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Answer all questions in the spaces provided.

1 Three of the four expressions below are equivalent to each other.
Which of the four expressions is not equivalent to any of the others?

Circle your answer.
0+axb axp+0 axp+o O-axp [1mark

ax(a+b) (a+b)xb (a—b)xb

2 Given that arg(a + bi) = ¢, where a and b are positive real numbers and 0 < ¢ < %
three of the following four statements are correct.
Which statement is not correct?
Tick (v') one box. .
’ 1 mark
arg(-a-bd) = - (1+q) [ :
hY
arg(—a—bi)=mn—¢ \/ A
b-ot cathl
arg(a — bi) = —¢
>
arg (b + ai) :g—q)

-a-bu a-br

arg(b —ai)=¢ —

N a
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Find the gradient of the tangent to the curve

y= sin” 1 x

at the point where x = %

Circle your answer.

26 4/3
5 25

9 = SinTt X Turn over for the next question
X = Sin Y
dx
— = (oS
dj :j
._é—"’ = SCC\‘j
aAX

when x-'_SL ) 3=Sm"(—é')
when Y= in™ (3")

dy _ S L
aw - Sed s 5)

< 5{{;
12

25
24

box

[1 mark]

Turn over »
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4
Donthrite
4 The matrices A and B are defined as follows: °“‘Séiii e
[(x+1 2 ]
A=
|x+2 -3
(x—4 x—2]
B =
| 0 -2
Show that there is a value of x for which AB = kI, where I is the 2 x 2 identity matrix
and k is an integer to be found.
[3 marks]
AR = [x+1 2 X -4 -2 |
xt2 ~— 3 o) -2
L’_ s
rf
- (Iﬂ)(x"-\'> (;1 t a){l ‘2) - U
(XA (42)(x-2)+6
- -3 4 xZ2-2=0 =
- _ V ) O
2 = I~
X2 -2x-§ xX°+2 o |
L
> A2~ =6 when 2= -2
(> +2)(x-3)=0 (-2)2 -3(-2) - %
x=-2 or X=3 = b = ()
>x*-2x-g=0
X=-2 ov Z=4- ==
. _ [ e _ t o
o x==2 AR =] ¢ |- G[;,‘,
| —
- K=06

0 4 Jun20/7367/2
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Solve the inequality

m!“ﬁgl” by (1—;)2 as we now gguared numbers

Do not write
outside the

[5 marks]

n (£)r ) Ssame.
2

(e+)(2243) N2,
Z s{oc-1) (xts)

[~ 4 1\

L.A-ll}

(=) (2x43) ¢ (x-1)?(x45)

-2 =1 1

— (x-)
£6) — (2 D)) 2 &

%2 O

lx-_%tz-r 41—5-2_1—3>/7, (o)
_(a=1)(x?2 +2x-8) 20

(xx-D(xta)(x-2) 20

("mQ('derins cuble Cuvpe .

2 een — |

bukL x # |

S 31;7/2 oy -l’"é x"

05
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Find the sum of all the integers from 1 to 999 inclusive that are not square or cube
numbers.

n " (ﬂi’t) [5 marks]
429 e
;" r - 5 = 4'6'0’500
r=( -
n
St 2 = nlnt){2n+l)
= T
20
O = = 4“
r=\ 6 |O Q
n 2
5 r% = 2= (ne)
r=\
2 a%x 102
2. rd = = 2025
r={ Lt'

Sixtin Cowers - 1 +o4+ F29 = 294

Toted © HA9500 - 10tk —2025 +29Y4

= 4837353

06
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7 The diagram shows part of the graph of y = cos™1x box

yu

NS;

1
1.4-
1.2
1.0
0.8+
0.6
0.4-

0.2 (\

T 0 I I T
02 02 04 06 08 10 12 IC)

—0.27

The finite region enclosed by the graph of y = cos 'x, the y-axis, the x-axis and the
line x = 0.8 is rotated by 2n radians about the x-axis.

