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Section A

Answer all questions in the spaces provided.

1

2

Which one of these functions is decreasing for all real values of x?

Circle your answer.

f(x) =e* f(x) = —el—

Which one of the following equations has no real solutions?

Tick (v') one box.

cotx =0

Inx=20

x+1 =0

secx=0 \/

f(x)=—-e*

[1 mark]

[1 mark]

02

Jun20/73572

Do not write
outside the
box



PhysicsAndMathsTutor.com

3
Do not write
outside the
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3 Find the coefficient of x2 in the binomial expansion of <2x - ;>
[3 marks]
) 2 9
- - - — - 1
(12-3Y = (3(0223)) = = (2223
A !
(4 L n x ©

/‘oclgkﬁirifnl; /I{ ( bB% —-2\,3

Cocflicenr (2)(2°L3) = - hasss

Turn over for the next question
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Using small angle approximations, show that for small, non-zero, values of x

xtan5x

— " =~ A
cosdx — 1

where 4 is a constant to be determined.

-

2
x
|~ 7

For <mal owmleg oS X~

[4 marks]

ond Aan 2 %"

So cosaxx -t oand  Lan Sz

Xﬂhn gx A 9((570 v 5,.2%2-’_6_
o5 Yx -1 -2 3
A %
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Turn over for the next question box

DO NOT WRITE /ON THIS PAGE
ANSWER IN THE /SPACES PROVIDED

Turn over »
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Do not write

Use integration by substitution to show that

6 7
j 1x\/4x+1dx—%

i

Fully justify your answer.

U=bxx) "};— =4

outside the
box

[6 marks]

Q’:TL‘(U—O

6 z p>
I=( x{ax 4\ &xcj(s % (- U l’wd"

[ P

“ Ay

X=-4 =20= k(5)\=0

X226 => u= t6)+[=15

%
_ (“3 £ y T2 % 2 ”4]
1= liz——Uzﬂl\):’nl'?YT\) -ZV Jo

\V4
o

(o]

5 )
=& E0s)" -5097)

6

|
So \)»‘/a Lyx+) dx = 7
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Turn over for the next question
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6 The line L has equation
5y + 12x = 298
A circle, C, has centre (7, 9)
L is a tangent to C.
6 (a) Find the coordinates of the point of intersection of L and C.

Fully justify your answer.

203 [5 marks]

r)u—r 7\1 29 © A7\f\)’ ~ 61—‘—’__ ()-f‘adlen#"/\)

Eo\m‘ﬁw\ of 4 cucle (DCAO\\,lJr(S-\DL:WI

’jL r(r NG +(V\—JD] O
=> Q(x*a\\)-t%t:\) b)??;(—
=7 ’;\1?5 = o[,\ 7; ( o\rw‘leM of /{aw\en”

AS Ml (‘\»/‘dve )ﬂ\as centre (}q),'glll

-x
7’\:«7: e = -RB = b @

N
™

t

s

SO(VIIM @O\V\DQ @ SlMl)Mﬂ)’IZZ)US'V\ wn% o Co\'cu(al'or
X= 12" and  y= )b

S o ’ N [

0 8
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6 (b) Find the equation of C. box

[3 marks]
(0~ e +(v\ q) =r?
(-4 (g} =r?
n- + < IM
(x-71) 4 (v\ N =
= (DL—?)+ (\4 °|\

Turn over for the next question

Turn over »
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7 a and b are two positive irrational numbers. box

The sum of a and b is rational.

The product of a and b is rational.

1 1
Caroline is trying to prove P + 5 is rational.

Here is her proof:

1 1 2
tep 1 —t =
Step a b atb
Step 2 2 is rational and a + b is non-zero and rational.
2 .
Step 3 Therefore is rational.
a+b
1 1. .
Step 4 Hence 5+B is rational.

7 (a) (i) Identify Caroline’s mistake.

/ﬂe Mistake 18 m Skep | as
o |

[1 mark]

L. — a+4b

//-

b A

7 (a) (ii) Write down a correct version of the proof.

2 k
\/_ 4 L = O+l [2 marks]
QA b Al

A otk ond_ab  are ol m\Hm/lad/ %I*
1S vukonal

G\ -
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7 (b)

Prove by contradiction that the difference of any rational number and any irrational
number is irrational.
[4 marks]

ASSUMe W /M\ﬁ CX)%@/W Joctween o rabional
ond  on Urahona is akonad

A _ =
%" X= T phere b, ¢ and £ Z

and  bd #0
ond x i< radonad

Lcraional  number i< raliona

11
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There are no questions printed on this page

DO NOT WRITE /ON THIS PAGE
ANSWER IN THE /SPACES PROVIDED
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8

8 (a)

The curve defined by the parametric equations
x=1t% and y=2¢ —V2<t<V2

is shown in Figure 1 below.

