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Surface Areas and Volumes

In the Chapter

In this chapter, you will be studying the following points:
® To determine the surface area of an object formed by combining any two of the basic solids, namely,

cuboid, cone, cylinder, sphere and hemisphere.

@ To find the volume of objects formed by combining any two of a cuboid, cone, cylinder, sphere and

hemisphere.

@ Givenaright circular cone, whichissliced through by aplane parallel to its base, when the smaller
conical portion isremoved, the resulting solid is called a Frustum of a Right Circular Cone.

® Theformulaeinvolving the frustum of aconeare:

1
(i) Volume of afrustum of acone= gﬂh (% +1,° 1)

(ii) Curved surface areaof afrustum of acone=ni(r,+ r,) wherel = \[h? +(r, —r,)?

(iii) Total surface areaof frustum of acone=rni(r, + r,) + n(r *+ r,’) where
h = vertical height of the frustum, [ = slant height of the frustum
r,and r,areradii of the two bases (ends) of the frustum.

NCERT TEXT BOOK QUESTION (SOLVED)

|EXERCISE 13.1|

Q.1. 2 cubeseach of volume 64 cm3arejoined
end to end. Find the surface ar ea of the resulting
cuboid.

Ans. Given, thevolumeof acubeis64 cm?. Let
side of the cubeisacm, then

a@=64=4

= a=4cm

When we join end of each cube, then length of
the new cuboid become (4 +4) =8cm.

.. The surface area of the resulting cuboid
=2(Ib+ bh+ hl)
=2(8x4+4x4+4x8)
=2(32+16+32)
=2(80)
=160cm?

Q.2. A vessel isin the form of a hollow
hemisphere mounted by a hollow cylinder. The
diameter of thehemisphereis14 cm and thetotal
height of thevessel is13 cm. Find theinner surface
area of thevessel.

Ans, M-7 cm M7 cm M

M— 13 cm ——H

N

=7 Ccm Me—— & cm ——»

(230)
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Let r cmbetheradiusof thecylinder andhcmbe
the height of the cylinder, then

r = 7cm,
and h = (13-7)cm
= 6am.
Letr, cm bethe radius of the hemisphere, the
r,b = 7cm
Now,

the inner curved surface area of the vessel
= C.SA.of hemisphere+ C.SA.
of cylinder
=(2nr2+2rrh)cm?
=(2nr’+2rxrh)cm?
=[2mr(r+h)] cm?

= [(ZX%X 7] (7+ 6)} o

=(44 x 13) cm?
=572cm?

Q.3. Atoyisintheform of aconeof radius3.5
cm mounted on a hemisphereof sameradius. The
total height of the toy is 15.5 cm. Find the total
surfaceareaof thetoy.

Ans. Letrcm betheradius, h cm be the height
and | cm be the slant height of the cone, then

A

[r,=2]

155 cm

N

r =35cm
h =(155-35cm=12cm.

Now, | = \r2+h?
= = J(35)2+(12)2
= 412.25+144
= 4/156.25
=125cm.
Letr, cm be the radius of the hemisphere.
Then,r, =3.5cm.
Now,

Thetotal surface area of the toy

= CSA of hemisphere + CSA of
cone.
=2nr2+mrl
=2nr’+murl [r,=1]
=nrl2r+1]

22
= x33[2x35+125

=11(7+125)] cn??
=[11x19.5] cn?=214.5¢cn?

Q.4. Acubical block of side7 cm issurmounted
by ahemisphere. What isthegreatest diameter the
hemispherecan have? Find thesurfaceareaof the
solid.

Ans. Given, acubical block is surmounted by a
hemisphere. Thereforeits diameter must be equal to

theside of cube, i.e., 7 cm.
Hemisphere

Q c

Cube

/

+— 7 cm—

7
.. Radius of hemisphere(r) = > cm

Now, total curved surface areaof solid
= Surfae area of five faces of the cube
+ Surface areaof hemisphere except circular
face PQRS
+ (Area of face ABCD — Area of circular
space PQRS)
=5x (sde)?+ 2 (radius)? + [(sde)?—r (radius)?]

22 (7Y 2 (7Y
=5x(7)2+2x 7X(E] +{(7)2_7X(Ej }

77
=5x49+11x7+ (49—7)

77
=205+ 77+49-—

—294+Z
- 2
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_ 6—25:332.5cmz

Hemce, required areaof the solidis332.5 cm?

Q.5. Ahemispherical depressioniscut out from
one face of a cubical wooden block such that the
diameter I of thehemisphereisequal totheedge of
the cube. Determine the surface area of the
remaining solid.

Ans. Given, side of the cube= diameter of the
hemisphere=1

I
Radius of ahemisphere = >

={Areaof open face ABCD of the cube—Area
of circle PQRS + Areaof remaining five faces of the
cube + Area of hemisphere}

2 12 2 |2
|1 —7r— |+5t°+ 27—
4 4

= 6I2+7ZI2 _1 (r + 24) sq. units.
2 2 ol
Q.6. A medicine capsule isin the shape of a
cylinder with two hemispher esstuck to each of its
ends (see Fig. 13.10). The length of the entire
capsuleis14 mm and thediameter of thecapsuleis

5mm. Find itssurfacearea.
N 14 mm i

Ans. Letr mm beradius of the hemisphere, then

r—§—25mm
=572

Let r mm betheradiusand h mm bethe height of
the cylinder, then

r, =25mm

and h
Now,
Surface area of capsule

= CSA of cylinder + CSA of two
hemispherical ends

=2nr.h+2(2nr2)

= (2nr h+4mr?) mny?

