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Mathematical Formulae

1. ALGEBRA

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

—b++/b?—14ac

2a

X =

Binomial expansion

n n n
(@+b)"=a"+ [Ja“b + (Zja“szr ot (rja'”br + ...+ Db,

n I _ _
where n is a positive integer and = n = n(n-1)..(n=r+1) .
r) (n-r)irl r!

2. TRIGONOMETRY
Identities
sin®A + cos?A = 1

sec’A = 1 + tan’A
cosec?A =1 + cot?A
sin(A £ B) = sinAcosB + cosAsinB
cos(A + B) = cosAcosB F sinAsinB

tan A+tan B
lxtan Atan B

sin2A = 2sinAcosA
c0s2A = c0s?A — sin?A = 2cos?A — 1 = 1 — 2sinA

2tan A
1-tan®* A

tan(A £ B) =

tan2A =

a b ¢
sinA sinB sinC

a’?=b%+c?>-2bccos A

Formulae for AABC

A= labsinC
2
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1  Given that f(x) = 6x3+7x% —x—2, show that x + 1 is a factor of f(x) and hence factorise f(x)
completely. [3]

2 The equation of a circle is (x—3)2 +(y+4)? =26.

Determine if the origin O lies inside or outside the circle. [3]
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3 Solve the equation 3e* +2 = e™*, giving your answer(s) correct to 3 significant figures. [5]
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4  Giventhat y= , find
d 3/5-3x
(i) the value(s) of x for which g_i -1, [4]
(i) the value of J';ydx, giving your answer correct to 3 significant figures. [4]
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5(a) (i) Using the substitution z = 1+ x, write down all the terms in the expansion of [1+ (1+x)]°,
leaving each term in the form k(1+ x)® where k and p are integers. [2]

(i) Hence show that the remainder when (2 + x)® is divided by 1+ x is 1. [1]

(b) Given that the coefficient of x? in the expansion of (1+2x)(L— px)® is 20, find the two possible
values of the constant p. [5]
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6  Attime t seconds, the velocity, v m/s, of a metal ball falling through a very thick liquid is given
by v = 8@1-e'?),.

() State the initial velocity of the ball. [1]

The depth of the ball from the surface of the liquid at time t seconds is s metres. The ball is
initially on the surface of the liquid.

(i) Find an expression for the depth of the ball in terms of t. [4]
(ili))  Show that the ball is accelerating throughout its motion. [3]
(iv)  Deduce the motion of the ball for large values of t. [1]
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The diagram shows a quadrilateral ABCD with angles ABC and ADC both equal to 90°. Angle

BAD = 6. The lengths of AB, BC and CD are 5 m, 1 m and 3 m respectively. The point F on AD
is such that BF is perpendicular to AD.

(i) Show that the length of BF is cosé+3. [2]

(ii) Hence show that 5sinéd —cosé = 3.

[2]

CHIJ ST. THERESA’S CONVENT
SECONDARY 4 EXPRESS /5 NORMAL (ACADEMIC)
2023 PRELIMINARY EXAMINATION ADDITIONAL MATHEMATICS PAPER 2



(iii) By expressing 5sin@ —cosé in the form Rsin(6—«a), where R>0and 0° < < 90°,
find the value of 6. [4]
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8  Theequation of acurve Cyis y= 6x —3x7.

(i) Show that the coordinates of the maximum point of the curve C; are (1, 3). [2]

(if) Using your answer in part (i), state the range of values of k for which the curve Cy lies
entirely below the line y = k. [1]

The curve C is the reflection of the curve Cy in the line y =k, where k takes one of the values
found in part (ii).

(iii) Deduce the equation of the curve C», giving your answer in terms of k. [3]
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Another line y =x + a is a tangent to the curve C; at the point P.

(iv) Find the value of the constant a. [3]

(v) Find the coordinates of P. [2]
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9 The equation of a circle is x? + y? —4x—12y +36 = 0. The equation of the line L is y = kx,
where K is a constant.

(1)  Find the radius of the circle and the coordinates of its centre. [4]
(it) State the equations of the horizontal tangents to the circle. [2]
(iii) Find the range of values of k for which L does not intersect the circle. [4]
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Itis given that k = 1. The point on the line L that is closest to the circle is P.

(iv) Find the coordinates of P. [3]
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1
. d T 1 )\, %%
0 (i) Showthat&[xe 4x} - (1—Zx)e & 2]
. _lx —lx —lX .
(if)  Hence show that _[xe 4 dx = —16e 4 —4xe 4 +C where C is a constant. [3]
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(iii) Y 4

@)

[N

The diagram shows part of the curve y = xe 4 The point M is the maximum point of the
curve and OM is a straight line.

Show that the area of the shaded region is (16 —4?0) units? . [7]
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11 The temperature, °C , of a liquid placed in a container can be modelled by an equation of the
form 0 =32+ ae ™, where a and b are constants and t is the time in minutes that the liquid has

been left in the container. The table below records the value of @ for various values of t.

t minutes

0

10

20

30

6°C

120.0

107.6

97.7

88.0

(i)  On the grid given, plot In(6—32) against t and draw a straight line graph.

(if)  Use the graph to estimate the value of each of the constants a and b.

(v) Use the graph to estimate when the temperature of the liquid drops to 100°C .
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In(6-32)

A

4.5

4.4

4.3

4.2

41

4.0

~~~ End of Paper ~~~
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