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READ THESE INSTRUCTIONS FIRST

Write your name, register number and class in the spaces at the top of this page.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the
case of angles in degrees, unless a different level of accuracy is specified in the question.
The use of an approved scientific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.
The total number of marks for this paper is 80.

This document consists of 20 printed pages.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

3 ~b++b? —4ac

For the equation ax?> +bx+c=0, X = 5
a

Binomial expansion

(a+b)" =a" +(TJ a”_1b+(gj a" b+ ... +(:] a" "b"+ .. +b",

n n! nn-1)..(n-r+1
where n is a positive integer and = = ( ) - D
r) ri(n-r)! r!
2. TRIGONOMETRY
Identities sin? A+cos” A=1
sec’ A=1+tan” A
cosec”A=1+cot” A
sin(A£ B) =sin Acos B = cos Asin B
cos(A=+ B) =cos Acos B+sin Asin B

tan A+ tan B
1+ tan Atan B

sin 2A =2sin Acos A

tan(A+B) =

cos2A=cosZ A—sinZ A=2cosZ A—1=1-2sin% A

tan2 A= %
l1-tan“ A
a b c
Formulae for AABC, . = — =—
sinA sinB sinC
a? =b% +c2 —2bccos A
1 )
A ==—absinC
2
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1  Solve the equation 25**1 — 5(5%*1) — 14 = 0. [5]
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2 (i) On the same axes, sketch the graphs of y? = 3x and y = \/—_5 forx > 0. 2]
x

(ii) Calculate the x-coordinate of the point of intersection of the two graphs,
giving your answer in exact form. [2]
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V2 LEEPR a+b\2 . b are
3vV2 | 142 1n the form = , Where a and D are integers. [4]

3  Express
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4 Given that log,a = h and log,b = k, express log, /b—; in terms of h and k. [4]
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7x%2+16x-3
(2x—1)(14x)?

5 () Express in partial fractions. [6]
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7x2+16x—3

dx.
(2x—1)(1+x)° "

(i) Hence evaluate [

[3]
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6 A particle moves along the curve y = —— in such a way that the x-coordinate of

the particle is increasing at a constant rate of 0.03 units per second. Find the
x-coordinates of the particle at the instants where the y-coordinate is decreasing at

unit per second. [4]
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7
y 4 C
y =lax+b| -3
0 "X
B
A

The diagram shows the graph of y = |ax + b| — 3, where a and b are constants.

The graph crosses the y-axis at B where the point B is (0, —1).

(i) Find the y-coordinate of A. [1]
(ii) Given that the x-coordinate of A is —2, find the value of a and of b. [2]
(iii) Given that AB : BC =1 : 4, find the coordinates of C. [2]
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8 (i) Show that 5cos?x — 3sin?x can be written as acos2x + 1 where ais a [3]
positive integer.

(ii)  State the amplitude and period of 5cos?x — 3sin®x. [2]
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(iii) Sketch on the same axes, the graphs of y = 5cos?x — 3sin®x and [3]
y = |tanx]| for 0° < x < 180°.

(iv) Hence state the coordinates of the solutions of the equation
5cos?x — 3sin?x = |tanx|, 0° < x < 180°. [2]
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: d . .
9 A curve is such that — = ——— , X F Zand (1,5) is a point on the curve.
dx  (1-2x)% 2
(i) Find the equation of the curve. [4]
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(ii) Find the range of values of x such that the gradient of the curve is decreasing. [3]
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10 The mass m grams of a radioactive substance present at time t days after first being
observed is given by the formula m = 38ekt.

25 days after first being observed, the mass has dropped to 10.3 g.

(i) Find the initial mass of the radioactive substance. [1]

(ii) Find the number of days it takes after first being observed for the mass to
become half its original value. [5]
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(iii) Find the rate at which the mass is decreasing when t = 40 days. [2]
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11 Solutions to this question by accurate drawing will not be accepted.

A
y 1
B
C
» X
y—x=-
DIl(0,-1)

The diagram shows a trapezium ABCD such that AB is parallel to DC and AB is
perpendicular to BC. The point A is (=8, 0) and D is (0, —1). The equation of the
lineCDis 2y — x = —2.

(i) Find the coordinates of B. (3]

(ii) The perpendicular bisector of AD meets AB at point E.
Determine with explanation if it is possible to construct a circle with centre E,
passing through the points A and D. [2]
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(iii) Find the coordinates of E. [5]
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12 The diagram shows a rectangle of length X cm and width y cm inscribed in a circle
such that all the vertices of the rectangle PQRS touch the circumference of the
circle.

Xcm

A brooch is designed by removing the inscribed rectangle PQRS from the circle.
The area of the rectangle is given to be 20 cm?.

Vx%+400
(i) Show that the radius of the circle is % [3]

(ii) Ignoring the thickness of the brooch, show that the remaining area is given by

nx? = 1007
A_T+ 2z — 20. 2]
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(iii) Given that X can vary, find the value of X for which A has a stationary value. [3]

(iv) Determine the nature of the stationary value of A. [2]
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Answer

1. x =0.209
2. ()
yp )

3L

<
\l

\/

(i) x =3
5—44/2

7
4, %[5 + h — 3k]
7x2+16x-3 3 2 4
1 - + +
(2x-1)(1+x)? 2x-1 x+1  (x+1)?

. 7x%4+16x-3 .03 2 4
(11) f (2x—1)(1+x)2 dx = f(Zx—l t x+1 t (x+1)2
=MECD L oIn(x 4+ 1) - ——+
2 nix (x+1) ¢
6. x=0650rx=0.35[x =S orx =l]
20 20

7. (1) -3

(i)a=1lorb =2

(iii) C is (8,7)
8. (1) 4cos2x +1

(i1)) Amplitude = 4, Period = 180°
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8 (iii)

8 (iv) (45°,1) and (135°,1)

3 13

. Wy = 2(1-2x)3 + 2

- 1
(i) x > >
10. (i) Initial mass = 38 g.