=(2nrh+ 4mr?) mm? (r,=rn)

=[2nr (h+ 2r)] mm?

=(14-5)mm=9mm

= |:(2X§X 2.5) (9+5)} mn? = (gx 2.5><14] mm2

=(44x 2.5% 2) mm?
=220mn?

Q.7. A tent is in the shape of a cylinder
surmounted by a conical top. If the height and
diameter of thecylindrical partare2.1mand4m
respectively, and thedant height of thetop is2.8m,
find thear eaof thecanvasused for makingthetent.
Also, find thecogt of thecanvasof thetent at therate
of Rs500 per m?, (Notethat the baseof thetent will
not becover ed with canvas.)

Ans. Given, atent which is combination of a
cylinder and a cone.

Also, wehaveslant height (I of thecone=2.8m
Radius of the cone, r = Radius of cylinder

_ Diameter 4
) 2
and height of thecylinder,h=2.1m
Required surface area of the tent = Surface
areaof cone + Surface area of cylinder
=nrl+2nrh

2m
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=qr (1 +2h)

x2x(28+2x21)

(2.8+4.2)

x7=44m?

~[RO~IRONIR

Hence, the cost of the canvas of the tent at the
rate of Rs. 500 per m?
= Surface area x Cost per m?
=44 x500= Rs. 22000
Q.8. From asolid cylinder whoseheight is2.4
cm and diameter 1.4 cm, aconical cavity of thesame
height and samediameter ishollowed out. Find the
total surface area of the remaining solid to the
near est cm2.
Ans. Let r cm be the radius and h cm be the
height of the cylinder, then
r=0.7cmandh=24cm
Letr, cmbetheradius, | cm be the slant height
and h, cm be the height of the cone, then
r,=0.7cmandh, =2.4cm

0 —

9]

= (0.7)2 +(2.4)2
= J0.49+5.76
= J6.25=2.5cm

Hence, total surfaceareaof remaining
solid

= Surface area of conical cavity = Total surface
areaof cylinder

=nrl+ 2(nrh+nr?)=pr(l+2h+r)

Now, |

22
= x07(25+48+0)

=22x8

=17.6=18cn?

Q.9. Awooden articlewasmadeby scooping out
ahemispherefrom each end of asolid cylinder, as
shown in Fig.. If theheight of thecylinder is10cm,
and itsbaseisof radius3.5cm, find thetotal surface
areaof thearticle.

Ans. Given,

Height of thecylinder, h=10cm

and radius of base of cylinder = Radius of
hemisphere(r) =3.5cm

Now, required total surface areaof thearticle

= 2 x Surface area of hemisphere + Lateral
surface area of cylinder
=2%x(2rnr?)+2nrh

22
=2nr (2r+h)=2x 7><3.5><(2><3.5+10)

22
= 7 XT7x(7+10)=22x 17=374cn?

|EXERCISE 13.2|

L"“"--...__,______--j
076
E
o
<
o
oW
Y Ao e———— B
1.4 cm
Q.1. Asolidis

in the shape of a
conestandingon a
hemisphere with
both their radii
beingequal tolcm
and the height of
theconeisequal to
itsradius. Find the
volumeof thesolid
intermsof .

Ans. Given solid isacombination of aconeand
ahemisphere.

Also, we haveradius of the cone—) = Radius of
the hemisphere=1cm

and height of the cone (h) =1 cm.

Required volume of the solid = Volume of the
cone + Volume of the hemisphere.

= lﬂr2h+37rr3
3

7r(1)2(1)+§7t(1)3

Wik w
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Q.2. Rachel, an engineering student, wasasked
to make a model shaped like a cylinder with two
cones attached at its two ends by using a thin
aluminium sheet. Thediameter of themodel is3cm
and itslength is12 cm. If each conehasa height of
2cm, find thevolumeof air contained in themodel
that Rachel made. (Assume the outer and inner
dimensionsof themodel tobenearly thesame.)

D

7
:r \“ g r, \\

Semi | |@ £ i 2a
AT i BS AY f- HE, Lo} e £
Al ]m =2l !
1 [l =3 L 1
V(Y w|t |/
A = 1A
C= Becm E
12 em

Ans. Let r cm be the radius and h cm be the
height of a cone, then
r=1.5cm,andh=2cm.
Now, volume of conical part
Eﬂ' rh
3

_ [%ﬁx1.5x1.5>< Z}CWF:l.Sn

Letr cm bethe radiusand h cm be the height of
thecylindrical partthenr, =1.5cm, h,=8cm.
Now, volume of cylindrical part
=nrzh
=(rx15x15%x8)cm?
=18mcm?
Hence, the volume of air contained in the model
that Rachel made
= Volume of two conical part + Volume
of cylindrical part
=2x1.5n+18p)cm?
=(Bn+18n)cm’
=21 rn)cm?

= [2l>< 2; Z\J cm’

=66 cm?

Q3. A gulab jamun, contains
sugar syrup up toabout 30% of its |,
volume. Find approximately how
much syrup would befound in 45
gulab jamuns, each shaped likea
cylinder with two hemispherical
endswith length 5¢cm and diameter
2.8cm (seeFig.).

Ans. Let r cm be the radius of
hemispherical part, then

r=—=14cm.
2

Now,
Volume of hemispherical part

= (% wx1.4% 1.4><1.4j cm?

[5.488ﬂj ,
=73 cm

=1.82nrcm?
Let Rcm betheradiusand H cm bethe height of
cylindrical part, then

R= 28 14
=— =1 cm
and H=5cm—-(2x14)cm=2.2cm

Now,

Volumeof cylindrical part
=tRH=(ntx14x14%x22)cm?
=4.3127cm?

