
Math of Space:

Surface Area and Volume
ts

O'OECHl,l

In the previous grade we explored nets of some solids including cubes,
cylinders, and cones. We saw that solids have a surface and occupy
some space or volume. In this chapte4, we will learn how to determine
surface areas and volumes of cuboids, cylinders, cohes, pyramids, and
spheres, and how we can use these to solve some interesting problems.

Fig. 14.7A: cuboid bricks F(9. 14.18: Rttbik\Cube F\9.14-1c: cuboid

A cuboid has the shape shown in these pictures. A useful way of
thinking about a cuboid is that it is a 'three-dimensional (3D) version'
of a rectangle.

It has six faces, all rectangles. It is characterised by three quantities:

Iength, width, and height - these are denoted by L u h respectively'
You can cut out the net of a cuboid
given at the end of the textbooh make
appropriate folds and join the edges to
form the cuboid.

What is the total surface area of a
cuboid? You may refer to the net of the
cuboid given in Fig. 14.2.

Considering the faces individually'
we see that the total surface area (TSA)

of the cuboid is
TSA=2(wl+hl+hw).

I
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Fig. 14.2
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14.1 Cusoros AND CUBEs
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Volume measures the amount of three-dimensional space an
object or a container occupies. It is measured in cubic units, e.9., cubic
meters (m3) or cubic centimeters (cm3). We set the volume of a unit cube
(i.e., a cuboid measuring one unit in each direction) to be one cubic unit
(e.g., 1 m3 or 1 cm3, as the case may be). The volume of a general cuboid
is the number of unit cubes that fit into it. Accordingly, the formula for
the volume Vof a cuboid is length x width x height or

V = lwh.

A particular and important case of a cuboid is a
cube, whose length, width, and height are the same.
This length is the .side, of the cube.

Let the side be a. Then:
. Total surface area ofthe cube is 6cr.
. Volume of the cube is a3.

Think and Reflect
Try to work out for yourself why this model explains the formula for
the volume of a cuboid, i.e.,

volume = area ofbase x height.

Write the formula for the surface area and the.volume of a cube.

Fig. 14.3

Fig. 14.4

q

a

Compare the formula for the volume
of a cuboid with the formula for the
area of a rectangle flength " ry16L;.

Here is a way of understanding
why the formula V = lwh is true:
think of a cuboid as a large number
of thin rectangular pieces Qength
l, width l,u) stacked on top of each
other, like a pack of playing cards.
(Fig. 14.3).

a

Observe how these two formulas are special cases of the formulas
2(wl + hl + hw) and whl, when w = h = I.
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Do you remember cube numbers? Cube numbers are the
numbers in the sequence 7,8,27,64,.... These numbers represent
the number of unit cubes that can fit inside cubes of side lengths
7, 2, 3, 4,... respectively-in other words, they represent the
volumes of these cubes. We know that 13 = 1,23 = 8,33 = 27,43 = 64, ...; and
Vr = r, VB = 2,W = 3, V64 = 4, and so on.

Example 1: Two solid objects are made from the same material:
Cube A has side 6 cm and Cuboid B has dimensions 9 cm x 6 cm x 4 cm.
Compare their volumes and surface areas and determine which
object has a greater surface area. How is this useful in a real-life
situation?

For Cube A, side (a) = 6 gp.

Hence its volume is a3 = (6 cm): = 216 cm3 and surface area (SA) is
6a2=6x(6cm)z=216cmr.

For Cuboid B, length (I) = 9 cm; width (w) = 6 cm; height (h) = 4 cm.

Henceitsvolume is I " w x ft = $ x 6 x 4 = 216 cm3

and surface area (SA) is 2(lw + wh+ lh) = 2[(9 , 6) + (6 x 4) + (4, 9)]
= 228 cmz.

Thus, the wvo objects have the same volume but different surface
areas. The cuboid has greater surface area than the cube.

Conclusion: For the same storage capacity: a cube requires less
covering material; a cuboid exposes more area to its surroundings.

This concept is important in packaging, heat transfer and
engineering.

1. The volume of a cube is 64 cm3. What is its total surface area?

2. How many smaU cubes with side 20 cm can be packed tight in a
cubical box with side 2 m?

3. The dimensions of a godown are 40 m x 25 m , 10 m. If it is fllled
with cuboidal boxes, each of dimensions 2 m x 1.25 m x 1 m, then
find the number of boxes.

