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g % : Key Points: Projection of a Point on a Plane
In the figure, P is a point not lying on the plane 7and Q is a point lying

on the plane 7.
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If PQ is perpendicular to two straight lines or more (e.g. L) and Ly)

on zpassing through O, then
(@) Qis called the projection of P on the plane ,

(b) PQ is the distance between P and the plane 7.

CyLet's Try

A solid is shown in each of the following. Fill in the blanks. (1-4)
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The projection of ¥ on the plane 4BC'is The projection of ¥ on the plane ABCD is
F
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ABCDEFGH is a cube.
(a) The projection of F on the plane BCDE is (a) The projection of D on the plane FGHE is
(b) The projection of C on the plane 4ABEF is (b) The projection of G on the plane AFED is

(¢) The distance between F and the plane BCDE (¢) The distance between G and the plane AFED

is . is
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Key Points: Pgmm.iols

Pyramids

/— Vertex
A pyramid is a polyhedron with \ '
(i) one polygonal base and Tnangsli ztlzegrzl face
(ii) all the other triangular lateral faces meeting
at the vertex.
Polygonal base
Right Pyramids

A right pyramid is a pyramid whose vertex is vertically above the centre of its base.

e.g

__centre
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Right rectangular pyramid

Regular Pyramids
A regular pyramid is a right pyramid whose base is a regular polygon.
e.g.

' o
50 © 00O
Right square pyramid Regular tetrahedron
(Regular triangular pyramid)

When we cut a pyramid in different ways, the cross sections obtained may have different sizes and shapes.

The following shows some cross sections of a pyramid.

Cross section:

[ PRSP [

: Triangle i i Rectangle -
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Volume of a pyramid = % X base area X height

Example 1 (T® P.#.10)

The figure shows a right pyramid VABCD. Its base is a square of side 5 cm. If the volume of the pyramid is
50 cm’®, find the height of the pyramid.

Practice Exercise
1. The base of'a pyramid is a rectangle of length 15 cm and width 8 cm. The volume of the pyramid is
280 cm’. Find the height of the pyramid.

2. The volume and the height of a pyramid are 351 cm® and 13 cm respectively. The base of the pyramid is
a square. Find the length of a side of the base of the pyramid.
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3. The figure shows a pyramid VABC. Its base is a right-angled triangle, where ZABC = 90°, AB = 24 cm
and AC =25 cm. The volume of the pyramid is 280 cm’. It is given that ZVBA = ZVBC = 90°. Find VB.

24 cm

A 25 cm

egmpg 2(® P.*.11)

The figure shows a right pyramid VABCD of slant edge 25 cm. Its base is a rectangle of length 24 cm and
width 18 cm. The diagonals of the base intersect at O.
(a) Find the length of AC.

(b) Find the height VO of the pyramid.

(¢) Find the volume of the pyramid.
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Practice Exeroise
4. The figure shows a right pyramid V4BCD with a square base of side 12 cm. The length of slant edge V'C
of the pyramid is V108 cm . O is the projection of ¥ on the base. Find the volume of the pyramid.

S.  The figure shows a right pyramid VABCD of slant edge 34 cm. Its base is a rectangle of length 48 cm and
width 32 cm.

(a) Find the lengths of NC and ON.
(b) Hence, find the volume of the pyramid.
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6. The figure shows a right pyramid VABCD with a square base. The slant edge is 19 cm and the diagonal

of the base is v338 cm.
(a) Find the lengths of VO and BC.
(b) Find the volume of the pyramid.

(Give the answers correct to 3 significant figures if necessary.)

=7
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7. The height of a right pyramid with a square base is 8 cm. The diagonal of the base is 16v/2 cm . Find the

volume of the pyramid.
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8. The figure shows a rigﬁt pyramid V4BCD with a square base. M is a point lying on BC such that

VM L BC. O is the projection of V on the base. If YC= 17 cm and VM = 15 cm, find the volume of the
pyramid correct to 3 significant figures.
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g%: Keu Points: Volumes of Frustuws of Puramids

A frustum of a pyramid can be obtained by cutting a pyramid along a plane parallel to its base.

upper base

lower base

Pyramid Smaller pyramid Frustum

Volume of a frustum of a pyramid = volume of the original pyramid — volume of the smaller pyramid

1.

ABCD and EFGH are squares.

ABCD and PQRS are rectangles.
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Example 3 (Te P.¥.13)

The figure shows a right frustum ABCDSPQR. The upper base and the lower base of the frustum are squares
of sides 6 cm and 14 cm respectively. The height of pyramid ¥ABCD is 9 cm.
(a) Find the height of the frustum.

(b) Find the volume of the frustum.

I4 14 cm [
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Practice Exeroise
10. The figure shows a right frustum 4BCDSPQR. The upper base and the lower base of the frustum are
squares of sides 5 cm and 15 cm respectively. The height of pyramid VPQRS is 27 cm.

(a) Find the height of pyramid VABCD. y
(b) Find the volume of the frustum.