Now,

Volume of each Gulab Jamun = Volume of

Cylindrical + 2 ( Volume of hemispherical part)
=[4.312p+2(1.829) p] cm?
=(4.312p+3.658p) cm*=7.97p

22
=7.97x = =25.05cm?

Hence,
Volume of syrup fround in 45 Gulab Jamuns
=45 x 30% of volume of each Gulab Jamun

30
_ | 45x 25,05 | oy
[ 100 }Cm

=388.175cm° (app.)

=338 cm?® (Approx.)
Q.4. A pen stand made of wood isin the shape of
acuboid with four conical depressionstohold pens.
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Thedimensionsof thecuboid are15cm by 10cm by
3.5cm. Theradiusof each of thedepressionsis0.5
cm and thedepthis1.4 cm. Find thevolume of wood
intheentirestand (seeFig. .

Ans. Let [, b and & be respectively the length,
breadth and height of a cuboid, then

| = 15cm
b = 10cm
and h = 35cm

Volume of cuboid
=(xbxh)cm’=
=525 cm?
Let r cm be the radius and /4 cm be the height of
conical part, then
r=05cm,h=14cm.

(15x10x 3.5) cm?

Now,
1
Volume = §7Tr2h

[EXEXO 5x0.5x1. 4)
3 7

7.7

o1 cm’
Hence, the volume of wood in the entire stand.
= Volume of cuboid — 4 (volume of cone)

= (525—4><%j cm?

= (525 - 1.466) cm?

=523.534 cm?

Q.5. Avessd isintheform of an inverted cone.
Itsheight is8 cm and theradiusof itstop, which is
open,is5cm. Itisfilled with water up tothebrim.
When lead shots, each of which isasphereof radius
0.5cm aredropped intothevessd, one-fourth of the
water flows out. Find the number of lead shots
dropped inthevessal.

Ans. Let r cm be the radius and h cm be the
height of the cone. Thenr =5cmand h=8cm.

Now, Volume of cone = Volume of water in cone

1 (2 22 4400

= h=| =x=—x5x5x8 3— Y 3
3 (3 2 jcm n cm
Volume of water flows

=Volume of |ead shots
1
= 2 of the volume of water in cone

1 1 4400 4400 1100 oo
T4 02 21
Let radius of the lead shot (spherical) be R cm.
Then
R = 05com
Now, Volume of spherical lead shot

= é7zR3=fﬁ(o.5)3
3 3

4,225 5 5 11

377710710710 219"

Therefore,
Required number of lead shots

Volumeof water flowsout
Volumeof onelead shot

S 100, 1o

21 21

Q.6. A solid iron pole consistsof acylinder of
height 220 cm and base diameter 24 cm, which is
surmounted by another cylinder of height 60 cm
and radius8cm. Find themassof thepole, given that
1cm?3of iron hasapproximately 8g mass. (User =
3.14)

Ans. Given

Height of thefirst cylinder, h, =220 cm
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24
Radius of thefirst cylinder, r, = = 12cm

Height of the second cylinder, h, = 60 cm
and radius of the second cylinder, r,=8cm
.. Volume of iron =Volume of first cylinder
+ Volume of second cylinder
=nr?h +przh,
=n(r2h +r.z2h)
=3.14(144 x 220+ 64 x 60)
=3.14 (31680 + 3840) = 3.14 x 35520 cm?®
Also, given that
1 cmé of iron has approximately mass

8 .
1000 "9
(3.14 x 35520) cm? of iron has approximately mass

:89:

=3.14x 35520 x 1000

=3.14x284.160
=892.26kg
Q.7. A solid consisting of aright circular cone
of height 120 cm and radius 60 cm standing on a
hemisphereof radius60 cm isplaced uprightina
right circular cylinder full of water such that it
touchesthebottom. Find thevolumeof water left in
thecylinder, if theradius of the cylinder is60 cm
and itsheight is180 cm.
Ans. Given,
Height of thecylinder (h) =180cm= 1.8cm
andradiusof hecylinder (r)=60cm=0.6m
Volume of water filled inaright circular cylinder
=nr?h

= %x 0.6x0.6x1.8

14.256
7

Also, given solid isacombination of aconeand
ahemisphere

Height of thecone (h,)) =120cm=1.2m

Radiusof thecone(r,) =60cm=0.6 m
and height/radius of the hemisphere (r,)

=60cm=0.6m
Volume of the solid = Volume of the cone
+ Volume of the hemisphere

2
><7rr12 h1+§7rr23

Wk

_ %x%x(O.B)Z><(1.2)+§><%><(0.6)3
- %x(o.e)2 (1.2+2x0.6)
= 22036(1.2+1.2)
21
22 19008 _ 6336
= 22 ,036x24- 3=
21" % o e

Hence, the volume of water |eft inthe cylinder
=Volumeof water filledinaright circular cylinder
—Volume of the solid
14256 6.336 _7.92

=— 7 7 =1.131428m?

=1.131m?

Q.8. Aspherical glassvessel hasacylindrical
neck 8cm long, 2 cm in diameter ; thediameter of
the spherical part is 8.5 cm. By measuring the
amount of water it holds, a child findsitsvolumeto
be 345 cm3. Check whether sheiscorrect, taking
theaboveastheinside measurements, and n = 3.14.

Ans. Letr cm betheradius of the spherical glass.
Then

r—gcm
T2

Now,

4 3
\Volume :gﬂf

4 85 85 85
= | =x314x 22 200 22
_(SX X > X > X > jcms
7713.41
=" 22 Jom
=321.4cm®

Let R cm betheradiusand h cm bethe height of
cylindrical part.

