio of the volumes of a cylinder, a coneand a sphere, if each has the same
diameter and same height?

A s_phere of maximum volume is cut-out from a solid hemisphere of radius r. What is the
ratio of the volume of the hemisphere to that of the cut-out sphere?

A metallic hemisphere is melted and recast in the shape of a cone with the same base
radius R as that of the hemisphere. If H is the height of the cone, then write the value
of H/R.

A right circular cone and a right circular cylinder have equal base and equal height. If
the radius of the base and height are in the ratio 5: 12, write the ratio of the total surface
area of the cylinder to that of the cone.

A cylinder, a cone and a hemisphere are of equal base and have the same height. What is
the ratio of their volumes?

The radii of two cones are in the ratio 2 : 1 and their volumes are equal. What is the ratio
of their heights?

Two cones have their heights in the ratio 1: 3 and radii 3 : 1. What is the ratio of their
volumes?

A hemisphere and a cone have equal bases. If their heights are also equal, then what is
the ratio of their curved surfaces?

If r, and r, denote the radii of the circular bases of the frustum of a cone suchthat n >ny,

then write the ratio of the height of the cone of which the frustum is a part to the height
of the frustum.

If the slant height of the frustum of a cone is 6 cm and the perimeters of its circular bases
are 24 cm and 12 cm respectively. What is the curved surface area of the frustum?

2 .
. If the areas of circular bases of a frustum of a coneare 4 cm? and 9 cm*® respectively and

the height of the frustum is 12.cm. What is the volume of the frustum?

The surface area of a sphere is 616 cm®. Find its radius. [CBSE 2008}
A cylinder and a cone are of the same base radius and of same height. Find the ratio of
the value of the cylinder to that of the cone |CBSE 2009]
. The slant height of the frustum of a cone is 5 cm. If the difference between the radiiof its
two circular ends is 4 cm, write the height of the frustum. [CBSE 2010]
Volume and surface area of a solid hemisphere are numerically equal. What is the
diameter of hemisphere? [CBSE 2017)
ANSWERS

9:8 2.9:32 3.1:2 . 1:2:3 5 2:5 6.1:9

J2:1 8.25:64 9 % 10. 6: 1t 11.3:1:2 12.4:1

2 14.17:9 15.3:1:+2 16. 1:4 17.. 31 18. /2 :1

! 20, 108cm” 21 44 em” 22, 7cm 23.3:1 24. 3cm
n—n
9 units

e ey
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: —— _MULTIPLE CHOICE QUESTIONS (MCQs)

Mark the correct alternative in each of the following:

1

tad

n

=

10.

11.

The diameter of a sphere is 6 em. It is melted and drawn into a wire of diameter
2 mm. The length of the wire is

(a) 12 m (b) 18 m (c) 36 m (d) 66 m

- A metallic sphere of radius 10.5 cm is melted and then recast into small cones, each of

radius 3.5 cm and height 3 em. The number of such cones is
(a) 63 (b) 126 () 21 (d) 130

- Asolid is hemispherical at the bottom and conical above. If the surface areas of the two

parts are equal, then the ratio of its radius and the height of its conical part is

(@) 1:3 (b)1: 3 (e)1:1 (d) /3 :1

. A solid sphere of radius r is melted and cast into the shape of a solid cone of height r, the

radius of the base of the cone is
(a) 2r (b) 3r (c) r (d) 4r

. The material of a cone is converted into the shape of a cylinder of equal radius. If height

of the cylinder is 5 cm, then height of the cone is

(@) 10 em (b) 15 em (¢) 18 cm (d) 24 cm

A circus tent is cylindrical to a height of 4 mand conical above it. If its diameter is 105 m
and its slant height is 40 m, the total area of the canvas required in m? is

(a) 1760 (b) 2640 (c) 3960 (d) 7920

. The number of solid spheres, each of diameter 6 cm that could be moulded to form a solid

metal cylinder of height 45 cm and diameter 4 cm, is

(a) 3 (b) 4 © 5 (d) 6

Asphere of radius 6 cmis dropped intoa cylindrical vessel partly filled with water. The
radius of the vessel is 8 cm. If the sphere is submerged completely, then the surface
of the water rises by