4. TWo cubes each of volume 125 cm3 are joined end to end. Find
the surface area of the resulting cuboid.

Exrncrss Ssr 14.L
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5. A cube of side 4 cm is cut into cubes of side 1 cm. What is the
ratio of the surface areas of the original cube and all the cut-out
cubes? (Note that there is no change in volume but a big change
in the surface area. This property has major consequences in the
biological world.)

6. The surface areas of the three faces of a cuboid that meet at
one of the corners of the cuboid are 6 cm2, 15 cm2, and 10 cm2
respectively. What is the volume of the cuboid?

*7. A cube of side 5 cm is painted on all its faces. If it is sliced into
1 cm3 cubes, how many of these 1 cm3 cules have

1cm

1cm

5 cm 1cm

l(In

1cln

1cm lcm lcm 1cm
<- 5 cm 

--)(i) exactly three faces painted?
(ii) exactly two faces painted?
(iii) exactly one face painted?
(iv) no face painted?

*8. Find a cuboid with edges whose lengths are integers (in cm),
given that it has a total surface area of exactly 100 cm2.
(i) Is there more than one such cuboid?
(ii) Can you find them all?
(iii) Show that you have found them all.

Think and Reflect

Suppose a swimming pool is being built in your school. Two choices are
available for the dimensions of &e pool: (A) 8 ft (depth) x 50 ft x 20 ft and
(B) 6 ft (depth) , 100 ft x 15 ft. which option would be suitable/appropriate
for your school? Why? what parameters/aspects did you consider to make
the choice? [1 cubic foot r 28.3 litres]



Math of space: surface Area and volume 127

14.2 Rtcxr Crncumn CvlrNonn
The following figures show different types of cylinders. What is di-fferent
in each of these cylinders?

Right circular cylinder Oblique circular qtlinder

The flrst one is a rlght clrcular cyllnder. The term circular indicates
that the cross-section of the ryIinder is a circle, wNle the term right
signifies that the axis of the cylinder is perpendicular to its circular base.
Many pipes have this shape. It is worth noting that not all cylinders
are of this type. Some ryIinders may have axes that are inclined rather
than perpendicular to the base. The second one is an obllque clrcular
cylinder. we restrict ourselves to the study of the right circular cylinder
only. You can cut out the net of a cylinder given at the end of the textbook,
make appropriate folds and join the circles to form the cylinder.

We used the word cro$-8ecdon above. Given a three-dimensional
object, suppose we take an extremely thin slice of it. The shape we get is
called a 'cross-section' of the object. In the case ofa cylindeq, if the slice is
parallel to its base, we get a circular cross-section. But if the slice is parallel
to the axis of the cylinde4 we get a rectangular cross-section. Generally,
we are interested in the cross-section that is parallel to the base.

Examples of cross-sections are shown in the following f,gure.

Cylinder Papqta Apple

I I

tI

I ta

tt
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When doctors take an MRI scan of some part of your body, it is like
taking a cross-section because it allows them to look at the inside of
your body in slices.

What is the area of the curved surface of a cylinder?
Let the radius of the circular base of the cylinder be r; Iet its height

be h. Suppose the cylinder is cut as shown in the f,gure below. We get a
rectangle.

Fig. 14.5A

Therefore, the curved surface area ofthe cylinder is the area of the
rectangle.

. The curved surface area (CSA) ofthe cylinder is
CSA = circumference x height = 2nrft.

If the cylinder is closed at both ends (top and
bottom) Iike a biscuit tin (see Fig. 14.58), then the flat
circular surfaces at the ends also contribute to the
area. Since there are two ends,

total surface area (TSA) = Zmh + ZmZ
= 2m(h + r).

. Ifthe cylinder is closed at one end and open at
the other end, Iike a tumbler, then

surface area = Zmh + mz = ftr(2h + r).

. The volume V of the cylinder is
I/ = cross-sectional area x height = lrr'?h.

14.2.1 Another Way of Understanding Why the
Above Eormulas Are True

Fig. 14.58

To understand why the formulas for the surface area
(curved part) and the volume of a cylinder hold, it helps
to think of the cylinder as a large number of thin circular
khakhras stacked on one another.