(ii) k = —0.052217, t = 13.3 days

L. odm
(111) ar 0.246

11. () Bs (0, 9)

(i1) Since E lies on the perpendicular bosector of AD, AE = DE.
If E is the centre, then AE = DE = Radius
Hence, yes it is possible.

(i) E is (—32,2)

12. (iii) x = 4.47
(iv) A 1s a minimum
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation

‘= —b++b? —4ac

2a

For the equation ax> +bx+¢=0,

Binomial expansion

(a+b)"=a" +(T] a”‘1b+(gj a" %+ . +(:] a" "+ .. +b",

) . n n! nin-1)..(n—-r+1)
where N is a positive integer and = =
r) ri(n-r)! r

2. TRIGONOMETRY
" .2 24
ldentities sin“ A+cos” A=1
se:(:2 A=1+ tam2 A

cosec>A=1+cot” A
sin(A=+ B) =sin Acos B £ cos Asin B

cos(A+xB)=cos Acos B Fsin Asin B

tan A+ tan B

tan(AtB)=————
( ) 1F¥ tan Atan B

sin 2A =2sin Acos A

cos2A=cos2 A—sin2 A:2cos2 A-1 =1—23in2 A

tan2A=%
1—tan” A
a b c

Formulae for AABC, ==
sinA sinB sinC

2 _ 2

a +c2 —2bccos A

AzlabsinC
2
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1 The quadratic equation 2x% + 3x + 1 = 0 has roots a and 5.

. 5
(i) Show thata? + B2 = - (3]
.s . . . 1 1
(ii) Find a quadratic equation whose roots are P and 5z [4]
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2 The first three terms of the expansion of (1 + ax)™ in ascending powers of X are
1+ 15x + 90x2.

(i) Find the values of a and n. [5]
1
(i)  Find the constant term in the expansion of (2 — a)z(l + ax)™. 3]
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3 (i) Differentiate 3xe?* with respect to x. [2]

e?+1
4

[4]

.. . 1
(i)  Use your answer to part (i) to show that [ xe**dx =
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4 The table shows experimental values of two variables X and y.
X 0.5 1 1.5 2 2.5
y 3.6 6.5 7.95 7.2 3.25

It is known that X and y are related by an equation of the form y = px3 + gx,

where p and ( are constants.

Plot % against x? and draw a straight line graph.

[3]
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Use your graph to

(ii) estimate the value of p and of q, [3]

(iii) estimate the value of X when y = 4x. [2]
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5 The equation of a curve is y = 2(1 — 4x)°> — 7.

(i) Explain why the curve has only one stationary point and why this is a [5]
point of inflexion.
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(ii) Write down the coordinates of the stationary point. [1]

(iii) Explain why the normal to the curve at this point is parallel to the y-axis  [2]
and write down the equation of the normal.
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1-sin @
6 . . . _ 2 — 4
(i)  Prove the identity (sec 8 — tan ) — (4]
3
(ii) Hence, solve the equation 2(secd —tan8)? = 3 for—m < 6 < ST [4]
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7 (a) By using long division, find the value of k for which x? — 2x + k is a [4]
factor of x> — 4x% + 8.

(b)  The expressions x3 — ax + a? and ax® — 5x? — 32 have the same remainder
when divided by x — 3. Find the possible values of a. [4]
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8 The velocity, v ms™!

, of a particle, travelling in a straight line, at time t s after
leaving a fixed point O, is given by v = 3 + kt — 2t?, where t > 0 and k is a

constant. When t = 0, the particle is at O and its acceleration is 5 m/s?.

(i)  Find the value of k. [2]
(ii) Find the displacement of the particle when it is instantaneously at rest. [5]
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(iii) Explain why the distance the particle has travelled when it is again at O
is twice the displacement found in (ii). [1]

9 (a) Find the set of values of k for which the curve y = x? + kx and the line
y = 5x — 1 do not intersect. [4]
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(b) Show that the equation x? + 5x = 2ax + a has real and distinct roots
for all real values of a. [4]
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10  The diagram below shows the design of a medallion. The design consists of
four chords. The chords AC and BD of the circle intersect at right angle at the

point E. Angle BAC = 6 and can vary. AB=5 cm and CD =2 cm.

(i) Express AC in the form a cos 8 + b sin 6. [3]

(ii) Express acos8 + bsin 8 in the form R cos(8 — a), where R > 0 and [3]
0° < a <90°.
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(iii) Find the maximum length of AC and the corresponding value of 6. [3]

(iv) The designer of the medallion specified that AE to EC must be in the ratio 3 : 2.
Find the corresponding value of 8 in this case. [2]
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[3]

. ) d
11 (i) Given that P (x cosx) = cosx — x sinx, find [ x sin x dx.

The diagram below shows part of the graph of y = 2x sin x and a shaded region
formed by the curve and the line PQ where X = g at the point P. Q is the point where

the curve intersects the X-axis.

y
A
o)
y = 2xsinx
\ %
(ii) Find the y-coordinate of P and the x-coordinate of Q. [3]
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(iii) Hence, find the area of the shaded region. [4]
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12 (i) Write down the equation of the circle with centre A(—2, 3) and radius 5.  [1]

(ii) Find the equation of the normal to the circle at the point (1, —1). [3]

The circle intersects the x-axis at P and Q.
(iii) Find the length of PQ. (3]
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A second circle, centre B, also passes through P and Q.

(iv) Find the smallest possible value of the radius of the second circle. [1]
(v)  Find the equation of the second circle with this radius. [2]
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