(a) 4.5cm (b) 3cm (c) 4cm (d) 2¢m

If the radii of the circular ends of abucket of height 40 cm are of lengths 35 cm and 14 ¢m,
then the volume of the bucket in cubic centimeters, is

(a) 60060 (b) 80080 (c) 70040 (d) 80160

If a cone is cut into two parts by a horizontal plane passing through the mid-point of its
axis, the ratio of the volumes of the upper part and the cone is

(@) 1:2 (b)1:4 (c)1:6 (d)1:8

The height of a cone is 30 cm. A small cone is cut off at the top by a plane parallel to the

1 "
base. If its volume be > of the volume of the given cone, then the height above the base

at which the section has been made, is
(a) 10 em (b) 15 cm (c) 20 cm (d) 25 em

- Asolid consists of a circular cylinder with an exact fitting right circular cone placed at

the top. The height of the cone is . If the total volume of the solid is 3 times the volume of
the cone, then the height of the circular cylinder is

2h 3h
(a) 2h (b) 3 (c) 1 (d) 4h

e —
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A reservoir is in the shape of a frust

umofari i i
and 4 m across at the botom 1f & arightcircular cone. Itis 8 m across at the top

s 6 m deep, thenits capacity is

3

(a) 176 m (b) 196 m? (c) 200 m? (d) 110 m
Water flows at the rate of 10 m

; etre per minute from a cylindrical pipe 5 mm in diameter.,
How long will it take e Y et

to fill up a conical vessel whose diameter at the base is 40 cm and

depth 24 cm?
(a) -'1? mil:tutes 15 sec (b) 51 minutes 12 sec
(c) 52 minutes 1 sec (d) 55 minutes
A cylindrical vessel 32 cm high and 18 ¢m as the radius of the base, is filled with sand.

This bucketis emptied on the ground and a conical heap of sand is formed. If the height
of the conical heap is 24 cm, the radius of its base is

(a) 12em (b) 24 ¢m (c) 36cm (d) 48 cm

The curved surface area of a right circular cone of height 15 cm and base diameter
16 cm is

(a) 60mcm® (b) 687 cm? (¢) 120 cm? (d) 136 cm?

A right triangle with sides 3 cm, 4 em and 5 cm is rotated about the side of 3 cm to form
a cone. The volume of the cone so formed is

(@) 12nem’ (b) 15z em’ (©) 167 em’ (d) 20% em’

. The curved surfacearea of a cylinder is 264 m* and its volume is 924 m®. The ratio of its

diameter to its heightis

(@) 3:7 b)7:3 (€)6:7 (d)7:6

A cylinde'r with base radius of 8§ cm and height of 2 cm is melted to form a cone of height
6 cm. The radius of the cone is

(a) 4cm (b) 5cm (¢) 6em (d) 8em

The volumes of two spheres are in the ratio 64 : 27. The ratio of their surface

areas 1s
(a) 1:2 (b)2:3 (c)9:16 (d)16:9

. If three metallic spheres of radii 6 cm, 8cm and 10 cm are melted to form asingle sphere,

the diameter of the sphere is

(a) 12cm (b) 24 cm (c) 30 ¢cm (d) 36 cm

The surface area of a sphereis same as the curved surface area of a right circular cylinder
whose height and diameter are 12 em each. The radius of the sphere is

(a) 3cm (b) 4cm (¢) 6em (d) 12em

The volume of the greatest sphere that can be cut off froma cylindrical log of wood of
base radius 1 cm and height 5 cm is

i 10 , 20
(@) 37 (b) 37 (c) 5 (d) 3™

A cylindrical vessel of radius 4 cm contains water. A solid sphere of radius 3 cm is
lowered into the water until it is completely immersed. The water level in the vessel
will rise by

9 9

4 : =

e

__ﬂ
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26.

30.

36.

