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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax’ + bx + ¢ =0,

_ —b+~Nb: -4ac

2a

X

Binomial expansion
(a+b) =a"+ [';] a”’'b +(;) a" b 4.+ (n) a’bh +.+b"
r 2

n! :n(n—l)...(n—r+1)-
n—rjtr! r!

n
where 7 is a positive integer and [ ] = (
r

2. TRIGONOMETRY
Identities
sin®> A+cos’ A=1
sec’ A=1+tan’ 4
cosec’A=1+cot’* 4

sin(A+ B)=sin Acos Bt cos AsinB
cos(A+B)=cos Acos BFsin Asin B

tan At tan B
13 tan Atan B

sin2A=2sin Acos 4

tan(A+B)=

cos2A = cos? A—sin® A=2cos’ 4—1=1~2sin’ 4
2tan A

tan24 = ——i—
1-tan’ 4

Formulae for AABC
a b ¢

sind _sinB _ sinC

a*=b*+c* —2bccos 4
Areaof A =% ab smC
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1 () Find the remainder when 3x” —x* +4x+2 is divided by x* +1. [2]

(b) The remainder when x° +ax , where a is a constant, is divided by x + 2 is the
same as the remainder when it is divided by x — 1. Find the value of a. {3]

2 The area and width of a rectangle is (19 ~3J5 ) cm? and (2 +245 ) cm respectively.

Express the length of the rectangle in the form of (a«/g + b) cm where a and b are
rational numbers. [5]

[Turn Over
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3 (i) Find the term independent of x and the -1—3 term in the binomial expansion of
x

&l
X

(ii) Hence, find the term independent of x in the expansion of

-0)(+-2]. 2]

[Turn Over



4  Given that sin 4 = —% and cosB = ——l%- , where angle 4 and angle B are in the

same quadrant, find the exact values of

() tan(4+B) (3]

.. B
(ii) cos 3 [3]

[Turn Over
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5 (a) A curve has the equationy= _Zx_—é where x # _4 )
3x+4 3
The normal to the point P on the curve where x > 0, is parallel to the line

= —gx +2 . Find the coordinates of P. [4]
Y=

(b) Show the function y = %xa —x* +3x-10 is always increasing

for all real values of x. [3]
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6 Theline y+2x=12 intersects the curve y =2x> —6x—4 at two distinct points 4 and B.

(i) Find the coordinates of 4 and of B. [3]

(ii) Hence, find the equation of the perpendicular bisector of AB. [4]

[Turn Over




7 (a) Find the range of values of x that satisfy the inequality 5x—3 < 2x (5 -x). [3]

(b)

A A
Cable
40 m / 40m
c
F 3
10m L
T L
il 100 m g

The diagram shows a horizontal bridge of 100 metres supported by 2 pillars

at the side, with a cable being suspended from point 4 and B. Each pillar is

vertical and is 40 metres tall. The lowest point C of the cable is 10 meters above

the bridge. The origin, O, 1s vertically below point 4, where the foot of the pillar

meets the bridge.

A quadratic function can be used to model the cable. Find the quadratic equation.
(3]

[Turn Over
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The function f(x), a polynomial of degree four, has stationary points at A(1, 5) and
B4, 0).

f(x)is an increasing function when x > 4.
f(x) is not an increasing finction when x < 4.

(i) State the nature of the stationary points 4 and B. Explain your answer. [4]

(ii) Giventhat f'(x)=a(x —1)2 (x—4), where a is a non-zero constant,
find an expression for f(x).

[5]

[Turn Over




10

12 cm

hcem

—
e

¥

5¢cm
A cone of height 12 cm and base radius 5 cm is placed over a cylinder of radius 7 cm and
height # cm. The cone is in contact with the cylinder along the cylinder’s upper rim.

The diagram shows a vertical cross-section of the cone and the cylinder.

(i) Express h in terms of . 2]

(ii) Hence show that the volume, V cm?, of the cylinder is given by

1
V=127rr2——?27zr3. m

[Turn Over
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11

(iif) Calculate the maximum value of V. [5]
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10 (a) Calculate, in degrees, the principal values of x which satisfy
2gin2x+3cosx=0. 3]

[Turn Over



10 (b)

13

0 o
(8

j T /& 8) N om, 8)

6 = / y=asin(bx)+c¢

5= (7, 5) /

i / /

1
z Fi - 2z
2

—t

-

—
r
o=

The diagram above shows part of the graph of y = asin(bx) + ¢, passing
through points (7, 5), (k, 8), (/, 8) and (m, 8), where a, b, ¢, k, I and m are constants.

(i) Write down the values of g, of b and of ¢. (3]

Using the symmetry of the graph, or otherwise, find an equation connecting

(i) 7, kandm, [1]

(i) 7, kand 1]

[Turn Over
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11 (a)

&)

A(-8,1)

1 > X
0

The negative x-axis and the positive y-axis are tangents to the circle Ci with radius 7.
A(-8, 1) lies on Ci.

