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Section A

Answer all questions in the spaces provided.

1 |dentify the graph of y =1 — |x 4 2| from the options below.

Tick (v') one box.

A Y

[1 mark]

02
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2 Simplify Va3 x a

Circle your answer.

wWIN
ailnNy

[1 mark]
2 4 16
a’® a® @ a®
i1 L 3
‘o\'zs‘ «o¥ . (a3x bt - (o\%)l = Ois
3 Each of these functions has domain x € R
Which function does not have an inverse?
Circle your answer.
[1 mark]

Turn over for the next question
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x2 + bx+ ¢ and x2 + dx + e have a common factor (x + 2)
Show that 2(d — b) = e —c¢

Fully justify your answer.

[4 marks]
Since lx£2) is o factor, by sve fotior theoiem £(-2)=0 for
entln of twe funchont given.
J
Se
(<2 +b(-D+ <=0 3 4-2p+¢c=0 @
(2! 4+dl)+ e=0 * 4 -2d4+€=0 @

_Ejpo.\'h\s O _ond @ b-9b+tc=4%-2d+€

2d -2b =€-¢C

2(d-L)=e-¢

0 4
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5 Solve the differential equation
dt Inx
—=— forx >0
dx x2%

given x =1 when ¢t =2

Write your answer in the form #2 = f (x)
[7 marks]

dt _ Inx

X et
Jt e« [ 0% gx

_‘;".'.C.‘: J‘—“—«—dx

xL
mﬂgmﬁm_ba_pnﬂs: W=lnx v'i= -2
|
W= 5 V= —-x-!
Inx
EZ + C, = %2 dox
2
2 e s -z lax - YJi(-I")dz
2
;7' + C = -z"lnx + r‘x:"-dx
2
E-I-Cu = =X 'lnxe = X' + C,
2
t_z'_ = -1" ‘nx - ’l" <+ C . wneye cs C=-C,.
2
wWhen t=2, x=1: (__le= -l -1+ C
Z
2 ==\ =+C
c=3
So, £ - —x'lnx —x 43
2
tr = 6 -2 [14nx)
\ x /

Turn over for the next question
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A curve has equation

y=asinx + bcosx
where a and b are constants.
The maximum value of y is 4 and the curve passes through the point (g 2\@) as
shown in the diagram.

52

Find the exact values of ¢ and 5.
[6 marks]

Rein(x+ o) = 08X + heosx

The moximom vealve is 4 so R=&.

bsin (X + &) = 0.SInNX + beosX

4sin (x+ &) = &Sinxcose + 4 cosxsin

in (F+x)= Ve I 3

&stn(%‘ + beos (33:) =283

0= 4.CcosX

b=4sin

Ll-sm(‘{’+»<)=2f3=> sm(‘{‘“‘%‘% S A=0 er °¢=F§.
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From twe aarow, we Con See Ewat o(=]§.

o-4cs(3) = as2

b=4sn(3) 2  b-25

Turn over for the next question

Turn over p»
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7 (a) Sketch the graph of any cubic function that has both three distinct real roots and o
a positive coefficient of x3
[2 marks]
y A
X
7 (b) The function f(x) is defined by
f(x) =x3+3px% +¢
where p and g are constants and p >0
7 (b) (i) Show that there is a turning point where the curve crosses the y-axis.
[3 marks]

= %3 +3x* +q
I | /4
Tumning points octur  wien $'(x)=0:
4 0x) = 22 + gpx

Ix? 4 Ggm =0

3x(x429)=0

A=0 or x=-2¢

0 8
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7 (b) (ii) The equation f(x) = 0 has three distinct real roots.

By considering the positions of the turning points find, in terms of p, the range of

possible values of g.

3+ gx +9 = O 250

[5 marks]

Since ?70, 9(=-2||> L0

B% Consulhn 9 e d.jo.e;:nm, we con see ot Ewnwere s o N OXUMNAMW

Ay AX=-20 ond o _wminipaum ot X =0

:C} (0)= 9, so minimw_ar (0, 9,)

-ll'- (-2g)= (-29\3 +3p (-29\1 + 0

= —8e3 + 1203 +0

: 4ot R -2 ‘+o)

(—29.4934—01,\ must be obove X axis: 4et+q 20 =H -4p3 ¢ q

(0,9) wust be below .  axis: q’LO

So - 403l L0
7 A} L4

Turn over for the next question
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8 (a)

Theresa bought a house on 2 January 1970 for £8000.

The house was valued by a local estate agent on the same date every 10 years up

to 2010.

The valuations are shown in the following table.

Year

1970

1980

1990

2000

2010

Valuation price

£8 000

£19000

£36000

£82000

£205000

The valuation price of the house can be modelled by the equation

where V' pounds is the valuation price ¢ years after 2 January 1970 and p and g are

constants.

