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Section A

Answer all questions in the spaces provided.

State the values of |x| for which the binomial expansion of (3 + 2x)74 is valid.

Circle your answer.
[1 mark]

<2 x| <1 x| <3

(since (3+zocr"=3“*(t+§x)’*, so |Zx|t] whnith gives locll%)

A zoologist is investigating the growth of a population of red squirrels in a forest.

200
She uses the equation N = — as a model to predict the number of squirrels,

1+9¢ 5
N, in the population  weeks after the start of the investigation.

What is the size of the squirrel population at the start of the investigation?

Circle your answer.
[1 mark]

5 40 200

(S\:V\Ce ak {-_.-.O, N=200 =200 :ZO)
1+9e° 10
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3 (a)

3 (b)

A curve is defined by the parametric equations

x=12+2, y=1*—1

Find the gradient of the curve at the point where ¢ = -2

[4 marks]
a=t3+2 VE £? -\
dx - 3t? dy = 2t
dt dt
B‘j Eve  Choin vde,
dy . dy , dt . 2k x | = 2
dX ok Ox 3 3t
Ab b=-27, dy= 2 - 2 - -1
dx  3(-2) -6 3
Find a Cartesian equation of the curve.
[2 marks]
We wont t0  Uiminore b
3 = -2 E* = VEA
Lé = (xa)t e = (yn)

=  (x)V = (x;\+\\3

Turn over »
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4 (a)

4 (b)

The equation x> =3x+1=0 has three real roots.

Show that one of the roots lies between —2 and -1
[2 marks]

Ley ftx)= o? —3x+l.
£(-2)= (1P -3 () +1=-] L0
L0-0= (1)} -3(-N+1=3 >0

fe) (s continvous ond the cChawge of Sign indicotes o

root wwug lie vetrween %x=-2 and x = -1.

Taking x, = -2 as the first approximation to one of the roots, use the Newton-Raphson

method to find x,, the second approximation.
[3 marks]

L0z ot -3x 1)
£ix)=3%* -3

\

(1\!\\3 - 3%n +\
3(xXn) -3 /

Lnr = xn‘(
\

= -2 - /(-2.\3—-3(-2,\-\']\
3-2) -3
RN SRRt
\a | 9
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4 (c) Explain why the Newton-Raphson method fails in the case when the first approximation

e [1 mark]
xpe —L = [E-3NN) g 3. 53
} 3(-Nt -3 \3-3) 0

The division by 0 is undefined SO the method fails.

Turn over for the next question

Turn over »
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Determine a sequence of transformations which maps the graph of y =cosé onto the
graph of y =3cos@+3sinf

5 (a)

Fully justify your answer.
[6 marks]

Reos (B-0) = Reos@Qcoste + Rsin@sinke
Reos (@-¢)=3Cos@ + 3sin®

Comgo.ve : Reosat =3

RgcnOC:g

So, tonot:=Rsmx =1 H x=T
Qms\ﬂ :

y

R=3 =g =3 :(y.—:_@é:gﬁ-

—

Cosck COSE (&/2_\ \y—z 2

U

So e second eqguabon

becomes

Y=37 cos(O-TA).

Thais S o +ransiafion of /4 olong +ine

t“aoscﬂve X oxiS ond o sFrexcha <N +ne Y-

doved=Son  of scale  factr 3JZ.
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5 (b)

Hence or otherwise find the least value and greatest value of

4+(3cos@+3sin 6’)2

Fully justify your answer.
[3 marks]

4 + (3c0s0 + 35(nBO)"
= 4 4+ (307 cos (0-T)) = 4+ 13 cos® (O-T).

The waoninaumn of +hil s wwen  cost (O-F )=0
SO Ehe smosest valve s 4 +0 = 4

The moximum (s wwen Cos"—(@*%)ﬂ/ SO
EwWe LOX‘%eS\‘ volve s 4 4 18=272

Turn over for the next question

Turn over »
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6 A curve C, has equation y = x> —4x+k , where k is a constant.

It crosses the x-axis at the points (2 + \/g O) and (2 - \/g O)

6 (a) Find the value of k.

[2 marks]
-b: wLr-tal .
Solutions are fownd oy 20

et Jur —qx - 24 J5 o Jlg—wk =5

2 2

= 1b-4K =9 > [6-4K=20 > 4k=-4
* > k- |
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6 (b) Sketch the curve C, labelling the exact values of all intersections with the axes.
[3 marks]

J A

Turn over for the next question

Turn over »
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7 (a)

A student notices that when he adds two consecutive odd numbers together the answer
always seems to be the difference between two square numbers.