Use Simpson’s rule with five ordinates to estimate the volume of the solid formed.
Give your answer to four decimal places.

0.8 [5 marks]
V= —rr[ y% dx
Jo A
USln\O} SamrDSon‘S rule !’
x O 0.2 o-4 0.6 0.8

Y% | 2.40740|1-8353¢ | 1. 34393 |0.85988 |o- 41409

T x 92, (9 4740 104109 . (4x).57530)
3 \ +(% x08598%) + (2x1.34292)

= 3.-4579

Turn over »
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8
2a+b+x x+b x?2+4b?
8 (a) Factorise 0 a —a? as fully as possible.
a+b b b2
[6 marks]
Ex‘t\rr)\vt o
a .

=1 a -aZ

[ . 2
| I D O
ri 2 y 2
(&) X ~-D AT ~Db
x

- a a"

] I b
L [S) =

Extract factors:-
> a(x-b)[o 1  xip
-1 a -a?
[ ) b b?
-afoc-b)(xta) [0 1 Xtb
I b-a
2
| b b

0 8
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d ¢ r v

> a(x -b) a+b)((b-a) —(x-ﬂo)) -—a (x -bj_oub%i-t o)

8 (b) The matrix M is defined by
134+x x+3 x2+9
M= 0 5 -25
8 3 9

Under the transformation represented by M, a solid of volume 0.625m? becomes a
solid of volume 300 m3

Use your answer to part (a) to find the possible values of x.
[3 marks]

a=5 b=3

=17

Volume. Scale EQCCQI_— 300 |
25  ~

oO.

\lolume Scale Faobw = deEM

TR0 = -5xg x (1=—321115>

212 = (oc=3)(x+5)

x*+2x-3:=0 A%+2x -2F =0

(xt+3)(x-0)=0 2[4 -trxix 27

o=l ox=-3 2
X=-1+202
x=-1-2V=2

Turn over »
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9 The matrix C = [Z ] , Where a and b are positive real numbers,
a
v3 1
2 2
and C2 =
1 V3
2 2

Use C to show that cos{c—2 can be written in the form ~ \/? + n, where m and n are

integers.
[7 marks]

2o a?-b®>] | L &
=3 _ =1L
2 1. =
ac-b” = -z~ @ 2ab = =
—)
b=
Subh b= aa \nf'o*m
—
> | 13
A= ——= = =
L7 L
2
lba” - 8(2 02 — ) =0o
al=- {3 +2
L
o = iz +2 /c\>o So _not \
2. negakt\ue
< v,

10
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Turn over for the next question

Turn over »
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10

The sequence uq, uy, us, ... is defined by

5
—u

uy =0 Upi1 =g
n

Prove by induction that, for all integers n > 1,

55
O
[6 marks]
let n=1
- 5
U, = 5 = O
5'- |

% result _Fav N= 15 trvue.

Assume n=K s &xrue

K
Ui = 5°- 5 18 Exrue

eI

when Nn= K+ |

5
Nictr = (p__f5"-5\
\ 5*-1)
o - (55 G(5%-1) -(5%-5)
\ge -1/ o |

12
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3
U+t = 5x 5 —| = 51+'—5
gkt )
- ‘:IL-F‘ '
. ) n= K4\
Conclusion

r nN<= ! —h'uc |£v/
n= uckt
(4]
- -5
Un 2"’ . \Qr n=2|

Turn over for the next question
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11 (a) Starting from the series given in the formulae booklet, show that the general term of
the Maclaurin series for
sinx
—— —COSX
X
is
2r
_1yr+1 2r
P T
[4 marks]
r ar
Sina x? x4 (1) x
= - * Q= - 1
oC 3 5 (2r+1)!