2

Then, R = 2=1cm,h=80m
Volume =nR?h
=(3.14x1x1x8)cn?®
=(25.12)cm?®
Quantity of water =(321.4+25.12) cm®
=346.52cn?

Hence, answer is not correct.
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[EXERCISE 13.3]

Q.1. Ametallicsphereof radius4.2cmismelted
and recast into the shape of acylinder of radius6
cm. Find theheight of thecylinder.

Ans. Let r cm betheradius of the sphere. Then,

r =42cm

Now,

4 3
Volume =§7H

- (%xnx(4.2)><(4.2)><4.2)j o

Let R cm betheradiusand h cm bethe height at
the cylinder. Then
R =6cmandh="?
Volume =nReh
=(nx6%x6xh)cm?
Since sphereisrecast into the shape of acylinder.
So, volumeremains same

Now,

i.e ﬂ7”3—rR2h
. 3 -

4
= Eﬂ X42x42x42=px6x6xh

4x4.2x4.2x4.2
6x6x3

296.352
- =274
108 cm

Q.2. Metallic spheresof radii 6cm, 8cm and 10
cm, respectively, aremelted toform asingle solid
sphere. Find theradiusof theresulting sphere.

Ans. Letr,, r, and r, be the radius of metallic
spheres, thenr, =6cm,r,=8cm, r,=10cm.

Let R cm betheradius of asingle solid sphere.

Since, three metallic spheres are formed from a
single solid sphere, so their volumes are equal .

N gﬂf13+gﬂf23+gﬂf33 = gﬂR3

N f;r(r13+r23+r33) :f;;(Rf
3 3

= réi+r3+rp =R

= 6+8+10° =R3

= 216+512+1000 =R®

= R =1728

= R =12cm

Hence, radius of sphere  =12cm

Q.3. A20m deep well with diameter 7misdug
and theearth from diggingisevenly spread out to
form aplatform 22m by 14 m. Find theheight of the
platform.

Ans.r mbetheradius of h m bethe height of the
well

7
Then, r:EmanthZO,
Now,
Volume of earth dug out = tr*h
2 7 7
= | —x—=x=x20
= ( 77 272" ]”‘3
=770m?
Areaof embankment
=22mx14m
=308
Height of the embankment

Volumeof theearthdug out
= Areaof theembankment

770
=——=25m.

308

Q.4. Awell of diameter 3misdug 14 m deep.
Theearth taken out of it hasbeen spread evenly all
around it intheshapeof acircular ringof width4m
to form an embankment. Find the height of the
embankment.

Ans. Letr mbetheradiusand h m bethe height
of thewell (cylindrical shape). Then

3
r :Emandh:14m

Now, Volume of the earth dug out
=nrh

22 3 3
= | —x—x—=x14
_(7x2x2x jma

2772
_—_ — 3
=g 99 m
and Area of the embankment (shaded part)
=g RP—rr?
= (R—?)
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= %[(5.5)2—(1.5)2]

- %(5.5+1.5)(5.5—1.5)

- [Ex 7><4)
7

=88cm?
Height of the embankment
Volumeof theearthdug out
Areaof theembankment

29
-2 _1125
88 m

Q.5. A container shaped likearight circular
cylinder havingdiameter 12 cm and height 15cmis
full of icecream. Theicecream istobefilled into
conesof height 12 cm and diameter 6 cm, havinga
hemispherical shapeon thetop. Find thenumber of
such coneswhich can befilled with icecream.

Ans. Let R cm be the radius and H cm be the
height of a container, then

12
R= 7:60mandH:150m

Therefore, Volume of cylindrical container
=nR’H
=(mx6x6x15)ck®
=540pcm?®
Letr, cmbetheradiusand h cm bethe height of
a cone, then

6
r= E=3cmandh=12cm

Therefore, volume of conical part

1 >
= —a,"h
3 1

= (%ﬂx3x3x12) amd

=36rcm®
Letr,cm bethr radiusof hemispherical part,
then
r,=3cm (r,=r)
Therefore, Volume of Hemispherical part
2 3

=—xr
3 2

- (§EX3X3X3] cm?

=18ncm?
Now, Volume of ice-cream conewith hemisphrical

top

=Volume of cone
+Volume of Hemisphere
=(36n+18p)cm?
=54ncm?
Therefore,
the required no. of such cones

Volume of Cylindrical container
~ Volumeof conewith hemispherical top

_5407r_10
T BAx T

Q.6. How many silver cains, 1.75cmin diameter
and of thickness2 mm, must bemelted toform a
cuboid of dimensions5.5cm x 10cm x 3.5¢cm?

Ans. We know that, every coin has a shape of
cylinder. Let radius and height of the coin arer, and
h,.

' Given, diameter of acoin=1.75cm

175
rl:T cmandh, =2mm=0.2cm

Also, given that the length, breadth and height
of the cuboid are 5.5 cm, 10 cm and 3.5 cm,
respectively.

.. Volume of cuboid = Length x Breadth x Height

=55x10x35=1925cm?

Let 'n’ bethe number of coinsof melting to make
the cuboid.

Then, n x volume of acoin = Volume of the
cuboid.
e BBATS e 1925x28_ 0,
= 28 0T T 13475

Hence, 400 silver coinsmust bemelted toforma
cuboid.

Q.7. Acylindrical bucket, 32 cm high and with
radiusof base 18 cm, isfilled with sand. Thisbucket
isemptied on theground and a conical heap of sand
isformed. If theheight of theconical heapis24 cm,
find theradiusand dant height of theheap.

Let the radius and slant height of the heap of
sand are r and I. Given, the height of the heap of
sand h =24 cm.
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1
Volume of the heap of sand = 3 nr? (24) = 8 mur?

