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Sectlon A

Answer all questions In the spaces providad,

Which ane of these functions Is decreasing for all real values of x?

Circle your answer.

[1 mark]

fl=e*  fl)=—e' fl)= e~

Which one of the following equations has no real solutions?
Tick (/] one box.

cotx =0

Inx=10

k+1=0

secxr =0 141

[1 mark]
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Find the coefficlent of 12 in the binomial axpansion of fi.r - —)

| Da oy wetla
dufanie [bo
dar
X
" " - [3 marks]
Sl nl )
= Slbwilx x L-%j
= —-hyigy x*
CoOffpouny = —1WR38L

Turn over for the next question

Tumn aver @
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4
iF = '
‘ Using emall angle approximations, show that for small, son2am, values of « ol
L LA
cosdr |
whare 4 is a conatan! to be datarminad
(4 maris]
tangy = 52 for Smou volead Tk E
X honSa = LT
O Wy - | Lo e )
1 e q Ty
= Al [ B, . }
V=
T
= Dy ™
= hlaxt®
L
-
— A
_Trtrtfore fr= '8
T |
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5 Use integration by substitution to show that

=
zgg

r1:~.-’41+1d:=5:‘l:
-3

Fully justify your answer.
il - [6 marks]
Rtk an = e+l Ea= 4 =1 b2 7

50 J-_':.,, Lluxsr dx = j- LE[\%]-M '5"-'-"-~L_L|r
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B The line L has equation
Ay 12v—200 (1)
A circle, C. has centre (T, 8)
L is a tangent to C.
& (a) Find the coondinales of the polnt of IMersecilon of L and C.

Fully justify your answer.
[5 marks)
e L E:J.}.I.Lh-zinla

=7 &4 =19§-I1L=
LhE B

S

BE ~ 5 *

=7 4 =

groadiont 0f fongune = -%

e Brodewnt ¢F i e boly ceakes, (3,9) o

5
?f.'-m-l- G infersicHan = _I...

Eguednen 04 Fodus iy poiny SF insersacken’

g~ 4= La-w)
o . 13
=1 4= Tam ke
=7 lly® Sx=x33 &

e i o ldhy %3 H G
X e = i Liz: "
Fgl mopley o = 3
e

5 =5
o TC—
@_ = g T =R
-
33 +5
Reasvanging 0 =7 Yy= 311 i

T ey
Eu'ﬂﬁhhhnﬂ iy @ =7 5 I; hJ itz = LK

=7 %= =2zl

S, SN . L. 15 [T

Pownt ap inbtrieckion = L1919y

i
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Find the equation of C. [

' a [3 marks]

re= U‘*”r‘fif Ui -9)y* =169
Cguamen 't (=)' yy-al* =1k

Turn over for the next question
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T a and b are hwo posiBive irational numbars,
The sum of a and b i ralional.

The product of o and b & rational,

Canoling Is trying to prove $+ % Is rational,

Here s her proaol:

2

Siep 1 P
P a4+

Eod
a' b
Slep 2 2 I rational and a + b is non-zero and rational.

Step 3 Therefore —— I& ralional.
a+b

Step 4 Hence 1;+% Is rathonsl.

7 {a) () Ideniify Caroine's mistake.
i T 7 [1 mark]
Miseais g Stepl: Ot p T asb

| 7 {a) {ii) Write down & comrect version of the proof.
| a_+o [2 marks]

=i TR

k
et 6 T ol

ot

Since O+ b ound ab tat rodnveomield oy -5

Y iz ok
Worodunaad] s So 0 Tgoa

10
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Prove by contradiction that the dilference of any rational numbar and any irrational sow

number is jrrational, .
[4 marks]

A4 suml T Hal  dlhireendt OF Goy rakienad

by ond Y e fakieved B Alabar S ek oo

L% C [
TR Tt e dor o, b, 8, d EF and x itfahens,
bt by ok 0.
o &
=1 L& T

=7 X = T whAlh Shows w6 fedunel,

Fead W o Lomdvaclibeom [ hasad

d et oy vy rodrorict) e

and dedy peroartamad  Aueder Vs

LT e sl

Turn over »
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8 (b)

& (b) (i)

L oLy Mool 'l;'i-'-idj
id

The paint A lies on the curve whare = o

|
The tangent to the curve at A ia at an angle [ to a ine through A parallal 1o the I
A=@NiS, |

The point & has coondinates (1, 0)

The line AB is at an angle ¢ fo the y-axis,

_'|.I'J|.

