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Mathematical Formulae

1. MENSURATION

Curved surface area ofa cone = w7/

Surface area ofa sphere = 47/°

Volume ofa cone = %nrzh

Volume ofa sphere = %m}

2. TRIGONOMETRY
Formulae for AABC

a b ¢
sind sinB sinC

@’ =b%+ & - 2bc cos A

Area of triangle ABC = %ab sinC



A= 7 amaB=(° 1)

()  Find the matrix C such that 2A + C =B~ [3]
(ii)  Given that ABD = ((1) (1)), find the matrix D. 3]
mmediagam,aﬁ=3pmdw=3q. P S R
PR is parallel to OQ and 3PR = 200.
S is the midpoint of PR and T is the midpoint of OR. 3p T
U is a point on OQ such that OU = 2UQ.
@) Find OS in terms of p and q. [2]
(ii)  Use vectors to determine if OS and UT are parallel to each other. [3]
(a) Simplify the expression
27a3(b — ¢)? + 18a~2(b? — c?),

giving your answer in positive indices only. [2]

(b)  Write the following expression as a single fraction in its simplest form:
4x 3 1

(2x—1)2 T 2x-1 | 4x—2 [4]
(c)  Factorise  3p(2q —7)— (r — 29)*. [2]
On separate axes, sketch the graphs of the following functions, indicating clearly the
intercepts and asymptotes where applicable.
i y=G+3)B-2), (2]
G y=— [2]

x-3

5ol
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A cookie factory produces cookies in three flavours and delivers them to two outlets. The

number of cookies supplied in a single delivery is given by the matrix P.

Outlet 1 Outlet 2

80 60 Chocolate Deluxe
P= (30 40) Peanut Crunch
50 20

Zesty Orange

(i) The cost price of a Chocolate Deluxe cookie is $1.30.
The cost price of a Peanut Crunch cookie is $0.80.

The cost price of a Zesty Orange cookie is $1.10.

Represent these prices ina 1 x 3 row matrix C. [1]
(i) Evaluate the matrix Q, where Q = CP. [1]
(iii)  State what the elements of Q represent. [1]

In a particular month, there were 18 deliveries to Outlet 1 and 13 deliveries to Outlet 2.
(iv)  The elements of the matrix N, where N = PR, represent the total number of

cookies of each flavour delivered to the two outlets in that particular month.

Write down the matrix R. [1]
y
0
7 R
y=2x 1
y=3sXx
0 x

The diagram shows a trapezium OPQR in which PQ is parallel to OR and O is the origin.
OR 1s perpendicular to PQ and the diagonal PR is parallel to the x-axis. The side OP has

equation y = 2x and the side OR has equation y = %x. The y-coordinate of P is k.

() Express the coordinates of P and R in terms of 4. [2]
(i) In the case where k = 6, find
(a) the coordinates of O, [4]
(b) the coordinates of the point S which lies on PR produced such that
PR:PS=2:5. (2]



5

The table shows the number of books donated by each of 30 students in a class in a book

donation dnve.

(@)

(b)

(©)

1 2 1 4 3
1 2 0 8 2
0 1 6 3 2
0 3 2 1 1
2 4 1 0 3
3 0 2 1 2

A student is chosen at random.

Find the probability that a student donated 2 books.

Two students are chosen at random.
Find the probability that
(i) one student donated two books and the other donated 4 books,

(ii) both the students donated at least one book,

A book is chosen at random.

Find the probability that it was donated by a student who donated 3 books.

31

(1]

(2]
(2]

(2]
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75 m 80°
48 m
J
K

J, K and L are three points on level ground. JL = 75 m, KL = 48 m and angle JLK = 80°.
The bearing of K from Jis 110°.

Calculate

@) the distance JK, [2]
(i)  the area of the field JKL, [2]
(ili)  the bearing of J from L. [3]

A vertical tree with height 23 m, has it base at L. A man walks from J to K. Find the
greatest angle of elevation of the top of the tree when viewed from any point during his

walk. (3]

(a) The points 4, B, C and D are the vertices of a parallelogram 4ABCD. Given that
AB = 6i + 8) and that AD =11i — 4j, find a unit vector in the direction of BD. [3]

(b) In the diagram, 0A and OB represent vectors a and b respectively.

X, Y and Z are points such that 0X = ;OdB,

—_—

AY ==4B and 0Z = 10A.

(i) Express 0X and OY in terms of a and/or b. [2]

(ii) Express XZ in terms of A,aandb. A
Given that X, Y and Z are collinear, a

evaluate the value of A and Y

the ratio XY:XZ. [5]

area of triangle 0YZ []]

(iii)  Find

area of triangle AYZ"
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Diagram 1 . Diagram 2

In a restaurant, the fruit punch is mixed in a container with no lid as shown in Diagram

1. The container is a prism whose cross-section is a trapezium. The lengths of the

parallel sides of the trapezium are 10 cm and 15 cm and the distance between the

parallel sides is 9 cm. It is given that the capacity of the container is 1.8 litres.

(@
(b)

Show that the height of the container is 16 cm. [1]
All the fruit punch in one full container is transferred to a jar as shown in Diagram
2. The jar is made by joining a hemisphere of radius 8 cm to a part of a right
circular cone of height, 4 cm.

(i) Given that the slant height of the cone is 17 cm, show that =15 cm. [1]
(ii) Find the depth of the fruit punch in this jar after all the fruit punch has

been transferred from the container in Diagram 1. [6]

296
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8
11 Answer the whole of this question on a sheet of graph paper.
The variables x and y are connected by the equation y = liox2 (5-x).

