Sﬁrface Aréa and Volume

of Solids

will study to find the surface area and
e, like parallclopipcd, cube, cuboid,
cvlinder, cone, frustum of cone, sphere and hemisphere
and we will study to find the surface area and volume of
combination of solid figures combination of two or more

different or similar solid figures.

Solid Figures

The objects which occupy
dimensions) are called solids.
derived from the plane figures.

e.g. In figure (i), we have a paper cut in the
shown. It is a plane figure. But when we fold the paper

along the dotted lines, a box can be made as shown in
figure (ii), which occupies some part of the space. It has
more than two dimensions and therefore it fulfils the

criteria of being a solid figures.

1n this chapter, we
volume of solid figur

space (i.e. they have three
The solid figures can be

form as
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A solid figure b
define. below ©

£ ""-_""’I'otal surface area of cuboid =2 (% + b+ 1)

. _Diagonal of the cuboid =,/12 +5 +5°

as surface area and volume which and
‘ : “+ Total 1éngth of cuboid =4(/+&+5)

Surface Area of Solid Figure

Surface area of a solid body is the area of all of its surfy,. |

together and it is always measured in square units,

Volume of Solid Figure

The measure of part of space occupied by a solid is calleif

its volume. It is always measured in cubic unit.

Parallelopiped

A solid bounded by three pairs of parallcl plane surfaces

(or faces) is called a parallelopiped. A
parallelopiped whose faces are rectangles

| .

is called a rectangular pa.rallclopiped ora
rectangular solid or a cuboid.

Cuboid

A figure which is surrounded by six rectangular surfac
called cuboid.

€5, I

- A cuboid has 8 corners and 12 edges and four diagonds §

+ Volume of cuboid =/x&xh
. where, /= length,4 = breadth and 4 = height

K 'Lateral‘sgrface area or Area of 4 wallS =21+ 0k
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volume of a cuboid is 880 cm?, (o

o 8 s Dase is B8 sq cm. 'l:hen, its height ig
Y of 'cm (L) 12 em
FY ) 10 (d) 16 cm

cm
““_’ % , volume of a cuboid = 880cm?
' he base = 88 cm?
Vpiune ot the suboid | 830
Heioh = Area of the base g ~ 10 CM

g e ot t

The length of the longest rod that can be

B4 in @ room 12 m long, 9 m broad and 8 m
gt

’,‘ah 'isl _— : (b) 16 m

| }al o (d) 175 m

b (S

| .,y since, the length of the longest rod is the
| 9 Gaganal of the room

bo giagone =
i =\_ll2 s bz + h? = J(12)2 + (9)2 + (8)2

,JWIETTGFL /289 =17 m

, 3. Two cubes each of 10 cm edge are joined
K end. Then, the surface area of the

| o HOg

:ifi{ﬁng cuboid 1s

r‘ 3o x

[ ; _ 10

i 10 10 10

L (2) 100 cm’ (b) 1000 cm?

| {c) 2000 cm? . - (d) None of these
Sol. (b) Length of the resulting cuboid =10 + 10
: =20cm

s ryTeLT

P Breadth of resulting cuboid =10 cm

| Height of resulting cuboid =10 cm

"' . Surface area of resulting cuboid =2 (ib + bh + hl)
b =2[20 x10 +10 x10 + 20 x10]

T =2[200+100 + 200]

g = 2x500 = 1000 cm?

b Ex. 4. The areas of three adjacent faces of a
. tuboid are x,y and z. If its volume is V, then
. which is true?

b Vedyl? o0 (b) Visayz

0 V=Y v:%
,;"_.SO_L,'(b) Let the dimensions of a cuboid be /, b h

7 Tespectively, then volume of cuboid, V = Ibh

~ Ao, x=Ib,y=hhand z =hl

Fon S el o
. Onsquaring both sides, we'get

= A) sz
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Ex. 5. A metallic sheet is of rectangular shape
with dimensions 48 cm » 36 cm from each of its
corners a square of 8§ ¢m is cut-off. An open box

is made of the remaining sheet, what is the
volume of the box?