Moth of Space: Surface Area and Volume 729

Example 2: Savitri had to make a model of a cylindrical kaleidoscope
for her science project. She wanted to use chart paper to
make the curved surface of the kaleidoscope (see Fig. 14.6).
What would be the area of chart paper required by he4 if
she wanted to make a kaleidoscope of length 25 cm with a

3.5 cm radius? You may take fi = ?. Fig. 14.6

Radius of the base of the.cylindrical kaleidoscope (r) = 3.5 cm.
Height (length) ofkaleidoscope (h) = 25 cm.

Area of chart paper required = curved surface area of the kaleidoscope

=2mh
'),

=2";,3.5,25cm2
= 550 cm'z

1. Two cylinders, A and B, are given. The radius of cylinder B is
twice that of cylinder A, and the height of cylinder B is half that
of cylinder A. Find the ratio of the curved surface area ofA to the
curved surface area of B. AIso flnd the ratio of the volume ofA to
the volume of B.

2. The radii of two cylinders are in the ratio 2:3, and their heights
are in the ratio 3:2. Find (a) the ratio of their volumes, and (b) the
ratio of their curved surface areas.

3. The edge of a cube measures r cm. The largest possi-ble right
circular cylinder is cut out ofthe cube. What do you think is the
volume of the cylinder (in cm3)?

44. The radius of the base of a cylinder is increased by 100/o. At the
same time, the height of the cylinder is decreased by xolo. Given
that the volume of the cylinder remains unchanged, flnd the
value of x.

5. A solid metallic cube of side 12 cm is melted and recast into solid
cylindrical rods, each having radius 2 cm and height 12 cm. Find:
(i) the volume of the cube,

Exrncsr Sm 14.2
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(ii)
(iii)

the volume of one cylindrical rod,
the approximate number of complete cylindrical rods that

can be formed. (" "+)
14.3 CottEs

Ftg.14.7A Fig. 14.78 Fig: 14.7C

A right circular cone is generated when a right triangle is rotated about
one of its legs. The relationship among the slant Iength I, the height h,
the radius r of the base is

12 = hz + rz (using the Baudhayana-Srthagoras theorem)

Right circular cone

s

Unrolled cone

Fig. 14.8

Imagine cutting the cone along a slant edge and 'opening up' or
unrolling the surface. The unrolled surface has the shape of a sector
of a circle. To create the cone again, bring the two straight edges
together. You can use the cutout of the net of a cone given at the end
of the textbook to make a cone.

What is the curved surface area of a cone?
The formula for surface area becomes clear if we imagine cufting

the cone along a slant edge, unrolling the surface, and cutting it up into

t
\.
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Fig.74.s

From Fig. 14.9, it follows that the curved surface area (CSA) of the
cone is equal to

.CSA ..., 
lu ^, 

= l{u, 
* 6,+ ... + b,)l

,. circumference of the base x I

=l<z*lt=*t
Here is another way of working out the formula for the curved

surface area. We have, from the formula for area of a sector of a circle,

CSA=zl"#=r,1, t'5fo"'
Let us try to express this formula in terms of r and l. For this, note

that from the cone, we have,

arclength=s=2m,
and from the secto4 we have

arc length =, = #, zrr
Equating these two, we get

e'r
360" = 7'

From this, we see that the curved surface area is

CSA = nrl,

the same formula as earlier. The formula for the total surface area
(TSA) (curved portion plus the flat base) is TSA = nrl + nr'z.

=la1*|t,t +

1)
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a large number ofvery thin sectors, each ofwhich can be regarded as a
narrow isosceles triangle of height I (Fig. 14.9).

bl
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What is the volume of a cone? It turns out that

1y = inr,h.
The volume formula tells us that the volume of a cone is

the volume of a cylinder formed on the same circular base
the same height as the cone. The formula may be expressed in different
ways, e.9.,

1

v = i ' area ofbase x height.

Students often wonder about the factor of I in ttris formula. wny ] I
To explain the reason for this factor requires more advanced metirods,
e.g., calculus, which you will study when you are in Grade 12.

But it is possible to experimentally verify this relationship. Let us
start with a right circular cylindrical tin. Using papel we make a right
circular cone with the same base radius and the same height as the
cylinder (see Fig. 14.10).

