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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 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.

2
A vectoris givenbya= | -1
-3

Which vector is not perpendicular to a?

Circle your answer.

[1 mark]
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Use the definitions of cosh x and sinh x in terms of ¢* ande™ to show that
cosh? x — sinh2x =1

[2 marks]
2 2 5 _ 2 . 2
LHS = ok s —gido x =/ ra) —é____\'e'")
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Given that
2 - A n B
(r+Dr+2)(r+3) (r+10(r+2) (r+2)(r+3)

find the values of the integers 4 and B

[2 marks]
> 2 = AerB) + B(_/rf-f)
2 = (h1B) +3A+E
A+B0 = A-_-FR
3A-A -2
A = = B = -
- P
Use the method of differences to show clearly that
i 1 _ 89
o+ D+ 2)(r+3) 19800
[4 marks]

97 17
YRV 4

( ~ ( S
\6‘+')(f‘-{2)[f‘43)/ 2 rea ] {f'*’jﬁz) (r+2)(re3)/

—

|
2L [ (o= U (2

- _L/ | - \ = 1 e gt
2 U oxll ‘(‘ixma} 2 700
< €49




PhysicsAndMathsTutor.com
5

cosx+sinx
A student states that | —————— dx is not an improper integral because

cosx—sSinx

Ot———y N[ 3

coSs x + Ssin
cosxrsihx is defined at bothx =0 and x:g

cos x —sinx

Assess the validity of the student’s argument.

[2 marks]
O LV £
a—ﬂ.gl_ﬁ/{_éi:jf Cos D — Sem DC = 2 fE:O
& - = 2
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5 p(z)=z"+3z"+az+b, acR,beR

2-3i is aroot of the equation p(z) =0

5 (@) Express p(z)as a product of quadratic factors with real coefficients.
[5 marks]

TF 2-3; ook so s 243
T hihyre 2 /2~3-\ sk 223 are hth

bt o 5 /2
(= (?,-;,_»/%/2.,3;) (z-223)(z-2-%.)

=222 3oy ~224lbebiezie Lo —9.¢

:2‘2’@2+l3

=2 O vadili, %M;(Zz QE*/?>M\4M
crhrpun /?+C2+,{\

(Z'FZ—LQ—(' >/Z 1*(2«/()’24‘-#?? caz €}
Zqif??(o—é) + 7 /A,¢C 4/3>f2(1?<—éo{)+/54

[ (-4 =0 d-lc, )33
W> > (- & > 4=/

2 9(25 - {?2—¢2413,>/??*@2 +é&

5 (b) Solve the equation p(z)=0.

Z = ngé g‘mﬂ'\_tog,/é (2)
-l T/ eavs = ~ 21 (-2

Zz :-_-’2:‘6—-)2 ¢

[1 mark]
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6 (a) Obtain the general solution of the differential equation

tanx% +y= sinxtanx

T
where 0 <x < —

[5 marks]
0{4/ +ﬂezcr{:>c£%>< (’-ﬁm’—/\

£, .
Ve >C)Aoc ln gen <
T f. =2

2
2 %Iﬁ(x 4;5«{&;«;1

b S dC = g[cm \
d

g (S/—)L 2 %22/\4@

1 —L ¢ 2x +C
> 2

gy S Y =
Jd

_—

6 (b) Hence find the particular solution of this differential equation, given that y = ﬁ
when T
4
[2 marks]
=T
un/— R B SN 7 T e ey
g 2z > Iz g b
Z C = E/Z —x - | =
2 Jz § b 2 3

oo 2 + | -7

2 £
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7 Three planes have equations,
X—y+kz=3
kx—-3y+5z=-1
x-2y+3z=-4

Where £ is a real constant. The planes do not meet at a unique point.

7 (a) Find the possible values of £

[ — k [3 marks]
MM = B -3 ¢
) 2 3

/ T-F(O\—— /3/2 S’\ }2/2/2+3> 29,

-f%h - 2)&—(3/3 0
h-ék—‘fkro
(#uz}(fa-{};
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7 (b) There are two possible geometric configurations of the given planes.
Identify each possible configurations, stating the corresponding value of &

Fully justify your answer.
[5 marks]

!?,f xféu@?—:?

©

X —-}0‘1_‘?5_2:/( @
©

7 ¥

> —2q 32 = -k
Jd

D-06 - 5«2}:
@’@: }_2%:-3/
i”?%—r»@v@f,&»ulp’(améma_lﬂw

k=2 = 94223 @ () 2x2, 4426 @
2 ’??45_2:4 @
=g e322-4 O peayidx-byrlzo-8 O
@"®f?”}:7 ’®’@;0ﬁ_——2—:7
(Q”@'qﬂ”?’:7

ad

icmw,p&m”wf&a@l%ﬁfmaw

7 (c) Given further that the equations of the planes form a consistent system, find the solution
of the system of equations.