Also, given the height and radius of cylindrical
bucket are 32 cm and 18 cm, respectively.
.. Volume of cylindrical bucket = n(Radius)? x
(Height) =x (18)2x 32
Now, according to question,

Volume of the heap of sand = Volume of the
cylindrical bucket
= 8nr2=nx18x 18 x 32
= r2 =18x18x4 = r=36cm
Now, the slant height of the conical heap of sand

= Jh2 112 =/(24)? +(36)2

= \/576+1296 =+/1872

| = 144x13+ =12+/13cm

Q.8. Water inacanal, 6mwideand 1.5m deep,
isflowingwith a speed of 10km/h. How much area
will it irrigatein 30 minutes, if 8 cm of standing
water isneeded?

Ans. Given, speed of flow of water (1) = 10 kmh-
1=10% 1000 mh

Required area for covering 8 cm height of
standing water

45000

x100 = 5625007

562500

~ 10000

Q.9. A farmer connects a pipe of internal
diameter 20cm from acanal intoacylindrical tank
in her field, whichis10min diameter and 2m deep.
If water flowsthrough thepipeat therateof 3km/h,
in how much timewill thetank befilled?

Ans. Letr mbetheradiusand h m bethe height
of thecylindrical tank.

hectares -=56.25 hectares

10
Then,r=7=50mandh=2m

Now, Volume of cylindrical tank
=nr?h
= x5 x2=50pm?3
Now, Volume of the water that flowsthrough the
pipet hours
=Volume of cylinder of radiusof 10cm
and length = (3000t m)

Areaof canal =6 x 1.5=9m? SO0mm? =307tm®
Volume of water flowingin 1 h=10x 1000 x 9m? 5
Volume of water flowingin 1/2 h = t =7 hour
_ 10x 1(2)OO>< 9 _ - =1 hour 40 minutes.
|EXERCISE 13.4|
Q.1. Adrinkingglassisin theshapeof afrusum M%7 308 >
of aconeof height 14 cm. Thediameter sof itstwo = 3 :Tcm3:102§cm3

circular endsare4cmand 2cm. Find thecapacity of
the glass.
Ans. Let Randr betheradii of bigger and smaller
ends of the frustum and h be its height. Then,
4

2
R=E =2cm,r= Ezlcmandh:14cm

7h
Now, Volume= 3 [R2+R.r+r7

1 22
= —X—
3 7
1

x14[(2%+2x1(1)7

x 44 (4+2+1)

[

3

Q.2. Thedant height of afrustum of aconeis4
cmand theperimeter s(circumference) of itscir cular
endsare18cm and 6 cm. Find the curved surface
areaof thefrustum.

Ans. Let Randr betheradii of bigger and smaller
ends of the frustum, and | be the slant height, then |
=4cm

Perimeter of bigger end=18cm

= 2nR=18

= R =9cm
Perimeter of smallerend=6cm
= 2mR=6
= nR =3cm
Now,

Curved surface of the fustum
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=7RIl +7rl
=1(nR+mr)
=4(9+3)=4x12
=48cm?

Q.3. Afez,thecap used by
the Turks, isshaped likethe
frustum of acone(seeFig.). If
itsradiuson theopen sideis
10 cm, radius at the upper
base is 4 cm and its slant
heightis15cm, find thearea |
of material used for making
it.

Ans. Let Randr berespectively theradii of bigger
and smaller ends of the frustum and | be the dlant
height then,

R=10cm,r=4cmandl =15cm

Now, Curved SurfaceArea

=7RIl +7rl
=l (R+r)

- §x15(10+4) -

- [§><15><14\JcmZ

=22 x30=660cm?
and area of the top fo the cap

= ﬁr2:£x16
7

Thus,
Total area of the material used for making the

cap

= (6604‘%) cm?

2
= 710—
7 cm?

Q.4. A container, opened from thetop and made
up of ametal sheet, isin theform of afrustum of a
coneof height 16 cmwith radii of itslower and upper
endsas8cm and 20 cm, respectively. Find the cost
of themilk which can completely fill the container,
at therate of Rs 20 per litre. Also find the cost of
metal sheet used to makethe container, if it costs

Rs8per 100 cm?, (Takew = 3.14)
Ans. Let R and r be respectively the radii of
bigger and smaller ends of the frustum, then
R=20cm,r=8cm
Let | and h be respectively the slant height and
height of the frustum then
h =16cm

= JhZ +(R-r)?

= /162 + (20— 8)2
= J256+144
= J400=20cm

and |

Now,

(i) Curved Surface areaof frustum
=nl (R+T)
=3.14x20(20+8)
=(3.14x 20 % 28) c?
=1758.4cm?

(ii) Tota tinrequired
=CSA. +areaof base
=1758.4+3.14 % (8)?
=1758.4+ 200.96
=1959.36 cm?

(iii) Cost of required tin
_1959.36x8

100
(iv) Volumeof frustum

=Rs.156.75

zh
=73 [RZ+R.r+r?

3.14x15
= 7x3

[(20)2+20% 8+ (8)]

_ 50.24
)

50.24
= 3 x 624 cm®

=50.24 x 208cm?®

_10449.92
~ 1000
Cost of milk @ 20 per litres

10449.92
= 20x———
Rs.( X 1000 j

=Rs.208.99=Rs. 209

(400 + 64 + 160)cm®

Litres
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Q.5. Ametallicright circular cone20 cm high
and whosevertical angleis60° iscut intotwo parts
at themiddleof itsheight by aplaneparallel toits
base. If thefrustum so obtained bedrawn intoawire

1
of diameter —— cm, find thelength of thewire.