V=pq'

Show that 7 = pq' can be written as logyg V' = log4gp + t10g1g ¢

Iotho V = \_nom pa t
J J Y

[2 marks]

IOOro s \oa.np [3 \.60|nq,t
J J o v

loguo\l = Loguap & t logug,

10
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8 (b) The values in the table of log4g V' against ¢ have been plotted and a line of best fit box
has been drawn on the graph below.
t 0 10 20 30 40
log4g V' | 3.90 4.28 4.56 4.91 5.31
A
54
X/
/
/
5.2 /
’””’””’””””””””””””f””””
/
/
5.0 ;
Vi
4
/
/
4.8
/
//
/
/
4.6 /
/
log1oV /
/
4.4 /
/
/
/
/
4.2 /
/
/
;/
4.0
/
/
/
3.8
>
10 20 30 40 t
Question 8 continues on the next page

Turn over p»
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Using the given line of best fit, find estimates for the values of p and g.

Give your answers correct to three significant figures.

[4 marks]
Twe intercCept g loamp 30 \oqmp = 3.90
: f o
p= 103% - 3943 23..
p= 3940 (z.s..g\

The 9"0(“21& is \oJ...a So : ‘QSva = 4‘8-’50\

= 9
6-0 260
(=)

9= 0) = 1.0829...

q'=|.08 (3.5.£)

12
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8 (¢)

8 (d)

Determine the year in which Theresa’s house will first be worth half a million pounds.
[3 marks]

500000 = 3940 x\. 08t

t=53.328%... 1930 + 53= 2023

The | st o ol " K dudine. 2001

Explain whether your answer to part (c) is likely to be reliable.
[2 marks]

The model s based on dokra  between 1430 ond  20\0.

ch\ma‘on'ces Moy not contiviue 4o Smuo.

Turn over for the next question
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9 (a) Show that the first two terms of the binomial expansion of V4 — 2x2 are e ox
, X
2
[2 marks]
1
Voo = alom) = 2 (-2)2
9 (14 L(-2)
A
= 2 - 2
2
9 (b) State the range of values of x for which the expansion found in part (a) is valid.
[2 marks]
_xt ,
EiN
xt
|z
|x2] ¢ 2
[x1* L2

1xle dz

1 4 Jun19/7357/2
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9 (c) Hence, find an approximation for

0.4
J v/cosx dx

0

giving your answer to five decimal places.

Fully justify your answer.
[4 marks]

Sinte .4 is smoM, €OSX =« \- 9;’-

o-% 04
‘ -x
L cosx dx R S-o 2 dx

~
~

A

»
r
v

0.39%63  (5.4.0)

u

9 (d) A student decides to use this method to find an approximation for

1.4
J v/cosx dx

0

Explain why this may not be a suitable method.
[1 mark]

Turn over for Section B

Turn over p»

15 Jun19/7357/2




PhysicsAndMathsTutor.com

16

Do not write
. outside the
Section B box

Answer all questions in the spaces provided.

10 The diagram below shows a velocity-time graph for a particle moving with velocity
vms~1 at time ¢ seconds.

v (ms-1)
20

AN

10 / i

N

N

T 34 5 A 9 10 11 12 13 o' ®

N

N\

-10

Which statement is correct?

Tick (v) one box.
[1 mark]

The particle was stationary for 9 <r <12

The particle was decelerating for 12 <t <20 \/

The particle had a displacement of zero when ¢ =6

The particle’s speed when t =4 was —12 ms~!

16
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12

A wooden crate rests on a rough horizontal surface.
The coefficient of friction between the crate and the surface is 0.6
A forward force acts on the crate, parallel to the surface.
When this force is 600N, the crate is on the point of moving.
Find the weight of the crate. F=mR
600 = 0.6R 3 R=1000
Circle your answer.

[1 mark]

100kg 360 N 36 kg

A particle, under the action of two constant forces, is moving across a perfectly
smooth horizontal surface at a constant speed of 10ms~"

The first force acting on the particle is (400i 4+ 180j) N.
The second force acting on the particle is (pi — 180j) N.
Find the value of p.

Circle your answer.
[1 mark]

-390 390 400

Fil+ Fo=0 =5 p=-4%00

Turn over for the next question

17
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13 In a school experiment, a particle, of mass m kilograms, is released from rest at a
point 47 metres above the ground.

At the instant it reaches the ground, the particle has velocity vms™—

13 (a) Show that

v=1/2gh

[2 marks]

v = Jzgh

13 (b) A student correctly used # = 18 and measured v as 20

The student’s teacher claims that the machine measuring the velocity must have been
faulty.

Determine if the teacher’s claim is correct.

Fully justify your answer.
[3 marks]

Whea 9=9.8  ond =g

\I=\‘2x"|.8x\8

v=18.%

L20 motwine  is {’“" “J'

18
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Turn over p»
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14 (a)

A metal rod, of mass m kilograms and length 20 cm, lies at rest on a horizontal shelf.

The end of the rod, B, extends 6 cm beyond the edge of the shelf, A, as shown in the
diagram below.

20cm
[
Shelf A oom B
cm

The rod is in equilibrium when an object of mass 0.28 kilograms hangs from the
midpoint of AB.

