SURFACE AREASAND
VOLUMES

13.1 Introduction

From Class|X, you arefamiliar with some of the solidslike cuboid, cone, cylinder, and
sphere (seeFig. 13.1). You havea so learnt how to find their surface areas and volumes.

Fig. 13.1

Inour day-to-day life, we come acrossanumber of solids made up of combinations
of two or more of the basic solids as shown above.

You must have seen a truck with a
container fitted on its back (see Fig. 13.2),
carrying oil or water from one place to 116
another. Isit in the shape of any of the four |||
basic solids mentioned above? You may
guess that it is made of a cylinder with two
hemispheres as its ends.

Fig. 13.2
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onein Fig. 13.3. Can you nameit?A test tube, right!

You would have used onein your sciencelaboratory.
This tube is also a combination of a cylinder and a
hemisphere. Smilarly, whiletravelling, you may have
seen some big and beautiful buildings or monuments
made up of acombination of solids mentioned above.

Again, you may have seen an object like the {::3
—_Qo

If for some reason you wanted to find the
surface areas, or volumes, or capacities of such
objects, how would you do it? We cannot classify _
these under any of the solidsyou have already studied. Fig. 13.3

In this chapter, you will see how to find surface areas and volumes of such
objects.

—/

13.2 SurfaceAreaof aCombination of Solids

Let us consider the container seen in Fig. 13.2. How do we find the surface area of
such a solid? Now, whenever we come across a new problem, we first try to see, if
we can break it down into smaller problems, we have earlier solved. We can see that
this solid is made up of acylinder with two hemispheres stuck at either end. It would
look like what we havein Fig. 13.4, after we put the pieces all together.

4 N
Z X

Fig. 134
If we consider the surface of the newly formed object, we would be able to see
only the curved surfaces of the two hemispheres and the curved surface of the cylinder.

So, the total surface area of the new solid is the sum of the curved surface
areas of each of theindividual parts. Thisgives,

TSA of new solid = CSA of one hemisphere + CSA of cylinder
+ CSA of other hemisphere

where TSA, CSA stand for ‘Total Surface Area’ and ‘Curved Surface Area
respectively.

Let us now consider another situation. Suppose we are making atoy by putting
together a hemisphere and a cone. Let us see the steps that we would be going
through.
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First, wewould take a cone and a hemisphere and bring their flat faces together.
Here, of course, we would take the base radius of the cone equal to the radius of the
hemisphere, for the toy is to have a smooth surface. So, the steps would be as shown

inFig. 13.5. "
. .

T e &

At theend of our trial, we have got oursel ves anice round-bottomed toy. Now if
we want to find how much paint we would require to colour the surface of this toy,
what would we need to know? We would need to know the surface area of the toy,
which consists of the CSA of the hemisphere and the CSA of the cone.

So, we can say:
Total surface area of the toy = CSA of hemisphere + CSA of cone
Now, let us consider some examples.

Example 1 : Rasheed got aplaying top (lattu) ashis
birthday present, which surprisingly had no colour on
it. Hewanted to colour it with hiscrayons. Thetopis 5cm
shaped like a cone surmounted by a hemisphere
(see Fig 13.6). The entire top is 5 cm in height and
the diameter of the top is 3.5 cm. Find the area he .

22
has to colour. (Taken = 7) Fig. 13.6

Solution : Thistop is exactly like the object we have discussed in Fig. 13.5. So, we
can conveniently use the result we have arrived at there. That is:

TSA of thetoy = CSA of hemisphere + CSA of cone

. 1 2 2
Now, the curved surface area of the hemisphere = E(4TEF ) =2nr

22 35 35 2
— | 2x—x—x—|Ccm
7 2 2
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Also, the height of the cone = height of the top — height (radius) of the hemispherical part

35
= 5—7 Cm =325cm

35
So, thedant height of thecone (1 ) = y/r> + h? = \/[7j +(3.25)* cm =37 cm (3pprox.)

22 35 ,
Therefore, CSA of cone = iirl = £l X > x 3.7 |cm

This gives the surface area of the top as
2xgx§x3—'5 cm? + g><3;5><3.7 cm?
7 2 2 7 2

-2, 3—25 (35+37)cm’ = 1—21>< (3.5 + 3.7) cm? = 39.6 cm? (approx.)