16
Ans.
1dem
10cm
G F

InFig ConeABC iscut out by aplaneparalel to
the base FG. DEFG isthefrustum so obtained. Let O
bethe centre of the base of the coneand O' the centre
of the base of the frustum.

Itisgiventhat /BAC =60°

ZOAC=30°

Inright triangleAOC, t 30°—%
nright triangle tan30°= ¢

= OC =0A xtan30°
110

NERE cm.

10 |
And, PE =0OC= 3 cm. 0]
Since, AAOC ~ AAOF

(Using AA similarity condition)
AO OC

AO" OF

= 10x

= O.F:\/é

1
Height of thefrustum =PO' = 5 AO'=10cm

7h
Volume of thefrustum= 3 [RZ+Rr +r?

7x10
3

[ OF2+ OF +PE +PE]

7x10
-3

(2] -2.(2]]

(Using (i) and (ii)]

7x10
3

{ 400+ 200+ 100}
3

7 x10x 700
= —9 Cm3

x 7000
9 cm® (i)

1
Radiusof thewire= —- cm

32

Let h belength of thewire

2
1
Volumeof wire=p x [—j xh ..(v)

32

From (iii) and (iv), we get

m[

32

2
1) Xh:

%7000
9

7x7000 32x32
X

9 V4
7168000
- 9
=796444.4 cm (approx)
=79%64.44m

=7964 m. (approx.)
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| EXERCISE 13.5 Optional | A
Q.1. A copper wire, 3mm in diameter, iswound 12 \
about acylinder whoselengthis12cm,anddiameter = AE= 5 = 2.4cm
10 cm, so as to cover the curved surface of the ] B
cylinder. Find the length and mass of the wire, S0 radiusof thebaseof c
assumingthedensity of copper tobe8.88gper cm3.  CONe=AE=2.4
Ans. Length of thecylinder = 12 cm =120 mm Now, inright angled

.. Number of rounds of cover 3Smm=1
.. Number of rounds of cover 120 mm

120

3
Letr cm betheradius of the cylinder. Then

10 5
r= > = cm

.. Length of the wirein completing one round

=2nr

=2n(5)=10ncm
.. Length of the wire in completing the whole

surface (40 rounds)
=107t x40=400ntcm

3 3
Radius of the copper wire= P mm= 2, cm

2
3
Volumeof wire =7 [%j (4007)

=9r2cm?®
=9On?x8.88

2
= Q[EJ x8.88
7
=789.42gm
Q.2. Aright triangle, whosesidesare3cm and
4cm (other than hypotenuse) ismadetorevolveabout
itshypotenuse. Find thevolumeand surfacear ea of
the double cone so formed. (Choose value of &t as
found appropriate.)
Ans. Here, ABC is aright angled triangle at A
and BC is the hypotenuse

BC=,/32+42 =\/25=50m
As A ABC revolves about the hypotenuse BC.
It formes two cones ABD and ACD. Since, AAEB
and AABC aresimilar.
AE AB AE 3
—_— e —
CA BC 4 5

Mass of wire

AABE

\

BE=/AB?— AE? = ,/9-(2.4) =1/3.24

=18cm
CE =BC-BE=5-1.8=3.2cm

1 22
Now, volume of coneABD = 37 (2.4)%x1.8

22
= zx10.368=10.86 cm?

1 22
and Volume of the coneACD = 37X (2.4)°x3.2

_ 405504 19 31em?

Required volume of double cone
=10.86+19.31=30.17cm®

22
Now, surface areaof coneABD =nrl = 7 x24x3

= $= 22.63 cm?

22
and surface areaof coneACD = - x24x4

211.2

_ 2
7 30.17cm

.. Required surface area of double cone
=22.63+30.17=52.8cm?

Q.3. Acistern, internally measuring 150 cm x
120 cm x 110 cm, has 129600 cm?® of water in it.
Porous bricks are placed in the water until the
cisternisfull tothebrim. Each brick absorbsone-
seventeenth of itsown volume of water. How many
brickscan beput in without over flowingthewater,
each brick being22.5cm x 7.5cm x 6.5cm?

Ans. Given internally dimensions of cistern =
150cmx120cmx 110cm
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Volumeof cistern=150 % 120 x 110 cm?®
=1980000cm?®
Volumeof water =129600cm?®
Volume of cisternto befilled
= 1980000 - 129600 = 1850400 cnv®
Let required number of bricks=n

1096.875
Then water absorbed by nbricks= N 7 o
1096.875
Now, 1850400+ ”(Tj =n(1096.875)

16
= nx 1096.875 x 17- 1850400

185040017
= M= 1096.875x 16

=1792.4102= 1792 (approx.)
Hence, 1792 brickes can be put in cistern.

Q.4. In onefortnight of a given month, there
wasarainfall of 10cminariver valley. If theareaof
thevalley is 7280 km?, show that thetotal rainfall
wasapproximately equivalent totheaddition tothe
normal water of threeriverseach 1072 km long,
75mwideand 3m deep.

Ans. Given, areaof thevalley = 97280 knv?

10

and ramfall=100m=mkm

. 97280x10 ,
Volumeof rainfall = 100<1000 = 9.728km

Also, given length of theriver =1072 km

) 75
breadth of theriver=75m= 1000 km

. . 3
and height (deep) of theriver =3m= 1000 km

. 75 3
Volume of oneriver = 1972 x 1000 X 1000

=0.2412km?
So, volumeof threerivers=3x 0.2412 = 0.7236 km?*
FromEgs. (i) and (ii), it isclear that total rainfall
is not approximately equivalent to normal water of
threerivers.
Q.5. Anail funne madeof tin sheet consistsof
alO0cmlongcylindrical portion attached toafrustum

of acone. If thetotal height 18 cm
is22 cm, diameter of the
cylindrical portion is 8
cmandthediameter of the

top of thefunnel is18cm, 22 cm
10 ¢

find the area of the tin

sheet required to make

thefunnel (seeFig.).
Ans. Givenoil funnel

is a combination of a cylinder and a frustum of a

cone.