(a) 13824 em? (b) 1728 ¢m’
(c) 5120 cm? (d) None of these
Sol. (c) Given length of metallic sheet = 48 cm

Breadth of metallic sheet = 26 cm
When square of side & cm is cut-off frorn each corner
and the flaps turned up, we get an open box whose
Length =48 - (8 + 8)= 32 cm
Breadth =36 - (8 + 8)=20cm

8 8
8| b e
4—32———'"“
36 2[0
B[ ! P8
8
48 2
and height =8 cm

= Volume of the box =/xb xh =32 x20 x8 = 5120 cm?

Cube
A cuboid whose length, bradth and height are same is
called cube. ‘

* A cube has six surfaces, twelve edges, eight corners, four
diagonals.-

Cube is a special case of cuboid which has
6 faces of equal length.

+ Total length of cube =12x side

+ Volume of a cube = (Side)®

+ Total surface area of a cube =6 x (Side)?
Diagonal of a cube =+/3 x Edge

Ex. 6. If the surface area of a cube is 96 sq cm,
then its volume is

(a) 16 cu cm (b) 64 cu cm

: (c) 12 cu cm (d) 32 cu cm

Sol. (b) Surface area of cube =6 xa®, where a = Side of a
cube

— 6a2=96 = a’=16= a=4cm
. Volume of the cube = a®=4%=64 cucm
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E\ 7. The Sutlace area and the length of the
diagonal of 1he cube, il the volume of a cube is
2197 oy cm, are
() 1012 sq cm and 21516 em
(b) 1024 sq em and 24.516 cm
(€) 1014 sq em and 22.516 cm
(d) None of the above
Sol. (c) Volume of cube = (Side)® = 2197 cu cm
Side of cube = Yvolume of a cube =13 cm
" Surface area of cube
= 6 (Side)” = 6(13)% = 6x169 = 1014 sq cm
and fength of the diagonal of the cube = v3 xSide
=3 x13=1.732x13 = 22516 cm

Ex. 8. How many 6 m cubes can be cut from a
cuboid measuning 36 m x 15 m x 8 m?

(@) 10 (b) 15 (c) 19 (d) 20
Sol. (d) Volume of given cuboid =(36 x15 x8)m*

Volume of the cube to be cut =(6x6 x6)m?

. Number of cubes that can be cut from the cuboid
_ Volume of the cuboid _36x15x8 -0

Volume of the cube 6 x6 x 6

Right Circular Cylinder

A right circular cylinder is 2 solid figure obtained by
revolving the rectangle, say ABCD abouts its one side, say
BC. -

Let base radius of right circular cylinder be 7 and its
height be 4. e

Thcn, _
() Vélqmc of the cylinder
©o7L 7 = (Area of base) x Height
=arlp Cu units '

]

7
s

Yt

. (#) Curved surface area = Circumference. 1k
b % - of the base x Height | g v
=2mrh sq units - ' 7

) ‘(iii) Total surface area = Curved surface +

)

Area of twoends B
=2mrh+2mr? Rl A
=2nr (h+7) sq units

S = [—
el -V

©Ex. 9. :,The,‘ﬁroluine of a cylinder i's~448'-irfcm3-gnd_*.
height 7" cm. Then, its lateral 'surface' area and. |

total surface area are
" (a) 349 cm? and 753.286 cm?
(b) 352 cm? and 754.286 cm?

S
& Pathﬁ |
ﬁ%
(¢) 353 em” and 755.286 cm?” &
(d) None of the above
Sol. (b) Given, volume of the cylinder - ag,
and height of the cylinder =7 cm
Lel radius be r, then
nrih =448 n
2«4487\!:448 Lo