Fig. 14.10

We are now going to perform an experiment to flnd the volume of
the cone. We need some clean flne-grained salt for this purpose.

Fill the cone to the brim with salt. Empty it into the cylinder. We
flnd that it fills up only part of the cylinder. Fill the cone with salt to
the brim again and empty it into the cylinder. We find that the cylinder
is still not full. When we fill the cone with salt for the third time and
empty it yet again into the cylinder, we find that the cylinder is fuIl to
the brim.

We can therefore conclude that the volume of the cylinder is three
times the volume of the cone. That is, given a right circular cylinder and

e*rctty I
and with
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For r, use one of the following approximations: n -! or n * 3.\4

1. Find the total surface area ofa cone, ifits slant height is 21 m and
diameter of its base is 24 m.

2. Find the curved surface area ofa right circular cone whose slant
height is 10 cm and base radius is 7 cm.

a right circular cone of the same base radius and the same height, the
cone has one third the volume of the cylinder. This gives an experimental
verification of the formula given above.

Here is another hands-on activity that uses modelling clay (earlier
this used to be called 'plasticine'). Carefully mold the clay into a solid
cylinder and measure its radius and height. Then reshape the same
portion of clay into identical cones, each having the same radius
and the same height as the cylinder. You will flnd that you are able
to make exactly three such cones. This brings out the relationship
between the volume of the cylinder and cone quite visibly

,r= 1, ..., nfhrca v hoiaht. 3 :area ofbase * heiSht.

The formula for the volume of a cone was flrst found by the Greek
mathematician Archimedes (c, 225 BCE). He also derived formulas for
the surface area and volume of a sphere (i.e., ball), which we will study
in later sections.

Erample 3: A right triangle ABC with sides 5 cm, 12 cm and 13 cm is
rotated through 360o about the side with length 12 cm. Find the volume
of the solid so obtained.

The triangle has sides 5 cm, 12 cm, 13 cm.

Since S'z + l2z = 25 + 1tM = 169 = 13,, the triangle is a right-angled
triangle with perpendicular sides 5 cm and 12 cm and hypotenuse 13 cm.

The triangle is rotated about the side with length 12 cm. When a
right-angled triangle rotates about one of its perpendicular sides, it
forms a right circular cone. Here, height of cone h = 12 cm, radius of
coner=5cm.

Hence, volume of the cone o =t*n= | r, s, x 12 = 100 ncm3.

Exrncrsn Srr 14.3
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6

The height of a cone is 16 cm, and its base radius is 12 cm. Find
the curved surface area and the total surface area of the cone.

A cone has a height of 15 cm. If its volume is 1570 cm3, fnd the
radius of the base.

The curved surface area of a cone is 308 cm2 and its slant height
is 14 cm. Find (i) the radius of the base, (ii) the total surface area
of the cone.

A joker's cap is in the form of a right circular cone ofbase radius
7 cm and height 24 cm. Find the area of the sheet required to
make 10 such caps.

What length of tarpaulin 3 m wide is required to make a conical
tent of height 8 m and base radius 6 m? Assume that the extra
length of material that is required for stitching margins and
wastage in cutting is 20 cm.

A right triangle udth sides 6 crq 8 cm and 10 cm is rotated through
360' about the side of 8 cnu Find the volume and the curved surface

+7

area of the solid so formed.

Suppose you have a cup in the shape of a
right ctcular cone. Fill it with water to half
the depth of the cone. .

what fractiori of the volume of the cup is
occupied by the water?

14.4 PYRAIT{IDAL SHAPES

A pyramidal shape is of the type shown in the following flgures.

FA. U.11A Eig. 14.118

Its base may be a triangle, a square or indeed any closed shape. All
points in the base are connected to a single point (the apex) which lies
in a different plane. You can make the pyramids by using the cutouts of
nets given at the end of the textbook.

3.

4.

5

8.

*9.

G"

I o
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The famous pyramids in Egypt have square bases. The puzzle in
Fig. 14.118 (made by the Hungarian architect Erno Rubik) has a
triangular base.

Some mountains have pyramidal peaks (formed by glacier erosion
over many millennia). In India, there is the Shivling Peak in the state of
Uttarakhand. An example from the Alps is the Mafterhorn.

Shivling Peak (Uttarakhand) The Matterhorn (Switzerland)

The volume V of a pyramidal shape is found by using the formula
1

v= i, area ofbase " height.