27

11. In the figure, the upper base and the lower base of a right frustum ABCDPQRS are squares of sides 8 cm
and 10 cm respectively. The height of the frustum is 3 cm. Find the volume of the frustum. 1%
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12. The figure shows a right frustum 4BCDEFGH. The upper base and the lower base of the frustum are

squares. The height of the right pyramid VEFGH is 4 cm and the height of the right frustum
ABCDEFGH is 12 cm. If the area of the lower base of the frustum is 144 cm?, find the volume of the
frustum.

13. In the figure, ABCDPQRS is an inverted right frustum. Its upper base is a rectangle of length 20 cm and

width 15 cm. Its lower base is a rectangle of width 6 cm. The height of pyramid VPQRS is 4 cm. Find
the volume of the frustum.
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% %: Key Points: Total Surface Areas o

Total surface area of a pyramid

= base area + total area of all the lateral faces

Egggm.gg 4 (= P.F.16)

The figure shows a right pyramid VABCD of slant edge 25 cm. Its base is a rectangle of length 30 cm and

width 14 cm.

25 cm
(a) Find the lengths of VM and VN.
(b) Find the total surface area of the pyramid.
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Practice Exeroise

14. The figure shows a right pyramid VABCD of slant edge /985 cm. Its base is a rectangle of length 32 cm

and width 24 cm.

(a) Find the height of /\VAB with AB as the base.
(b) Find the height of AVBC with BC as the base.
(¢) Find the total surface area of the pyramid.

/985 cm
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15. In the figure, the height of the right pyramid VABCD is 10 cm. Its base is a rectangle of length 16 cm
and width 8 cm.
(a) Find the area of AVBC.
(Leave the answer in surd form.)

(b) Find the area of A\VAB.

(Leave the answer in surd form.)

(c) Find the total surface area of the pyramid correct to 3 significant figures.
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16. The figure shows a right pyramid VABCD with a rectangular base, where 4B = 14 cm. The area of
/\VAB is 133 cm” and the area of AVBC is 187 cm?. If the total surface area of the pyramid is
948 cm?, find the length of BC.

17. The total surface area of a right pyramid is 532 cm?. Its base is a square of side 14 cm. Find the height
of the pyramid correct to 3 significant figures.
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18. The figure shows a pyramid V4BC with a triangular base, where AB = 8 cm, AC =10 cm, V4 =15 cm
and ZABC = /VAB = £LVAC = ZVBC = 90°.

(a) Find the lengths of 7B and BC. R
(b) Find the total surface area of the pyramid.
15 cm
10 cm
48 c
8 cm %
B

19. In the figure, the base ABC of the pyramid VABC is an isosceles right-angled triangle with ZBAC = 90°.
VA is the height of the pyramid. If 4B = 12 cm and V4 = 5 cm, find the total surface area of the pyramid
correct to 3 significant figures.
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20. The figure shows a regular tetrahedron VABC of side 16 cm. Find the total surface area of the regular

tetrahedron. Leave the answer in surd form. 14

21. The figure shows a pyramid ¥'CDE whose base CDE is an isosceles right-angled triangle with
ZCDE =90°. VE is the height of the pyramid. It is given that Z/VDC = 90°, the length of the longest side
of the base is 20v/2 cm and the volume of the pyramid is 600 cm’. Find the total surface area of the

pyramid correct to 3 significant figures.
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)8l Citcular Cones

% % ; Key Points: Ciroular Cones

Circular Cones
A circular cone is a non-polyhedron with
(i) acurved surface and

(i) a circular base.

Right Circular Cones

A right circular cone is a circular cone whose

vertex is vertically above the centre O of its base.

/- vertex

slant height

Right circular cone

> Key Points: Volume of Circular Cones

For a circular cone of base radius 7 and height 4,

Volume of a circular cone = % nreh

Eﬁmgg s(Te P.z.:zgz

The figure shows an inverted right circular cone of height 12 cm and slant height 13 cm.

(a) Find the base radius of the circular cone.

(b) Find the volume of the circular cone in terms of 7.

13 cm

<P
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Practioe Exeroise
22. The figure shows a right circular cone of height 21 cm and slant height 29 cm. Find the volume of the

circular cone correct to 3 significant figures.

29 cm

23. The base diameter and the slant height of a right circular cone are 16 cm and 10 cm respectively. Find the

volume of the circular cone in terms of z.

24. The figure shows a right circular cone of slant height /530 cm. The circumference of its base is 267 cm.

Find the volume of the circular cone correct to 3 significant figures.

/530 cm

circumference
=26rcm  ~—
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25. Five identical cubes each of side 8 cm are melted and recast into some identical right circular cones. It is
given that the slant height of each right circular cone is 5 cm and the base radius of each circular cone is

3 cm. Find the maximum number of right circular cones that can be recast.

Exawmple & (TB P.7*.30)

The height and the base radius of a metal right circular cylinder are 10 cm and 15 cm respectively. The circular

cylinder is melted and recast into a right circular cone of base radius 30 cm. Find the height of the circular cone.

