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Section A box

Answer all questions in the spaces provided.

1 Four possible sketches of y — ax? + hx + ¢ are shown below.

Given b2 — 4ac — 0 and a, b and ¢ are non-zero constants, which sketch is the only
one that could possibly be correct?

Tick (v') one box.
[1 mark]

VA

YA

oL

L
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2 A curve has equation y = f(x)

box
The curve has a point of inflection at x = 7

It is given that {'(7) — a and ' (7) = b, where « and b are real numbers.

Identify which one of the statements below must be true.

Circle your answer.

[1 mark]
£1(7) # 0 £(7) = 0 £(7) 40 ("f’*f?) -0
3 A sequence is defined by
gy =a and u,. 4 =-1xu,
95
Find } u,
n=1
Circle your answer.
[1 mark]

_a 0 @ 954

Turn over for the next question

Ui Turn over »
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4 (a)

4 (b)

L)

Lo nat whle
oulside the

Figure 1 shows the graph of y = |2x]|

MME Revi§é
Figure 1
VA
(
- >
@) ) X
On Figure 1 add a sketch of the graph of
y =3x8
[2 marks]
Find the coordinates of the points of intersection of the two graphs.
Fully justify your answer.
[4 marks]

| 2c) = V3o - b)

() 1 = 3x - b x =k
G@ =Gepr = Bpe= L xe e
Ck; 1) (l.2,9.4)
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MME Revise

5
/Do not write
aulside the

Turn over for the next question box
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6
Express
_ Ske-3)
(2x  11)(4  3x)
in the form
A B

2x—11) (@3

where 4 and B are integers.

MME Revise
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oulside the
hox

[3 marks]
S¢x-3)= AC(4-3x) + B( 2> -11)
Sx -\ = UA -3 +28x -U18B
S = -3+ 2R
-5 = 4h -1 B
|\
A=
p=-4 B=1
= | , Bl

—_—

(2%x-\) (4=m-3%)

Jun21/7357/2
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Show that the solution of the equation mr;gime
5( = 3'l4
can be written as
In 81
=
InN§ —In3
Fully justify your answer.
[4 marks]
X x4
Mo™ 2 a3
XIS ¢ o+ y) In
XINS - »cin? = 4¢In3
2C (\0S-In3) = 4in3
o CInS ~in3) = in%)
20 = ln ¥
IS =ins
Turn over for the next question
Turn over F
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7 A circle has equation box

2 +y? _Bx-8y=p

7 (a) (i) State the coordinates of the centre of the circle.

[1 mark]
(3,4) - o
7 (a) (i) Find the radius of the circle in terms of p.
[3 marks]
XL* + 9% = boe v ¥y + P
\J \J
" s +3"" - baoc -3y —-p=0
(B =B )% C3~4)2 -9 b -p =6
Coe=3)" % Lu-ygY* = 254 P
\J 5
(P\c;olms = m
7 (b) The circle intersects the coordinate axes at exactly three points.
Find the two possible values of p. -
[4 marks]

@,&Vmﬁ/@\/\/\ﬁ\%%g\/\g’ﬁ\s\a '
Ntersects at 3 pamis = either POSSes dvauegh

e cugu0 ar LOLCNes (il of g QXS

PASEES MICUGN oﬂgm Jli’)'rP =8 p=0

Ju‘st touChes Mo 9 Xy \Jr’lc) . -

pz -
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8 Kai is proving that n® — n is a multiple of 3 for all positive integer values of . box
Kai begins a proof by exhaustion.
Step 1 n3 —n=n(n?-1)
Step2  When n — 3m, where m is a n3—n=3mOm? - 1)
non-negative integer which is a multiple of 3
Step3  When n=3m+1, n3 —n=@m+1)(@m+1)2-1)
Step 4 = (3m + 1)(9m?)