4
rs
hn 7 Bey

Creyt

r

- Lateral surface area of the cylinge, 2 20

22
=2x-7—x8x7=352Cm2

Total surface area of the cylinder = 2nr(h

f-[)
=2x272x8(7+ 8)
=2xgx8x15=§2_89:75 ‘
f 7T

Ex. 10. The radii of two cylinders are inth, |
2:3 and their heights are in the ratj, 5:36 T‘rja.;

the ratio of their volumes is gy
@4:9 (b) 16 : 25
(c) 20 : 27 (d) None of these

Sol. (c) For first cylinder,
Let radius = r, height = hy, volume =,
For second cylinder,
Let radius =r,, height =h, and volume =V,

n 2 h 5 2r.
Then, 1== and 21=2 o _<2 _5h }
f 713 h, 3 1 3 andh1_.3‘

Required ratio of their volumes be ViV,
= mhng hy= r2hy 2 h,
4 ,5h,

20
= 5!'2 T,r22h23‘2—7:1:>20:27

Ex. 11. A cylindrical bucket of diameter 28 «
and height 12 cm is full of water. The water i
emptied into a rectangular tub of length 66 cof
and breadth 28 cm, The height to which wa
rises in the tub is

(@ 2cm (b) 4 cm

(c) 6 cm (d) 8 cm
Sol. (b) Volume of water in the bucket

=nr2h=373 x14'x14 x12 =7392 cu cm

Let h be the height to which water rises in the W
Volume of water in the tub = 66 x 28 x 1 cu M
According to the question,
2 BB x28Xh =730 .
»"-:h’=»37392 B
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Sllow cylinder
H ial in a hollow _—
' me of matert P L
e yolut he ditference between the '.“1\\':“_1,’3\}/
Eginder is | ler having 1t sy
ob of A cylinder aving  the
olome sions and the volume '

i a dimet
; ;\" alinder having the internal

! I ensjﬂn
i g  and 7 be the external and
§ 1.

L emal radii of the hollow cylinder
s;: mj bbc its height. Then, 2
(i) Volume of hollow cylinder =n(R? —r2) } cu units
i To! surface area =2 T(R+7) (b + R — 1) sq units

LY

() Curved surface area
=2nRh+2nrh =27 (R +71) b sq units

(rc) Total outer surface area
=2nrd +TER2 + n(R2 -r ) sq units

Y e

é

.

3 Ex. 12. A hollow cylindrical tube, open at both
| ends is made of iron 1 cm thick. The volume of
- ifon used in making the tube, if the external
; dlameter is 12 cm and the length of tube is

70 cm, 15
(a) 2420 Cm (b) 2520 Cm

(c) 2720 cm® (d) 2900 cm?
Sol. (a) Here, external radius (R,)=6cm
| and internal radius (R,)=6-1=5cm
height of hollow cylinder (h)=70 cm
.. Volume of iron used in making tube
= External volume - Internal volume
=zR%h - r?h = nh (R® - r?)
| =$ x70 x(36 — 25) = 220 x11= 2420 cu cm

Right Circular Cone

A right circular cone is a solid,
. generated by the revolution of a
- right angled triangle about one of
itssides containing the right angle
% axis. Let height of a right
ﬁ’ﬂrcular cone be 4, slant height be
-Tand its radius be r, Then,

5 (17 The slant hcnght of the cone,

1 AC"wfr + 42 units

”-i‘(lﬂ Volumc of cone -#-3% nrz b"’cu umtsr

- m') Curved surfacc area of cone-= nrl sq umts
W). TOtal surfacc area of a cone = Curved surface area’
" ' +Basc area nr(l $ ) q “mts

355

Ex. 13 The radius and vertical height of a cone
are 5 cm and 12 cm, respectively. Then, its lateral
qurfucu area 15
(a) 202 cm? (b) 203.1 cm”
(¢) 204.2 cm? (d) 204.3 cm?
Sol. (d) Given, radius of cone (1) =5 cm
Helght of cone (h)=12 cm

Slant holght (/) = yJr* + h?
= /6% 4127 = Ji60 =13 cm
', Lateral/curved surfaco area =nrl
= 27 %«5%13

=@~ 204.3 cm?

7

Ex. 14. How many metres of cloth 5 m wide will
be required to make a conical tent, the radius of
whose base is 7 m and whose height is 24 m?
(@) 100 m (b) 105 m
(c) 109 m (d) 110 m
Sol. (d) Given radius of base (r) =

and vertical height of tent (h)=24m |
Slant height of the tent (/)

=yr?+h? =24 + 7% = /625 = 25 m

Now, curved surface area = nr/

i1 _%x7x25 550m?

