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1 Find an equation of the tangent to the curve

xt—4xy+y*t =49

at the point (2, 3). Give your answer in the form ax + by + ¢ =0, where a, b and c are integers

to be found.

(6)
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2 Prove by exhaustion that

P4+2°+..+n°=1+2+...+n)

for positive integers 1 to 6 inclusive. Q)
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3 The equation of the curve C satisfies

Given that the point (1, 4) lies on C, express y in terms of x.

~

C))
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1
g(X)—m, |x] <Z

(a) Find, in ascending powers of x, the first 3 terms in the binomial expansion of g(x), up to

and including the term in x*. Give each term in its simplest form. Q)
(b) Find the value of ———— when x = 1
V(4 +3x) 3
Give your answer in the form k5. €))

1
(c) Substitute x = 3 into your binomial expansion in part (a) and hence find an approximation

for the value of /5. Give your approximation as a simplified fraction. 2)
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Figure 1
Figure 1 above shows a circle with equation
X*+y'—2x-10y-8=0
The circle has centre N and radius r.
(a) Find the coordinates of N and the value of r. “4)

The points A and B lie on the circle such that the chord AB is parallel to the x axis and has

length 6 units, as shown in Figure 1 above.

(b) Find the coordinates of A and the coordinates of B. 3)
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6 Given that

f(x)=5e"-2, xelR

(a) sketch, on separate axes, the curve with equation

@ y=1x)

(i) y =[f(x)

On each sketch, show clearly the coordinates of any points where the curve crosses or

meets the coordinate axes and state the equations of any asymptotes. (6)
(b) Find the exact solutions of the equation |f(x) =1. 3)

(c) Write down the set of values of k for which the equation
|f(x)\ =k

has one real solution for x. (€))

~
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7 A sequence is defined such that

x, =", n>1
(a) Show that the sequence is periodic and state its order. 2)

k
(b) Given an integer k > 1, state the value of Exn in the case where

n=1

(1) kisodd,

(i1) kis even. Q)
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8 (a) Prove that

sinf 1+cosf
+

- =2cosec, O#nm, neZ
1+ cos6 sinf

)
(b) Hence solve, for 0 < x < ,
sin 3x N 1+‘cos 3x _ \/g
1+ cos3x sin 3x
Give your answers to 2 decimal places. 5)
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9 Theo is studying a population of rabbits. The population p at the time ¢ weeks after the study

started is modelled to be
p=007t"+4t+110, t>0
(a) Write down the size of the population at the start of the study. 1)

(b) Show that, according to this model, the size of the population will increase over time.  (2)

Theo creates a second model for how p varies with ¢, which is given by

440ae’"
=—— >0
P e
) 1
(c) Using your answer to part (a), show that a = 3 A3

(d) Hence use the second model to determine the time taken for the population to reach a size
of 300 rabbits. 3)

(e) Determine the long-term behaviour of Theo’s two models and hence suggest which model
is best for Theo’s study. 3)

~
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10 The curve C has the equation

x =4tan(3y)
(a) Show that the point P(4J§ : g) lies on C. 1)
dx d 4
(b) Find d_y and hence show that ay = 183 A3)

(c) Find the equation of the normal to C at the point P, giving your answer in the form

y =mx + ¢, where m and ¢ are exact constants to be found. (C))
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C
Figure 2

Figure 2 above shows a parallelogram OABC.

Relative to the fixed origin O, the position vector of A is i + 3j + 2k and the position vector of
Cis2i—j+k.

(a) Find a unit vector in the direction OB. 3)

The lines OB and AC are the diagonals of the parallelogram.
The lines intersect at the point P.

(b) Use vectors to prove that the diagonals of the parallelogram bisect each other. “)

(c) By using the cosine rule on triangle OPC, or otherwise, find the angle OPC. “)

1033313280004



25

Do not write
outside the
box

r

Question 11 continued

N

\

1033313280004



26

Do not write
outside the
box

r

Question 11 continued

~

1033313280004



27

Do not write
outside the
box

r

Question 11 continued

N

TOTAL 11 MARKS

=

1033313280004

=]



28

Do not write
outside the
box

(

She claims that:

12 (a) Prove that the square root of 6 is irrational.

Irini wants to prove that V2 ++/3 is irrational.

C))

“Since +/2 is irrational and v/3 is irrational, V2 ++/3 is also irrational .”

(b) Explain why Irini’s reasoning is incorrect.

In your answer, you should state the assumption she has made and use a suitable

counterexample to disprove her assumption.
Jack provides a correct proof of the fact that V2 ++/3 is irrational.

Part of his proof is shown below.

Assume 2 ++/3 = r, where r is rational
=7’ = (\/§+\/§)2

—=r’=5+2J6

=6 =

which is a contradiction because ...

r’=5

(c) Complete the final line of Jack’s proof to explain why he has obtained a contradiction.

(2

¢V

~
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0] 2
Figure 3

Figure 3 above shows a sketch of the curve C with equation y = xv4 — x> for 0 < x < 2. The
point P is a maximum point on C. The region R, shown shaded in the figure, is bounded by the

curve C and the line segment OP, where O is the origin.

Showing your method clearly, find the exact area of R.

Give your answer in the form a + 2 , where a and b are rational numbers to be found.  (10)

~
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