=3(3m + 1)(3m?)
which is a multiple of 3

Step 5  Therefore n3 — n is a multiple of 3 for all positive integer values of n

8 (a) Explain the two mistakes that Kai has made after Step 3.
[2 marks]

> ¥on pas nor eacpandlod e HACYOIS cort ool
o
o Yai hag not coridered pompers & (e pPorm

Bih ¢

8 (b) Correct Kai's argument from Step 4 onwards.
[4 marks]

Step 4z = (ROEXAM* ¢ gy + | -\)
(.%ﬂ’\f'i)(q 'i'n‘li-(ﬂ\q)
3amAY (3N T+ 2m)

1

"

LOICN 1S o mMudkdpe of R

P16

L

Jun21{7357/2
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SHOP D - When N =3mMy L = N
o p2== (Jear X CReAyY*+=<1) 0
- = Brr2)(9m?> 4+ 2m +3)
33+ 2) (B2 ¢ 4am +1)
WMANAS 0 m LL_LU_LU;_Q{]. 3.
Turn over for the next question
|;‘I_ o Turn over b
11 Jun21/7357/2
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9 A robotic arm which is attached to a flat surface at the origin O, is used to draw a box

graphic design.

The arm is made from two rods OP and PQ, each of length d, which are joined at P.

A pen is attached to the arm at Q.

The coordinates of the pen are controlled by adjusting the angle OPQ and the angle #)
between OP and the xy-axis.

For this particular design the pen is made to move so that the two angles are always
equal to each other with 0 < () < r_; as shown in Figure 2.

Figure 2
V4
P
d
d
6\ 5
o . x
S @
Q
9 (a) Show that the x-coordinate of the pen can be modelled by the equation

x= d(cosO + sin (20 - %))
QP mares angle 20 saum hoprontad [2 marks]

x = dcos® - dceos2®©
>x = dcose - dsin (f -20@)
1 -

A ( ccsO +sin (26 -

A

M

Jun21/7387/2
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9 (b) Hence, show that

x=d(1+ cosl) — 2cos? )
[2 marks]

o x = d (oSO - cosiO) -
x=d Ccos® - (20052© 1))
x = d (| @ -2005*C) o

9 (c) It can be shown that

od 1\ 2
x_?—d(cosﬁ—z)

State the greatest possible value of x and the corresponding value of cos 6
[2 marks]

dyeast possble vyl - qd
- K3

B

Wt cos® =

Question 9 continues on the next page

- - Turn over »

i
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9 (d) Figure 3 below shows the arm when the x-coordinate is at its greatest possible value. wrsff; "
Figure 3
."I i
P
0
d
d
Q
0
0 x
Find, in terms of d, the exact distance 0Q.
using de cosing ruke [3 marks]
- OR* = d% +d* - 242 cosC o
= 214° - 24> (%)
= 3 d 3 I
i
QA = J6 &
i
L
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10 The function h is defined by

where h has its maximum possible domain.

10 (a) Find the domain of h.

Give your answer using set notation.
[3 marks]

[ XX 20 , ¢ ¥ 5 )

10 (b) Alice correctly calculates
h(1) = -0.5 and h(4) =2

_She then argues that since there is a change of sign there must be a value of x in the
interval 1 < x < 4 that gives h(x) =0

Explain the error in Alice’s argument.
[2 marks]

h () 8 pot openuols Q. X =3  meanng
J

mor Q (“ﬂ(,l.f\dﬂ.? DP %iQ\Jh betriuoon o¢= 1 and 4

cdoesS Qor impuj o fook. ¢

L

Jun21/73572
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10 (c) By considering any turning points of h, determine whether h has an inverse function. box
Fully justify your answer.
* [6 marks]
hix) = v B
Je=3 -
d [fxd(ac-3) -V = %5 ) S
: (x -3)>
L =R |-
= 2% (¢ B)- ‘2 | -
. (-39
h:0 _-;:,)(4/-1 (oc-3)-oc'le = 0O
(oc-23>%

Lo , .
2 1™ ac-x) - o2 20

(x-3) - Joc =p

2 Ve
IFB—Q-x:C)

£ = -3 1S pot 10 e domai) o b nency To

O{:ernrm has 0o ‘Lurmmj POines

hex) >0 for X >3
M) <o Ror <3

so Punonen S ohe 1 one And has an verse

Turn over for Section B

L
17
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Answer all questions in the spaces provided.