You may note that ‘total surface area of the top’ is not the sum of the total
surface areas of the cone and hemisphere. 4.2 cm

Example 2 : The decorative block shown
in Fig. 13.7 is made of two solids— a cube
and ahemisphere. The base of theblock isa
cube with edge 5 cm, and the hemisphere
fixed on the top has a diameter of 4.2 cm.
Find the total surface area of the block.
(Take = 22) 3 cm

7 Fig. 13.7

Solution : Thetotd surface area of the cube = 6 x (edge)? =6 x 5 x 5 cn? = 150 cm?.

Note that the part of the cube where the hemisphere is attached is not included in the
surface area.
o, the surface area of the block = TSA of cube — base area of hemisphere
+ CSA of hemisphere
150 — mtr2 + 2 mr?= (150 + mtr2) cnv?
150cm? + [ 2« 22, 42) oy

7 2 2
(150 + 13.86) cm? = 163.86 cm?
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Example 3 : A wooden toy rocket isin the 1
shape of a cone mounted on a cylinder, as
shown in Fig. 13.8. The height of the entire
rocket is26 cm, whilethe height of theconical
part is6 cm. The base of the conical portion
has a diameter of 5 cm, while the base
diameter of thecylindrical portionis3cm. If
the conical portion is to be painted orange
and the cylindrical portion yellow, find the
area of the rocket painted with each of these
colours. (Taken = 3.14)

Solution : Denote radius of cone by r, slant
height of coneby |, height of coneby h, radius

6 cm

26 cm

5cm

base of cylinder

base of cone

of cylinder by r” and height of cylinder by h'. J
Thenr =25cm, h=6¢cm, r’ = 1.5 cm, _
h' =26 —6 =20 cm and Fig. 13.8

|= Jr2+h? = 252 + 6 cm =6.5¢cm

Here, the conical portion hasits circular base resting on the base of the cylinder, but
the base of the coneislarger than the base of the cylinder. So, apart of the base of the
cone (aring) isto be painted.

So, the area to be painted orange = CSA of the cone + base area of the cone
— base area of the cylinder

= qrl + mr? — n(r’)?

= n[(2.5 x 6.5) + (2.5)> — (1.5)7] cm?
= m[20.25] cm? = 3.14 x 20.25 cnv?

= 63.585 cm?

Now, theareato be painted yellow = CSA of the cylinder
+ area of one base of the cylinder

= 2nr'h + w(r’)?

=qar’ (2h + 1)

= (314 x 15) (2% 20+ 1.5) cm?
= 471 x415cm?

= 195.465 cm?
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Example4: Mayank madeabird-bath for hisgarden
in the shape of a cylinder with a hemispherical
depression at one end (see Fig. 13.9). The height of
thecylinder is1.45 manditsradiusis30 cm. Find the

22
toal surface area of the bird-bath. (Take = Ea )

Solution : Let h be height of the cylinder, and r the
common radius of the cylinder and hemisphere. Then,

Fig. 13.9
the total surface area of the bird-bath = CSA of cylinder + CSA of hemisphere

= 2nrh+ 2nr2 = 2nr(h + 1)

= 2x§ x 30(145 +30) cm?

= 33000 cm? = 3.3

EXERCISE 13.1

22
Unless stated otherwise, take t = 7'

1. 2 cubes each of volume 64 cm?® are joined end to end. Find the surface area of the

resulting cuboid.

2. A vessal isin the form of a hollow hemisphere mounted by a hollow cylinder. The
diameter of the hemisphereis 14 cm and the total height of the vessel is 13 cm. Find the

inner surface area of the vessel.

3. Atoyisintheform of acone of radius 3.5 cm mounted on a hemisphere of sameradius.
Thetotal height of thetoy is 15.5 cm. Find the total surface area of the toy.

4. A cubical block of side 7 cm is surmounted by a hemisphere. What is the greatest
diameter the hemisphere can have? Find the surface area of the solid.

