SHIKSHA NATION

Surface Areas and Volume

Solid Figures:

(@

(b)

(©)

If any figure such as cuboids, which has three dimensions length, width and height are height are known as three
dimensional figures. Where as rectangle has only two dimensional i.e., length and width. Three dimensional figures
have volume in addition to areas of surface from which these soils figures are formed.

Some of the main solid figures are:

Cuboid:

Total Surface Area (T.S.A.) : The area of surface from which cuboid is formed. There are six faces (rectangular), eight
vertices and twelve edges n a cuboid.

(i)Total Surface Area (T.S.A.) =2[¢0215b+bxh+hx/]

(ii) Lateral Surface Area (L.A.A.) = 2[bxh +hx /] | 1
(or Area of 4 walls) =2h[¢ +Db] 1 —_“h =
(iii) Volume of Cuboid = (Area of base) X height S ~ -

(iv) Length of diagonal = v/ ¢ + b? + h?

Cube:
Cube has six faces. Each face is a square.

) T.S,A  =2[.x+x x+X. X] |

=2 2x2+ x2 + x*=2(3x%) = 6x2 | ‘

(i)  LS.A. =2[x2+x}=4x

(iii) Volume = (Area of base) x Height)

=(x?).x=x> A\ —
(iv) Length of altitude = X\/§
Cylinder:

Curved surface area of cylinder (C.S.A.) : It is the area of surface from which the cylinder is formed. When we cut
this cylinder, we will find a rectangle with length 2nr and height h units.

(i) C.S.A. of cylinder = (2nr)xh =2nrh .

(ii) Total Surface Area (T.S.A.) :

T.S.A. =C.S.A. + circular top & bottom ~
= 2nth + 2nr?
= 2nr(h+r) sq. units.
(iii) Volume of cylinder : —

Volume = Area of base x height

1 https://www.shikshanation.com



https://www.shikshanation.com/

()

(e)

®

= (mr?) xh

ar’h cubic units

Cone:

(i) C.S.A. =l

D) T.S.A. = C.S.A. + Other areca
= mrl
= mr(l+r)

(iii) Volume = % nreh

Where, h = height
r = radius of base

¢ = slant height
Sphere:

T.S.A. = S.A. = 4nr?
Volume = %nr3

Hemisphere :

CS.A = 2nr?

T.S.A =C.S.A. + other area
= 2nr? + nur?

= 3nr?

Volume = %nrg'

SHIKSHA NATION

Example: How many balls, each of radius 1 cm, can be made from a solid sphere of lead of radius 8 cm ?

Sol.

4
Volume of the spherical ball of radius 8 cm = g nx8® cm?

4
Also, volume of each smaller spherical ball of radius 1 cm = 5 nx2cm?.

Let n be the number of smaller balls that can be made. Then, the volume of the larger ball is equal to the

sum of all the volumes of n smaller balls.
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Hence, ﬂ7t>< n =£TE><83
3 3

— n=8%=512

Hence, the required number of balls = 512.

Example: Aniron of length 1 m and diameter 4 cm is melted and cast into thin wires of length 20 cm each. If the number of such
wires be 2000, find the radius of each thin wire.

Sol. Let the radius of each thin wire be r cm. The, the sum of the volumes of 2000 thin wire will be equal to the volume of
the iron rod. Now, the shape of the iron rod and each thin wire is cylindrical.

4
Hence, the volume of the iron rod of radius E cm=2cmis mx 22 x100cm®

Again, the volume of each thin wire = 7tr? x 20

Hence, we have 7tx 22 x100 = 2000 x 7tr? x 20

= 40r’=4=> r2=i
100

=r=— [Taking positive square root only]

1
Hence, the required radius of each thin wire is 0 cm. of 0.1 cm.

Example: By melting a solid cylindrical metal, a few conical materials are to be made. If three times the radius of the cone is
equal to twice the radius of the cylinder and the ratio of the height of the cylinder and the height of the cone is 4 : 3
find the number of cones which can be made.

Sol. Let R be the radius and H be the height of the cylinder and let r and h be the radius and height of the cone respectively.

Then.

3r=2R

andH:hSYS0 HEE 9%l BN & B &2 @)
H 4

= —==
h 3

= 3H=4h . (i1)

Let be the required number of cones which can be made from the material of the cylinder. The, the volume of the
cylinder will be equal to the sum of the volumes of n cones. Hence, we have

nRszgnrzh —  3R’H=nr?h

3x or* x 4h
2 o
n= 3|;\’2hH _ fzh 3 [.. From (i) and (ii), R = % and H= %]
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3x9x4
n=————

Hence, the required number of cones is 9.

Example: The base diameter of solid in the form of a cone is 6 cm and the height of the cone is 10 cm. It is melted and recast

Sol.

into spherical balls of diameter 1 cm. Find the number of balls, thus obtained.