The same formula is applicable whether the base is triangulaq,
square or any other shaped flat surface.

Note that the formula is the same as the one used for the volume of a
cone. Indeed, we may think of a cone as a pyramid with a circular base.

The surface area of a pyramidal shape is found by adding up the
areas of all the polygonal faces. So, we do not teed a separate formula
for the surface area.

14.5 SPHERES AND HEMISPHERES

volleyball Football (soccer) sphere

Lastly, we consider a familiar object in daily life: a baII or a sphere.

o

'ItI!

'*t
k'

I'

r
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This is the three-dimensional (3D) equivalent of a circle. Whereas a
circle is the collection of all points in a plane that are at some given
distance from some given point, a sphere is the collection of all points
in 3D space that are at some given distance r (the radius of the sphere)
from a given point O, the centre of the sphere. If we rotate the circle
about any diameter, we obtain a hollow sphere.

Archimedes showed that the surface area A of a sphere with radius r
is equal to 4m2. He did this by showing that the surface area of a sphere
is exacfly equal to the curved surface area of a cylinder with radius r
and height h = 2r that flts tightly over the sphere, Fig. 14.12.

/1

r=\

t

1

Hg, 14.12

The curved surface area of such a cylinder is equal to

2mh= 2m r..2r = Urr2,

This is the formula obtained by Archimedes.
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Fig. 14.13: Rectangular map projection
Source: https://en.wikiPedio.orglwiki/EquhectcngularJrrojection*/media/

F ile: Equirectangular 1t roj ectio n _SWj p g

In passing, we note that this result is used in canography (map-making),
when making a rectangular map proiection of the earth. Imagine a cylinder
tightly wrapped around the earth, touching it at the equato4 as described
above. By drawing radial lines from the central north pole-south pole
axis, we project horizontally from the earth's surface to the surface of the
cylinder. Then, we unwrap the cylinder and obtain the desired map. The
resulting world map is rectangular in shape which is easy and convenient
to use. But it suffers from an important defect: there is great distortion
in shapes at high latitudes (close to the poles). For locations close to the
equatol the distortion is negligible.

Archimedes also found the formula for the volume V of a sphere:
Iv=i*.

You will study the derivations of these formulas in later grades,
using calculus.

But you may be able to find your own derivation of the formula by
connecting it with the formula for volume of a cone; namely, by writing it as

y-1x 1477:1 r1.
1

i.e., Volume of sphere = i , surface area of sphere x radius of sphere.

Try to work out the connecting links on your own.

Y,
Trt\rL
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rVisualising Volume Formula

Here is a way to see the link between the formulas for volume of a cone,
surface area of a sphere and volume of a sphere. Recall that

Volume of cone = | area of base x height of cone.

Imagine that the entire surface of the sphere is divided into tiny regions.
The shapes of these regions do not matter; what matters is that they are
very tiny. Now connect all these regions to the centre of the sphere. This
creates a large number of thi-n cones. They all have the same height, namely
r. The volume of the sphere is equal to t}te sum of the volumes of all the
cones. Using the fact that the cones all have the same height, we may write:

Volume ofsphere = i, sum ofbase areas ofall the thin cones

r
3

,. surface area of sphere = l, +nr, = tm,

14.5.1 llandson Activity to Verify the Formula for Surface
Area of a Sphere

string around the remaining part of the baII, till you have completely

Have you ever played with a top?
You must know how a string is
wound around it. Take a rubber
ball and drive a nail into it. Using
the nail for support, wind a string
tightly around the ball. When you
have reached the 'fullest' part of
the ball, use pins to keep the string
in place, and continue to wind the

Ilr c (Fltlcld F t)
i.dltdididl
.rt,iai,blr..rn
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covered it; see Fi8. 14.14. Mark the starting and finishing points on the
strin& and unwind the string from the surface of the ball. Now measure
the diameter of the ball and get its radius. On a sheet of paper, draw
four circles with a radius egual to the radius of the ball. Fill the circles
with the string you had wound around the baII (as shown in the flgure).

Fig. 14.14

The string, which had completely covered the surface of the sphere,
has now been used to fll the four circles, all with the same radius as the
sphere. So, the surface area of a sphere of radius r is equal to 4 times
the area of a circle of radius r, i.e., equal to 4ra{. Hence, surface area of
a sphere = 4rn{ where r is the radius of the sphere. This experimentally
verifies the stated formula.