By considering the gradient of the curve, show that

tan @ =£
poding 4 [3 marks]
dk = L ot = '3
% b;immm%ﬂ:;m
s
TSl dﬂjqu_:-lrxﬁ.d‘ﬂfd_t: f:_
b= & =1 “Wwaba |
|
h‘fum* of o lbina = 'r-r.l_n,a,.,ﬂ-n 0} e VS

belrurtiy P Yiaa  nd Pea  lewierts] hisdl

CunG= !"'-Il_

N

Jun0iTAET 2
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Floukiny Fotuhl iy

13
| O e wie
The curve defined by the paramelric equations | A
x=r and y=2t  -VZ<r<V2
is shawn in Figure 1 balow.
Figura 1
¥y
a *

Find a Cariesian equation of the curve in the form 32 = f'{x)

5 [2 marks]
= = H"l'l =, = -:i"i?
-1 :j‘-: L s

I

- Turn over &
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8 (b} (i) Find tan ¢ in terms of a.
' A = (a5 2. B = (l0) |

Lo {#': o -0 da
s =1 ar—

| 8 (b) (iii) Show that tan 28 — tan ¢
' 1ean® [3 marks]

[ e i S
tonlf= (—cana

i
— 2x A
|_{i-l"a_]Hl

L .
= Gr-y

= bk m 't"tl

|ﬂliﬂl - Turn owvar
T 5

HNIFISTR



9 (a)

b o bk s VA dioekn "L“’j

16

A cylinder is to be cut out of the circular face of a solid hemisphare.
The cylinder and the hemisphera have the same axis af symmalry,

The cylinder has height & and the hemisphare has a radius of 7,

Show that the volume, ¥, of the cylinder is given by

V= aR%% — ah?

@ oo diws g cyamder -

| ot de

[3 marks]

o b o1 tﬂlml‘i—ﬂ" = 7th

R:L: o S

\ Al L-wr)h

= T e T

JunZ0fF 572
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8 (b}  Find the maximum volume of the cylindes in lerms of £,

Fully justfy your answer.

Y . i [7 maries]
%/Mﬂjﬂhﬂh dh = TR Ank
e S =0

= wR*-3ixnt =0

=7 R*-3n*=0

=T 3n*= Rt

= h = E__ (h>0)
T3

J3 "\HIE] o
= ®e - o pd
43 ENE!
= AnBP_oge' = ane' - 27w &2
KBVE} 33 g

Turn aver for Section B

mllﬂ - Turn 1:-m|r l-
17
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Bactlon B

Anzwar all questions in tha apaces providad,

10 A vehicle is driven at a constant speed of 12ms=' along & stralght horlzontal road
Only one of the statements below is corecl.
Identify the cormact slatement,

Tick () one box.
[1 mark] |

The vehicla is accelerating

The vehicle's driving force exceeds the total force resisting ils mation

X

The resultant force acting on the vehicle is zero

The resultant ferce acting on the vehicle is dependent on its mass

g
1 A mumber of forces act on a parficle such that Ihemsn.ﬂtammiﬂ-[:_a}ﬂ |

One of the forces acting on the paricle is (_EEJN

Calculate the folal of the other forces acting on the paricle. ‘

Circle wour answer,

18

JuraTAT R
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| O e A
12 A perticle, P, la maving wilh constant velocity 81 — 12 |

A second particie, G, Is moving with constant velocity al + 8|
& travelz in o direction which |2 parallal to the mobion of P,
Find a.

Circle yvour answer,
[1 mark]

I

Turn over for the next guestion

Turn over

N20TIET
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13 A uniform rod, AB, has length 7 metres and mass 4 kilograms,
The rod rests on a single fixed pivot point, G, where AC = 2 malras.

A particle of weight ¥ newlons s fixed at A, as shown In the diagram.

B 7m J
A':‘ i ’ 8
; 2m
The system s in equilibrium with the rod resting horizontally,
13 (a) Find I¥, giving your answer In terms of g
[2 marks]
2w = -5 % %3
W= 3 9
13 (b) Explain how you have used the fact that the rod is uniform in part {a).
' (1 mark]

Tha vod s Uniform S WS wugh
Otks Gk Hai  cunkre .

Jurm2 T ESFZ
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14 At time 1 seconds a parficle, P, has posilion vactor r metres, wilh respact to @ fieed g
origin, such thal
P (13— 5@ 4 (81 - 1%)

14 (a) Find the exact speed of P when 1 = 2
[4 marks]

={ 3 - e + Lg-2%) )

Pvfpuen nanng Y
v = (11-20%: 4 LE-4Yy

wheatrt ¥ =L,
R U T

'J-f[.JA‘_,ILd-.'-'- !IIEL*-"*-‘ = L-\'E-Elﬂ{"

14 (b) Bella claims that the magnitude of acceleration of P will never be zero.

Determine whether Bafla's claim is comect.

Fully justify your anawer, I
[3 marks]

Dighaennoting © = lbE -10)L wihe - 13

lal % 2 (et (pt-1)* 30)

lool wu musd bt O haece  Reuew

50

Lo eaah

i |
Turn over »

21
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15 A particle s moving in 1 e
P moving in & straght line with velocity vms~! at tima 1 sacand -
ook by conds &9 shawn B
L
200

ol

160 -

140

120 H bt

100-{-::' i

S

B 80 100 ¢

0 10 20 30 40 50 60 7O

15 (a) Use the trapezium rule with four strips to estimate the distance travelled by the
particle during the fime pered 20 <1 < 100 L

S [4 marks]
—

Are = .1_%{ 151+ 5'.[ %O 4+ 204 ‘E.El] > ﬂ}

= V0 m

den20T35712
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15(b)  Ower the same time period, the curve can ba very closely modellad by a paricular
guadratic.