5. A hemispherical depression is cut out from one face of a cubical 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.

6. A medicine capsule is in the shape of a
cylinder with two hemispheres stuck to each
of its ends (see Fig. 13.10). The length of
theentire capsuleis 14 mm and the diameter
of the capsuleis5 mm. Find its surface area.

C

k-

14 mm

Fig. 13.10

7
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7. A tent isin the shape of a cylinder surmounted by a conical top. If the height and
diameter of thecylindrical part are 2.1 m and 4 m respectively, and the slant height of the
topis2.8 m, find the area of the canvas used for making the tent. Also, find the cost of
the canvas of the tent at the rate of Rs 500 per m?2. (Note that the base of the tent will not
be covered with canvas.)

8. Fromasolid cylinder whose height is2.4 cm and diameter 1.4 cm, aconical cavity of the
same height and same diameter is hollowed out. Find the total surface area of the
remaining solid to the nearest cm?.

9. A wooden article was made by scooping
out ahemisphere from each end of a solid
cylinder, as shown in Fig. 13.11. If the
height of the cylinder is 10 cm, and its
base is of radius 3.5 cm, find the total
surface area of the article.

13.3 Volumeof aCombination of Solids Fig. 13.11

In the previous section, we have discussed how to find the surface area of solids made
up of a combination of two basic solids. Here, we shall see how to calculate their
volumes. It may be noted that in calculating the surface area, we have not added the
surface areas of the two constituents, because some part of the surface areadisappeared
in the process of joining them. However, this will not be the case when we calculate
thevolume. The volume of the solid formed by joining two basic solidswill actually be
the sum of the volumes of the constituents, as we see in the examples bel ow.

Example 5 : Shantaruns an industry in
ashed which isin the shape of a cuboid
surmounted by a half cylinder (see Fig.
13.12). If the base of the shed is of
dimension 7 m x 15 m, and the height of
the cuboidal portionis8m, find thevolume
of air that the shed can hold. Further,
suppose the machinery in the shed
occupies a total space of 300 m?, and
there are 20 workers, each of whom
occupy about 0.08 m® space on an
average. Then, how much air isin the

Fig. 13.12

22
shed? (Teke = )
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Solution : Thevolume of air inside the shed (when there are no people or machinery)
is given by the volume of air inside the cuboid and inside the half cylinder, taken
together.

Now, thelength, breadth and height of the cuboid are 15 m, 7 m and 8 m, respectively.
Also, the diameter of the half cylinder is 7 m and its height is 15 m.

1
So, the required volume = volume of the cuboid + 5 volume of the cylinder

= 15x7x8+1x§xzxzx15 m® = 1128.75 m®
27 2 2

Next, the total space occupied by the machinery = 300 m?
And the total space occupied by the workers = 20 x 0.08 m* = 1.6 m®
Therefore, the volume of the air, when there are machinery and workers

= 1128.75-(300.00 + 1.60) = 827.15 m?®

Example 6 : A juice seller was serving his
customersusing glassesas shownin Fig. 13.13.
Theinner diameter of the cylindrical glasswas
5 cm, but the bottom of the glass had a
hemispherical raised portion which reduced the
capacity of the glass. If the height of a glass
was 10 cm, find the apparent capacity of the
glass and its actual capacity. (Usent = 3.14.) Fig. 13.13

Solution : Since the inner diameter of the glass = 5 cm and height = 10 cm,

the apparent capacity of the glass= nrzh
= 3.14 x 25 x 25 % 10 cm® = 196.25 cm?®

But the actual capacity of the glassisless by the volume of the hemisphere at the
base of the glass.

2 2
ie, itislessby - nr®= —x 3.14x25x25x 25cm® = 32.71 cm?

So, the actual capacity of the glass = apparent capacity of glass — volume of the
hemisphere
= (196.25-32.71) cm?