14.5.2 Hemisphere

A hemisphere is a three-dimensional solid formed when a sphere is cut
into two equal halves by a plane passing through its centre. The flat
ctcular region formed after cutting the sphere is called the base of the
hemisphere. A hemisphere has one curved surface and one circular
base. See Fig. 14.15.

. Fig. 14.15: Hemispheres

You may also recall encountering the term hemisphere in the
context of the Northern Hemispheres and the Southern Hemispheres
in Geography.

Examples: Bowls, serving dishes, dome-shaped covers, planetariums
and igloos.



l4O Gantta Manjari I Grade 9 | Part II

Let the radius of the sphere be r. The surface area of the complete
sphere is 4zrr2. Therefore, the curved surface area of a hemisphere,
which is halfofthe sphere, is 2nr2.

The total surface area (TSA) includes the curved surface and circular
base. The area of the circular base = nr2.

Hence TSA = zmz + nQ = 3fir2.

Volume of the hemisph ere =tr* .

Example 4: A hemispherical bowl has a radius of 3.5 cm. What
would be the volume of water it would contain?

The volume of water the bowl can contain

ftr3

,T, r.t x 3.5 x 3.5cm3 = 89.8cm3.

2
3
2
3

1. A ball bearing has a radius of 0.7 cm. Find its surface area.
*2. Two solid spheres made of the same metal have weights 5920 g

and 7409. Determine the radius of the larger sphere, if the
diameter of the smaller one is 5 cm.

3. The diameter of the moon is approximately one fourth the
diameter of the earth. Given that the moon and earth are both
roughly spherical, find the ratio of their surface areas.

4. Find (i) the curved surface area and (ii) the total surface area ofa
hemisphere of radius 21 cm.

5. Metal spheres, each of radius 2 cm, are packed into a
rectangular box of internal dimensions 16 cm x 8 cm x 8 cm.
When 16 spheres are packed, the box is filled with preservative
Iiquid. Find the volume of this liquid. Round your answer to
the nearest integer.

6. The radius ofa sphere is increased by 100/o. Show that the volume
increases by approximately 33.1ol0.
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The radius of a sphere is increased by x%. The volume of the
sphere increases by 72.8%. Find the value of x. r
Ihe hemispherical dome of a building needs to be
painted (see Fig. 14.16). If the ctcumference of the
base of the dome is 35.2 m, find the cost of painting
it, given the cost of painting is t 10 per 100 cm'z. tI I

14.6 AREAS AND VoLrrMEs Ar,ounn Us Fis'14'16

We learned about different 3D solids. Identify and list objects or
structures around you that are cubical, cuboidal, cylindrical, conical,
spherical, or pyramidal in shape, or closely resemble these shapes.

Activity: Find the approximate volumes of a gas cylindec a bucket,
any cylindrical vessel, a cupboard, a water tank that you can find near
you (use 1000 cm3 = 1 litre).

146.1 Guessdmatg: Ilid You Eler Wondel:?

Guesstimate questions are problems in which you make a reasonable
estimate for a quantity when exact data are not available. Instead of
finding a perfectly accurate answex, you use assumptions,
approximations, logic, and everyday knowledge to model a given
situation and arrive at a sensible estimate. Do you remember solving
such questions in earlier grades?

Example 5: Lallan's golgappa (a small
hollow ball made of wheat) stall has a
cylindrical vessel wi& pani (spiced water)
in it. The vessel is of radius 10 cm and it
has pani up to a height of 50 cm. Estimate
the number of golgappos he can serve
assuming allgolg'appas are spheres. Before
calculating, make a guess.

Can you guess what number this could
be-is it in the hundreds, thousands, or more?

The number of golgappos that can be served is

Total pani in the vessel
@'
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The amount ofpaant in the cylindrical vessel is given by 7= area of
base x height.

Y= z(10)(10) x 50 = 5000r cm3.

To estimate the number of golgappas, two students went about in
different ways:

Student 1's calculation

Estimated radius of an average
golgappa is 1.5 cfiL

l
Volume of agolg,cppa=:, n (7.5\3

: 14.14 cm3.

