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® Use black ink or ball-point pen.

® If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

® Fill in the boxes at the top of this page with your name, centre number and
candidate number.

® Answer all questions and ensure that your answers to parts of questions are clearly
labelled.

® Answer the questions in the spaces provided
— there may be more space than you need.

® You should show sufficient working to make your methods clear.
Answers without working may not gain full credit.

® Inexact answers should be given to three significant figures unless otherwise stated.
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® A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.
® There are 8 questions in this question paper. The total mark for this paper is 75.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

Advice

® Read each question carefully before you start to answer it.

® Try to answer every question.

® Check your answers if you have time at the end.

® If you change your mind about an answer, cross it out and put your new answer and
any working underneath.

® Good luck with your examination.
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1. (1) fx)y=x+4x -6
(a) Show that the equation f(x) =0 has a root o in the interval [1,1.5]
(2)
(b) Taking 1.5 as a first approximation, apply the Newton Raphson process twice to
f(x) to obtain an approximate value of a. Give your answer to 3 decimal places.
Show your working clearly.
C))
(i1) g(x) = 4x* + x — tanx
where x is measured in radians.
The equation g(x) = 0 has a single root  in the interval [1.4,1.5]
Use linear interpolation on the values at the end points of this interval to obtain an
approximation to . Give your answer to 3 decimal places.
| @)
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Question 1 continued

(i)
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2. The complex numbers z , z, and z, are given by
z,=2-1 z,;=p—1 z,=p+i
where p is a real number.
(a) Find 5] in the form a + bi where a and b are real. Give your answer in its
Zl
simplest form in terms of p.
3
Given that 5 NG
Zl
(b) find the possible values of p.
. _ 4)
) (p-i(prr) L P 243
>\ 21 248
Y T . §
U+ > 9
) Z ¥y 4 2 =]
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_—%/ - / l /3nl+l\ +/P)'+;\ I —"—2‘/-;
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w= 535 | bipw) +1P+)
P>
w= g (p1)
oo = (p*+1)”
pr= 9
P =3
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3. The triangle T has vertices 4(2, 1), B(2,3) and C(0, 1).

The triangle 7" is the image of 7 under the transformation represented by the matrix

0 1
P=
-1 0
(a) Find the coordinates of the vertices of 7"’

2)

(b) Describe fully the transformation represented by P
2

The 2 x2 matrix Q represents a reflection in the x-axis and the 2 x 2 matrix R represents a
rotation through 90° anticlockwise about the origin.

(c) Write down the matrix Q and the matrix R
2

(d) Find the matrix RQ
2

(e) Give a full geometrical description of the single transformation represented by the
answer to part (d).

AB Ag o @
w\) {0 I\\/l 2 O\_ N 3 |
LI 0 W T N B S Y

b)  RomRZal V)07 MILGakw%  ABuT THE RIGIA -
90° Clecki
(c) [ o) [ o -I)
Q= ( 0 - | R=1| 1 o)

J

) kg - (o AN[ 1 o) _ [o 1)

(e)  REFlsCIZeD in /\L=><>
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4. A rectangular hyperbola H has equation xy = 25
The point P(St, ;), t # 0, is a general point on H.

(a) Show that the equation of the tangent to H at P is ¢’y + x = 10¢
C))

The distinct points O and R lie on H. The tangent to H at the point Q and the tangent to
H at the point R meet at the point (15,-5).

(b) Find the coordinates of the points O and R.

4
|“) ax _ [ 0\‘3_ o2
dy _  -5¢2 L
X g T v
TANGEVT. Vo % = —t2 [x- 5t)

t’“\/—St = 5t -x
try 4+ x = lot

L) R oy v tH(-S)+ IS = (ot
+? 42t -3 =0
(t +3)[t-1) =o
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S. f(x) = (9x? + d)(x* — 8x + (10d + 1))
where d is a positive constant.

(a) Find the four roots of f(x) giving your answers in terms of d.

Leave
blank

(©))
Given d =4
(b) Express these four roots in the form a + ib, where a, b € R.
2
(c) Show these four roots on a single Argand diagram.
2
d .
(a)  W+d=o 2=~ v = 2V/5
V= 8t Jeb-U(odt) _ 81 | to~dod
2 2
e S u 4 )
(7T T Vi>Ton )
(b)
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( (") L!.."I.S\

/3 ///
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6. The parabola C has Cartesian equation )* = 8x

Leave

blank
The point P(2p*,4p) and the point Q(2¢° 4q), where p,q # 0, p # g, are points on C.

(a) Show that an equation of the normal to C at P is

y+px=2p’+4p

(b) Write down an equation of the normal to C at O

6))
(1)
The normal to C at P and the normal to C at O meet at the point N
(c) Show that N has coordinates
(2(p* + pq + 4% +2),-2pq(p + q))
(C))

The line ON, where O is the origin, is perpendicular to the line PQ
(d) Find the value of (p + ¢)* — 3pq

(a) At P (J,a‘, %p) dy -

3)
v
—_= = XJ
K 9p /1
NIRMA, - Y-t = - p [ x-27)
) I
Utxp= 20+ 4p
W) A Q(29°,949) A ¥
K4y, Y
NORMAL - W-49 = -9, [X-29")
@, / 4 /4
+ = 24% +
) 9 4 i;‘
(c) P idp -xp = 293 149 - g
1 ! ! /4 14 4
(P*@)x = 2(}9—q3-+2f~2q)
= 2L (pgleepyrg) w2 (g0
X= 2 (ptrpg e 42)
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Question 6 continued
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/
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=y L 4 14
PP-pg+9° = -2
| 4 vV
((P9)" = 3pg,= -2
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7. (a) Prove by induction that for n € N
ng = %(n + 120 +1)
(6))
(b) Hence show that
i(r2 +2) = %(an2 +bn+c)
where a, b and ¢ are integers to be found.
C))
(c) Using your answers to part (b), find the value of
i (r* +2)
L 2
- _ |
Tlo) P n=i £§r2= F=] = 1;(;)(3)
P IS TRug. " .
ASSUME pln) TRuz : 2= o) (da )
= 6 2 +3
l (.,\..\r o2, ./.I\’ [+ 2
- V)L M\*H*GWU
- l {mJ_l\ /'\ 2.7 | /\ __|_{,. |\ 3 |)\ (.-l\\
6 (e 4n +Iﬂ7'b/ = él”*U “”73)4Y”*}
Pln) — P (n+) by  infuctin.
pP1) 75 fru So/ P(n) o trom ]Cr M n EN.
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Question 7 continued
N

N
“0) r%‘_r + r%l 2 = ——2—("‘*')(%~H) +2n
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8. Prove by induction that 4" + 57" s divisible by 21 for all positive integers 7.

()

P[) Pa5d = pu RS = 189 = 27 %7

P(1) TRME | ASsume  p(r)  TRuE
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Pln+)-pPlr) 15 A mugree of 7.
p(n) 1S A muuleE of 7, so
p (n+) 1S A mugLeE of 7.
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