= 163.54 cm?
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Example 7 : A solid toy is in the form of a E A F
hemi sphere surmounted by aright circular cone. The
height of the cone is 2 cm and the diameter of the

0
B C

base is 4 cm. Determine the volume of the toy. If a

right circular cylinder circumscribesthetoy, find the -

difference of the volumes of the cylinder and the toy. HY—— P_..- -G

(Taken = 3.14) Fig. 13.14

Solution : Let BPC be the hemisphere and ABC be the cone standing on the base
of the hemisphere (see Fig. 13.14). The radius BO of the hemisphere (as well as

1
of the cone) = 5 x4cm=2cm.

2 3 1 2
So, volumeof thetoy = gnr +§7cl’ h

= E x 3.14x (2)%+ % x 3.14 x (2)* x 2} cm® = 25,12 cm?

Now, let theright circular cylinder EFGH circumscribe the given solid. The radius of
the base of the right circular cylinder = HP=BO =2 cm, and its height is

EH=AO0+0P=(2+2)cm=4cm
So, the volume required = volume of theright circular cylinder —volume of the toy
(314 x 22x 4 -25.12) cm?®
2512 cm?

Hence, the required difference of the two volumes = 25.12 cm®,

EXERCISE 13.2

22
Unless stated otherwise, take t = 7 .

1. A solidisin the shape of a cone standing on a hemisphere with both their radii being
equal to 1 cmand the height of the coneisequal toitsradius. Find thevolume of the solid
intermsof .

2. Rachel, an engineering student, was asked to make amodel shaped like acylinder with
two cones attached at itstwo ends by using a thin aluminium sheet. The diameter of the
model is3cmanditslengthis12 cm. If each cone hasaheight of 2 cm, find the volume
of air contained inthe model that Rachel made. (A ssume the outer and inner dimensions
of the model to be nearly the same.)
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3. A gulab jamun, contains sugar syrup up to about e
30% of itsvolume. Find approximately how much
syrup would be found in 45 gulab jamuns, each
shaped like acylinder with two hemispherical ends
withlength 5cmand diameter 2.8 cm (seeFig. 13.15).

— e

4. A pen stand made of wood is in the shape of a Fig. 13.15
cuboid with four conical depressionsto hold pens.
Thedimensionsof the cuboid are 15 cm by 10 cm by
3.5cm. Theradiusof each of the depressionsis0.5
cm and the depth is 1.4 cm. Find the volume of
wood intheentire stand (see Fig. 13.16).

5. A vessd is in the form of an inverted cone. Its

height is 8 cm and the radius of its top, which is HuRne
open, is5 cm. Itisfilled with water up to the brim. i/ V'V V'V

When lead shots, each of whichisasphere of radius

0.5 cm are dropped into the vessel, one-fourth of -

thewater flows out. Find the number of lead shots

dropped in the vessel. Fig. 13.16

6. A solidiron poleconsistsof acylinder of height 220 cm and base diameter 24 cm, which
issurmounted by another cylinder of height 60 cm and radius 8 cm. Find the massof the
pole, giventhat 1 cm? of iron has approximately 8g mass. (User = 3.14)

7. A solid consisting of aright circular cone of height 120 cm and radius 60 cm standing on
ahemisphere of radius 60 cm is placed upright in aright circular cylinder full of water
such that it touchesthe bottom. Find the volume of water leftinthe cylinder, if theradius
of the cylinder is60 cm and itsheight is180 cm.

8. A spherical glassvessel hasacylindrical neck 8 cmlong, 2 cmin diameter; the diameter
of the spherical part is8.5 cm. By measuring the amount of water it holds, achild findsits
volume to be 345 cm®. Check whether she is correct, taking the above as the inside
measurements, andrt = 3.14.

13.4 Conversion of Solid from One Shapeto Another

We are sure you would have seen candles.
Generally, they arein the shape of acylinder.
You may have also seen some candles

shaped like an animal (see Fig. 13.17). f%‘
—_— _"

Fig. 13.17
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How are they made? If you want a candle of any specia shape, you will have to
heat thewax inametal container till it becomescompletely liquid. Thenyouwill haveto
pour it into another container which has the special shape that you want. For example,
take acandlein the shape of asolid cylinder, melt it and pour whole of the molten wax
into another container shaped like arabbit. On cooling, you will abtain acandlein the
shape of the rabbit. The volume of the new candle will be the same as the volume of
the earlier candle. Thisiswhat we
have to remember when we come
across objects which are converted
from one shape to another, or when
aliquid which originally filled one
container of a particular shape is
poured into another container of a
different shape or size, asyou seein Fig. 13.18
Fig13.18.

