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1. (a) Show that the equation 4x — 2sinx — 1 = 0, where x is in radians, has a root a in the
interval [0.2, 0.6]
2 o
() 2
=z
(b) Starting with the interval [0.2, 0.6], use interval bisection twice to find an interval of g
width 0.1 in which « lies. =
(©)) 2
(a) £fOx) = 4x — 2 sin x — | m
=
£(0.2) = 0.8 — 2 sin 0.2 — | = —0.5973... 3
£(0.6) = 2.4 = 2 sin 0.6 — | = 0.2707... z |
f is continuous and there is a change of sign in [0.2, 0.6] E :
=, the equation has a root o in the interval [0.2, 0.6]
(b) £(0.9) = 1.6 — 2 sin 0.4 — | = —0.1738... <0
= 04 <a<06
£0.5) =2 - 2 sin 0.5 — 1 = 0.04)14... >0
= 04<as<0S
g J
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2. Given that x = % + 771 is a root of the equation

=)

o

43 =192 +px+q=0 s

post|

(a) write down the other complex root of the equation. 5

) -
Given that x = 4 is also a root of the equation, E ‘
I X
(b) find the value of p and the value of g. : :
“4) E ‘

Clx3—19x2+px+q=Q(x2—%x+%’)(x—‘i)
=(4x* - 3x + S)(x - 4)

=63 — 16x*> — 3x° + 12x + Sx — 20

=63 = 19 + 17x — 20

p=17, ¢=-20
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3. The matrix M is defined by

k+5 =2
M =
-3k
(a) Determine the values of & for which M is singular.

2

Given that M is non-singular,

(b) find M in terms of .
(2)

V3¥Y SIHL NI 3LIMM 1ON Oa

(a) M singular = det M =0
k(k +5) = (-2)(-3) =0
2 +Sk—-6=0
Ge=DC+6) =0
k=1 o k=-6

X

;
R385
3

KL

,/.\,

A

0o
X

N

06 ,/\/ /"”

0‘4
XX

o7¢
52 2

) y \
- _ ! I3 pA
2 T2+ Sk -6 (3 1<+5)

A} 7

QAR
KK

S
i
%

OO
LN 3

\

/0
O /;ﬁ

<4

%
%

]

O
{o
.0

\

o%
% oot
f’@

S s

R
%5

R

SRR
s

g

& //f/
g

™ )

v

<
Dolosoressnstotet

DRARHK
b /ﬁ\:
a1

9

,
Ko
R

hlo%s

6 R 00
P 6 6 6 4 0 A 0 6 3 2


https://stemup.co.uk

( Leave )
blank
Question 3 continued
=
wi
[
=<
o4
X
=
=
A
¥
0
=
=
(o)
=
Q
Q
Q3
(Total 4 marks)
7

R A Turm over »
P 6 6 6 4 0 A 0 7 3 2


https://stemup.co.uk

~
Leave

blank
4. The equation 2x* + 5x + 7 = 0 has roots a and j
Without solving the equation 8
=z
(a) determine the exact value of o’ + 5’ S
@3) =
=
(b) form a quadratic equation, with integer coefficients, which has roots =
>
2 2 -
% and - L
a v
>
) &
B
S 7
(@) a +B=-5, ap =5

o + B3 = (o + B)? - 3aBla + B)

-(-%) -3(2)(-%)

4 3
o B _of+pP 8 78S 2 _ 35
(b) Sum === +- B 2 "2 8 7723
_o B 7
Product 8 X2 aB 5

S5 C

8S 7
X2'2—8X+7-—0

28x> — 85x + 98 = 0

P 6 6 6 4 0 A0 8 3 2
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Question 4 continued
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5. (a) Using the formulae for Zr and Zrz , show that
r=1 r=1 o
) (@)
N+ D) +5) = 2+ T)2n +7) S
r=1 6 g
-]
for all positive integers n. a
3) =
(b) Hence show that _-'.'E.'
w
= n =
N, (r+D(r+5) = —(n+1)(an+b) &
r=n+l1 6 >

where a and b are integers to be determined.
(2)

@W S G+DG+S) =% (P +6ér+5) '
r=1 r=l 000
h h Z-ig
=Zr2+6Zr+Sn 2
r=1 r=1 :‘ig._:
=% +D0Cn+1)+6 X% h+1)+Sn "§”
S
m
) =
=Z [(V) + /)(2}') + l) + ,3(}’7 + I) + 30] :-iE‘-i
SRS
n 2 Z-i;‘-i
== @Qn® +3n + 1 + 130 + 18 + 30) o
== (2n* + 2In + 49) S
=% i +7)C2n +7)  as reguired S
S
2n 2n n g
Wby G+DO+S) =3 +DUG+95) -5 +Dl+S) o
r=n+l =1 r=1 :'isz'i
2n n :-¢E:-¢
== Cn +7)n +7) % i +7200n +7) o
Z
- =
=2 @n+7)[20n +7) - (n +7)] =
o
Z~i§‘-i
=% Cn+7)0n +7) B
=2+ D(an+7) -
) &

12
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Question 5 continued
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Question 5 continued
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Question 5 continued
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(Total 7 marks)

J

15
VD P00 Y O O O Turm over »

P 6 6 6 4 0 A 0O 1 5 3 2


https://stemup.co.uk

6.