(i) What can be deduced about the coordinates of the centre of C1? [1]

(ii) Find the equation of Ci. [5]

[Turn Over
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11 (b) Another circle, Cz has equation x* +y* —14x—20y =~113.
Let P be the centre of Cs.

(i) State the coordinates of P and calculate the radius of Cs.

§'is a point outside C2. Q and R are two distinct points on Ca.

(i) Explain the relationship of SO and SR if angle OSR is maximum.

3]

[2]

[Turn Over
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12 A particle travelling in a straight line passes through a fixed point O with a velocity
of 3 m/s. The acceleration, @ m/s?, of the particle, 7 seconds after passing through O,

is given by a=—e** . The particle comes to instantaneous rest at the point P.

(i) Show that the particle reaches P when £ = 13911110. (6]

[Turn Over
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17

(i) Calculate the distance OP. [4]

(iif) Explain why the particle is again at O at some instant during the thirty-fourth
second. (2]

End of Paper
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Qn Solution

la

3x~1
X +1)3x3 —x*+4x+2

3x} +3x

~x*+x+2
-x -1

x+3

(2 +a(-2)=1+a

-8-2a=1+a
-9=3q
a=-3

31

19-35

2425

_19-3V5 2-245
2425 2-25
_38-385-6v5+30
- 4-4(5)

_ 68—444/5

- -16

17 11

3n

)y

0=18-3r
r==6

T, =5376

-3=18-3r
r=17

1;,:—4608(-—13—]

X

Term indep of x = 3(5376) +(—1)(—~4608)

=20736
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41

180° < B<270°

90° < B <135
2

5a

2x-3
3x+4
E'Z _ (3x+ 42 -(2x-3)3

y:

dx (3x+4)

Y

T (3x+4)

17 17

25 (3x+4)
(x+4)* =25
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Therefore, y is always increasing for
all real values of x

61

12-2x=2x*-6x—4
0=2x2—-4x—-16
0=x"-2x-8
O0=(x+2)(x—4)
x=-2 or 4

y=16 or 4
(=2, 16) and (4, 4)

61

. -2+4 16+4
dpt = ,
midpt = 3 >

)

=(1,10)
_16-4
T 2-4
=2

grad

grad of perpen bisector = %
eqn of perpen bisector:

1
—10==(x-1
¥ 2(x )

Sy
d 2
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5x-3<2x(5-x)
5x—-3<10x-2x
2x* ~5x-3<0
Qx+1)(x-3)<0

—l<x<3
2

y=a(x—50)" +10
40 = a(-50)* +10
3
a=-—
250

3 2
=—{(x-50) +1
y 250(x 5)+0

81

1

xX=
Y _o
dx dx

A is a point of inflexion

x:3.9 x=4

Y o dy _q

dx dx

B is a minimum point
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——=a(x—1)2(x—-4)

8l&

=a(x’ - 2x +1)(x —4)
=a(x’ —6x* +9x—4)
y= a(£x4—-2x3 P2y —4x)+c
4 2

0=a(64—128+72—16)+c
8a=c

5=a(—1——2+2—4)+c
4 2

5=—Ea+8a
4

y="A(-x*-2x +%x2——4x)+

5 4 405 70 , 80

7 27 27 27

160

27
160
29

R —

%

h=12-12
5

911

V =nrth

= mﬂz(12~—1—§—t)

=127r - 2 zr
5

BP~443




! 9iii

V =12x¢ —lsz-n‘r3

LAy 36
dr 5

0= 247;—;-.—&7”2
5
3
0= 127zr(2——5—r)

r=0(rey) or 132

2
d—g = 247r—27zr
dr
2
il,j— =247
dr|
3
<0
-V ismaxwhenr=%

V= ?ﬂ: or 139.62......

10a

2sin2x+3cosx=0
4gin xcosx+3cosx=0
cos x(4sinx+3)=0

. 3
cosx=0 or smx=-—z

PVofx=90" or —48.6°

10bi

10bii

10biii

BT ork+l=Zerc
2 2

11ai

The centre of C; looks like (-7, r)
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11aii

(-r+8) +(r-1)7* =42
r* =167 +64+r* —2r +1 =
P —18r+65=0
(r=5)r-13)=0
r=5 or 13(reg))
(x+5)P +(y-57=25

11bi

P(7,10)
r=v7*+10*-113

=6

11bii

ZOSR max

= SO and SR are tangents to circle
= 80 = SR since they met at an external point

121

v= Iue‘ﬂ'a’ dt

0.3
—e

0.3

— 19_ 6—0.31

3

+c

+c
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8
i | _10 oy |
3 3
5= 10 o L
3 3
LU E P
100 1
0=——-e'—=(0)+
5 ¢ 3() c
100
e="—
9
(100 1, 100
3 9
I=E)-1n10
3
s:—l—@e"““’—l[-}glnw L0
9 3.3 9
=10—-19]11]0
9
=744
12iii | When =33,
s=0111
When ¢ = 34,
s=-0.223

Since displacement changes sign from = 33 to t =34,
the particle is again at O during the 34™ second.
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