To understand what has been discussed, let us consider some examples.

Example 8: A cone of height 24 cm and radius of base 6 cm is made up of modelling
clay. A child reshapesit in the form of a sphere. Find the radius of the sphere.

1
Solution : Volume of cone = Pkt 6x 6 x 24 cm®

4
If r isthe radius of the sphere, then itsvolumeis 5”3 .

Since, the volume of clay in the form of the cone and the sphere remains the same, we
have

ﬂ><Tc><r3: E><Tc><6><6><24
3 3

ie, P=3x3x24=3Fx28
o, r=3x2=6
Therefore, the radius of the sphereis 6 cm.

Example 9 : Selvi’s house has an overhead tank in the shape of acylinder. This
is filled by pumping water from a sump (an underground tank) which isin the
shape of a cuboid. The sump has dimensions 1.57 m x 1.44 m x 95cm. The
overhead tank hasitsradius 60 cm and height 95 cm. Find the height of the water
left in the sump after the overhead tank has been completely filled with water
from the sump which had been full. Compare the capacity of the tank with that of
the sump. (Usern = 3.14)
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Solution : The volume of water in the overhead tank equals the volume of the water
removed from the sump.

Now, the volume of water in the overhead tank (cylinder) = nr*h
= 314x06x06x095m?
The volume of water in the sump when full = | x b x h=1.57 x 1.44 x 0.95 m®
The volume of water left in the sump after filling the tank
=[(1.57 % 1.44x 0.95) —(3.14 x 0.6 X 0.6 x 0.95)] m® = (1.57 x 0.6 x 0.6 x 0.95 x 2) m?

_ volume of water left in the sump
| xb

~157x0.6x0.6x0.95x 2

- 1.57 x 1.44

= 0475m=475cm

So, the height of the water left in the sump

Capecity of tank ~ 3.14x0.6x0.6x0.95 1

Al = -
% Capacity of sump 1.57 x1.44x 0.95 2

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

Example 10 : A copper rod of diameter 1 cm and length 8 cm is drawn into awire of
length 18 m of uniform thickness. Find the thickness of the wire.

2
Solution : The volume of therod = 7 x (%] x 8cm® =2n cm®

The length of the new wire of the same volume = 18 m = 1800 cm
If r istheradius (in cm) of cross-section of the wire, its volume = 1t x r2 x 1800 cm?®

Therefore, T Xr2x1800= 27
i.e r2= L
’ 900
_ 1
l1.e., r= %

1
So, the diameter of the cross section, i.e., the thickness of the wire is 1—5 cm,
i.e., 0.67mm (approx.).
Example 11 : A hemispherical tank full of water isemptied by a pipe at the rate of 3;
litres per second. How much time will it take to empty half the tank, if it is3min

22
diameter? (Take mt = = )
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N w

Solution : Radius of the hemispherical tank = - m

3
99
Volume of the tank = % x 72 x (Ej m = —m?

2 T 14
i 1 99 5, 99 )
So, the volume of the water to be emptied = — x — m® = — x 1000 litres
2 14 28
_ 9900 .
- 28

Since, ? litresof water isemptied in 1 second, %0800 litres of water will beemptied

99000)(_ seconds, i.e., in 16.5 minutes
o8 5 i.e, i .5 minutes.

in

EXERCISE 133

22
Takem = 7 , unless stated otherwise.

1. A metallic sphere of radius 4.2 cm is melted and recast into the shape of a cylinder of
radius 6 cm. Find the height of the cylinder.

2. Metdlic spheresof radii 6 cm, 8 cm and 10 cm, respectively, are melted to form asingle
solid sphere. Find the radius of the resulting sphere.