12 spheres of the same size are made from melting a solid cylinder of 16 cm diameter and
2emheight. The diameter of each sphere is

@) y3em (b) 2em (¢) 3cm (d) 4cm

A solid metallic spherical ball of diameter 6 cm is melted and recast into a cone with
diameter of the base as 12 ¢m. The height of the cone is

(@) 2 em (b) 3 em (c) 4 em (d) 6 cm

" Ahollow sphere of internal and external diameters 4 cm and 8 cm respectively is melted

ntoacone of base diameter 8 cm, The height of the cone is
(a) 12¢m b 14 em (c) 15¢cm (d) 18cm

A solid piece of iron of dimensions 49 x 33 x 24 ¢m is moulded into a sphere. The radius
ot thesphere is

(@) 21cm (b) 28 cm (¢) 35¢m (d) None of these

29. The ratio of lateral surface area to the total surface area of a cylinder with base diameter

1.6 m and height 20 cm is
(a) 1:7 b)1:5 c)7:1 (d)5:1
A solid consists of a circular cylinder surmounted by a right circular cone. The height of

the cone is 1. 1f the total height of the solid is 3 times the volume of the cone, then the
height of the cylinder is

3h I 2h
(@) 2k ®) = © 5 @ 5
. The maximum volume of a cone that can be carved out of a solid hemisphere of radius r
1s
ar' ar
(@) 377 (b) R (<) E (d) 3mr?

- The radiiof two cylinders are in the ratio 3: 5. If their heights are in the ratio 2 : 3, then the

ratio of their curved surface areas is

(@) 2:5 b)5:2 (€)2:3 (d)3:5

33. A right circular cylinder of radius r and height /1 (i = 2r) just encloses a sphere of
diameter
(a) I (b) r (c) 2r (d) 21

54. The radii of the circular ends of a frustum are 6 cm and 14 cm. If its slant height is

10 cm, then its vertical height is
(a) 6 cm (b) 8 cm (c)4cm (d) 7 em

. The height and radius of the cone of which the frustum is a part are Iy and n

respectively. If h, and , are the heights and radius of the smaller base of the
frustum respectively and /1, : Jy =1:2, then r, : 1 1s equg] to

(@) 1:3 (by1:2 ()2 (d)3:1

The diameters of the ends of a frustum of a cone are 32 cm and 20 cm. If its slant height
is 10 cm, then its lateral surface area is

(a) R21zem? (b) 3007 cm? (c) 2607 em® (d) 250 cm?

. A solid frustum is of height 8 cm. If the radii of its lower and upper ends are 3 cm and

9 cm respectively, thenits slant height is
(a) 15em (b) 12cm (c) 10em (d) 17 cm
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38.

39.

40.

11.

43.

44,

45.

16.

47.

48.

49,
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The radii of the ends of
of the bucket is

(@) 1760 cm? (b) 2240 cm? (c) 880 cm? (d) 3120 cm®

The dizfmetcrs of t]‘ll? top and the bottom portions of a bucket are 42 cm and 28 cm
respectively. If the height of the bucket is 24 cm, then the cost of painting its outer surface
at the rate of 50 paise/cm? is

(a) ¥ 1582.50 (b) T 1724.50 (c) T 1683 (d) T 1642

If four times the sum of the areas of two circular faces of a cylinder of height 8 cm is equal
to twice the curve surface area, then diameter of the cylinder is

(@) 4 cm (b) 8 cm (c) 2 em (d) 6 cm

If the radius of the base of a right circular cylinder is halved, keeping the height the same,
then the ratio of the volume of the cylinder thus obtained to the volume of original
cylinder is

(a) 1:2 (b)2:1 (c)1:4 (d)4:1 [CBSE2012

abucket 16 cm highare 20 cm and 8 em. The curved surface area

. A metalicsolid cone is melted to form a solid cylinder of equal radius. If the height of the

cylinder is 6 cm, then the height of the cone was

(@) 100em  (b) 12ecm (c) 18cm (d) 24cm [CBSE 2014]
A rectangular sheet of paper 40 cm x 22 cm, is rolled to form a hollow cylinder of height
40 cm. The radius of the cylinder (incm) is

(a) 3.5 ) 7 (c) 80/7 (d) 5 [CBSE 2014]
The number of solid spheres, each of diameter 6 cm that can be made by melting a solid
metal cylinder of height 45 cm and diameter 4 cm is