He claims that this will always be true.

He attempts to prove his claim as follows:

Step 1: Check first few cases
3+5=8 and 8=3"-1
5+7=12 and 12=4%-2?
7+9=16 and 16 =5° —3?

Step 2: Use pattern to predict and check a large example
101+103 = 204

subtract 1 and divide by 2 for the first number

Add 1 and divide by two for the second number

522 —50% =204 it works!

Step 3: Conclusion

The first few cases work and there is a pattern, which can be used to predict larger
numbers.

Therefore, it must be true for all consecutive odd numbers.

Explain what is wrong with the student’s “proof”.
[1 mark]

They hove only proven ir for +hole  Cofes, oy

Nok WPly o QUL nuNKRS.
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7 (b) Prove that the student’s claim is correct.
[3 marks]

Leb 2N+l ond 72n+? e o consecunve

0dd  nunnpers.
(2n+) + (2n43)= U+l

Let L and  (n+1Y be +he +wo sguave
NnunoRe. TwWelr difference i

(N+2)Y-Nt = N + an+ Y4 -nl= &N+l

Un+4  cann be umten
(.

aANd. we Xnan +holk

n UM\ 1V

Turn over for the next question

Turn over »
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8 A curve has equation y = 2x cos 3x + (3x2 - 4)sin 3x

8 (a) Find d_y giving your answer in the form (mx? + n)cos 3x, where m and n are integers.
dx

[4 marks]
Y = 22c cos3x ¥+ (3xt=4)stn3X
dy
= = 2% (-3sen3x) + 2¢ + 6ocsindx + -4 (083X

= - bxst +2¢ + 2-

= (2 + qe? —\'L\ Cos3X

= (%c?-—lo\, C 05 3%
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8 (b)

Show that the x-coordinates of the points of inflection of the curve satisfy the equation

9x2-10
6x

cot3x =

[4 marks]

dty
A po&\-\- o (nflecHon is wwhen dxt = 0.

d?y = =3 (qx2 -10)sin3xr + 18x cos3T =0

doxr

\8xcos3x = 3 (axz -10) sin3%

cos3X  _ 3 (axr —0)

s<n3IXC \ %x

cok3x = 3(aqxz —10)

18 x

Turn over »
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9 (a)

Three consecutive terms in an arithmetic sequence are 3e 7,5, 3¢e”

Find the possible values of p. Give your answers in an exact form.
[6 marks]

Terms of on bwithnetic seopence ore  a, ord, oa+2d.
So, 3e~f = ¢ ®

7

S5 =a+d @
3ef=a+24 @
F?om_@,_amm in ® ond @ :

2ef=za+2d=3e"+ 2 (5-0)

3e® - 3ef+10-20
ef :3ef+10 - e’
0 -3ef- 10 +3e"f

O -3e* -10e® +3

(3ef - (ef -3)

o
u

SO, 3ef-\ =0 of 69-3:.0
ef:

p=\n (Jq‘\ or 9:‘\1\(3)
\ M T4 Y

wi—
9
®
-
(Y]
w
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9 (b) Prove that there is no possible value of g for which 3e™, 5, 3e? are consecutive terms

of a geometric sequence.
[4 marks]

Assume & is pessible ond WOrk towords o Controdicion.

Teyms of 0. qeometnic series oave 0, 0OF, Of:.
o, 3¢ Vv=oa O

5= ar @

3€0":Qf7—®

u

Sovstitule ® omd (D tato @ ¢

Ort = 0&(5&\1= 125 - 25

3eY -
*  3e-
o, 25
3€¥= 36 7 9225 Conrrodiction.

Therefore, rihese +erps comnor form O geomednc

s?lﬁeg‘

END OF SECTION A
TURN OVER FOR SECTION B

Turn over »
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Section B

Answer all questions in the spaces provided.

10 A single force of magnitude 4 newtons acts on a particle of mass 50 grams.
Find the magnitude of the acceleration of the particle.

Circle your answer.
[1 mark]

12.5ms™ 0.08 ms™ 0.0125ms™

603 = 0.09 kg

F=mno
4 - 0.050

= _q'____ = 80 ms?
0.05
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11 A uniform rod, AB, has length 3 metres and mass 24 kg.

A particle of mass M kg is attached to the rod at A.

The rod is balanced in equilibrium on a support at C, which is 0.8 metres from A.