Some of the corresponding values of x and y are given in the table below.

x -2 -1 0 1 2 3 4 5

y a 0.6 0 04 [ 12 1.8 1.6 0

(a) Find the value of a. 1]
(b)  Taking 2 cm to represent 1 unit on each axis, draw the graph of y = %xz(S - Xx)
for-2<x<5. [3]
(c) Use your graph to find
@) the range of values of x for which x?(5 — x) > 10, [2]

(ii) the values of k, where £ is a constant, for which the equation
Tlaxz (5 — x) = k has exactly 2 solutions. m

(d) By drawing a tangent, find the gradient of the curve at the point where x=4. [2]

Bonus Question

12

A circle Cy is inscribed in an equilateral triangle as shown in the diagram. A second circle
(> 1s tangent to the circle C; and to the two sides of the tniangle. A third circle Cs is
tangent to the circle C> and to the two sides of the triangle.

Find the ratio of the radius of circle Cs to the radius of circle C;. [2]

END OF PAPER
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1G)
c=(% HDE H-2C D

(3 D6
-6 9

4(1)

T )
= (-11 _42)

det AB =2

D = (AB)™!

§ B
-3 (1T

2 2

- . 1_ 1 2
2(1) PS:EPS=EX§(3q)=q

m=3p+q

2(ii)

UT =-0S 7
OS and UT are parallel to each othti;’r.

3(a) 27a*(b — c)?
18a~2(b+c)(b—c)

_3a°(b-c)
~ 2(b+0)

3(b)
_ Bx-— 32)2x—-1)+2x—-1

2(2x —1)?

_8x—12x+6+2x—1
- 2(2x — 1)?

__ —2x+5 5-2x

= 2217 O 22x-1)2

3(c) 3p(2g—1)— (29 —1)°
=Q2q-nBp-Q2q-1)]
=(2q-7r)@Bp—2q+71)
or
= (r — 2q)[-3p — (r — 29)]
=(r—-29)(-3p—r+2q)

L/ ; \
/ ' %
(i)
!
' : ¥
2\
3 -
5() | (130 080 1.10)
5(ii) (80 60)
(1.30 0.80 1.10){30 40
50 20
= (183 132)
5(ii1) | The total cost price of the
cookies for each of the outlet
5(iv _ (18
) | r= (1 3)
6(1) Subsy =k
k
P=(3%)
R = (2k, k)
(ii)(a) 1
6= 5(3) L F
=4t
¢ = 2 ]
PQZ y= EX + 45
6=-2(12)+c¢
c=30

QR:y =—-2x+30
1 1
PQ:y=z-x+4<

2 2
Solve simultaneous equations.
1
X = IOg
Y75

Qis(lO%,‘)%)

2>t




6(ii)(b)

P(3,6) R(12,6)
Let S be (x, 6).
x—12 3

7(a)

()@

8 2 2x8
3020 730% 20
16

IRES

(b)(ii)

(©)

9(b)(i)

8(1)

JK = /752 + 482 — 2(75)(48)cos 80°
=81.72 = 81.7 m(3 sf)

(i1)

1
5(75)(48)sin 80°
= 1773 sqm or 1770 sq m (3sf)

(iii)

sinZKJL  sin 80°
48 T 81.72
kL Bsin80°
sinekjl = =153
2KJL = 35.34°
180° + 110° — 35.34° = 254.7°
Bearing = 254.7°

= 0.5784

Let the shortest distance be d m.
d -~ o

75 = sin 35.34

d = 75 sin 35.34° = 43.38

(b)(ii)

XY XZ=3:5

Or alternatively,

— 3

YZ = g(a —b)+ (1 —-2)(-a)

—(/1 2) 3b
B 5)275

LetXZ = kYZ
B e —k(A 2) 3b]
Fokas= [ =51

> X |l w
I o=
TR INTRE |
N w

T
>
|
wilN
—

2A=5A-2

p )
I
Wi N

XY:XZ=3:5

(b))

0z 2
04" 3
area of triangle 0YZ _0Z
area of triangle AYZ =~ AZ ~

9(a)

BD = —(6i + 8j) + 11i — 4j
= 5i— 12j
|BD| = V57 +127=13

1
unit vector is ﬁ(Si - 12j)

10(a)

(10+ 15)(91L1) = 1800

2
H =16

(o))

h? + 8% =172
Orh=+v172 - 82
h=15cm




(e)(i1)

2
Volume of hemisphere = §-1r(83)

or1072.33 cm’

1024m

1
Volume of cone = §n(82)(15)
= 320m or 1005.31 cm’

e or 2077.64 cm®

Total volume =

1
37rth = 2077.64 — 1800
! (Bh)z h = 277.64
3"\15) "
64k _ 64
675
h3 = 932.086
h=9.768
depth of water = 8 + (15 — 9.768)
=132 cm (3 sf)

Bonus
Qn 12

Let P be one vertex of the triangle and
O, R and S be the centres of the circles
Cs, C, and C, respectively.

Let the radii of the circles C;, C, and C;
be a, b and ¢ respectively.

== 60° = —1 PS =2
= =_= =
P cos a

PR =2b

PQ=2c

Lengthof PS: 2c + c +2b+a = 2a
=3c+2b=a___ (1)

Lengthof PS: 2b+ b+ a = 2a
=3b=a

=>b—a 2
-g__( )
Subs (2) in (1)

a
3c+2(§)=a
9¢c + 2a = 3a
c_l
a 9