2 #-3

[3 marks]

Only consustunt o b =2
=2 75"}7-62'2 -3 (O

1—27,"4‘32 - -¢ @

/ﬁfma(lg’z:7@)

\
Cz:t 2 -k / ;L:'—?-eh X = 1O~ R
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8 A curve has equation
95— 4x
1+ x
8 (a) Sketch the curve.
[4 marks]
X :| - N
|
|
|
|
S
l
> X
%
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5—-4x

8 (b) Hence sketch the graph of y = .

\.__,7 —,;xdf"ff“f’j;""

[1 mark]

Turn over »
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. . . y+2
9 A line has Cartesian equations x—p = =3—z and a plane has
q
1
equationr. | —1| =-3
-2
9 (a) In the case where the plane fully contains the line, find the values of p and ¢.
[3 marks]
Lt - P = 4g+2 = 32
Ty
D> X = 7‘,9 s 2g-2 2-35-1

2 Axp Ry 42 -6+2% ~-53
0\\/3'—,7,)1“‘!3—/);'0 /éuAvM ’/\WL_%J

= pe /}:?

9 (b) In the case where the line intersects the plane at a single point, find the range of values
of p and ¢.

[3 marks]

Pzl

ot
/,’ \ 70
J (=

5%%0—02/{04%9%
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. 1
9 (0 In the case where the angle § between the line and the plane satisfies sing = T and

the line intersects the plane at z=0

9 (c) (i) Find the value of g.

[4 marks]
}7{5’ 5IF s & [

Js g

i»

,é.lfll/bl@sg y o Ao 2l ol b pmd e plene
() (3) . o
/—— ;, + 2 :)Z-r,;z? - é//é_

_ﬁ

oS A

2
/3’%\ 52"‘7,2 q’éq,fi,z—f?f?,?
YA / V4 d /

7:{;,
9 (c) (ii) Find the value of p. J =7/
vd/[‘_”&[Smarks]
- ‘/'g”"“%
”jé €:0 ,g=2 . X-p= 3 =2 9% Sep
V4 4 f /
£(4<2) =3 > - I.¢
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10 The curve, C, has equation y =
coshx

1
10 (a) Show that the x-coordinates of any stationary points of C satisfy the equation tanh x =—

X
[3 marks]
Q wolih e doe = h x - X pohx
’(/x m//\?f
SW/M Ao =0 = toslx — XSl x
J Az
rsh > = X seh X
st X = ¥
seh
o = —+
10 (b) (i) Sketch the graphs of y = tanh x and y=1 on the axes below.
X
[2 marks]
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10 (b) (i) Hence determine the number of stationary points of the curve C.

[1 mark]
! Y J
2 : porents
VR
2
10 (c) Show that d 32} + y =0 at each of the stationary points of the curve C.
dx
[4 marks]

_‘2/94 = ik x — > i) x
- VLN
% :@%2%(&&1 >Cw%@%%~@%x>a2@%zwf\/,%%szx)

Ane .
Gsh XX
4
_ﬁ{__?ﬁ/rj/'qus/\zI — 2wy il —2x sk x
'{’«xz mzA?x
2 2 2
é__a‘z -'f; cocmx ool e — e sl 2% Sen s —r__f—.
ULZ’Z a—v/\zx -
e 2 z .
/L T - - X x -2 x - ~ A X1 X cosh " x
A © ca%gx
‘ - )
ﬁi_,-e;,«— — 2 suk x‘/c_a-s%x——x%x/
3
Ao cosh "y

We Rnww cosh sc = > girhde =0  osse catitis b -0
doe
. A?ﬁ, +/‘7 - O ?M
A%
f—mét
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% srnhO
[ ke L (ot st
11 (a) Prove that sinh0 +1+C03h05200th¢9 //? !

1+ coshd sinhé
( y Lreste
A [+ et &
Explicitly state any hyperbolic identities that you use within your proof.
[4 marks]

LHS . soh 6 </lewsts)
sk &1+ ik o)
c s b B b sl 2eh O 4
M@/HMQ)
/c,w/\ O +( = cesh &\
5 2@%@/@%@w3
S”*\AQK/x‘M @)

c2eeh O =2 AtL O =RHS
sl O

sinhd  1+coshé@ . )
11 (b) Solve +— =4 giving your answer in an exact form.
1+ coshd sinh@

[2 marks]
2 th O =L
O - 2
oo Vs
o= fm‘//z
L//f

| = /2
= L (A/B/Z\
2 Uy /




PhysicsAndMathsTutor.com
17

12 The function f(x) = cosh(ix) is defined over the domain {x e R:—an <x<an}, where a

is a positive integer.
By considering the graph of y =[f(x)]", find the mean value of [f(x)]", when nis an odd
positive integer.