3. A 20mdeepwell withdiameter 7 misdug and the earth from digging isevenly spread out
toformaplatform 22 mby 14 m. Find the height of the platform.

4. A well of diameter 3misdug 14 mdeep. Theearth taken out of it hasbeen spread evenly
all around it inthe shape of acircular ring of width 4 m to form an embankment. Findthe
height of the embankment.

5. A container shaped likearight circular cylinder having diameter 12 cm and height 15cm
isfull of icecream. Theicecreamisto befilled into conesof height 12 cm and diameter
6 cm, having ahemispherical shapeonthetop. Find the number of such coneswhich can
befilled withice cream.

6. How many silver coins, 1.75 cmin diameter and of thickness 2 mm, must be melted to form
acuboid of dimensions5.5cm x 10cm x 3.5cm?
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7. A cylindrical bucket, 32 cm high and with radius of base 18 cm, isfilled with sand. This
bucket isemptied on the ground and a conical heap of sand isformed. If the height of the
conical heap is 24 cm, find the radius and slant height of the heap.

8. Waterinacana, 6 mwideand 1.5 m deep, isflowing with aspeed of 10 km/h. How much
areawill itirrigatein 30 minutes, if 8 cm of standing water isneeded?

9. A farmer connectsapipeof internal diameter 20 cmfrom acana into acylindrical tank in
her field, whichis10 min diameter and 2 m deep. If water flowsthrough the pipe at the
rate of 3km/h, in how muchtimewill thetank befilled?

13.5 Frustum of aCone

In Section 13.2, we observed objects that are formed when two basic solids were
joined together. Let us now do something different. Wewill take aright circular cone
and remove a portion of it. There are so many ways
inwhich we can do this. But one particular case that
we areinterested in isthe removal of asmaller right
circular cone by cutting the given cone by a plane
paralel to its base. You must have observed that the
glasses (tumblers), in general, used for drinking wa- ==
ter, are of this shape. (See Fig. 13.19) Fig. 13.19

Activity 1: Take some clay, or any other such material (like plasticine, etc.) and form
acone. Cut it with aknife parallel to its base. Remove the smaller cone. What are you
left with?You are left with a solid called a frustum of the cone. You can see that this
has two circular ends with different radii.

So, given acone, when we slice (or cut) through it with aplane parallel toitsbase
(see Fig. 13.20) and remove the cone that is formed on one side of that plane, the part
that is now left over on the other side of the planeis called afrustum* of the cone.

A cone sliced The two parts Frustum of a cone
by a plane separated
parallel to base

Fig. 13.20

**Frustum’ isalatin word meaning ‘ piece cut off’, and itsplural is‘frusta’.



SURFACE AREAS AND V OLUMES 253

How can we find the surface area and volume of a frustum of a cone? Let
us explain it through an example.

Example 12 : Theradii of the ends of afrustum
of a cone 45 cm high are 28 cm and 7 cm
(see Fig. 13.21). Find its volume, the curved
surface area and the total suface area

22
(Teken = ).

Solution : The frustum can be viewed as adif-
ference of two right circular cones OAB and
OCD (see Fig. 13.21). Let the height (in cm)
of the cone OAB be h, and its slant height |,
i.e, OP=h and OA = OB =1,. Let h, be the
height of cone OCD and I, its slant height. Fig. 13.21

Wehave:r, =28cm,r,=7cm
and the height of frustum (h) = 45 cm. Also,
h = 45+h, (1)

We first need to determine the respective heights h, and h, of the cone OAB
and OCD.

Since the triangles OPB and OQD are similar (Why?), we have

2 4
h.Z. 2 @
h, 7 1
From (1) and (2), we get h, = 15 and h, = 60.
Now, the volume of the frustum

= volume of the cone OAB — volume of the cone OCD

1 22 2 2 3 3

The respective slant height |, and |, of the cones OCD and OAB are given

|, = (7)? + (15)? =16.55 cm (approx.)

l,= \/(28)2 + (60)* = 4\/(7)2 + (15)% = 4x 16.55 = 66.20 cm

by
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Thus, the curved surface area of the frustum = mr |, —7r |,
22 22
== (28)(66.20) — E2 (7)(16.55) =5461.5 cm?
Now, the total surface area of the frustum

= the curved surface area + nr? + nr?