11 A particle’s displacement, » metres, with respect to time, ¢ seconds, is defined by the
equation
r=3e0%
Find an expression for the velocity, vms 1 of the particle at time ¢ seconds.
Circle your answer.
[1 mark]
v =15e05 ) v = 6e05 v = 1.510% y = 61e0-5
S e
12

A particle has a speed of 6ms™ in a direction relative to unit vectors i and j as
shown in the diagram below.

The velocity of this particle can be expressed as a vector [}'1} ms~’
V2

Find the correct expression for v,

Circle your answer.
[1 mark]

—r—
e T

vy =6c0s30° (v =6sin30° ) vy = —6sin30° Vo = —6 cos 30°

ma

Jun21/7357/2
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13 A vehicle, of total mass 1200kg, is travelling along a straight, horizontal road at a ra?cm
constant speed of 13ms
This vehicle begins to accelerate at a constant rate.
After 40 metres it reaches a speed of 17ms '
Find the resultant force acting on the vehicle during the period of acceleration.
: [3 marks]
VA Vel 0
|32 = |R242.a(40)
289 7 169 + goa
-2,
d:= |.5ms
F = ma
F = 1200 A V-5
= )JOON
Turn over for the next question
Turn over »

W
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14 A motorised scooter is travelling along a straight path with velocity vms 1 over time box

1 seconds as shown by the following graph.

VoA

10

0 | {r
0 5 10i 15 20 25 30 35

40 45 50

Noosha says that, in the period 12 <t < 36, the scooter travels approximately
130 metres.

Determine if Noosha is correct, showing clearly any calculations you have used.
[4 marks]

Distan = area under Mo Cuirve

" sput wio Y wapecia

1 = (x5 (5%:5.2) - 33

L4 F x 3 (52+862) - 399

32 8§ x 5 (b.2¢b) 7309

4§ —br 5 (Le3z.3) 30.9

Toral = 33+39.91430:9 +t 20.5

= 132.% & 13D

ANocsha's eseimpote uodS eqSon able

i
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15 A cyclist is towing a trailer behind her bicycle.

She is riding along a straight, horizontal path at a constant speed.

A tension of T newtons acts on the connecting rod between the bicycle and the trailer.

The cyclist is causing a constant driving force of 40N to be applied whilst pedalling
forwards on her bicycle.

The constant resistance force acting on the trailer is 12N

15 (a) State the value of T giving a clear reason for your answer.
[2 marks]
T=14
canstant Speed meanNs PoYQS on cho Qo
dne (h equiitbnim
15 (b) State one assumption you have made in reaching your answer to part (a).
[1 mark]

The red yemOns nonzantald

L

Jun21/7367/2
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15 (c) Find the external resistance force acting on the cyclist and her bicycle.

[TV

MME Revise

[2 marks]

40 = TR

40+ 12+ R

Turn over for the next question

23

Turn ove} b
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16 A straight uniform rod, AB, has length 6m and mass 0.2 kg
A particle of weight w newtons is fixed at A.
A second particle of weight 3w newtons is fixed at B.
The rod is suspended by a string from a point x metres from B.

The rod rests in equilibrium with AB horizontal and the string hanging vertically as
shown in the diagram below.

{
o
) 6m ’
Show that
S 3w+ 0.3g
2w+0.1g

[4 marks]

fmw,m_g MOMeNnts:

e = (3-%)0.29 & (6-)w
Swx = O-ba-.%29xr + LW - Woe
J Nl
q-LDD:: 1 OQQQC, = é)ll_) 4 C).L)q

N/ N

X = 3w+ 03

—

20U + o.lg

F

MR

Jun21/73687/2
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17 A ball is released from a great height so that it falls vertically downwards towards the
surface of the Earth.
17 (a) Using a simple model, Andy predicts that the velocity of the ball, exactly 2 seconds

after being released from rest, is 2¢ms !