~+_Width of cloth =5m

.. Length required to make conical tent

L 20 4110'm
5

Ex. 15. The radius and the height of a right
circular cone are in the ratio 5:12. If its volume is
314 m?, the slant height and the radius are

(@) 12m,5m (b) 13 m, 4 m
(c)1m,4m (d)13m,5m

Sol. (d) Let radius of cone be 5x and the height of the
cone be 12x.

. Volume of cone =314 = lanrzh

= 15 x3.14 x(5x)% x{(12x) = 314
= 314=3142
= x3=1

= x=1

- Radius =5m and height =12m

.. Slant height = Jr2 + h?
,’254—144 =4169 =13 m

Hence the slant height and the radius are 5 m and
B83m. -
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Ex.

of their curved surface areas is
(@)4:5 b)3:5 (c)5:3
(d) As diameters are equal,

=  Radii are also equal,

Let r be radius of each cone and let
cone be 5x and 4x.

. Curved surface area of first cone r/

Curved surface area of second cone nrl

. . . MIX 5x -5:4
. The required ratio -———-'m 7P

(d) 54
Sol.

slant helght of

=8 1{8 x bx
=nr x4x

Frustum of a Cone

off by a plane parallel to the
f the cone between the
alled the frustum of

If a right circular cone is cut-0
base of the cone, then the portion ©
cutting plane and base of the cone 1s €
the cone.

Let R, r be the radii of base and top of the frus
cone. Let 4 be the height, then

tum of a

(/) Volume of frustum of right circular cone
.—.KT)}[R2 +r2 + Rr] cuunits

(#7) Curved (lateral) surface area of frustum of right circular

cone =n/(R+r) sq units
where, slant height, / 2 42 4+ (R-7)? units

(747) Total surface area of frustum of right qircqlar cone
= Area of base + Area of top + Lateral surface area
=n[R? +r? +/(R+71)]sq units

(+v) Total surface Area of bucket =[(R +7) / + r* ]sq unit

: [+ it is open at the bigger end]

Ex. 17. The radii of the ends of a bucket of
height 24 c¢m are 15 cm and 5 cm. Then, its
capacity is '

(a) 8000 cm? (b) 8100 cm?®

(c) 8171.43 cm® (d) 8200.43 cm®
Sol. (c) Given, h=24cm, R=15cm and r =5 cm
Capacity of bucket = Volume of frustum of a cone

_ ",:‘l-.?.-l%h[ﬁz%rz%‘l_?r]. -
Sl 22 24 \

o e R 151 . 6L 4 AN B e b

7.3

16. The diameters of two cones are equal. If
their slant heights are in the ratio 5:4. The ratio

=373x8[225+25+751

2176 (325) = 8171.43 cm?
7

Sphere

A sphere is a solid gencrated by
the revolution of a semi-circle about its diamete.
Let radius of sphere be 7 then

3

4 :
(/) Volume of sphere == 7r> cu units

(if) Surface area of sphere = 4nr? sq units
4
(#i) Volume of a hollow sphere ='3' "R’ -) cu Unit

where, r = Inner radius and R = Outer radius

Ex. 18. Given that the volume of a meta] Sphe;
is 38808 cm®. Then, its radius and its surface are:

are :
(a) 7 cm and 616 cm

(b) 21 cm and 5544 cm?
(c) 14 cm and 2464 cm?
(d) None of the above

Sol. (b) Given, volume of the metal sphere = 38808 cm?

4
But volume of sphere = nr’

4 r3 = 38808
3

3 7
3
=38808 x— x— =19
= I X7 X > 261
= r=(9261)"% =21cm
. ‘Surface area of the sphere =4 nr®
=4 x% x21x21

= 5544 cm?

