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Materials

For this paper you must have:

e The AQA booklet of formulae and statistical tables.
¢ 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.
¢ You must answer each question in the space provided for that
question. 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 80.

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 0
1 A reflection is represented by the matrix {0 J

State the equation of the line of invariant points.

Circle your answer.
[1 mark]

o\ [*\ [X
O -l \5 -3
So )For (7\3\ J Je invariant, “j:—j ond ;Hm%m W=0

2 Find the mean value of 3x2 over the interval 1< x < 3

Circle your answer.
[1 mark]

wI(N

10 @ 26

Mean _ | b ( s .k | -
Valve E\j foddas 0 | 30 dl:é[x ]\ =g (o) =
A

b)
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3 Find the equations of the asymptotes of the curve x*—3y” =1
Circle your answer.
1
y:i3x y:igx y=-{_—\/§x
2 2
2 -3y%=1
So M cvueve zan  never So\{'}s%&\/} ot -3yt=0

2

=2 = 3‘32
(

=> 3 = "\Y’i’ X

Turn over for the next question

[1 mark]

Turn over )»
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4 (a) Find the value of k for which matrix A is singular.

[1 mark]
Si%\)‘ar => det A=0 So  ad-bc=o =7 k-2=0
and  thus R=2
4 (b) Describe the transformation represented by matrix B.
[1 mark]

- AXIS F v e1L

4 (c) (i) Given that A and B are both non-singular, verify that A”'B™" = (BA)™.
-2

-1 N | R 2 [4 marks]
eh= o) = (00

N':ﬁ{(i'f) and B-‘:T\f(‘l(D (‘)l>

v

S BB= wam (S0 S e So

\ 4 ] \ 7/

Y

1T (v 2
A -l

~ ~R+2

Nnd Hhos (&‘3\\4'—'5?6|
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4 (c) (ii) Prove the result M'N™" = (NM)™ for all non-singular square matrices M and N of the
same size.

Cms’»)wr (N N\B X (M | N)
Lie %= (NM)x (M)
= N MM AN
= Nx "
- T
S Y= (NMXEN) =T == M = (N

[4 marks]

Thmfw, /H’w. result M-‘Nﬂ: ( NM\‘ l;n-( A JSqlum marices, N
and N\Mam%,sam Size

Turn over for the next question

Turn over )»
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The region bounded by the curve with equation y =3+ \/; , the x-axis and the lines
x =1 and x=4is rotated through 2r radians about the x-axis.

12
Use integration to show that the volume generated is ST

[5 marks]

W=+t => SI:OHGE x X

: b
Mﬂﬂﬂhﬂ Aol r-ars \]=§W\3‘ dx

' y
=7 ( (14472 +x) dx = F(Méx"i +2) dx =T [qx-f Axa/ﬂ%f]‘

Yy

V=] ) 1465« £ 07)- (30) s )
i H- 2] [%(l%rl’vﬂ:% (%)

u\c vefume o’f He mjmn 15 L&%ﬁ’




6 (a)
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Use the definitions of sinh x and cosh x in terms of ¢* and e¢™* to show that

1 1
X :E In (1—HJ where ¢t =tanh x

Sinhy x :Ji(tx-f'z) and msh x=%(e*4e™

[4 marks]

}r _ Sﬁ\J\_’ﬁ.;C"-C”‘z ) _ X _)
,ahl\x’ cosh 2 T Fre* e** 14 ) =2 L= %4

X
Fa))= -l =7 - =1t
=525 (F-10) = (141
.t
=7¢" = -t
It

Question 6 continues on the next page

Turn over )»
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1
6 (b) (i) Prove cosh’®x = — cosh 3x + 3 cosh x

[4 marks]
3
Coch x = [)q’_(é’z +€4)] :Jz', (Csx‘\' 3%y JeXp 2L C-S")

=L (¥ e 4 ey e”‘)\

=% (’%(61‘\'6”‘» + 3 (h(c* +c"‘))

:}wcash 3x + %ooslax = RHS

So cosh®x = GPsh 3x 4% whx
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6 (b) (ii) Show that the equation cosh3 x =13 cosh x has only one positive solution.

Find this solution in exact logarithmic form.
[4 marks]

£0Sh” ot = % (Bresh x) 1528
= ‘é%g"(cml\x,}:%osl\ x

cosh *x - toh x =0

coshx [mh* x -4 ) =0

cosh o (zosh x -2)(cosh > 12) = O

= | _

So cosh x=72 =7 x:!m(l"'\‘l&—l ):!I\ [2+J§\
o = n (’Uﬁ) (On|\l/\) anc_aemﬂe_sgbﬁnn\

Turn over for the next question

Turn over )»
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7 A lighting engineer is setting up part of a display inside a large building. The diagram
shows a plan view of the area in which he is working.

He has two lights, which project narrow beams of light.

One is set up at a point 3 metres above the point A and the beam from this light hits the
wall 23 metres above the point D.

The other is set up 1 metre above the point B and the beam from this light hits the wall
29 metres above the point C.

1
|
i T c Plan view
i e--_.___ p  Nottoscale
[ e
! T o
: \\\\‘s
| |
| |
| {
! 42 m N |
| |
| |
! 140 m 125 m E
|

|
i 40 m !
| |
. 20m B
. 12m 10m |
DI, O ————= Y e e |

A

7 (a) By creating a suitable model, show that the beams of light intersect.
[6 marks]

(. ( 5* \[(‘W i e i by oo (oAl e

,&’,Le ' Sh_aw’_m&H 230 above ﬂ)‘]

Im ﬁJmC 6 Mﬂyﬁmﬂ /’]
) s o Bl

=2 o\ = 3+ 20/0 and |QS)\:ID+I39,0




7 (b)

7 (c)
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f
ANLEE NAWVKS A0 A NE AN LYY /. Qal A

34502 218 g 4ian=le <o M fos idcoct

Find the angle between the two beams of light.