Show that m = 0.21
[3 marks]

0.06m 0.03m
A Jl ]
A 23

A

U & 3

ToYe vomenis abavy A:

4

"9

(0.239 X0.03) - {mg X 0.04)=0

0.00840 = 0.04mq
=4 J

0.008% = 0.04m

m=0.0084%
0.0%

m= 0.21

2 0
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14 (b) The object of mass 0.28 kilograms is removed. *box

A number, n, of identical objects, each of mass 0.048 kg, are hung from the rod all at
a distance of 1cm from B.

Find the maximum value of n such that the rod remains horizontal.
[4 marks]

(0-0‘\-83 Xx0.05xn) — fo.z\g X 0-04)=0

0.002%an = 0.008%q
J J

0.0024n = 0-008Y%

n:13.9

14 (c) State one assumption you have made about the rod.
[1 mark]

n i .

Turn over for the next question

Turn over p»
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15

15 (a)

Four buoys on the surface of a large, calm lake are located at A, B, C and D with
position vectors given by

741 21 34 .
OA:[ 0]@:[ 0],—6:[ 30] andOD:[sgo}
710 530 ~310 40

All values are in metres.

Prove that the quadrilateral ABCD is a trapezium but not a parallelogram.

[5 marks]
I - 0% -Gh - [m] (4] ]
& - -t - [539)- (e[ o)
e CD=-15xAR
_Snme_\gn_gﬂn
Fot o patallelagrom, cotaal sidss_ate swe _same leagh
+ W 0N .

2 2
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15 (b)

A speed boat travels directly from B to C at a constant speed in 50 seconds.

Find the speed of the boat between B and C.
[4 marks]

velocity = dssplacemant

time

3¢ - 0t - o = [=3e]- [l o]

[

<

u

P

Ik

Q0 =
w

&£ S

—)

.

Sped = vl = \‘2.C1+|5.8‘ : 1Fms™

Turn over for the next question
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16

16 (a)

An elite athlete runs in a straight line to complete a 100-metre race.

During the race, the athlete’s velocity, vms1, may be modelled by
v=1171—-11.68¢ %% — 0.03¢ %%

where ¢ is the time, in seconds, after the starting pistol is fired.

Find the maximum value of v, giving your answer to one decimal place.

Fully justify your answer.
[8 marks]

-0.4t 0.3t

V=131 ~-1\. 68€ - 0.03€e

dv=10.50e"°%" — 0.009e°™
pm

10.-512 - 0.009€"% =0

0.00ae"* =10.5\2

e'? - jp.512 - 1148
0.009

L2t = ln (1168)

t=51n l“(sgy
6

=586 (3.d.9)

Ve L31- 1163005 BE _ g 53002058
V= \L5

dv -o.

de

2 4
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16 (b)

Find an expression for the distance run in terms of ¢.

S= gv dt

[6 marks]

4

o3t

S= Y LA -1 68e">* - 0.03e at

S= 1.9k +12.938e"%% —0.1e°* +¢

When &=0, $=0: 12.938 -0\ +C =0

C= -12.9%38

Distance = 1Lt + 12.9318e~°%* -p.1e°% -12.838

Question 16 continues on the next page

2 5

Turn over p»
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16 (c)

The athlete’s actual time for this race is 9.8 seconds.

Comment on the accuracy of the model.

S= |l31(a.8) + 12.4383€-2*Y —p.1@03%F

12. 838

= 99.98m

[2 marks]

o i <

whiclh is  ven (Cloge 4o 100m.

2 6
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17

17 (a)

Lizzie is sat securely on a wooden sledge.
The combined mass of Lizzie and the sledge is M kilograms.

The sledge is being pulled forward in a straight line along a horizontal surface by
means of a light inextensible rope, which is attached to the front of the sledge.

This rope stays inclined at an acute angle 6 above the horizontal and remains taut as
the sledge moves forward.

The sledge remains in contact with the surface throughout.

The coefficient of friction between the sledge and the surface is u and there are no
other resistance forces.

Lizzie and the sledge move forward with constant acceleration, ams—2
The tension in the rope is a constant 7" Newtons.

Show that

_ Mla+ug)
cos ) + psin6

[7 marks]

Resclve  verhicakly: R+ TsialB = Mj

\)s(ng F=mao: Tecos® - F = Mo
Substihie \:=,MR= Tcos® - ’I\AR= Ma

Tcos® - m (Ms —Tsin®) = Ma

T (o33 psin®) = Ma + Mg

T - M (0+ mq)

CosO + pSinG

2 8
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17 (b) It is known that when M =30, 6 = 30°, and T = 40, the sledge remains at rest.
Lizzie uses these values with the relationship formed in part (a) to find the value for u

Explain why her value for u may be incorrect.
[2 marks]

The c\odse iS ok vest  so  tve re\agdmsnip_ma_BMJmA

0SS frcHon  moy vet be (¢ Limihng vale.
=) J

END OF QUESTIONS

2 9
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There are no questions printed on this page
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There are no questions printed on this page

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

31

Jun19/7357/2

Do not write
outside the
box



PhysicsAndMathsTutor.com

32

There are no questions printed on this page
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