22 22
= 5461.5 cm? + 7(28)2cm2 + 7(7)2 cm?

= 5461.5 cm? + 2464 cm? + 154 cm? = 8079.5 cm?.

Let h be the height, | the slant height and r, and r, the radii of the ends
(r, > r,) of the frustum of a cone. Then we can directly find the volume, the
curved surace area and the total surface area of frustum by using the formulae
given below :

. 1 2 2
(i) Volume of the frustum of the cone = gﬁh(rl + 1,400,
(i) the curved surface area of the frustum of the cone = n(r, + r,)I
where | = \Jh* (r, 1,)%.

(iii) Total surface area of the frustum of the cone = il (r,+r,) + mr? + mrZ,

wherel = /h* (r, r,)>.

These formulae can be derived using the idea of similarity of triangles but we
shall not be doing derivations here.

Let us solve Example 12, using these formulae:

1
() Volumeof thefrustum = Zrh(t+ 1 +1r, )

%% . 45. [(28)2 +(7)% + (29) (7)] cm?

= 48510 cm?

(i) We have 1= Jh2 4 (n-1,)* = (457 + (28— 7)% cm
= 3/(15)% + (7)? =49.65cm
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So, the curved surface area of the frustum

22
=n(r, +r)l= £ (28 + 7) (49.65) = 5461.5 cm?
(ili) Tota curved surface area of the frustum

= w(r+ )+l + nrf

[5461.5 + %(28)2 + %(7)2} cm2 = 8079.5 cm?
Let us apply these formulae in some examples.

Example 13 : Hanumappa and hiswife Gangammaare
busy making jaggery out of sugarcanejuice. They have
processed the sugarcane juice to make the molasses,
whichispoured into mouldsin the shape of afrustum of
a cone having the diameters of itstwo circular faces as
30 cm and 35 cm and the vertical height of themouldis
14 cm (see Fig. 13.22). If each cm® of molasses has

) Fig. 13.22
mass about 1.2 g, find the mass of the molasses that can

be poured into each mould. [Taken =§ j

Solution : Sincethe mould isin the shape of afrustum of acone, the quantity (volume)
. LT 2 2

of molasses that can be poured into it = gh(rl +r,+0n rz) ,

wherer istheradius of the larger base and r, is the radius of the smaller base.

}xgx14 3—52+ §2+ 3—5><§ cm® 3

Itisgiventhat 1 cm? of molasses has mass 1.2g. So, the mass of the molassesthat can
be poured into each mould = (11641.7x 1.2) g

= 13970.04 g = 13.97 kg = 14 kg (approx.)
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Example 14 : An open metal bucket isin the
shape of a frustum of a cone, mounted on a
hollow cylindrical base made of the same me-
tallic sheet (see Fig. 13.23). The diameters of
the two circular ends of the bucket are 45 cm
and 25 cm, thetotal vertical height of the bucket
is 40 cm and that of the cylindrical base is 6
cm. Find the area of the metallic sheet used to
make the bucket, where we do not take into
account the handle of the bucket. Also, find

the volume of water the bucket can hold. Fig. 13.23
Take 2 .
7

Solution : The total height of the bucket = 40 cm, which includes the height of the
base. So, the height of the frustum of the cone = (40 — 6) cm = 34 cm.

Therefore, the slant height of the frustum, | = \/W* (1, 1,)*,

wherer, =22.5cm, r,=12.5 cm and h = 34 cm.

S, | = /342 +(225-125)% cm

= /342 +10% = 35.44 cm

The area of metallic sheet used = curved surface area of frustum of cone
+ area of circular base
+ curved surface area of cylinder
= [ x 35.44 (22.5 + 12.5) + 1 x (12.5)?
+2n x 12.5 x 6] cnv?

= % (1240.4 +156.25 + 150) cm?

= 4860.9 cm?
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Now, the volume of water that the bucket can hold (also, known as the capacity

of the bucket)

nxh

3
2 3HA

- x (i + 17 +11,)

= = x==x[(22.5) + (12.5)* + 22.5x12.5] cm?

