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For this paper you must have:

e The AQA booklet of formulae and statistical tables.
e You may use a graphics calculator.

Instructions
e Use black ink or black ball-point pen. Pencil should be used for drawing.
e Answer all questions.
e You must answer each question in the space provided for that
guestion. If you require extra space, use an AQA supplementary
answer book; do not use the space provided for a different question.
e Do not write outside the box around each page.
e Show all necessary working; otherwise marks for method may be lost.
e Do all rough work in this book. Cross through any work that you do
not want to be marked.

Information
e The marks for questions are shown in brackets.
e The maximum mark for this paper is 100.

Advice
Unless stated otherwise, you may quote formulae, without proof, from the booklet.
You do not necessarily need to use all the space provided.
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Answer all questions in the spaces provided

1 Given that z, = 4¢3 and z,= D¢
state the value of arg Eij
22
Circle your answer.
[1 mark]
4 m 2
% 3 12
1
e ; 7y
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Given that z is a complex number and that z* is the complex conjugate of z

prove that zz* — |z° = 0
[3 marks]

Lok Zzath  whidh means 2 za-bi

27 12 = (atb)acbd) - (Fo27 )

= +abi-abL+h - (az‘l-g\)

= 0}“\]} - (™A L:L)

= O
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The transformation T is defined by the matrix M. The transformation S is defined by the
matrix M~*. Given that the point (x, y) is invariant under transformation T, prove that (x, y)
is also an invariant point under transformation S.

[3 marks]
I’i— o~ \‘oo{ﬂ\\‘ s ivaront ynder 1 /%f eansfhat
[x [ 2\
M {y)* L)
- f1 y > A
=M /\/\‘\3):‘ M Y.
/?(.\ ; /;)(\
S Ery
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Solve the equation z® =1, giving your answers in the form eie, where —t< 0<m

[4 marks]
Lel/ 7= o508 + 1sinb
2 RN
=2 2 = (s O—Hsmg)
= 0520+ j5n 3B (De Mairve's /rhmrow\\
30 ¢ = os30 +1un 3P
Cam ImmS real  and iMA\a)inan. voarpsi
0= (0% 20 l = Sin 36 .
S sm  ~3T
= 0 —;i%/i%/i %! —7 36 :’W/L/ ! %3
- -
= e'ii—gé/i/ﬂ/ly “':52/’/[ :7 G = /él/ 5);[ I/ 6’
f
:’W/ = -
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Find the smallest value @ of for which

(cos¢9+isin6?)5=%(1—i) {6eR :0>0}
[4 marks]
AN - A
(005 & + 15 9) = \VL() L>
(6% B [Sin 66 = (- o)
Comparine, real and_magany ports:
N . SO ! 0
00S S0 = 2 . Sin S0 = -2
T o7Zn 4% 150 ST Z4r
31 T
b=, For s>y, =2 b=~ 5 Zo, .

The swalles: vabe Bk sabifies bth condibms i 0= 55
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Prove that 8" — 7n + 6 is divisible by 7 for all integers n > 0
[5 marks]

/.ejf Fm): 2"~ Zn+l

Lcjr n= 90
\\D(O) = 2°-F(0)4}

- 1-046

=7 whidh ¢ dwsible Lj ?
Sp He dafement s b 7Qor n=0

eame ot b ok A oy o

pl)= 8 = 7' b= ZM e MeN

Z\‘:l’ N=fk+l
io(kﬂ): 2 k) 44
= 2+ HeN) — Fk- 74l
= (@ - 31 o)+ 2(2-)
=~ 3 (M1 -1)
50 ff\g s)u\\uwm}’ o Prue ,ﬂor n=ktl when aveomed |rye 'ﬂar N=Fk.

M@M%E@Mwuﬁg_{&_ﬂu nen
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A small, hollow, plastic ball, of mass m kg is at rest at a point O on a polished horizontal
surface. The ball is attached to two identical springs. The other ends of the springs are
attached to the points P and Q which are 1.8 metres apart on a straight line through O.

The ball is struck so that it moves away from O, towards P with a speed of 0.75 m s™.

As the ball moves, its displacement from O is x metres at time ¢ seconds after the motion
starts.

The force that each of the springs applies to the ball is 12.5mx newtons towards O.

The ball is to be modelled as a particle. The surface is assumed to be smooth and it is
assumed that the forces applied to the ball by the springs are the only horizontal forces
acting on the ball.

Find the minimum distance of the ball from P, in the subsequent motion.
[5 marks]

U%’mn\ F:MO\/ — (2. Smx - 1285mx = mMma

-

o p ~LSx =
_ x _

Aoy oo NA42S=0 <o \=ss
e row l,/\a\rc x= FO(ASM SE Kcosf—\

\l\){\m 1{’;0/ X=20" O: (& =7 ISAQnS)' and 4 = SAwom St
\/\Jt\u/\‘ ":O/ t=03F . O . FS= SA and A_;O. \S
SO X =0.]Sem St

M&m_./@aﬁm, He minpum dishune lﬂn;m Pic ©Fm
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7 (b) In practice the minimum distance predicted by the model is incorrect.
Is the minimum distance predicted by the model likely to be too big or too small?

