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

|

Slmphfy m .

Write down the derivative of y = cos ™! 2.

1
Find / 0122 dx.
Simplify log, V/e.
Write down a primitive of 2z er
Write cos 26 in terms of ¢, where ¢t = tan 6.

A is the point (—6,2) and B is the point (4, 10). Findthe coordinates of the point P
that divides the interval AB internally in the ration7: 4.

Sketch the graph of the polynomial function y = 2%(8.— ). (There is no need to find
the coordinates of the turning point.)

n

Use the identity (1 + x)" = Z "C, z" to prove that
r=0

"Co+"C1+"Co+---+"C,, =2".

Exam continues next page ...
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QUESTION TWO (12 marks) Use a separate writing booklet. Marks
(a) Use the substitution x = v — 2 to find / (:v—f72)2 dx.
(b) Solve the inequation . f_ 5 > 0.

(c) Show that tan (tan_l 2 —tan~! \/5) = 5v2 - 6.

7

(d)

The diagr bo wo circles intersecting at A and B. The points P, A
i and the chords PM and N(, when produced, intersect at C.

] [=]

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

(a) An ice-cube is taken out of a freezer and begins to melt. Assume that it remains a
cube as it does so. If its edge length is decreasing at the constant rate of 2 mm /min,
find the rate at which its volume is decreasing at the instant when the edgelength is
15 mm.

(b) It is known that the polynomial equation 62> — 1722 — 5z + 6 = 0 hasithree reabroots,
and that two of them have a product of —2.

(i) Use the product of the roots to find one of the three roots!
(ii) Use the sum of the roots, or any other suitable method, teifind/the other two
roots.
(c¢) Find the exact value of / (cosz — cos® z) da.
0
QUESTION FOUR (12 marks) Use a separate writing booklet. Marks

=]

(a) Prove by mathematical induction that for all positiverinteger values of n,

1x2°4+2x3°+3x 4%+ Fhn + 2= Ln(n+1)(n+2)(3n +5).

(b) Let « be the real root of the equation cosx =2x.
(i) On the same diagram, sketch the graphs of the functions y = cosz and y = 2z.

(ii) Show « on your diagram.

1
2

(o] [=][=]

(iii) Use one application of Newton’s method with starting value 5 to estimate «.

Write your answer eorréct to two decimal places.

[ee]

(¢) Use the identity (1 4+ z)*(1+ )% = (1 + 2)'% to prove that

N () (2)- () -(1)-

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

5n
: : . . b :
(a) Find the term independent of z in the expansion of (a:cs + ﬁ) , where n is a
positive integer.
(b) Newton’s law of cooling states that the rate of decrease of the temperagure of.a heated
body is proportional to the excess of the temperature of the body over that of its

surroundings. Using ¢ for time (in minutes), H for the temperature of the body
(in °C), and S for the constant temperature of the surroundings (also'in °C), the law

dH
of cooling can be modelled by the differential equation T —k(H —45), where k is
a positive constant.

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

(ii) Suppose that a body is heated to 80°C in agoom whose temperature is 20 °C,
and that after 5 minutes the temperature of thedbody is 70 °C.

5\ 5
(o) Show that, at any time ¢t > 0, H = 20 + 60 (6) :

(8) Find, correct to one decimal place, the temperature of the body after one
hour.

(¢) Let P(a) = a®(b+ ¢) + b*(c + a) £e*(@++ b) + 2abc.
(i) Use the factor theoremyto show that a + b is a factor of P(a).

(ii) Hence, or otherwise, factotise P(a).

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

(a) A particle moves along the z-axis. It starts from rest at the point z = 1. Its accel-
1
eration is given by & = —4 (.73 + —3) Find its velocity when it is half-way from its
x

starting point to the origin.

(b)

x* =4ay

e R(-ap,3a+ap’)
O(2aq,aq’)
PQap,ap®)

=<V

In the diagram above, P(2ap, ap?) and Q(2aq, ag®) are distinct points on the parabola
z? = 4ay, and R is the pdint (—apyp3a + apz).

(i) Show that the normal tofthe parabola at P has equation x + py = 2ap + ap®.
(ii) Show that the normal‘at, P passes through R.

(iv) Show that there are always two real values of ¢ satisfying the equation in part (iii).

(o] [=] [»] [=] ]

)
)
(iii) If the normal at @ alseypasses through R, show that ¢ +pg — 1 = 0.
)
)

(v) Dedugé that threefmormals to the parabola, two of which are perpendicular to
eachl other gpassithrough the point R. (You may assume that p? # %)

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

(a)

ce coin. The seven circular arcs AB, BC,
tres are E, F', ..., D respectively. Each arc

The diagram above show
..., GA are of equal le a
has radius a.

(i) Show that the r has area L ma”. @
(ii) Hence, or otherwise, show that the face of the coin has area %az (7r — 7tan ﬁ) @

Exam continues overleaf ...
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(b)

=V

The diagram above shows the parabolic path ofia pasticle that is projected from the
origin O with velocity V' at an angle of a to the herizontal. It lands at the point P,
which lies on a plane inclined at an angle ofyg to the horizontal. When the particle
strikes the plane, it is travelling at 90° to'the plame.

Let OP = d, and assume that the horizontal and vertical components of the displace-
ment of the particle from O while it is méving on its parabolic path are given by

x=Vitcosa and y=Wtsina — %th,
where t is the time elapseéd, and gispaeceleration due to gravity.
(i) Find the coordinates of £ in terms of d and (.

(ii) By substitutinggthe coordinates of P found in part (i) into the displacement
equations, show that

2V 2 cos?

«
d = 72<tanacosﬁ — sinﬁ).
g.cos? 3
(iii) By vésolvingsthe horizontal and vertical components of the velocity at P, show
that
gdcos 3
ot = —5——— —tana.
o V2 cos? «

(iv) Hence show that tan a = cot § + 2tan 3.

END OF EXAMINATION
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The following list of standard integrals may be used:

1
/x"daz: " on#£ -1, #£0,iffn<0
n+1

/ldlenx, x>0
x

1
/e‘wdaz:—e‘w, a#0
a
1 .
/cosaxdaz:—smax, a#0
a
) 1
/Smaxd:c:——cosax, a#0
a

/seczaxdletanax, a#0 L 4
a

1
secax tan axr dr = —secax, a #
a

NOTE: Inz =log,z, x >0



