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QUESTION ONE (12 marks) Use a separate writing booklet. Marks
. . 4

(a) Solve the inequation o <1 @

(b) For what value of p is the expression 4z — z + p divisible by z + 37

(c) Expand (a + %)5, expressing each term in its simplest form. @

(d) Given the points A(1,4) and B(5,2), find the co-ordinates of the point that divides @
the interval AB externally in the ratio 1 : 3.

(e) Find / z(1 — 2%)°® dz, using the substitution u = 1 — 22, or otherwise.

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

(a) Consider the parabola z = 4t, y = 2t.
(i) Find the gradient of the parabola at the point where ¢t/=14.
(ii) Find the equation of the tangent to the parabola at ¢ = 4.

(b)

In the diagram above, twolcircles touch one another externally at the point A.
A straigh/t line through A{meets one of the circles at T' and the other at S. The
tangents at 7' and S meet the common tangent at A at X and Y respectively.

Let § = LXTA.
(i) Explain why /X AT is 4.
(ii) Prove that TX || YS!

(c) (i) Write down the first three terms in the expansion of (1 + mz)".

[eo] [=] [][=]

(i) If (L4 mz)® =1 — 4z + 722 — - - -, find the values of m and n.
2
(d). Evaluate lin%) @%’ showing your reasoning.
r—
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QUESTION THREE (12 marks) Use a separate writing booklet.

(a)

(b)

(o)

(d)

The diagram above shows a container in the shape of a right circular cone. The
semi-vertical angle § = tan™' 1.

Water is poured in at the constant rate of 10 cm?® per/minute:

Let the height of the water at time t seconds be _hcm, let the radius of the water
surface be v cm, and let the volume of water be Vem?.

(i) Show that r = 1h.
(ii) Show that V = &mh?.

(iii) Find the exact rate at which h is inereasing when the height of the water in the
cone is 50 cm.

11
1
Show that there is no term independent of .z in the expansion of <2x2 — —) .

4z

0
Evaluate f V1 + zdz, using the substitution v = 1 + .
=5

Find / sinz cos® z dz.

[o] [=] [=]

Rl B[]
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QUESTION FOUR (12 marks) Use a separate writing booklet. Marks

d
(a) Iy = gigte™", show that a—‘?— = 5es(1—t)e™.

(b) Fred has recently consumed three standard alcoholic drinks. Immediately after he has
finished his last drink, his blood alcohol level is measured over a four-hour period.

Let his blood alcohol level at any time ¢ be A, where ¢ is the time in hours after his
last drink.

It is found that the rate of change %—? of his blood alcohol content'is given by

dA
i sas(1—t)e™, where 0 <t <4
(i) Show that his blood alcohol content increases during the first hour and decreases

after the first hour.

(ii) Initially his blood alcohol content was 0-0005. Find A@s a function of t. You will
need to use part (a).

(iii) Determine his maximum alcohol content during thefour-hour period. Give your
answer correct to four decimal places.

(C) y A o
2 3n
'y
s
5
T )
The graph of the.curye y =5 2 tan~! z is drawn above. It cuts the y-axis at (0, Ok
(i) Write down the domain of the inverse function of y = § — 2tan"! z.
(ii) Find the equation of the inverse function of y = £ — 2 tan™! z.

(iif) Find the volume genérated when the shaded region is rotated about the y-axis.
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QUESTION FIVE (12 marks) Use a separate writing booklet. Marks

4
1
(a) Evaluate /o T v dz, using the substitution z = (u — 3)2.

(b) (i) Write down the expansion of (14 z)" in ascending powers of z. Then differentiate
both sides of your identity.

(ii) Make an appropriate substitution for « to show that
n n n n n
2(5)+3(5)+e(Q) +4n(y) =n2g
(D +2(5)+3(5) +4(}) ++n(]) =n"zh
(iii) Hence find an expression for

(D) +3() 4 3+ -+ e (R

(c) Find values for R and « if v3sin — cosf = Rcos(d + a)j where R and « are positive
constants and 0 < o < 27.

(d) Use the method of mathematical induction to prove,that
_21_! 4 % N o Z 0 = (n(Zi)ll)—' 1 , for all pesitive integers n.
QUESTION SIX (12 marks) Use a separate writing booklet. Marks
(a) 5
24
AIED)
O ) | 2 3 :

The sketch above shows the curve y = 2sinz and the line z — 3y = 0. The graphs
meet at the point A in the first quadrant.

(i) Write downan equation whose solution gives the z-coordinate of A. k

(if)»An approximate value for the z-coordinate of A is z = 3. Apply Newton’s method
once. to find a closer approximation for this value. Give your answer correct to
one decimal place.
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(b) Newton’s law of cooling states that a body cools according to the equation

(©

(ii) Prove that the quadrilateral CDFE is cyclic.

dT

where T is the temperature of the body at time t, S is the temperature of the sur-
roundings and % is a constant.

(i) Show that T = S + Ae™** satisfies the equation, where A is a constant

(i) A metal rod has an initial temperature of 470°C and cools to 250°C/in 10 minutes.
The surrounding temperature is 30°C.

() Find the value of A and show that k = -5 log, 2.

(8) Find how much longer it will take the rod to cool to 70°C, giving your answer
correct to the nearest minute.

A C D
p
0)
F
B

In the diagram above, the straight line ACD is a tangent at A to the circle with
centre O. The interval AOB is a diameten of the circle. The intervals BC and BD
meet the circle at E and F' respectively.

Let /BAF = .

Copy or trace this diagram into your answer booklet.

(i) Explain why ZABF = g 8.

[eo] [=]
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QUESTION SEVEN (12 marks) Use a separate writing booklet.

(a) Car A and car B are travelling along a straight level road at constant speeds Vi
and Vp respectively. Car A is behind car B, but is travelling faster.

When car A is exactly D metres behind car B, car A applies its brakes, produeing a
constant deceleration of km/ s2.

(i) Using calculus, find the speed of car A after it has travelled a distante = metres
under braking,.

(ii) Prove that the cars will collide if V4 — V > v/2kD.

b) A particle is moving in simple harmonic motion of period T' about a centre O. Its
p
displacement at any time ¢ is given by z = asinnt, where a is the amplitude.

(i) Draw a neat sketch of one period of this displacement-time equation, showing all
intercepts.

.. . 2ma 2nt
(if) Show that & = €08~
(iif) The point P lies D units on the positive side 6f' Q. Let #/be the velocity of the

particle when it first passes through P.

Show that the time between the first two oecasions when the particle passes
VT
—1 e

T
th h Pis —t .
roug is — tan 5D

END OF EXAMINATION

4

[~] [=]