0.8 m
C
A@® B
/\
3m
Find the value of M.
[2 marks]
My
JL o-3 ) o-3 - -9
= A_ \L
C 24 4
Toke vwvoments apovy C:
O-3 x N\9 = 0.7 X 2% g
M= 0-7 x4 = 9|
0.8

Turn over for the next question

Turn over »
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12 A particle moves on a straight line with a constant acceleration, a m s2,

The initial velocity of the particle is U m s

After T seconds the particle has velocity J'm s

This information is shown on the velocity-time graph.

v(ms)4

»

Vv

T 7 (s)

The displacement, S metres, of the particle from its initial position at time 7 seconds is

given by the formula

S:%(U+V)T

12 (a) By considering the gradient of the graph, or otherwise, write down a formula for a in
terms of U, V'and T.
[1 mark]

oCCe\erakhon = 9ro.d(ev\|-

0= V-
T
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12 (b)  Hence show that V> =U? +2aS

[3 marks]
T=V-\U
(0N
Erom +he formula we ase givea = 25
w+Vv
2S = V-uU
vy o-
205 = (V=) (w+v)
208 = VL —Ut

VT = Wt + 208

Turn over for the next question

Turn over »
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13 The three forces F, , F, and F5 are acting on a particle.

= (251 +12j)N
F, =(-7i+5j)N
F, = (15i— 28j) N

The unit vectors i and j are horizontal and vertical respectively.

The resultant of these three forces is F newtons.

13 (a) (i) Find the magnitude of F, giving your answer to three significant figures.

[2 marks]

+hH+ B

ToYa\ £ovee:

L

R 4 (1) = J108a+121 = 34.385...

Masni—}ude :

23¢.8 N
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13 (a) (ii) Find the acute angle that F makes with the horizontal, giving your answer to the

nearest 0.1°
[2 marks]
33
6 _
\ " ton © = =%
\ o 2o )

u
o
-£
W)
,F'
©

18. 4°

13 (b) The fourth force, F, , is applied to the particle so that the four forces are in equilibrium.

Find F, , giving your answer in terms of i and j.
[1 mark]

Let Eu=zi+y). [ +Fe-0

33 -1) +xg +93=0i +0)

XL byj =-Biang 0 x =-3B, yll and Fe =B+

Turn over for the next question

Turn over »
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14

14 (a)

The graph below models the velocity of a small train as it moves on a straight track for
20 seconds.

The front of the train is at the point Awhen =0
The mass of the train is 800kg.

) ;

Find the total distance travelled in the 20 seconds.
[3 marks]

IN_the £irsy 6 seconds: 6x8= 48 m

At GLECIO, [(10-6)¥8 - |6m
2

At 1oL EL20, (20-10)X2 = 10wm
2

Total: &8 4+ 16 &+ (0= F4wm
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14 (b) Find the distance of the front of the train from the point A at the end of the 20 seconds.
[1 mark]

The port of the graph LNdRrMeath +he x oxd is  when the
train 8 veoding back to A, So it decreases twe distance from A:

(L8 +16)-10=54%m

14 (c) Find the maximum magnitude of the resultant force acting on the train.
[2 marks]

TWe  Steegest oQort of +he oragh is frem 6-10 Seconds, so
the occelerorion lnas greaer mognitvde here :

ng)
u

Mo = 300 x2 =1600nN

14 (d) Explain why, in reality, the graph may not be an accurate model of the motion of the

train.
[1 mark]

groduol thonge SO the gragh would lhave  curves.

Turn over »
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15 At time ¢ = 0, a parachutist jumps out of an airplane that is travelling horizontally.

The velocity, vm s_1, of the parachutist at time ¢ seconds is given by:
v =(40e°%)i+50(e % —1)j

The unit vectors i and j are horizontal and vertical respectively.
Assume that the parachutist is at the origin when ¢ =0

Model the parachutist as a particle.

15 (a) Find an expression for the position vector of the parachutist at time .
[4 marks]
r= g\_/ dt = ( J( toe” o\t)i_ + ( fso (g-o- ‘)db\,i

(‘ 200e° 4 ¢, )i+ 50 (-5e-°2% ¢ + c,_\é

At k=0, r=0: -200e°*? 4c =0

¢.=200

50 (-5e-°%® -0 4 €)= 0

C.=290

So, € = (-200e"%* +200)i + (-250e-°* 50t +250)]
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15 (b) The parachutist opens her parachute when she has travelled 100 metres horizontally.
Find the vertical displacement of the parachutist from the origin when she opens

her parachute.
[4 marks]

HOf(zonal disromce: -200e-°?%t +200=100

200€~°%¢ = 100
e- otk . .'z
- 0.2k = In (lz\
kz-5\n (')i)
b=Sla(2) .
b ks + verkic i(spl i

- 250e-°%(51"2) _ 50(5102) 4+ 250 = - 8.2 8¢...

