
THE KING'S SCHOOL 

Mathematics Extension 1 

General Instructions 

• Reading time- 5 minutes 

• Working time - 2 hours 

• Write using black or blue pen 

• Board-approved calculators may be used 

• A table of standard integrals is provided at 
the back of this paper 

• All necessary working should be shown in 
every question 
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Total marks- 84 
Attempt Questions l-7 
All questions are of equal value 

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available. 

Question 1 (12 marks) Use a SEPARATE writing booklet. 

(a) 
not to scale 

p 

c 

The diagram shows the chord AB and CD intersecting externally at P. 

If AB = 10 em, BP = 2 em and DP = 3 em fmd the length of the chord CD. 

(b) P (3, 5) divides the interval AB externally in the ratio m: n. 

If A = (-6, - 13) and B = (-1, - 3), find the ratio m: n. 

(c) 

(d) 

(e) 

(f) 

Differentiate X 

I + i.x 

Find J 2sufx dx 

2 
Solve x + 2 < 1 

X+ 2 

2 
Find lim x x--. o smx 
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End of Question 1 
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Question 2 (12 marks) Use a SEPARATE writing booklet. 

(a) Find the acute angle between the lines y = £x + 1 and y = - lx - I 
3 5 

(b) 2 J4 ~ Us~ the substitution x = u , u > 0, to evaluate • ~<~ + rx) 

(c) The cubic equation i + ax
2 + bx + c = 0 has roots -a, a and 1 

a 

(i) Show that ac = - 1 

(ii) Show that b + c
2 

= 0 

(d) 

3 

Find f 
0 
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dx 
Give your answer correct to two decimal places. 

End of Question 2 

Marks 
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Question 3 (12 marks) Use a SEPARATE writing booklet. 

(a) 

(b) 

A 

The diagram shows two circles touching internally at T. AT is· the common tangent 
to the circles. The chord PQ of the outer circle meets the inner circle at R and S. 

(i) Explain why L A 1P = L TQS 

(ii) Prove that L P1R = L Q)'S 

-1 
j{x) = tan x - x + 0.3 = 0 has a root near x = 1.2 

Use one application ofNewton's method to find a second approximation to this root. 

Give your answer correct to 2 decimal places. 

(c) A particle moves on the x axis in simple hannonic motion. Its velocity v at any 
time t ~ 0 is given by v = 6 sin3t. 

Initially the particle is at rest at x = - 1 

(i) At what time is the particle next at rest? 

(ii) Hence or otherwise give the period of the motion. 

(ill) Find an expression for the displacement x in terms t. 

(iv) State when the particle is first at the position x = 1 
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End of Question 3 
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Question 4 (12 marks) Use a SEPARATE writing booklet. 

(a) (i) Show that cos (~ - .!...) - cos (~ + 2L) = 2 sin .!!. sin 2L 
4 12 4 12 4 12 

(ii) Hence prove that 
sin 1t + sin.!!. 

6 3 

1t 'lt cos - - cos-
6 3 = tan 1t 12 

(iii) Hence or otherwise show that tan E... = 2 - J3 
12 

te (b) The surface area S of a sphere is increasing at a constant rate of k cm2/s. Prove 
that the volume V of the sphere is increasing at a rate proportional to the radius r at 
any time t. 

-~ 

[ s = 41t l, v = i 1t l ] 

(c) Consider the function f(x) = lcos-1 
( I - x) 

1t 

(i) Find the domain of f . 

(ii} Sketch the function. 
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End of Question 4 
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Question 5 (12 marks) Use a SEPARATE writing booklet. 

(a) Prove by mathematical induction for positive integers n that 

3 3 2 
[ Youmayassume (n + 2) = n + 6n + 12n + 8 ] 

n 2 k 
(b) Let ( 1 + x) = Co + c 1x + c2x + ... + ck x + " + c,x 

{i) Show that ....£!:.... = n- k + 1 1 ~ k S n c._ 1 k ' 

(ii) Deduce that £!. + 2c2 .+ 3c3 + ... + kc • . + ... + nc,. = !! (n + 1) 
Co C1 C2 c. _ 1 c, _ 1 2 

(c) 
3 2 

Let f(x) = x · + (A + 2)x + Ax - 1 

(i} Show that x + 1 is a factor of f(x) for all values of A 

(ii) If (x + 1)
2 

is a factor of f(x) fmd A 

(iii) If i - Ax - 1 is a factor of f (x} find A. 

End of Question 5 
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Question 6 (12 marks) Use a SEPARATE writing booklet. 

(a) Let f(x) = In( tan~). 0 < x < 1t 

(b) 

(i) Show that /' (x) = cosecx 

(ii) Sketch the curve showing the x intercept and any asymptotes. 

(iii) Find the inverse function y = /"
1 

(x) 

A particle moves on the x axis with its velocity v given by dx = 20 - x 
dt 

lniti_ally the particle is at x = 19 

(i) Prove that the acceleration is given by x = - v 

(ii) Hence express v as a fwtction of t. 

End of Question 6 
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Question 7 (12 marksf Use a SEPARATE writing booklet. 

(a) 
y 

v 

A particle is projected from 0 with velocity V at an angle of a. to the horizontal. 

At time t the equations of motion are: 

. . 
X = V COS a. y = -lOt + V sina. 

X = ( V COS a.) t y = -sl + (Vsina.) t 

[DO NOT PROVE THESE l 

After time T the particle reaches its greatest height h = PQ where L POQ = ~ 

(i) Show that T = V sin a. 
10 

(ii) Deduce that tan p = k tan a. 

(iii) Show that 20h = V 
2 

sirf a. 

(iv) Deduce that V 
2 

= 5h ( 4 + col ~) 

Question 7 continues on next page 
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Question 7 (continued) Marks 

~ · ------------------------------~-----------------

(b) 
y 

= 4y 

X 

The diagram shows a variable chord PQ of the parabola x 
2 = 4y passing through 

the point R (x0 , y0 ) • The tangents at P and Q meet at T. 

The equation of the tangent at a point (x1 I y 1) on i = 4y is x, x = 2(y + Y1). 

The equation of the chord of contact from R (x0 I y0) to i = 4y is 
Xo X = 2(y + Yo) • 

~ [DO NOT PROVE THESE ) 

(i) Let P = (2pl /) 

Show that the equation of the tangent at Pis px = y + p2 
1 

(ii) Show that the tangents at P( 2p, p 
2
) and Q... 2q. q 

2
) meet at T(p + ql pq) 2 

(iii) Show that the equation of the chord PQ is (p + q)x = 2(y + pq) 1 

(iv) Hence prove that the locus of T lies on the line containing the chord of contact 
~mR~.~ 2 
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End of Examination 






