The complex number z is defined by
z=—/.+ 31 where/is a positive real constant

Given that the modulus of z 1s 5

(a) write down the value of 4

1)
(b) determine the argument of z, giving your answer in radians to one decimal place.
(2)
In part (c) you must show detailed reasoning.
Solutions relying on calculator technology are not acceptable.
(c) Express in the form a + 1b where a and b are real,
L z+3
i
® 2 —4i
(i) 22
)
(d) Show on a single Argand diagram the points A4, B, C and D that represent the complex
numbers
Y
z, z¥, z 31, and z*
-4 (3)

@ 2] =+ +9) =5 = N=16 > A=4

(b) 2 = -4 + 3i (second guadrant), arctan > = 0.643S..
g

4

7T — 0.643S... = 2.498...
2.5 (rad)

arg 2

\

arg 2

B10) 2+ 3 _=9+6 _2+4G

2-4  2-64 2+4

=3 =16+ 120 ¥ 24P _ =8 = 4i =24 _ =32 = 4j

4 + 16 20 20

iy
S

Koo

Gi) 22 =(-4+ 3)° =16 - 24/ + 9

16 — 24/ — 9 =7 — 24;

\

N
Leave

blank

16

P 6 6 6 4 0 A0 1 6 3 2

YIHY:SIHLNEILIIM LON-Od V3IdY SIHL NI 31IYM LON Od

VIV SIHENEI LM ION Od


https://stemup.co.uk

DONOT WRITE IN THIS AREA:

X5

3

ettt %
WRI N %
i Siibiest

P

%
s

Q6K
NO:

LJ

R

¢

s

X
<X

9%
A8

5

35
*

0]
XX

X
A
25

2
5
73

v‘
3!
K

5

83
35

X

XX
<

X
35
<%

%

L

-

355

33
<

0%

2939

L
&L

2

XX

-

35

83
<

3
&
2
o
0%

{,

XL

33
>%

o2

000

55

0%
55

5

355

2

1’

S
be%

2
XX
R
55

2

XX
2R
XL

-

\0

Leave\
blank
Question 6 continued
(d) Argand diagram (D not to scale):
A (-9 3) 2
X
4
¢ (-6, -0.2)
B (=4, =3) 2*
17
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Question 6 continued
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Question 6 continued
Q6
(Total 11 marks)
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() cA

7. The matrix A is defined by

4 =5
A =
-3 2
The transformation represented by A maps triangle 7" onto triangle 7'

Given that the area of triangle 7 is 23 cm?

(a) determine the area of triangle 7"’

2)

The point P has coordinates (3p + 2,2p — 1) where p is a constant. The transformation
represented by A maps P onto the point P’ with coordinates (17, —18)

(b) Determine the value of p.
2

Given that
0 1
B =
-1 0
(c) describe fully the single geometrical transformation represented by matrix B
2

The transformation represented by matrix A followed by the transformation represented
by matrix C is equivalent to the transformation represented by matrix B

(d) Determine C
3

(a) det A=6Gx2—-(-5)(-3) =8-15=-7

Area T = |-7] x 23 = 16] cm?

@ (55 (520 -(8)

4(3p +2) -SCp-1) =17

20+ 8 —10p+S=17 = 2p+13=17
p=2

(check: =3(8) + 2(3) = -I8 v)

(c) Rotation through 90° clockwise about the origin (0, 0)

\

B = C=BA"

- _ {2
AT = 7(3 q)

N
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Question 7 continued
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Question 7 continued
Q7
(Total 9 marks)
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8. The hyperbola H has Cartesian equation xy = 25
The parabola P has parametric equations x = 10#, y = 20¢
The hyperbola H intersects the parabola P at the point 4

(a) Use algebra to determine the coordinates of A4

The point B with coordinates (10,20) lies on P

(b) Find an equation for the normal to P at B

A3)

Give your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers to be

determined.

C))

(c) Use algebra to determine, in simplest form, the exact coordinates of the points where

this normal intersects the hyperbola H

(a) xy = 25 = 10t* x 20t = 2§

20083 = 25 = t3=é S o=l
cn (1) 5 ama(l )
A(%,m)

) 2 =201, -3 - U2 _]
At B (10, 20): t = I, so gradient of tangent = |
Gradient of normal = -
y—20=-(x-10)
x+y—30=0

(c) xy =25 and y = 30 — x
x(30 — x) = 2§
x> = 30x +25 =0

30 + /(900 = 100) 30 * /300
2 - 2

IS+ 1012 = y=30—-—x=15—102
IS =102 = y=30—-x=15+ 102

x
\

x
\

=15 4200 = 1S % 102

(6)

N
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Question 8 continued
AS + 102,15 = 102) and (1S = 1042, 1S + 10+2)
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Question 8 continued
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Question 8 continued
Q8
(Total 14 marks)
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9. (i) Asequence of numbers u, u,, u,,... is defined by

1

u,, = S(Zun -1) u, =1

Prove by induction that, for n € Z*

(i) f(n)=2""*+3""

Prove by induction that, for n € Z", f(n) is a multiple of 7

()

(6

]
@ n=1n u,=3(§) -1=2-1=1 v sotmeforn=1

" ke
Assume true for n = k: uk=3(%) -

uk+,=§(2uk—/):é (2[3(§)b—/]—/)

(5D -5)=2(5) -

-3x3(5) -1-3(5) "

o if true for n = k, then true for n = k + |.

As the result is true for n = |, it is true for all n € 7*

by mathematical induction.

G)n=1 fI)=22+33=8+27=35=7xS§

so £(1) is a multiple of 7, true for n = |

Assume true for n = ki (k) = 22 + 32 s o multiple of 7

ke + 1) = 2k+3 4 32k+3

=2 x 2k2 4 q x 3%

= 2(2k+2 + 32k+l) + 7 x 32K+

= 2f(k) + 7 x 32k

Both 2fCk) and 7 x 3%*! are multiples of 7, so fCk + 1)

is a multiple of 7.

= if true for n = k, then true for n = k + .

As the result is true for n = |, it is true for all n € 7*

by mathematical induction.
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Question 9 continued
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