= -48.3

S0 tne pasaciwrist IS S0m  below +he origin.

15 (c) Carefully, explaining the steps that you take, deduce the value of g used in the
formulation of this model.

[3 marks]
% (S +he occelerahon  in rhe wertical direction so we wneed +to
{ jole ¢ i LI nt:
d [S0e->* - 50)= -10e-°*
at \ /
Inikially, t:0 SO tne acrelerafion is  -10e=%* = -0
=0 wnere i no icol oCi intki

accelerarion is all dve o gravity so q:=)10ms™?
J J

Turn over »
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16 In this question use g =9.8 m s,

The diagram shows a box, of mass 8.0 kg, being pulled by a string so that the box
moves at a constant speed along a rough horizontal wooden board.

The string is at an angle of 40° to the horizontal.

The tension in the string is 50 newtons.

50

40°

uR

o0 &— — O

The coefficient of friction between the box and the board is u

Model the box as a particle.

16 (a) Show that ©=0.83
[4 marks]

R(1): R+ 50smnko - 89

R- 89 - S0sin %0

R=(8xq.8) - 50sinuo = 46-2606

R (=): ,MR=‘50cos'u—O

M = 50cos40 . SOcos40
' R 46.260 6

M= 0.827966..

M= 0.83
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Question 16 continues on the next page

Turn over »
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16 (b) One end of the board is lifted up so that the board is now inclined at an angle of 5° to
the horizontal.

The box is pulled up the inclined board.

The string remains at an angle of 40° to the board.

The tension in the string is increased so that the box accelerates up the board at 3 m 52

/)

50

16 (b) (i) Draw a diagram to show the forces acting on the box as it moves.
[1 mark]

40
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16 (b) (ii) Find the tension in the string as the box accelerates up the slope at 3 m s2.
[7 marks]

R(t): ‘33cos’5= R + Tsinko
R(=): F=ma
Tcos4o = F - ‘33 sinf = 8(3)= 2%

T (cos40 +,AAS\'V\'+O) 2% + 89 sinS + m3gcos5

T= 2% + 89s5in5 + m8gcos5
Cos®0 + msinkO

T = 24 + 8(9.8)sinS + 3(0.823966)(9-8) cosS
CosS%0 + 0.823966 sin&o

T = 33.559...
T:=34

Turn over »
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17

17 (a)

In this question use g =9.81 ms2.

A ball is projected from the origin. After 2.5 seconds, the ball lands at the point with
position vector (40i — 10j) metres.

The unit vectors i and j are horizontal and vertical respectively.

Assume that there are no resistance forces acting on the ball.

Find the speed of the ball when it is at a height of 3 metres above its initial position.

u [6 marks]
A’;\\ R(=): x

*
" N

R(1): s=-10, u=y, a=-a8 t

14

o
£ n-lv\
o

a

(1]
N
U

ROR
il
o~

.“"
m
N

S:ut +Lat*

10 = 2.5¢ + .‘il-q.enlz.s)‘

2.5 =é‘_( 81)(2.5)* -10

(U4

Q.
z %[{H.sn(zs)“-lo] = 8.1625

(=

So, +he initial velocity ig 6L + 8.2625)
At twe mew Qosifion : r _—°

| o
16

t i WelOCihy i i\l S b i rahng thi

way. For the verkical velociby: S=3, uz 8.2625, V=V, a:-9.9

V2 = Ut + 205

v :J8.2625%+2(-9.91)(3) = 3.0¢3

Velocty or P is : 16c + 3.063)

Speed. : 162 +3.063% = 16.294 ms"
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17 (b) State the speed of the ball when it is at its maximum height.
[1 mark]

weyhcal compon rab ¢

hmiimmuy._Sn speed is 1bms-!

17 (c) Explain why the answer you found in part (b) may not be the actual speed of the ball

when it is at its maximum height.
[1 mark]

we assumed  tnere  wos o air vesutance  whith  wes ot  vealishe,
SO \norizmntal speed would nor  be constont as it woeuld decreawr

With _ Gir  vesistawnce.

END OF QUESTIONS

Turn over »
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