N
By
N
A
N

Sub'('XOLOtS genercd 4evmns of gm{l_ and cosx .

| _ ’ "'(Z_V‘l'\) _ -2
-— - -
(20! (ZY)' {Q_r-tl)'. (o \
= t L‘.(-rl )-
—0 x?* -1 i end "2 -2¢
» __/ - -
£ / N\ | (2,1 /9 \I
(=10 &2 (2r¥1).
2r .
7] (—I)r“ " A
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11 (b) Show that
Siﬂ—cosx
lim | x _2
x=01 1 _cosx 3

[4 marks]

'::er non- 2evo keremms of SeviesS

EXpansSen of SN — cosdx ave

> &

12 T -

SO0

grsb non - zeveo termg C)'F SeviES

exXpanston OF |— Cosxt are':
2 Y-
o0 d ‘.'__?—C-r—-
T_an P o
XE-xXT
xT
Luwn 3 30
x>0 /_x,’- ==
=z 2%
——
- 3 = 2/ (T )
=
Z

15
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12 (a) Given that [ = Jez’ sint d¢, show that
I =[ge¥sint +re?cost]’
where ¢ and r are rational numbers to be found.
[6 marks]
b
i (° 2t sint dt
Ja
U= Sint v'= e?* T = uv-—d(u‘v dt
u'= Cost V=5 62(;
= ]
- e 2% sint { - _L eZaost dt
£ J o jod
Za
= _L ( _} 1 24
o Z T &
] b
+ - G”SWTI? db
£— J a
’—, = )
T = | Le2e S B T - LT
b
) 2t - L 26,
“4 = o
- - . .
'7/— L s € snt -7 c""cosbl (as rc,qmrc_pl)

- gz -k
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12 (b) A small object is initially at rest. The subsequent motion of the object is modelled by
the differential equation
dv +v=>5¢e'sint
dt

where v is the velocity at time ¢.

Find the speed of the object when ¢ = 21, giving your answer in exact form.

dv P
A tTV© be’sint

[6 marks]

\Y\thrab\hq Factor -
O J
. fude _ L

b [ 7

Multiply bon sudes by et

ebd‘.f—/- + ve' = 5e”sint
dt

4 (ve*) = 5e%nt
At ©

vet = | 5e*ant di

veb = 2e2ant - e?Pcost +C
when t =0, v=0

0-0-14+c =2 c= |

vet=2e*smt — €% cost + 1
4] Oy e
ve. =2e swn2m - e cos2w+ |

M -
17
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13

13 (a)

Charlotte is trying to solve this mathematical problem:

Find the general solution of the differential equation

d?y dy 2
—Z 4+ = -2y =10e"
dx?2 dx Y
Charlotte’s solution starts as follows:
Particular integral: y=Jle &
SO
dy 2
— =_2)e #
dx
and
d2y
— = —4)e ¥
dx?

Show that Charlotte’s method will fail to find a particular integral for the
differential equation.
[2 marks]

dx: T gf "2 = He T -DeF_pe ”

il

—his would make 10 2* =6 ,

_heh 1S ywpossible s Hhig metinod
fails

18
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13 (b)

Explain how Charlotte should have started her solution differently and find the general
solution of the differential equation.
[8 marks]
M2+ m-2=0
(m+2)(rn-1) =0
M=-2 wvn=1
-2%
l = * t

2
v In te. =
El,ﬂ. = A.—‘ZI (—Z'r-r I\
ax
2
a7y . /\5'&/4—1; —4)
dx® N
-2z -4 2x + | —21.) = |0e

19

Turn over »
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14

14 (a)

14 (b)

The diagram shows the polar curve C; with equation » = 2sin0

The diagram also shows part of the polar curve C, with equation » =1 + cos 20

»

Initial line
On the diagram above, complete the sketch of C,
[2 marks]
Show that the area of the region shaded in the diagram is equal to
km + mo. — sin 20 + g sin 4o
where o = sin™’ <\/§2_ 1) , and k, m and ¢ are rational numbers.
[9 marks]