Figure 1
VA

Find a Cartesian equation of the curve in the form y2 =f(x)

=y

[2 marks]

U\Q: (1\’)1 = LTJY/L —%x S0 ulzhx
) J

13
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8 (b)

8 (b) (i)

The point A lies on the curve where t =a

The tangent to the curve at A is at an angle 0 to a line through A parallel to the
x-axis.

The point B has coordinates (1, 0)

The line AB is at an angle ¢ to the x-axis.

VA

By considering the gradient of the curve, show that

tanH:1
a
[3 marks]
d\ﬁ_ _ d.‘ﬁ/ahr _ 1 _
dx ~ dxgyr 26 "¢
An

/ﬂ\L Smé\id\\r 0‘{ /sz /(M\L AL €0|1041 ﬂ‘ /H\ﬂ /{an\a\)m{'
6(,;[ 8 <o fan O=%

F

1 4
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8 (b) (ii) Find tan ¢ in terms of a.

[2 marks]
A[Oxt/ /)\0\3 wnd 6(\/ O\
Gradient of AR 2x= 255 = =5
l
So }ou\ ¢’—‘— ;ﬁl
8 (b) (iii) Show that tan20 = tan ¢
”) /{-w,\ S [3 marks]
XL,O\:(\ 20 = "1 -tard
- YA - Qa
|- = o -|

15
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9 A cylinder is to be cut out of the circular face of a solid hemisphere.

The cylinder and the hemisphere have the same axis of symmetry.

The cylinder has height 4 and the hemisphere has a radius of R.

9 (a) Show that the volume, V, of the cylinder is given by

V =nR%h — nh®

[3 marks]

16
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9 (b) Find the maximum volume of the cylinder in terms of R. box

Fully justify your answer.

O = 4o [ fh - i) = TR -3

[7 marks]

%\ =0 =7 Slm\"!’onam \QOM_"
=> K- %‘\W;o\)
=7 R =2k

=7 L\: &

VZTE () -n[5= g

0{{\\/ Q.jlvl_
’—dll\?: "6’”1’\ Jk:}k 0 LD

J=

Co ;@& vohme calclaled i< o aximum

Turn over for Sectioin B

Turn over »
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Section B box

Answer all questions in the spaces provided.

10 A vehicle is driven at a constant speed of 12ms~" along a straight horizontal road.
Only one of the statements below is correct.
Identify the correct statement.

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

The vehicle is accelerating

The vehicle’s driving force exceeds the total force resisting its motion

The resultant force acting on the vehicle is zero \/

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

6
1 A number of forces act on a particle such that the resultant force is < > N

8
One of the forces acting on the particle is < 5) N

Calculate the total of the other forces acting on the particle.

Circle your answer.
[1 mark]

18
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12 A particle, P, is moving with constant velocity 8i — 12j
A second particle, Q, is moving with constant velocity ai + 9j
Q travels in a direction which is parallel to the motion of P.
Find a.

Circle your answer.

—1Z

Turn over for the next question

T oo (5

[1 mark]

19
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13

13 (a)

13 (b)

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

A particle of weight W newtons is fixed at A, as shown in the diagram.

7m i

A

o C
i 2m :

The system is in equilibrium with the rod resting horizontally.

Find W, giving your answer in terms of g.

[2 marks]
2M _ \.Sm AnbiclocmunSe, MNomMents
=“—> <
= € U
W 4‘0\
20 =15 (ka)
\r\/ = 30\
i)
Explain how you have used the fact that the rod is uniform in part (a).
[1 mark]

/ﬂ’\l rod 14 U(\);Zorm e webﬂ* ks ab e cente

2 0
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14

14 (a)

14 (b)

At time ¢ seconds a particle, P, has position vector r metres, with respect to a fixed
origin, such that

r=(t3 —542)i + (8¢ — t2)j

Find the exact speed of P when ¢t =2 2 1
o d ({3._ 3}2) (3*' -lo [4 marks]

= Y —ZN = =2
R N U -

AN

~ \'L"’l()) — (—@5\)
Vg = Q=4 /] b

\

Ql‘oeeo\ ~lvl= \/(—*%\1"r ()" = &5 ms

Bella claims that the magnitude of acceleration of P will never be zero.
Determine whether Bella’s claim is correct.

Fully justify your answer.

6+ -10 [3 marks]
A = -

|| = J (b0 + -
so 1817 2 o ol £ his means Mk Ho

BelRs  clam o mecrect

2 1
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15

15 (a)

A particle is moving in a straight line with velocity vms~—" at time ¢ seconds as shown
by the graph below.

VA

200

180

160 1=

140 — <

120

/

100

T—
7

80

60

40 \

7~

20

0 >
0 10 20 30 40 50 60 70 80 90 100 ¢

Use the trapezium rule with four strips to estimate the distance travelled by the
particle during the time period 20 <¢ <100

[4 marks]
h=20
(30—15], \i\)l:,lt\-o,. ({\jl‘:l’w/ \33:%0 and \j* =0
Proo = % (3,49, + 22+ 4 + )
=AN0m

2 2
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15 (b) Over the same time period, the curve can be very closely modelled by a particular
quadratic.