Fully justify your answer.

[3 marks]
AP - |
MMLDL/ z e <+ e Z eSS € C SanX €S — & Senx
> 2
= Ctes X - oty
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111 3" 3t 3t
13 Giventhat M=[1 1 1|, prove that M"=|3"" 3""' 3""| forall neN
1 1 1 31’!—1 31’!—1 3n—1
[5 marks]
|
n=!: LHS =« m =m_ 41 ( [\

)’L:}{‘f/
_&H(f—’.’s_’lkaC//f/\/zk‘ 2"
/l( [ ,/2'“ SR
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wrv/l%(k 3{ (k-1 3(}2—{): ?xg(kq)__?(kzsgk-,j“
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3(/2 d"l 02 l)\‘f 3(&—(5-” /
3(12’0“ ?(k-IS‘f( 3(/{45{—] /
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14 A particle, P, of mass M is released from rest and moves along a horizontal straight line
through a point O. When P is at a displacement of x metres from O, moving with a speed

vms™, a force of magnitude [8Mx| acts on the particle directed towards O. A resistive
force, of magnitude 4 Mv , also acts on P.

14 (a) Initially P is held at rest at a displacement of 1 metre from O. Describe completely the
motion of P after it is released.

Fully justify your answer.
[8 marks]

foma Mmoo S MY = Ma

e de —Gpmw =m A%
AE A

2
a{x M doe o {px =0
A At

4
Auwc ' A +4 Y18 =0

A =2 D
Coeerd sl - x fAe’Ztm{zéfg>

-2t

e = _2 /ﬂretha—:_/Zéﬂ?)f 2 A<
A
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14 (b) It is decided to alter the resistive force so that the motion of P is critically damped.

Determine the magnitude of the resistive force that will produce critically damped motion.
[4 marks]

Le/f»w?wibie MW:IA

:-ﬂtzfg 'f’}PﬂZ/i f-gX—:/D
At At

U desimmirant = O

szﬁa(_:o
}oz—#r?:O
;);_)/3_; =4 S

L For el dupmping | resistinee has
W = ()2 Mo
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15 An isolated island is populated by rabbits and foxes. At time ¢ the number of rabbits is x
and the number of foxes is y.

It is assumed that:

@ o The number of foxes increases at a rate proportional to the number of rabbits.
When there are 200 rabbits the number of foxes is increasing at a rate of 20
foxes per unit period of time.

If there were no foxes present, the number of rabbits would increase by 120% in
a unit period of time.

@ -

@ ¢ When both foxes and rabbits are present the foxes kill rabbits at a rate that is
equal to 110% of the current number of foxes.

@ e Attime ¢ =0, the number of foxes is 20 and the number of rabbits is 80.

15 (a) (i) Construct a mathematical model for the number of rabbits.
[9 marks]

Turn over »
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Cu\ai O’Lgl =0 -[|x A‘u-m MD?\Q/
At
Z
O. |l x = -10 _4,7- + (2
Y N
<
/0 ﬂ{/.l —i—120(x — 1.l =0
dE” At
4
A (O N +(2X —1.] = O
N=I1l1]l o Y=o |
o.l&
l+ Be_ué

éM&:{LAfZ;Ae

@’7 a{é =0’Z=30,;__=-2&:
>¢0 = A+ R @

@ @ 20 = 10 de + 12 (40)
[ At [

220 = =10 gee + 1860
At

IOD(OC = 7L0 - A = 7 ¢
At A
v - A P/o.ft . Eg.'.lt
0‘(/4{ = J. | Aaa'tf -+ ./ Be.“e
At
a)é é = 0 ﬁ(ﬁc__ =7 &
AL
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15 (a) (ii) Use this model to show that the number of rabbits has doubled after approximately
0.7 units of time.
[1 mark]

dt =0 7 = x o1 2997 4 077
1”:(5-7.{
[ S 7.4 =< 2.-90

15 (b) Suggest one way in which the model that you have used for the number of rabbits could
be refined.
[1 mark]

ASN/M_{ WW W"‘l—a}yma—u/{—

END OF QUESTIONS
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