Student 2's calculation

Estimated radius of an average
golgappa is 7.75 cm.

l
Volume of a golgappa = :, n (7.75\1

* 22.43 cm3.
(neglecting
golgappa)

the thickness of the (neglecting
golgappa)

the thickness of the

Assuming each golgappa is filled
with 60% pani on an average,
the volume of pani in a golgappa

= 74.14 x 0.6 r 8.5 cm3.

The num-ber ofgolgappas that can be

served is = 5ooo' - t8+8.
8.5

Lallan can serve about 1850
golgappos with the pani he has.

Assuming each golgappa is filled
with 80% pani on an average,
the volume of pani in a golgappa
= 22.43 x 0.8 = 18 cm3.

The number ofgolgappas that can be

served is = 5oooz -873.
18

Lallan can serve about870 golgappas
with the panf he has.

We see that the flnal answer depends upon the assumptions,
estimations, and approximations done in the process.

Example 6i Anirban saw a few tennis
balls lying around. He wondered, "How
many tennis balls can fit in an empty
classroom?". The classroom is of dimensions
30 ft ' 30 ft x 15 ft. Estimate how many tennis
balls of radius 3 cm fit in this classroom.
Before calculating, make a guess.

The volume of the tennis ball is

f . o,,g'= 113 cm3.



Can we find the number of tennis
balls that can fit in the classroom by
dividing the volume of the classroom by
the volume of a tennis ball?

g_rrJ@= 
33,4s,732.
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The volume of the classroom is

30 x 30 x 15 = 13,500 ft3 - 37,80,00,000 cm3.

1ft=30.48cm
1 ft3 

^, 
28317 cm3

1ft-30cm
I ft3 ! 28000 cm3

No, the balls cannot fit in the room without leaving gaps in betlveen.
Hence this operation will only give an upper bound value, i.e., we can
say for sure that we cannot fit more balls than this.

Accounting for these gaps can give a better estimate.

A

Fig. 14.17: These are some of the ordered ways of packing
spheres in a cuboidal structure

Uslng the first configuratlon: Along each side of the room, the
number of balls that can be placed side-by-side along the length is
dimension of the room 900-affi = ? = 150. The same number can be placed

along the width. Along the height, it is 75 balls.

Therefore, 150 x 150 x 75 = 16,87,500 denotes the approximate
number of balls that can fill the room.

Using the other configurations, we might be able to fit more balls
because of higher packing efficiency.

Make an estimate based on the sebond and third configurations.

Note: This is why spheres are not used as basic units to measure
volumes as they Ieave gaps unlike cubes.

cB
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For guesstimate problems, make a guess flrst before solving.

1. Estimate how many scoops of ice cream can be
obtained from a culoidai container of dimensions
10cmx15cmx20cm.

2. A cu-be of integer side length a is made of unit
cubes. Write an expression giving the number of
unit cubes to be added to make a cube of side
Iength a + 1.

*3. Solve the following:
(i) Could a person drink enough water in a

Iifetime to fiIl an entire room the size of
your classroom?

(ii) Estimate the number of bricks used to build
the walls of your classroom.

4. You are given tvvo options: (A) one chocolate
cube of side 50 mm, (B) hundred chocolate cubes of side 10 mm.

5

Which option gives you more chocolate?

If all the people in the world are crowded
together in one location, how much area
would it cover?

A school provides milk to its students in
rylindrical glasses, each with a diameter of
7 cm. If each glass is fllled with milk to a
height of 12 cm, how many litres of milk
are needed to serve 1600 students? Use 1000 cm3 = 1 litre.
The surface area ofa sphere of radius 5 cm is flve times the area
of the curved surface of a cone of radius 4 cm. Find the height
and the volume of the cone.

*r

6

7

r
As we have seen in guesstimate problems, different people may get
different answers, but the reasoning they use matters the most. For
these problems, you can start with a quick intuitive guess, model the
situation by identifying the relationships among the quantities, make
reasonable assumptions, and then calculate an answer by making
suitable approximations. Look back to see how close your intuitive
guess is to your estimate.

7

Er.ro-or- Cuerren Enrncrsrs
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Take Earth to be a perfect sphere with radius 6370 km. Take
Jupiter to be a perfect sphere with radius 69,9fi) km. Take the
Sun to be a perfect sphere with radius 6,95,700 km. Compute
approximately:
(i) the ratio of the volume of Jupiter to the volume of the Earth;
(ii) the ratio of the volume of the Sun to the volume of the Earth.
(Calculator can be used.)