(a) 3 (b)5 (c) 4 (d) 6 [CBSE 2014]
Volumes of two spheres are in the ratio 64: 27. The ratio of their surface areas is

(a) 3:4 (b)4:3 € 9:16 (d) 16:9

A right circular cylinder of radius r and height 1 (i > 2r) just encloses a sphere of
diameter

(@) r (b) 2r (c) l (d) 2h
In a right circular cone, the cross-section made by a plane parallel to the base is a
(a) circle (b) frustyum of acone (c) sphere (d) hemisphare

If two solid-hemispheres of same base radius r arejoined together along their bases, then
curved surface area of this new solid is
(@) 4nr? (b) 6nr’ (c) 3nr? (d) 8nr®

The diameters of two circular ends of the bucket are 44 cm and 24 em. The height of the
bucket is 35 cm. The capacity of the bucket is , ‘
(a) 32.7 litres (b) 33.7 litres (c) 34.7 litres (d) 31.7 litres
A spherical ball of radius ris melted to make 8 new identical balls each of radius r,. Then
Firy= ‘
(a)r12:1 (b)1:2 (©4:1 (d)1:4
- ANSWERS
1. (©) 2 b 3. () 4. (a) 5. (b) 6. (d)
7. (0) 8. (a) 9. (b) 10. (d) 11. {(¢) 12. (b)

13. (a) 14. (b) 15. () 16. (d) 17. (a) 18. (b)
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(i) Volume of the frustum — E[ K4 ne + 1) i

(ii) Lateralsurfacearea - n(n +n)l

(iii) Total surfacearea = Tf(n +n) + 12 + 1)

(iv) Slant heightof the frustum = [I? + (1, - r,)?

; hr,
(v) Heightof the cone of which the frustum is a part = % 1r
=

I

(vi) Slant height of the cone of which the frustum is a part = s
1~ 2

(vii) Volume of the frustum = % |AI + Ay + JAA, ], where A, and A, denote the o

areas of circular bases of the frustum.
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v, () 2 (d) 1. () 22. () 23. (a) 24. ()
25, () iy, (1) 17, () 4. (a) 29, (b) 10, (d)
i () 12, (a) 11, () W, (a) 5. (b) 36, (c)
37, () . () 1, (0) 10, (b) 41. (d) 42. ()
3. () 1. (b) 15, (d) (6. (h) 17, (a) 48, (a)
I‘I, tql) sl ‘.l]-
SUMMARY

1. 1t band I denote respectively the length, breadth and height of a cuboid, then
(i) Total surface area of the cuboid = 2 (1h + bl + Ih) square units.
(i) Volume of the cuboid = Area of the base x height = bl cubic units,
(iii) Diagonal of the cuboid 24 b+ 1 units.
(iv) Areaof four walls of a room = 2(/ + b) /i S units,
2. If the length of each edge of a cube is ‘a’ units, then
(1) Total surface area of the cube = 6 g° sq. units
(i1) Volume of the cube = ¢ cubic units
(i) Diagonal of the cube = /3 g units.
3. If rand I denote respectively the radius of the base and height of a right circular cylinder
then
(i) Areaofeachend = nr’
(i1) Curved surfacearea = 2mrli
(iii) Total surfacearea = 2nr (1 + r) sq. units
(iv) Volume = 7r°h = Area of the base x height

4. If R and r denote respectively the external and internal radii of a hollow right circular
cylinder, then

(i) Areaofeachend = (R - r?)

(i) Curved surface area of hollow cylinder = 2n (R + " h
(iii) Total surfacearea = 2n (K +r)(R+h ~7r)
(iv) Volumeof material = nh (R* - r*)

5. If r, h and [ denote respectively the radius of base, height and slant he

: ight of a right
circular cone, then

@ 2=r+n (i) Curved surface area — nrl

. 4 _ L
(iii) Total surface area = nr~ + nrl (iv) Volume = — 5,2}
3
6. Fora sphurvuf radius r, we have
0o " i3 4 4
(]} hurfﬂct' area = 4nr (11] VU]H“]E = 1.1-”-

7. 1f lris the height, | the slant height and ry and r, the radii of the circular bases of

a frustum
of a cone, then