Practice Bxereise
26. The height and the base radius of a metal circular cone are 12 cm and 8 cm respectively. The circular
cone is melted and recast into a circular cylinder of base radius 6 cm. Find the height of the circular

cylinder correct to 3 significant figures.
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27. A solid metal right circular cone of base radius 9 cm and height 13 cm is melted and recast into a solid

right pyramid with a square base of side 15 cm. Find the height of the pyramid correct to 3 significant
figures.

ISim w

28. The height of a metal circular cone is 10 cm. The circular cone is melted and recast into a circular cylinder

of base radius 12 cm and height 30 cm. Find the base radius of the circular cone.

29. The height and the base radius of a metal circular cone are 15 cm and 10 cm respectively. The circular
cone is melted and recast into some identical circular cylinders each of base radius 4 cm and height 6 cm.

At most how many circular eylinders can be recast?
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% %; Key Points: Volumes of Frustuwms of Circular Cones

A frustum of a circular cone can be obtained by cutting the circular cone along a plane parallel to its base.

lower base
Circular cone i
on Smaller circular cone Frustum

Volume of a frustum of a circular cone =

volume of the original circular cone — volume of the smaller circular cone

example #* (TB P.7+.32)

The figure shows an inverted right frustum 4ABCD. The radii of the upper base and the lower base are 16 cm
and 10 cm respectively. The height of circular cone VAB is 24 cm.

(a) Find the value of 4.

(b) Find the volume of the frustum.
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Practice Exeroise
30. The figure shows a right frustum 4BCD of height 12 cm. The radius of the lower base is 21 cm and the
height of circular cone VDC'is 16 cm.
(a) Find the base radius of circular cone VDC.
(b) Find the volume of the frustum.

(Give the answer correct to 3 significant figures.)

31. In the figure, a solid metal right circular cone is put into a rectangular tank and the depth of water in the

tank is 8 cm. The height and the base radius of the circular cone are 20 cm and 5 cm respectively.

(a) Find the volume of the frustum immersed in water in terms of .

(b) If the circular cone is taken away, find the depth of water in the tank correct to 2 decimal places.

,I,’ \_/
il /'— \\ 12em
8em { |/ ),
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32. Inthe figure, a solid metal right circular cone of height 24 cm and base radius 8 cm is put into a cylindrical
tank of base radius 15 cm. The depth of water in the tank is 9 cm. If the circular cone is taken away, find

the depth of water in the tank.

33. A cylindrical tank of base radius 16 cm is placed on the horizontal ground and it contains some water.
Now, a solid metal right circular cone of height 20 cm and base radius 10 cm is placed vertically inside
the tank without water overflow. If the radius of the upper base of the frustum immersed in water is 6 cm,

find the height of water risen in the cylindrical tank. (Give the answer correct to 3 significant figures.)
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% % : Key Points: Nets of Right Ciroular Cones
A B ‘
o
(0]

g % : ey Points: Total Surface Areas of Right Circular Cones

For a right circular cone of base radius 7 and slant height Z,
1. Curved surface area = zrZ

2. Total surface area = zr*+ zwrf

Exawmple €
2

The slant height of a right circular cone is 15 cm. If the curved surface area of the circular cone is 1357 cm®,

find the base radius of the circular cone.

Practice Exereise
34. The base radius of an inverted right circular cone is 6 cm. If the total surface area of the circular cone is

1207z cno?, find the slant height of the circular cone.

| Mathematics Notes | Aveas and Volumes 34 25



35. The figure shows a right circular cone of slant height 13 cm. The area of the base is 1447 cm?. Find the

ﬁ 13 cm

total surface area of the circular cone.

Example 9 (TB P.7+.35)

base area = 14471 cm?

Figure (1) shows a sector O4B with radius 15 cm and Z4OB = 144°. O is the centre of sector O4B. By joining

OA and OB together, the sector is folded to form a right circular cone as shown in Figure (2).
(a) Find the base radius of the circular cone.

(b) Find the volume of the circular cone correct to 3 significant figures.

0]
' \~~
‘ 5cm
4 B
Figure (1) Figure (2)
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Practice Exeroise
36. In the figure, a piece of paper in the shape of sector V4ABC is folded to form an inverted right circular cone

by joining V4 and VC.
(a) Find the base radius of the circular cone.

(b) Find the capacity of the circular cone correct to 2 decimal places.

37. In the figure, the capacity of an inverted right circular cone is 3247 cm®. The circular cone is cut along

its slant height and unfolded to form a sector.

(a) Find the curved surface area of the circular cone in terms of 7.

(b) Find the angle of the sector.

12 cm
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38. In the figure, a piece of paper in the shape of sector VABC is folded to form an inverted right circular
cone by joining V4 and VC.
(a) Express the height of the circular cone in surd form.

(b) Are 8000 circular cones formed in (a) enough to hold 0.8 m® of juice? Explain your answer.
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