[3 marks]
a b
A-b=lal)bles® =7 005> [
30
2. (%)= 11, a0
10 (
I? 4\0 a
03 0 =J33ips + AF AP 13t 418~ = 0498l
=5 0= %6
State one way in which the model you created in part (a) could be refined.
[1 mark]

/ro»he H, wioM a/ Ko beams il accounk

Turn over )»
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8 A curve has polar equation »=3+2cos ¢, where 0 <0< 2n

8 (a) (i) State the maximum and minimum values of r .

[2 marks]
Mm(iMVm o’{ unB=l So rz 342(1)=% r=s
M;me ol{ s B=-1 so r=31¥-)=| r=1
8 (a) (ii) Sketch the curve.
[2 marks]

Initial line™
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8 (b) The curve r = 3 + 2 cos@ intersects the curve with polar equation r = 8cos?@,
where 0 < 0< 2n

Find all of the points of intersection of the two curves in the form [r, 6].
[6 marks]

LA’ coun® =2(=342C r=%c*

Eﬂmhnﬁ_ziﬂ_&r_qmﬁmi 2+h=R&

Dt -2 -2 =0

Db+ 4 -3=0

2c (4c -3)+(he-3)=0
(x ﬂwqc's\‘—'o

¢ 2
cosb=-2, w0=Tg

=70=013, 556, 4%, %

3 \
(=340 so gf t:‘i,,r:g.i and ak ¢=-%, r=2

Fids o rcectn: (5,073 8 590), (45) ank[3,)

Turn over )»
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9 (a) Sketch on the Argand diagram below, the locus of points satisfying the equation
|Z - 2| =2
[2 marks]

Re(z)
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9 (b) Given that |z - 2| =2 and arg(z-2)=- % , express z in the form a + bi ,
where a and b are real numbers.
[3 marks]

2= re?

=% > = W%+ ich-B)

2= % 4+ 2ism % 12

02w %4222 bz=1ant=-§

Z=3-32 ¢

Turn over for the next question

Turn over )»
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10 (a) Prove that

6+3Zn:(r+1)(r+2)=(n+1)(n+2)(n+3)
r=1

[6 marks]
6-\- o) il (ra M) = 64 3%5_'1"*;(4-‘).

:6-«-:5”?,,"1*‘1%”‘%"
n(n+ 1) (znn) n(n+)
==6-r.%(—(----r@‘)’f"l(——1 )+5'\

= L 0l (zae)+ Lnonad) + 6 (n1)

=) [ £nGred +3n +6 |
(ne[ M+ S

= (nﬂ)[nz*} Bn+€]

=m)(nr2)(n12)




PhysicsAndMathsTutor.com
17

10 (b) Alex substituted a few values of n into the expression (n + 1)(n + 2)(n + 3) and made the
statement:

“For all positive integers n,

6+3> (r+1(r+2)
r=1
is divisible by 12.”

Disprove Alex’s statement.
[2 marks]

Qﬂimfet He coce mhen 1z,
6+ Sé(m\)(ru): ()22 = B)(EKF) = 20x6 = Roxn

/ﬂ\l_s Y ; s lex* s !nlse.

Turn over for the next question

Turn over )»
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The equation x*—8x*+cx+d =0 where c and d are real numbers, has roots «, b y.
When plotted on an Argand diagram, the triangle with vertices at a, 8, y has an area of 8.
Given a = 2, find the values of ¢ and d.

Fully justify your solution.

[5 marks]
ESMMKS_ML_%MMJM L= ptac =z P9 kx
7/ \ I
con\’}\go\k ?m’f)
Som o ok (27)=%

Ot pry=2
K+ prqitfa=93 T
i
Lt2p=% => p=x N
v I b [2 /4
‘\] Re
PBea=R so (p-4=% q-

=> q‘-.:%

B=3t8 and w=3-3¢
t U

0\: - X!SE =—\&f

€= Zxp = 1(3+6)42(3-60) + (3sfs-s)= 35




PhysicsAndMathsTutor.com

19
_ 5x° —12x + 12
12 A curve, C, has equation y = f(x), where f(x) = 3
x*+4x -4
The line y =k intersects the curve, C1
12 (a) (i) Showthat (k+3)(k—-1) >0
[5 marks]
bt -1 x 412
R = xX*thx+y =7 R[Pt4orat) = b3 -Dual

k%q‘-“\bx 44k 824\ 2 -1 =0

2 (R-8) + 4(k+D x = 4[kr)=0

=7 L}*‘l’ac >0

=7 (404D)) — 4 (k- (-4 (ra3) 70
=5 )} (hea) +16(h-5)(keD) 20

= s Lz k5] 70

=> 1b(k+3) (2k-2) 70

=> 2.(h+3) (k-7 0

=2 [k+3(R-1070

Question 12 continues on the next page

Turn over )»



PhysicsAndMathsTutor.com
20

12 (a) (ii) Hence find the coordinates of the stationary point of C, that is a maximum point.

[4 marks]
Mm{!M\)M ak K=-3 o k=

_Su&:}v_lmj R inbd (k- b (ksdx - 4o =0
R=-2

=7 - =20 50 xzp

Maimrn _patnk of G is 0, -2
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1
12 (b) Show that the curve C, whose equation is y = @ , has no vertical asymptotes.

[2 marks]
2
19 - b= (—I’l\l"k(g(\l)/_o
e S5 -DoA+ll#£0 Yo se g pr o verbol @\—‘:ﬁﬂuﬂ—

12 (c) State the equation of the line that is a tangent to both C, and C, .
[1 mark]

U\:_/J__
J

END OF QUESTIONS
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