Also, given height of cylindrical portionh=10cm

8
and radiusr2=5=4cm

Diameter of top of thefunnel = 18 cm

18
Radius of top of thefunnel r, = 5= 9cm

Now, height of thefrustum of cone=22-10=12cm

Slant heightof the frustum | = /122 4 (9— 4)?
= 4144+ 25=+/169

I=13cm
Required area of the the tin sheet = Curved surface
areaof cylindrical portion + Curved surface area of
the frustum
=2nr*h+n(r +r)l

22

= - [2x4x10+(9+4) 13
22

= (80+169)

2 249
— X
7

5478 4
_— — — 2
== 782 S cm

Q.6. Derivetheformulafor thecurved surface
areaand total surfaceareaof thefrustum of acone,
given toyou in Section 13.5, using the symbolsas
explained.

Ans. Let h be the height, | be the slant height
andr, andr, betheradii of the bases(r, >r,) of the
frustum fo acone. We completethe conical part OCD.

The frustum of the right circular cone can be
viewed as the difference of the two right circular
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cones OAB and OCD. Let slant height of the cone
OAB bel, anditsheightbeh, i.e., OB=0A =1 and
OP=h,

Then, in AACE

I=/h2+(r,—r1,)?
Slant height of the cone OCD =1 I
AOQD ~AOPB (AA similarity criterion)
oD _@j =1 _1p

OB PB I, n

I
= 1-7=
1 h
I 1-f2 _h-h
= |
1 r I
Ir
_1 .
= L= ()
Ir. Ir
1 2 .
| —1= -I- (i)
rh—r; rh—r;

Hence, curved surface area of the frustum of cone
= curved surface area of he cone OAB
—curved surfaced areaof the cone OCD
=nr |, —mnr, (,-1)
Ir Ir
1 Ay — 2
fh—r rh—rp

=Ttrl

[FromEgs. (i) and (ii)]

r2—r2
—al| 22 |=xl(r+1y)

n-r

Therefore, curved surface areaof the frustum of cone

=nl(r +r)
1= 0%+ (1 -1)°

If A,and A, are the surface area (A, > A,) of two
circular bases, then

— 2 —_ 2
A, =nr2andA, =nr,

= Jh?+ (5 -r,)?

Q.7. Derivetheformulafor thevolumeof the
frustum of acone, giventoyou in Section 13.5, using
thesymbolsasexplained.

Ans. LetV bethevolume of thefrustum of cone.
Then,

V =Volume of coneVVAB —Volumeof cone VA'B'

where,

where,

1 1
= V=§7”12hi—§7”22(hl—h)

T
= V=3S[hr2=(h-hrj

Z)f e’ | [ e
= V=3lln-r) (n-r
7| h 3 3
= -
= -3{r1_r2(1 2)}

T h
- V= —{ (r1_r2)(r12 +hlh+ rzz)}
3(n-r

T
= V= gh(ﬁz + 10+ r22)

Thus, the volume of the frustum of the coneis
given by
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Additional Questions

Q.1. Threemetallic solid cubeswhoseedgesare
3cmand 4cmand 5cm aremelted and formedintoa
singlecube. Find the edge of the single cube.

Ans. Volumeof first cube= (3)3=27cm?®

Volume of second cube = (4)*= 64 cm?

Volumeof third cube= (5)®=125cm?

Volume of single cube

=27+64+125
=216cm?

L et edge of thesingle cube=acm

a®=216=(6)*=a=6.

Q.2. Twoidentical cubeseach of volume 64 cm?®
arejoined together end toend. What isthesurface
areaof theresulting cuboid ?

Ans. Given volume of one cube = 64 cm?

Letitsside=acm

a’=64=a=4cm
Now for joined cuboid,
[=8cm
b=4cm
h=4cm
New surfacearea = 2(Ib + bh + hl)
=2(8x4+4x4+8x4)
=2(32+16+32)
=2x80
=160cm?

Q.3. From asolid cube of side 7 cm, a conical
cavity of height 7cm and radius3cm ishollowed out.
Find thevolumeof theremaining solid.

Ans. Volume of cube=(7)3=343cm?

For concial cavity, h=7cm,r =3cm

. 1 >
Volumeof cavity = 277 h

l><2><3>< 3x7
3 7

=66cm?
Volumeof theremaining solid
=343-66=277cm?
Q.4.How many spherical lead shotsof diameter
4. cm can bemadeout of asolid cube of lead whose
edgemeasures44 cm?
Ans. Volumeof solid cube=44(3)3cm?
For spherical lead shots, r =2 cm

4 3
Volume of onelead short = 3” (2%cme

Number of lead shots

44x 44x 44
4 22

—x—x8

3 7

22x44x21

8

=11x11x21
= 2541 (lead shots)

Q.5. How many cubic centimetres of iron is
required to construct an open box whose exter nal
dimensionsare 36 cm, 25cm and 16.5 cm provided
thethicknessof theironis1.5cm. If onecubiccm
oif iron weight 7.5 g, find theweight of thebox.

Ans. External dimesnions,

I=36cm,b=25cm,h=16.5cm

Internal dimensions

|=36—-3=33cm
b=25-3=22cm
h=16.5-15=15cm

Volumeof iron=36x 25 x 16.5—-33x 22x 15

=14850—10890
=3960cm?