Explain how you could find an altemative estimate using this quadratic.
[1 mark]
Inkegramng el quodfode  kaorfen rec

Wpnks 1O amcd 1G0 .

Turn over for the next question

W | e
23
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16 Two particles A and 8 are releasad from real from differant slasting poinla above a e

horizantal surface.

A ig released from a haight of & metras,

B is released al & fime f seconds after A from a haight of bh metres, whare 0 < k < 1
Bath particles land on the surface 5 seconds afler A was released.

Assuming any resistance forces may be ignored, prove ihat

r=5(1- vk
Fully justify your answer.
[5 marks]
Fﬂul.tlr_"-.i'_ A - Ezhlﬂusaj_‘{hiﬂ‘r E=5
i .
o) ;LLE*JLMI — _i_ﬂ.a-..: '51; %3

. 15

& Il"l:_-'ﬂ'—
Pigrieis B - S=Kh, =9, .o=0, t=85-%

=7 i%ﬂ’g_ = '!'i,:.,., Fu(E-e)?
£5) 215k= rgrﬂ‘

=7 &Gl = 5% (o4 B<&<E)
=1 k= 5.{,!.-..1"-.:_’1.

Z 4

2on20iTIETI
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17 A ball Is projected forward from & fixed poinl, P, on & horaonial surface with an inital | e
spaed nms~ ', at an acute angle {1 above (he horzontal,

The ball naeds to first land at a point &t least d metres away from P.

You may assuma the ball may ba modelled as a particle and that alr resistance may
be ignored.

Show that 1

oy
o

Yermeally v Ay = snd | g = -9

<7 0 = MkESn@ - a-5xgxEd

| =7 0 = MA@ —0-53t (e #0)
=7 8% _ aswné |
- |
= b= 2uand |
3

Hoptemkaty =« M = woéd g
Xz Ak eesg

=Tk = ak 24mh8 g

-}

T T -

Il
|!! AundITIETZ
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18 (a)

Mooktis Meea G By

20

fin =y it

Block A, of mass 0.2kg, lles al rest on & rough plane. i~
The plane is inclined ot an angle 1 to the hordzonial, such that tanfl = 2_.':‘

A light inextensible string is attached to A and runs paralled to the ine of greatast
slope until i passes over 8 smooth fixed pulley at the lop of the slope.

The other end of this siring is attached o particle 8, of mass 2kg, which is hald at
rest o that the string is taut, as ehown in the diagram below,

i -;,,1_.55u19'

B is released from rest so that it begins to move vertically downwards with an

Show that the coefficient of friction between 4 and the surface of the Inclined plans
is 0.17
[8 marks]
E=ma

T-Wshg - F=ma
i Bk ok
=7 T = o23(028)-02mgl0 V6| =o-insidy ({for]

g1k
) Paecie
# L3 -T = 1x Toog Sy
=7 2y -lg-zg(0-28) + 0249 (a-10) *+ 024 28
su3

=7 ij - 024 {_{1-1!1— 4] LAy (006 = 1-21"3.';53
=7 9 1 -9ud% — 0192 0 = 191134 [
2} g s TR-LERE O BilR

o=-q L

SUNBNTHIT
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18 (b)  In this question use g = 8.81ma?
When A reaches & speed of 0.5ms=" the sting bresks,

18 (b) (I} Find the distance Iravelled by A after the string breaks until first coming to real,
[4 marks]

T=0. ﬂ—-"'l'!il'lln:q' F = mo

- 0L x9-g0 % (0023) - o2 10 13) kg2l Lofle =02 a

A = - L-32aII9L .

N = ot + 1oy

=7 5§ = o 0LlEE m

18 (b) (i) State an assumption that could affect the validity of your answer o part (B){i).
[1 mark]

The  Svaing dots nor Sbiktetr Haa block

oy N0 Do oAV EEaAL

i

JundTAET2
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19 A partiche moves so thal iis acceleration, ams 2, al lime 1 saconds may ba modalled o
i terme of its valocity, vms ', as
a= =012

The Initial velocity of tha particle is 4ms

19 (a) By first forming & suitable differential equation, show tha

i [6 marks]

deo b}
=
=7 V= Sedk,

SUMI TR



19 (b)

AL WS LLEL. © LLL-.:I

13
[ rod vl
Find the acceleration of tha particle when f = 55 e
i0 ia {2 marks]

v= Jdaxaies) = Ta=02§

o = —oiNT = —oh LVES = Lo isme

END OF QUESTIONS

JusdTI5TR
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