Show that the volume of a sphere is equal to ] of tne volume of
the smallest rylinder wNch encloses it. J

*10. Suppose the Earth is perfectly spherical. A
string is wrapped tightly around the equator
of the Earth. Another string, 1 metre longe4,
is placed around the Earth so that it forms a
larger circle, staying the same distance above
the ground everywhere.

How high above the ground is the second
string?
Repeat this for: (i) the Moon (ii) |upiter (iii) a volleyball. Are you
surprised by the three answers? Why or why not?

*11. We have a cylinder with a base radius of r cm and height h cm.
Asquare pyramid is fitted inside it. The square base of the pyramid
Iies on the base of the cylinde4 its corners on the boundary of the
cylinder. The apex of the pyramid lies on the top of the cylinder.
Find the ratio of the volume of this pyramid to the volume of the
cylinder.

12. What is the change in volume when:
(i) the length of a cuboid with dimensions l, w, h is increased

by 1 unit?
(a) 1 cubic unit (b) (lwh + 1) cubic unit
(c) wh cubic units (d) Iw cubic units
(e) Ih cubic units

(ii) the radius of a cylinder with dimensions r, h is increased by
1 unit?
(a) 1 cubic unit (b) ,rr'zh cubic units
(c) nr'zcubic units (d) zmh + 2zh cubic units
(e) 2mh + nh cubic units

*(iii) the radius of a sphere is decreased by 1 unit?
*13. Given a cube with volume y, express its total surface area S in

terms of V.

8

9
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+74. Given a cube with total surface area S, express its volume V in
terms of S.

15. A cylindrical glass of height 25 cm and
radius 4 cm has water up to a height
of 16 cm. A crow wants to drink water
from this glass. The water must be at a
height of 20 cm for the crow to reach it.
There are some marbles lying around.
How many marbles of radius 1 cm
should the crow drop into the glass to
make the water reach the required height?

16. Find the volume of ink in a new ball point pen. Take the necessary
measurements and make approximations, as needed.

17. Solve:
(i) A ball of chapati dough of radius

6 cm is prepared. Estimate how many
chapatis can be made from. it?*(ii) Cut a coconuVmuskmelon in half and
find out the approximate volume of

. edible coconut flesh/fruit by taking the
necessary measurements.

18. Looking at the canita Manjari" Grade 9, Part 2 textbool! Sheela
wonders:
(i) If all the pages of this textbook were laid out side-by-side on

the floor would they cover the entire classroom floor?
(ii) What is the maximum numler of textbooks that can fit in an

empty storeroom of dimensions 15 ft x 20 ft x 30 ft?

If the entire human population decided
to climb into one giant cube, how long
would the side have to be?

The Earth's surface has an estimated
volume of 1.38 billion km3 of water.
Suppose the Earth is a perfect sphere
and all this water forms a uniform
layer completely covering the Earth's
surface, like a thin water bubble.
Estimate the thickness of this water
Iayer. The Earth's radius is -6371 km.

'*19.

*20.

L

!
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(i) Write an expression that gives the thickness of this water
layer.

(ii) Simplify the expression in (i) using a calculator.
*21. Give the dimension of a cuboid whose volume is halved when its

surface area is doubled.

22. Project: Find the volume of your house making necessary
approximations. Present how you solved it.

Cneptnn Sunamanv

In this chapte4, we have studied the following formulas for the surface
areas and volumes of various fundamental shapes.

1. Cuboid Z(wI+hw+lh) whl

2. Right Circular
Cylinder

I
h

Curved surface area: Zmh
Total Surface Area of a
cylinder covered at one end:

Zmh+nr2=m(Zh+r\
Totai Surface Area of a

cylinder covered at both ends:

Zmh+2m?=|m(h+r)

mzh

3. Right Circular
Cone

I

Curved surface area: zrrl

Total surface area: fir(l + r)
-1
3

m2h

3D Shape Surface Area Volume
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4. Sphere

-----------F---

t
3

n3

5. Hemisphere Curved surface area: 2rn{

Total surface area: ?nf + roQ

= 3toa

Z
3

,rr1

4fir2