Explain your answer with reference to the model.

[2 marks]

#@m Pl be j&u/ﬁ(/ Pap 075m
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T

Given that I, = J.Z sinffxdce n>0
0

showthat nl,=m—-1)I, n=2

~ T,
T = stz x| "sax sn™ x4
- SINX AX=] SAx Sn X Ax
0

[5 marks]

'JO
. dv .
V=S x TS Shx
. pr
d\) =(N-DSIn X wsx RS04
X
= %
1 = [_—Smn-)o(cmx + \ (N-)oos 2 SN P cos % da
“I\\ 70 J
(% 0 .
1 o WL _ . o
— 0O+ (y\,l) cstosin’ ~x di = Ln—\)‘ [,’5"‘1"\,5mﬂ L 0‘7(
\JO JO
T [1'4
I-,n,: (n-1) [¢ sin’ Ta doe = (0= ] sin"x dax
% %

T =m0 - (D],
<, = (n)T ~nl, ¥+,
A =1 N n
O=m-DNT  —nl,
7 h- n
nl,= (n=1)L
N (s
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A student claims:

“Given any two non-zero square matrices, A and B, then (AB) *=BA™'”

Explain why the student’s claim is incorrect giving a counter example.

/I/Iﬁ ONE sz Ma 44
N0 invede o A <ntemert Wil e incorred

[2 marks]

I\

v T -
F(j\) A” L o \ s singlar <o A‘ doesn't

. \ T
exisk

Refine the student’s claim to make it fully correct.

[1 mark]
G\VPV\ (}\Y\U\ 7”(/\)() Y\O(\*\m()\\)\mf Soluan: ma}ﬂwa

A and (5 Wor (72 R'K
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9 (c) Prove that your answer to part (b) is correct.

[3 marks]

<o (ABYRA =T .
=5 RN :(P\@

Therefore B'A = (AR
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10 Evaluate the improper integral Jm 5 4x — 30 dx , showing the limiting process
0 (x*+5)3x+2)

used.

Give your answer as a single term.

! oo B M . E [8 marks]
(49 () 1+ % 004

bx-2p = (Am (S\,(ZHL) 1+ C (ﬂ&s\,
= oLk e + 2K 4 R 4 (544 SC
= o (3A+O T A BR +2N) + 28+ 5C
=2 0z23h+C B+ 2k=y4 2R+ S(=-
(=2 !
W+ -3W=237p
L -1sk=-20 )
P) Hna mn)} @ b o R+2hk= 4 2
%cgm\rflzg‘f celeolifor leclé)e’ A‘—Q/, R=0
C=-2k~-3()=-6

|t o \ - | 4
0

— 0

_X 49 = LUn (2247) J\

V)

0

(\

—jm (AY\ (1-+S) ZLV\ (37L+’)>T

o> ® -0
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11 The diagram shows a sketch of a curve C, the pole O and the initial line.
® >
0 Initial line
The polar equation of Cis r=4+2c0sf , -n<O<n

11 (a) Show that the area of the region bounded by the curve C is 18w
[4 marks]

« T
IAF j-qir’- d6 :JZJ( (4+2s0) (JBZZ(W(’Hcose)" db

—M -1 L

A T
,A"- Q( (Y4 + Yos0 + Lo0) B :J( 3+ Losg + 20t dB (6057,6
s ~ = 2o 6-)
T

T
ch (%’r%@s@k(l%ﬂ@)d&:f%m Bsin O +9+'gsm2‘b/l
T —_n

. T
P[40+ 25moeLsn1o]
-@1+040) ~(-9T+0+D)
— QT
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11 (b) Points A and B lie on the curve C such that —g << g and AOB is an equilateral

triangle.

Find the polar equation of the line segment AB

-,

[4 marks]

< Y, \ = 44 Dos®

d T,
Li..‘.\‘,'::(, // //-L\' ‘\'/LCOS(-I}Q)
\_)@ — 4"\’ W=
=105

\)V‘COSF%'/ (4 4.03) oos O

= (‘%’t‘\r'SS cos %

Tosy U+ i) 2 for %, 0T
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12 (a) Given that 4 is an eigenvalue of M, find a corresponding eigenvector.
- 2 _ x X [3 marks]
E32)E)B)
- -1 -1/ Z, Lz

*"Y.%’LVS*’): =4 = ’S)“!‘l‘i\)*‘t”o @
17(&2\6—1%:45 = 0x ,’23'1’&:0 @
—X —1\1{\)—2’—‘97_-’;7 »—7c;u3—32~,o@