7 3
22 34

= 7 X ? x 943.75 = 33615.48 cm?3

33.62 litres (approx.)

EXERCISE 134

22
Uset = — unless stated otherwise.

7

1. A drinking glassis in the shape of afrustum of a

cone of height 14 cm. The diameters of its two
circular endsare4 cmand 2 cm. Find the capacity of
the glass.

. Thesdlant height of afrustum of aconeis4 cmand
the perimeters (circumference) of its circular ends
are 18 cmand 6 cm. Find the curved surface area of
the frustum.

. A fez, the cap used by the Turks, is shaped like the
frustum of acone (seeFig. 13.24). If itsradiuson the
open sideis 10 cm, radius at the upper baseis4 cm
anditsslant height is 15 cm, find the area of material
used for making it.

Fig. 13.24

. A container, opened from the top and made up of a metal sheet, isin the form of a
frustum of acone of height 16 cm with radii of itslower and upper ends as 8 cm and 20
cm, respectively. Find the cost of the milk which can completely fill the container, at the
rate of Rs 20 per litre. Also find the cost of metal sheet used to make the container, if it

costsRs8 per 100 cnm?. (Taken = 3.14)

. A metallicright circular cone 20 cm high and whose vertical angleis60° iscut into two
partsat the middle of itsheight by aplane parallel toitsbase. If the frustum so obtained

be drawn into awire of diameter 1_16 cm, find the length of thewire.
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EXERCISE 135 (Optional)*

1. Acopper wire, 3mmindiameter, iswound about acylinder whose lengthis 12 cm, 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 copper to be 8.88 g per cm®.

2. A right triangle, whose sides are 3 cm and 4 cm (other than hypotenuse) is made to
revolve about its hypotenuse. Find the volume and surface area of the double cone so
formed. (Choose value of 1 as found appropriate.)

3. Acistern, internally measuring 150 cm x 120 cm x 110 cm, has 129600 cm® of water init.
Porous bricks are placed in the water until the cistern is full to the brim. Each brick
absorbs one-seventeenth of its own volume of water. How many bricks can be put in
without overflowing the water, each brick being 22.5cm x 7.5cm x 6.5cm?

4. Inonefortnight of agiven month, therewasarainfall of 10cminariver valey. If thearea
of thevalley is 97280 km?, show that the total rainfall was approximately equivalent to
the addition to the normal water of three rivers each 1072 kmlong, 75 mwideand 3m
deep. 18 cm

5. Anoil funnel made of tin sheet consists of a
10 cm long cylindrical portion attached to a
frustum of acone. If thetotal heightis22 cm, 22 em
diameter of thecylindrical portionis8cmand
the diameter of thetop of thefunnel is18 cm, 10 ch
find the area of thetin sheet required to make

thefunnel (seeFig. 13.25). § cm

Fig. 13.25

6. Derivetheformulafor the curved surface areaand total surface areaof the frustum of a
cone, given to you in Section 13.5, using the symbols as explained.

7. Derivetheformulafor thevolume of the frustum of acone, giventoyouin Section 13.5,
using the symbols as explained.

13.6 Summary
In this chapter, you have studied the following points:

1. To determine the surface area of an object formed by combining any two of the basic
solids, namely, cuboid, cone, cylinder, sphere and hemisphere.

2. Tofind the volume of objectsformed by combining any two of acuboid, cone, cylinder,
sphere and hemisphere.

* These exercises are not from the examination point of view.
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3. Givenaright circular cone, whichissliced through by aplane parallel to its base, when
the smaller conical portionisremoved, theresulting solid iscalled a Frustumof a Right
Circular Cone.

4. Theformulaeinvolving the frustum of acone are:

. 1 2 2
(i) Volumeof afrustum of acone= énh(rl tIh+ rlrz).

. 2
(i) Curved surfaceareaof afrustum of acone=l(r, +r,) wherel = h? + (r1 - r2) .

(iii) Total surfaceareaof frustumof acone=nl(r, +r,) +m(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.