Let the number of spherical balls be n. Then, the volume of the cone will be equal to the sum of the volumes

6
of the spherical balls. The radius of the base of the cone = 2 cm=3cm

1
and the radius of the sphere = E cm

1
Now, the volume of the cone = 5 nx 3% x10cm® =30mcm?

4 1 g 3 s 3
and, the volume of each sphere = gn E cm® = Ecm

Hence, we have
T
ng=307c = n=6x30=180

Hence, the required number of balls = 180.

Example: A conical empty vessel is to be filled up completely by pouring water into it successively with the help of a cylindrical

Sol.

can of diameter 6 cm and height 12 cm. The radius of the conical vessel if 9 cm and its height is 72 cm. How many
times will it required to pour water into the conical vessel to fill it completely, if, in each time, the cylindrical can is
filled with water completely?

Let n be the required number of times. Then, the volume of the conical vessel will be equal to n times the volume of the
cylindrical can.

1
Now, the volume of the conical vessel = §TE x 9% x 72cm?® = 24 x 81w cm®

Add the volume of the cylindrical can = 7 x 3% x12 cm®*=9x12 & cm?®
Hence, 24 x 81 m =9 x 127 xn

24x81
n_ —

= =18
9x12

Hence, the required number of times = 18.

Example: The height of a right circular cylinder is equal to its diameter. It is melted and recast into a sphere of radius equal to

the radius of the cylinder, find the part of the material that remained unused.
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h
Sol. Let n be height of the cylinder. Then, its diameter is h and so its radius is rE Hence, its volume is
2 3
h 7th
2 4

h
Again, the radius of the sphere = E

3 3
4 (h h
Hence, the volume of the sphere is V, = ET{EJ = %

h® nh® nh3B-2) =h® 1 h?
Thevolumeoftheunusedmaterial:Vl—szn——n—:Tc ( ):Tc == =x X

1
4 6 12 12 3 4 31

Hence, the required volume of the unused material is equal to % of the volume of the cylinder.

Example: Water flows at the rate of 10 m per minute through a cylindrical pipe having its diameter as 5 mm. How much time
till it take to fill a conical vessel whose diameter of the base is 40 cm and depth 24 cm ?

Sol. Diameter of the pipe = 5 mm S cm= 1 cm.
10 2
.. Radius of the pipe = 1 X 1 cm= iy cm.
2 2 4

In 1 minute, the length of the water column in the cylindrical pipe = 10 m = 1000 cm.

11
.. Volume, of water that flows out of the pipe in | minute = 7 X 1 X 1 x1000 cm?.
1 3
Also, volume of the cone = g xtx20x20x 24 cm®.

1 11
Hence, the time needed to fill up this conical vessel = [é tx 20x 20% 24 + T x 3 X 4 X 1000) minutes

_(20><20x24>< 4x4j_4x24><16

= minutes
3 1000 30

= % minutes = 51.2 minutes.

Hence, the required time of 51.2 minutes.

Example: A hemispherical tank of radius 1% is full of water. It is connected with a pipe which empties it at the rate of 7 liters

per second. How much time will it take to empty the tank completely?

7 7
Sol. Radius of the hemisphere = 1 m= 2 x100 cm =175 cm

. Volume of the hemisphere = %x nx175x175x175 cm®
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The cylindrical pipe empties it at the rate of 7 liters i.e., 7000 cm?® of water per second.

Hence, the required time to empty the tank = (g X % x175x175%x175+ 7000)

2 22 175x175x175 . = 11x25x7 . 1925 .
— X ———————Min = ———— min =——min
3 7 7000x 60 3x2x12 72

= 26.75 min, nearly.

Example: A well of diameter 2 m is dug 14 m deep. The earth taken out of its is spread evenly all around it to a width of 5 m to
from an embankment. Find the height of the embankment.

Sol. Let n be the required height of the embankment.

The shape of the embankment will be like the shape of a cylinder of internal radius 1 m and external radius (5 + 1) m =
6 m [figure].

The volume of the embankment will be equal to the volume of the earth dug out from the well. Now, the volume of the
earth = volume of the cylindrical well

nx1® x14m?

=14 m?

Also, the volume of the embankment

=n(6’-1>)hem®*=35 ©t hm?

Hence, we have

35 th=14 -

=N hel4_2_ g4
35 5

Hence, the required height of the embankment = 0.4 m

Example: Water in a canal, 30 dm wide and 12 dm deep, is flowing with a speed of 10 km/hr. How much area will it irrigate in
30 minutes if 8 cm of standing water is required from irrigation.

500
Sol. Speed of water in the canal = 10 km. h = 10000 m.60 min = T m/min.

500 30 12

.. The volume of the water flowing out of the canal in 1 minute = ( — X —j m? = 600 m?

3 10 10

. In 30 min, the amount of water flowing out of the canal = (600 x 30) m* = 600 m*

If the required area of the irrigated land is x m?, then the volume of water to be needed to irrigate the land

100 25
Hence, 2—)5( =18000 = =18000 x % = 225000

Hence, the required area is 225000 m?.
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