Explain how you could find an alternative estimate using this quadratic.
[1 mark]

%0 Could m*egm\lfé U\a q’u:dra:\ic /[:e,l'wee/\ ./H\z
Limits 2o and 1060

Turn over for the next question

Turn over »
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16 Two particles A and B are released from rest from different starting points above a box

horizontal surface.

A is released from a height of & metres.

B is released at a time ¢ seconds after A from a height of k& metres, where 0 < k < 1
Both particles land on the surface 5 seconds after A was released.

Assuming any resistance forces may be ignored, prove that

t=5(1-Vk)
Fully justify your answer.
[5 marks]
T
h I
OLk 4]
| Kk
v
Szob 152 kh=44(6-6
=4 25 kkz‘i"\(s‘f)) @
25
h="2 9
kh: 7 ka ©
Eau&}ng O ad @
L Q/; )?o\\:\i ‘5(5-*)2
25k = (5- &)
5JK =5-£ s (04tes se Slr=-5-¢)

t =6-5Jk
f;S(l—\ﬁ?\

2 4
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Turn over for the next question
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17

A ball is projected forward from a fixed point, P, on a horizontal surface with an initial
speed ums~1, at an acute angle 0 above the horizontal.

The ball needs to first land at a point at least d metres away from P.

You may assume the ball may be modelled as a particle and that air resistance may
be ignored.

Show that

sin20 > @

[6 marks]
N-V
V=Ut+at = 6= &

T

. . . 8 -
—> :9—_—‘{3"«‘2: U&:\ (T(Mf f erbe of
\3 QD

prolect le)
‘ J

Canae =d= (wos B) £
= (cos 9)[Qusin (9) = %nbcos B

N )

_ utsn26
- A
)
mnge 2: d
visin 29
d= =5

do £ Psin 20
J

dy

wnNB= R

2 6
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Turn over for the next question
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18

18 (a)

Block A, of mass 0.2kg, lies at rest on a rough plane.

The plane is inclined at an angle 6 to the horizontal, such that tan = >z

A light inextensible string is attached to A and runs parallel to the line of greatest
slope until it passes over a smooth fixed pulley at the top of the slope.

The other end of this string is attached to particle B, of mass 2kg, which is held at
rest so that the string is taut, as shown in the diagram below.

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

acceleration of 43 ms—2
6255

Show that the coefficient of friction between A and the surface of the inclined plane
is 0.17

RC) T -pR- 010\5'"‘“07‘(615‘\} ©

[8 marks]

R(n) 2q- T=2 (%) @

Addis @ and OF

suz
Olo\ NR 020sin 0 = 2.1 (@23 /]
5 G /
O’ch u(oaqme\ ~02asn =21 s
J ~ (s@z)
0L - }-/(c)’lcos B) —O02simf =22 \&= Z
(583 \ . e

2. \ﬁ)paz +02sn B 24
N= 0.2Ccos6
! =

[543\ 2\ So sin© = 29

22 (s ) - 01+02Las/ 2%

= 012 (5<) Cos 8= 2§
=0. 17
V=012
7/

2 8
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18 (b) In this question use g = 9.81ms2 o

When A reaches a speed of 0.5ms~"! the string breaks.

18 (b) (i) Find the distance travelled by A after the string breaks until first coming to rest.

4 marks
A [ ]

L =
V ::Ul+/las =7 2 S

b = o = 0.01%
S =2 /,pﬁcosg’\-@)s’nm QS(O.H(%&\:*Q/%, i ™

18 (b) (ii) State an assumption that could affect the validity of your answer to part (b)(i).

[1 mark]
For by before  co
rest
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19 A particle moves so that its acceleration, ams™<, at time ¢ seconds may be modelled box
in terms of its velocity, vms~1, as
a=—-01v2

The initial velocity of the particle is 4ms—"

19 (a) By first forming a suitable differential equation, show that
- 20
- 5+2¢
0\" [6 marks]

= ~ 2
Q= -pIv* =27 I‘r O.lv

rd'v C
_ / & - \\»0.\(}\}

\

=7 —-) = —0olit+C
\

—2 N= A”E-C

\/( = "}C 4 —>r=-4

’/;:D

1
vV = olL+ Y

20
V = Tk

32
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19 (b) Find the acceleration of the particle when ¢ =5.5

20 —
V= EnEs) T 28 ms

[2 marks]

O= -0 |V = —ol\ (1LSY

= —D.15625ms~?

END OF QUESTIONS
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There are no questions printed on this page
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Question Additional page, if required.
number Write the question numbers in the left-hand margin.
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Question
number

Additional page, if required.
Write the question numbers in the left-hand margin.
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