Ex. 19. How many balls each of radius 2 c¢m can
be made by melting a big ball whose radius is
8 cm.
* (a) 4 balls (b) 16 balls
(c) 64 balls (d) 128 balls
Sol. (c) Given radius of big ball (R)=8cm

. Volume of big ball =—;:7rF?3 =§ x(8)°
Radius of small ball (r) =2 cm
. Volume of small balls =§ n(2)3

- Required number of balls =
. ' Volume of small ball

_8x8x8

4
2 - - 64 balls
51{(2)3 2;2 x 2
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Q§ W surface Area and Volume of Solids

‘ copper sphere of diameter 18 ¢m s
o 2 50 8 wire of diameter 4 mm. Then, the
k dra\m of the wire 18 '
] ]eﬂgt 243 m (b) 343 m  (c) 443 m
o 1 the length of wire be h cm.
N co'(- @ Ul;:e of sphere = Volume of wire

(d) 972 m

[by condition]

Pl 2 2

f 4 50| Al e s witis

; S [artxgxgig) (nmem\h)

‘ b g2 = h=(972x25)cm

g 7. @ S972x25

; 300 7y

! Hence, the length of the wire is 243 m.

‘71, 1f the number of square centimetres on
Ex. <urface of a sphere is equal to the number of

: L‘l‘;lc centimetre in its volume. What is the

i giame‘e’ of the sphere?

(a) 3cm (b) 4cm-  (c) Scm (d) 6 cm

.‘ Sol. (d) Let the radius of sphere be rcm.
Volume of a sphere = 3 ard

Surface area = 4 nr?
> C 4nr?s = ar® [by condition]

= : r=3
- Diameter of the sphere =3 x2=6cm

Hemisphere |
- Aplane passing through the centre cuts the sphere in two
" equal parts, each part is called a hemisphere.
 Let the radius of hemisphere be 7, then

3

(i) Volume of hemisphere =§ 7r’ cu units

() Curved surface area of hemisphere =27r% sq units
* {i#) Total surface area =2ntr? + nr? =3 nr? sq units

357

Ex. 22. The volume of two hemisphere are in the
ratio 8:27. Whal is the ratio of their radii?

(@) 2:3
b)3:2
(¢)1:2
(d)2:1
Sol. (a) Let volumes be V, and V.
V|V2=8'27
2 2
= Snr13:§nrg=8:27
= 2ird=8:27
= nir,=2:3

Important Formulae

* If the side of a cube is increased by x%, then its volume

: 3
increased by (1 + __x_) -1 | %x100%.
100)

» If the length, breadth and height of cuboid are made x, y
and z times respectively, its volume is increased by
(xyz —1) x 100% .

* If the length, breadth and height of a cuboid are
increased by x%, y% and z% respectively, then its volume

Ry tyztze x_yz2 %
100 (100)

* If the sides and diagonal of a cuboid are given, then the
total surface area in terms of diagonal and sides is given
by

» Total surface area = (Sum of the sides)? — (Di::\gona.l)2 .

If the'side of a cube is increased by x%, the surface area
5 ;

is increased by | 2x + X 1%.
1 100

is increased by [x +y+z+

- If each side of a cube is d(.)ubled, its volume becomes 8
times, i.e. volume is increased by 700%.

- Exercise

- L. Three equal cubes are placed adjacently in a row.
. The ratio of total surface area of the new cuboid
. to that of the sum of the surface areas of the
S three cubes is

BB ). 6% 8] i (0) T O

% A dass room s 7im long, 6/5 m wide and 4 m

(d) 6:7

high," oy’ has -one door 3m x1.4m and 'three

- Windows each measuring 2m x 1m’. The interior
- -"alls-are to be coloured washed. The contractor
£ . tharges 'z 595 per sq m. The cost of colour
o Washing jg .ol S
o @ T51945 () 215045 () T51345'(d) T 41946

3. The dimensions of a field are 12 m x 10 m. A pit
5 m long, 4 m wide and 2 m deep is dug in one
corner of the field and the Earth removed has
been evenly spread over the remaining area of the
field. The level of the field is raised by

" (@) 30°em = (b)'365cm (c) 38 cm  (d) 40 cm
4. A cube of 9 cm edge is immersed completely in a
 rectangular vessel containing water. If the

dimensions_of base are 15 cm and 12 cm. Then,
the rise in water level in the vessel is

(a) 4.05 cm (b) 4 cm
(c) 35 cm (d) 3.cm
¥
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