Weight of theiron =3960 x 7.5

=297009g
=29.7kg.

Q.6. 16 glass spheres each of radius2 cm are
packed intoacuboidal box of internal dimensions16
cm x 8cm x 8cm and then thebox isfilled with water.
Find thevolumeof water filled in thebox.

Ans. Volume of cuboidal Box

=16x8x8cm?

4
Volume of one sphere= Plalide (22

Volume of 16 glass spheres

15 4X22 8o
= X —X—X
37 cm
Volume of water

16x8x8—-16 4><22 8
=16x8x8—-16x —X— X
3 7
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88
= 8——
16x 8 [ ZlJ

168-88
=16x8 —21

=128x @——10240—4876 3

TSN T TR

Q.7. Amilk container of height 16 cm ismade
of metal sheet intheform of afrustum of aconewith
radii of itslower and upper endsas8cm and 20cm
respectively. Find thecost of milk at therateof Rs.
22 per litrewhich thecontainer can hold.

Ans. For milk container :

R=20cm,r=8cm,h=16cm

Volume of container

xp(R?+r’+R) xh

xp[(20)°+(8)*+20x 8] x 16

X px 624 x 16 cm?

624%16
1000

X

litres

Wik Wik Wik Wl

1 624x16

Cost of milk :§x 1000

4832256
21000
=Rs.230.11
Q.8.Ahemispherical bowl of internal radius9
cm isfull of liquid. Theliquid isto be filled into
cylinderical shaped bottleseach of radius1.5cmand
height 4cm. How many bottlesar eneeded to empty
thebowl?
Ans. For Bowl :r =9cm

2
Volume of bowl = 3 7(9)® cm?

For bottle: Let the numbr of bottlesben
r=15cm h=4cm
Volume of cylinderical bottle

=nr#h

=n(15)?x4

%;;(9)3

Number of bottles= —
7 (1.5 x4

2x100 729
T 3x225 4
=54 bottles

Q.9.Therain water from aroof of dimensions
22 m x 20m drainsintoacylinder cal vessel having
diameter of base 2m and height 3.5 m. If therain
water collected fromtheroof just fillsthecylinderical
vessal, then find therainfall in cm.

Ans. For cylinderical vessel

r=1mh=35m

Volume =nr’h

=n(1)?x35=35pm?
Lettherainfal =hm
Volume of water on the roof

=22x20xhm?
22
22><20><h:3.5x7
L0585
= ~20 200™
5
= h =—=x100¢m

~ 200
Hence, h=25cm

Q.10. A pen tand madeof wood isin theshapeof
acuboid with four conical depressiosn and a cubical
depression to hold thepensand pins, respectively.
Thedimesnionsof thecuboid are10cm,5cmand 4
cm. Theradiusof each of the conical depressionsis
0.5cm and depthis2.1 cm. Theedgeof thecubicle
depression is3cm. Find thevolume of wood isthe
entirestand.

Ans. Volumeof cuboid =10 5x 4=200cm®

Volume of 4 depressions

1
= = 12 3
4x g h+a

xp(0.5?%(2.1) +(3)°

wlh

4 22 25 21
= —X—X——x—+27
3 7 100 10

11
= E+27:2.2+27:29.20m3

Volume of wood in the entire stand
=200-29.2
=170.8cm?®
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Multiple Choice Questions

Q.1. Theratioof thecolumeof twospheresis8: 27.
If rand R aretheradii of spheresrespectively,

then(R-r):ris:

@1:2 (b)1:3

(©2:3 (d)4:9
Ans. ()

Q.2. Thevalume(incmd) of thelargest right circular
conethat can becut off from acubeof edge4.2

cmis:

@97 (b) 77.6

(c)58.2 (d)194
Ans. (d)

Q.3. Acylindrical pencil shar pened at oneedgeis
thecombination of :
(a) acone and acylinder
(b) frustum of acone and cylinder
(c) ahemisphere and acylinder
(d) two cylinders

Ans. ()

Q.4. Theradius(incm) of thelargest right circular
conethat can becut out from acubeof edge4.2

cmis:

@4.2 (b)2.1

(c)84 (d)1.05
Ans. (b)

Q.5. A sphereof diameter 18 cm isdropped intoa
cylindrical vessd of diameter 36cm, partly filled
with water. if the sphere is completely
submer ged, then thewater level rises(in cm)

by:
@3 (b) 4
©5 (d)6

Ans. ()

Q.6. A cubical icecream brick of edge22cmistobe
distributed among somechildren by fillingice-
cream conesof radius2 cm and height 7cm up
to its brim. How many children will get ice

cream cones?

(@163 (b) 263

(c) 363 (d)463
Ans. (c)

Q.7. If each edgeof acubeisincreased by 50%, the
percentageincreasein thesurfaceareais:

(a) 25% (b) 50%
(c) 75% (d) 125%
Ans. (d)

Q.8. Two cubeseach of volume8 cm? arejoined end
toend, then the surfacearea of theresulting

cuboidis:

(a)80cm? (b) 64cm?

(c)40cm? (d)8cm?
Ans. (c)

Q.9. Theradiusof asphereisr cm.itisdividedinto
twoequal parts. Thewholesurfaceof twoparts

will be:

(&) 8rrzcm? (b) 4mr2 eny?

(¢) 2rr>cm? (d) 6rr2eny?
Ans. (d)

Q.10. Theradiusof thelargesr right circular cone
that becut out from acubeof edge4.2cmis:

(@4.2cm (b)8.4cm
(c)1.05cm (d21cm
Ans. (d)