Ok @ -3x-FE=0

=71 =Lt
@ t 1X@ . *6(3_\2%:0
1% = -y

J
Z@_L 2=l sp 2= ond U-=12

,l: \
’ﬂ\c OMERponding cloenvedor s / 2\\
[ J 1)
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12 (b) Given that MU = UD, where D is a diagonal matrix, find possible matrices for D and U.
_l _ /\ 2 — | [8 marks]
) 1 > 2| = O
~ ~2 -1

= (=N [(2 Y (A1) =4 1 =220 ) — [ CFhp-n)
(A= (R =4) =2 (=4-2%) = (=1-3)

P D O A CRANL I  WE S TR R

= N 4y 416

=>0=>"—-0>-14

Ao Y- <16 = b -43-h b <o (-4

D o zf-nc[wra’f >\~$"I2>\+_}/7:‘-O

N
N D e S S s G NE W
I I T =) (D)

(X-L%B{)\Jrl\lf‘—o =7 Ejﬁa/\.\.ml\w; ave L/; ~-2,-2

T G A

\\il S ('L".// [;)
()Sof A Sc’[ggj:‘%’( (@!@L‘ef u\lng X = =Ju+%
J J
9= d
S0 9C+’LL5»2:0 Zz=F
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13 S is a singular matrix such that

a a X
detS=|x-b a-b x+

2 2
X a ax

Express the possible values of x in terms of @ and b.

[7 marks]
g S S)Alkm)l)(df = OQOJ’ S=0
O~ N Z { O o~ X \
A—b—o-b 24| = | X~ O~—b XA
1 A o\ / x-a> o 0\1/
T /(" ( —¢C
\_L( - 7 1
O ¥\ X
7-\7(’00 l O+l -+l
X+ gt ax
e O >
= (x-0)| | A-b 4
x40 0O 0
T
“(R=R-of )
= (x-o)t40) |,
A=k X1
= (x-0)(x+ o) [0t box)= O

_a
I/O\//O\/ b
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Given that the vectors a and b are perpendicular, prove that

|(a+5b) x (a—4b)| = kla|]|b| , where k is an integer to be found.

Explicitly state any properties of the vector product that you use within your proof.

[9 marks]
}(msb) X (0.-4b)=

)&xcx Gaxh + Shxa-2obxb] (Exmm!m \omd%)

= ‘0 ~lraxly + Kb xa- OI (Sm(p N mmJ L&l{”_mwmw

/Aﬂ) kdl 6x3=0 ond bxb=p

:\-L\'O\X\)—'SO_LXE) (Smfﬂ Q}(b:“bx‘l‘\

’;]“ qﬂ\)(lbl

:0[‘0\»(\3‘

= ol sin % (axb= |0l Asin § =7 prb)=lalb)snd)

:O\Iallb\
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1
15 (a Show that (1— e“ 1-=e?%) =_—(17-8cos 20
(a) ( 2 )X 2¢ ) 16( )

i _29 ] 20 \ ’1}6
N 1-4e™)= gl —af o
= T(’ 2;((/05 26—%{9:\29)—14(605 20 —rsin 20)

(s 16 - ﬁs’m?_e - ll;cos‘ze +7'-ksm20

[3 marks]

: . 2i0 1 4i0 1 6i6 1 8id .
15 (b) Given that the series ¢ +Ze +Ee +ae +.... has a sum to infinity, express
this sum to infinity in terms of e¢*¢
[2 marks]
) . . 20 | 219
Ge,omdnc series with a=e”, r==e
210 A
e

e -
g —_ = —_’—'79—" 210
0o \=C ," : 4’"(0,
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_16cos20-4
n= 14  17-8c0s26
[4 marks]
sl _ 2i9 L
%‘Y\frl‘!\“ - —1'45 "\’1(;6 +-
- 216 4:9 66
gn g ﬁe( Yope e !
\ 0o |,,em\ ( CLIU_,
- Re (l AC’LIG RC (l__ 8219 X ) I£~210 ,RC '2/9 Z'-\ -Zu(})
(0s20— 5 ¥ isAlb\ s 0 =% — s 26 — &
= o (|1 - 0t -%ws)9) 11— Dbesl0
Deduce a similar expression for
0 - [1 mark]
Vo
— an'hf
G BT Loy pub o Ao srs in ot )
_ Sin QB sm
= (1 -Bws 19) l?--—sa,sm
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16 A designer is using a computer aided design system to design part of a building. He
models part of a roof as a triangular prism ABCDEF with parallel triangular ends ABC
and DEF, and a rectangular base ACFD. He uses the metre as the unit of length.

The coordinates of B, C and D are (3, 1, 11), (9, 3, 4) and (-4, 12, 4) respectively.

He uses the equation x — 3y = O for the plane ABC.

-4 4 0
He uses |r—|12 ||x| =12 |=| O | for the equation of the line AD.
4 0 0

Find the volume of the space enclosed inside this section of the roof.
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1Uc-u)=0 =2 €24 =11 (ars)- 4(b-n)=0

y(att) 4 (b-11) =0

b= >a Sotllth-Jl=g
So bh-2a:-30 b= -2
_7 ovb 0
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END OF QUESTIONS
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