Show how Andy has obtained his prediction.
[2 marks]

17 (b) Using a refined model, Amy predicts that the ball’s acceleration, ams—2, at time
t seconds after being released from rest is

a=g-01v

where vms~" is the velocity of the ball at time ¢ seconds.

Find an expression for v in terms of ¢,

[7 marks]
Q= _dv
clk
dy - Q- O IV rdu_f : LJU\*O-WOU
Ok ), J dx g

[ gy - [
JS-O-IV J

=~ |loinfg-0./%) = £ % ¢
J

ak t =0, v=0 —10In. g = C
)

_Pi0

e

Jun21/7357/2
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= | G bt fS Q:-lv) =} - Io(nj
B ~Os
.~ ~/hln 9-0. = Qe
- ~O -1t
o Y= 1Dg (|- o )
C
17 (c) Comment on the value of v for the two models as ¢ becomes large.

[2 marks]

Hndﬂj‘s-—e‘fm e ic)mj:tj lLeops mm\pnqmj

Amyec =3 The velocdyy appreachos an upper L i

Turn over for the next question

i S
27
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18 Two particles, P and Q, are projected at the same time from a fixed point X, on the e

ground, so that they travel in the same vertical plane.

P'is projected at an acute angle (° to the horizontal, with speed ums-"

Q is projected at an acute angle 2(0° to the horizontal, with speed 2ums "
Both particles land back on the ground at exactly the same point, Y.
Resistance forces to motion may be ignored.

18 (a) Show that

00529:%
Qo [6 marks]
B :; P
X V
i
g=vt - Lak
1
[ ) % = 1 - 9 3
verrical Q = tpSINQ St‘p
0 é? = Jusin©
¢
@) Eq = 4Gusm2®
F
o honzontal diseQn@s Ane equat SO
|
Epucos@ = Eg 2ucosZO

SL sttt W O @

20sIN@ ¢coSG = KU SwWn20 o820
9 %
2Lsine cgsS© = 8 SIN2(® COs 2( B

i
= * o2& -

AR
2 8
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18 (b) P takes a total of 0.4 seconds to travel from X to Y.

Find the time taken by Q to travel from X to Y.

[4 marks]
Cos® = 3/

4

Lep COSO - Eq 2c0s1®
(CSC = 3la ,  cos20 = 'k 4, . oS-G

04(3[(.} = !__’a X ‘2)( ],%

,@qv g 1.2 Seconds

18 (c) State one modelling assumption you have chosen to make in this question. Himarid

X and V’ arle fhe <came hm(-x)nk
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19 (a) (i)

19 (b)
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Two skaters, Jo and Amba, are separately skating across a smooth, horizontal Ou{sb’gi "
surface of ice.
Both are moving in the same direction, so that their paths are straight and are parallel
to each other.
Jo is moving with constant velocity (2.8i | 9.6))ms!
Attime 7 = 0 seconds Amba is at position (2i — 7j) metres and is moving with a
constant speed of 8ms !
Explain why Amba's velocity must be in the form k(2.81+9.6j)ms~", where k is a
constant.
[1 mark]
Mw%aw parallol « oo (¢ a scatlar
—padupe of mo oner |
19 (a) (i) Verify that k =0.8
[1 mark]
Amba ts yeledit) » G«%€2.8 1 +9.64)
T
Aba‘sS speod:- \/2-9—41 + F .6
2 g ms
Find the position vector of Amba when ¢ = 4
[3 marks]
< = Uk :
4 i i B9k
S= 4 « F . 6% 30,32
. ) -9 ] $-9b
C - L . d 20 . F2
i [ PRET ]
r = 22.%2 mewesS

i

Jun21/7357/2
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4 there is a djst tside th
positions. ance of 5 metres between Jo and Amba'’s e

Determine the shortest distance between their two parallel lines of motion

Fully justify your answer.

[5 marks]

~ Jo's Speod - _m = 0ms™

2.9 ///’n““‘—r:?—‘
5/ 40
7
(62 - [ 4o-321* -
} L[ — S
\

END OF QUESTIONS

Jun21/7357/2
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