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QUESTION ONE (12 marks) Use a separate writing booklet. Marks

(a) 1When the polynomial P (x) = kx3 + x2 − (2k − 1)x + 2 is divided by (x + 1), the
remainder is 4. Find the value of k.

(b) Differentiate the following with respect to x.

(i) 1y = ex loge x

(ii) 2y = sin−1 2x

(c) 2Given that tanα = 1
4 and tanβ = 3

5 , find the exact value of tan(α + β).

(d) 2Given that x(2x−1)(x+1)+3 = 2x3 + bx2 + cx+3, for all values of x, find the values
of b and c.

(e)
y

22−x−x
eey =

y

x

1

The diagram above shows the curve y = e−x2
.

(i) 1Find
dy

dx
.

(ii) 1Show that
d2y

dx2
= 2e−x2

(2x2 − 1).

(iii) 2For what values of x is the curve concave down?

Exam continues next page . . .
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QUESTION TWO (12 marks) Use a separate writing booklet. Marks

(a) The displacement x metres of a particle moving in a straight line is given by

x = 5 + 4t − t2

where t is the time in seconds.

(i) 1Where is the particle initially?

(ii) 2Where does the particle change direction?

(iii) 1Find the distance travelled by the particle during the first 6 seconds.

(b) (i) 2Without using calculus, sketch the polynomial function y = x3(x − 1)2.

(ii) 1Solve the inequation x3(x − 1)2 > 0.

(c) 2Calculate the area of the region bounded by the curve y =
1

x2 + 1
and the x-axis,

between x = 0 and x =
√

3.

(d) Find the following indefinite integrals.

(i) 1
∫

sec2 3xdx

(ii) 2
∫

sin3 x cos xdx

Exam continues overleaf . . .
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QUESTION THREE (12 marks) Use a separate writing booklet. Marks

(a) 3Solve cos2 x − sin2 x =
√

3
2

, for 0 ≤ x ≤ 2π.

(b)

t

v

v e= 2 4− −t

O

The graph above shows the velocity v = 2 − 4e−t m/s at time t seconds of a particle
moving in a straight line.

(i) 1Find the initial velocity of the particle.

(ii) 1Show that the particle comes to rest at t = ln 2 seconds.

(iii) 2Calculate the exact distance travelled by the particle before it comes to rest.

(iv) 1To what value does the velocity of the particle approach as time increases?

(c) (i) 2Given that f(x) = ln
(

1 + sinx

cosx

)
, use the laws of logarithms to show that

f ′(x) = secx.

(ii) 2Hence or otherwise find
∫ π

4

0

secxdx.

Exam continues next page . . .
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QUESTION FOUR (12 marks) Use a separate writing booklet. Marks

(a) Given that α, β and γ are the roots of the equation x3 − 4x2 + 3x − 1 = 0,
find the value of :

(i) 1α + β + γ

(ii) 1
1
α

+
1
β

+
1
γ

(iii) 2α2 + β2 + γ2

(b) A particle is moving in simple harmonic motion about the origin on the x-axis. Its
displacement in centimetres from the origin at any time t seconds is given by

x = 6cos 2t.

(i) 1Calculate the maximum velocity of the particle.

(ii) 2Find the first time the acceleration of the particle is zero.

(iii) 1Express the acceleration as a function of the displacement.

(c) Consider the curve y = sin−1 x.

(i) 2Sketch the curve showing all relevant features.

(ii) 2Express x as a function of y, giving any restrictions on y. Hence calculate the
area of the region bounded by the curve, the x-axis and the line x = 1.

Exam continues overleaf . . .
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QUESTION FIVE (12 marks) Use a separate writing booklet. Marks

160 m

22 m

C

T

45
O

1
2

O

The diagram above shows a cannon C positioned on the edge of a vertical cliff of height
221

2 metres. The cannon fires a shell with a muzzle velocity of 40 m/s. Set the origin O

at the base of the cliff and use g = 10 m/s2.

(a) Suppose that the cannon fires a shell at an angle of elevation of 45◦.

(i) 3Show that the shell’s trajectory is defined by the equations

x = 20t
√

2

and y = 20t
√

2 − 5t2 + 221
2 .

(ii) 2Show that the shell hits the ground 180 metres from the foot of the cliff.

(iii) 2Calculate the maximum height above the ground reached by the shell.

(iv) 2Given that θ is the acute angle at which the shell strikes the ground, show that
tan θ = 5

4 .

(b) 3Suppose now that the angle of elevation is altered. Calculate the smaller angle of
projection α, correct to the nearest minute, required for the shell to hit a target T
positioned on the ground 160 metres from the base of the cliff. You may use the
equations

x = 40t cosα

and y = 40t sinα − 5t2 + 221
2 .

Exam continues next page . . .
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QUESTION SIX (12 marks) Use a separate writing booklet. Marks

(a) The velocity v of a particle moving in a straight line is given by

v2 = 6 + 10x − 4x2,

where x is the displacement.

(i) 1Find the acceleration as a function of the displacement, and hence show that the
motion is simple harmonic.

(ii) (α) 1Find the centre of motion.

(β) 1Find the period of the motion.

(γ) 2Find the amplitude of the motion.

(b) 3Given that
∫ k

0

6√
25 − 9x2

dx =
π

3
, find the value of k.

(c) 4Use the substitution t = tan θ
2 to find the general solution of the equation

cos θ + tan θ
2 − 1 = 0.

QUESTION SEVEN (12 marks) Use a separate writing booklet. Marks

(a) 2When a polynomial P (x) is divided by (x − 1), the remainder is 3. When P (x) is
divided by (x + 2), the remainder is −2. Find the remainder when the polynomial is
divided by x2 + x − 2.

(b) 3The tangent to the curve y = x3 − 4x2 − x + 2, at a point Q on the curve, intersects
the curve again at A(2,−8). Find the co-ordinates of the point Q.

(c) 3Rationalise the numerator of the expression

√
1 + x

1 − x
and hence find the indefinite

integral
∫ √

1 + x

1 − x
dx.

(d) (i) 2Use the definition of the derivative f ′(x) = lim
h→0

f(x + h) − f(x)
h

to find the

derivative of f(x) = ex at x = 0, and hence show that lim
h→0

eh − 1
h

= 1.

(ii) 2Find lim
n→∞

e
1
n + e

2
n + e

3
n + · · · + e

n
n

n
.

END OF EXAMINATION



 



 



 



 



 



 



 



 



 
 