/_\ Powit of ntersecuon :
( A \/\ | + cos26 = 2sinE
\o A, ) 2co?e =2sinE

Z(I'SIHZQ) =25 in&
SiN?e +tSING — | O

Sin@ = :_'—Tj__——@-

2 0

Jun20/7367/2
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outside the
X

O is acuce S0 &= gin! (gz’. ) = X

/

A= 4[] (25me)” do

(‘o(

) — cosg2e d&

Jo
— 0C

= / O - _é/SlHZG

—
=

(o]

-

A= (= Fsnzx) -0

z () + COSZ&)Z' de

Az - '7}

= _L ( ) + 2cos20 + 05?26 db

L Iy
1\'

= 7'/ Z )+ 20526 +J’(1+Cos40) ol0
= [74

< % 24 20520 + cq34'(9 cl0
L Jx “©

r_

- / 1%_9 + i SIin2& +/ Sm‘f@]

Vi

AZ = —‘%TE ’( %_‘+-ZL§lh20( + Sle—o(

A're,a EV\OLOSQD‘ = A] "’A

. X-Fsm2x + 3T - 3x - _Lginox -},5 SINYX

Turn over p
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15

15 (a)

The points A(7, 2, 8), B(7, —4, 0) and C(3, 3.2, 9.6) all lie in the plane II.
Find a Cartesian equation of the plane I1.

A = () -(2\= (o
\ o/ \g/ \

[3 marks]

2 )
o) (5)=132

Ly K —67.6157.6 /6 N\
O -6 & = K574 )_'_ 22
—4—7.2-9:6 =2¢ —2¢

/ /

Insert. pont A [2,2.2) nin 32y =244
2(2)-24lg) = —122
- = —1 ( b
by -8 )

'LHJ +372= 1l
N gurotion of planc |

Do not write
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15 (b)

15 (b) (i)

15 (b) (ii) Show that every point on L4 is equidistant from B and C. [4 marks]

Do not write
outside the

5 15 box
—04 | +pu| 3
4.8 4

Show that L, lies in the plane II.

The line L4 has equation r =

[2 marks]
let & ve a pont along L, win

thhe Ccoordmnates / 5+|5,u?’\

\ =—O~“+3¢+
\

Ll—.g-rlﬂu
Insert O nte plane equotions:
~—4—(-O4 +3M) +3(L|.,g _,-41),) =
Lo -2t 4 1 12p0 = [

S0 the pont A lies on +he plone T oand .~ L, lies in tiha
plarne T

Midpoint. of BC s (5, ~0.4 , Yy 3)

whicia. Lees on L.

Consider thnhe direcbhon veceorS Of [

and BC .

/ 15\ -5\
,3L) A )= ~#5+27+ 4g-o0
“H— t2—/

A [, 5 perpendlbutaf }o BC.

L S
2 3

Turn over »
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15 (c)

The line L, lies in the plane I1, and every point on L, is equidistant from A and B.

Find an equation of the line L,
[4 marks]

Lz 18 +ihe perpendicutac Disector
OﬁAg wN plane TT

MAQMQG_IKL‘I:/_Q_PA’_@_Q_,L(_,_H%—
As_Lais_perpencionlario Al = (¢ )

ond n
L g K "“50 )
O -6 -8 . o) So let direction
o -4 3 |

/ vector for L, be(é)
/ \_©

Y A [
Lo i v=(_) t A o
& 0

2 4
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15 (d)

The points A, B and C all lie on a circle G.
The point D is the centre of circle G.

Find the coordinates of D.

[3 marks]
o
Lg (luhen -, = Lz>
—Z—Qﬂﬁﬁ* \ //’\+f’r
O.4+32yy \: l —
\tstape )\ ny
5:[:]5“ -‘,I\-I-q LI—Q-I‘H-‘LA——L)L'

15Spu=-A =2

—_—
—

— I

—0-4 4304

3_&4 - 0.0

fr = — 0.2

Sub p=-0-2 inro L

5+ 15(-0-2) 2
—o-4+3(-0-2)) T [_1
b.8+ 4(-0 2) 4y

)

D(z,—/,4>

2 5
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There are no questions printed on this page
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Additional page, if required.
Write the question numbers in the left-hand margin.
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