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Section A

Answer all questions in the spaces provided.

Tick (v') one box.

A y

1 Identify the graph of y = 1— |x + 2| from the options below.

\/
N x
B ¥
/\ :
& y
X
D y
N - v

—

[1 mark]

N
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Fpm ,R_p La(,-(J D{ vrdvees

2 2
2 Simplify Va3 x a5 a X q - a b+ ¢
b ab
Circle your answer. Ca ) a
[1 mark]
2 16
b O J
%/3 2/1 /_3 + Q/r
a Xa 2 '=’/ (i ' X:' a— & i
i ~ /‘ — {
a )t q =
3 Each of these functions has domain x € R
Which function does not have an inverse?
Circle your answer.
[1 mark]

f(x) =x3 f(x) =2x+1 f(x) = e*

A’ ‘fund'-lon '\"O \have an |Nverse H» YY“'U'S' loé oné f’
oNe rLa.‘ ¥ f-m cackh value of \5 , ‘Hlfe N

Turn over for the next question

onty one Pomw vatue of X.

T

exxamplr ,{ (1) =
& ')

Turn over »
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4

x2 4+ bx +c and x2 +dx +e have a common factor (x + 2)

Show that 2(d - b) =e ¢

Fully justify your answer.
[4 marks]

t'f ('I ‘(':2) ):{ a 1’——6\(,,(94,’ W\,\e(} X = -2/
«l(:(x§ %= B .

7

KIL?(\ X = =& 3L+b:cfc - O

(-2) +b(-2) 4 c:o

4 -2bdc = 0 -.-. G

M”‘\?n oA = <=2 :(7’40!ar+ g s 0O
[—Q)Q'{'d(-l)-{-@‘:o
4 - 2d e =0 -. (]
ézuc.}iva} (’Qua)s'ow Gy __and ()
Al = 2ba ¢ = 4y -ad+e
4-4 —3b +2d = €~-¢C

..lb-i-:zd: e - (

2(-&>+J_) . €»C
&Co’-b> = C"C

1)
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Pt
5 Solve the differential equation box
d |
d—;—_-%:- forx>0
given x =1 when ¢ =2
Write your answer in the form 2 = f(x)
d‘f _ f & 5¢ [7 marks]
ax v Aot x
In>c da‘. = qu-é d(_ '§ [nx dx = /éélt
Xt _.;7" * J
Inx d= =[Edt = -Ina —_}\ = tl.—fc,
a2t - & > § pa}
e ) ’ M hew == F =2
(o falup {lni c}.x Lob L "f,n(J) _ :EQZI'TC
J x? ' b / 2
Use  inktdimbon by Pacts = Dl Eak
- ! > = =] - 2z -
V\A\l — UV~ (IV du & / >
J -TnxX _ | _ 42 )
Le4 h = Tnax - -5 )
do—= ,__"_.. Mv(hl'? Lyrn b Z
2% Ay ‘;S
let du<= 1. = =* S L’L- - L/-[Ax 41
o - . 4
3"1 - [3(, dl 2 \f
J" E = G-{—z/'_i_r'nx ‘})
NN = -2 = -’__L k s
InX (‘ 2 = (; Y Fvroe H |
o —Inx - — ] | dx ( ~
o J X X N i
. +
= -l (o dx t = €-aflnxt
>d ™ o
= =Ing + [ ( Tur, 1over for the next question
X 2t )
gy = -~ -1 e
05 X >8
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6 A curve has equation

y=asinx + bcosx
where ¢ and b are constants.

The maximum value of y is 4 and the curve passes through the point (g 2\/5) as
shown in the diagram.

529

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

Y = asinxX 4 bted X

Q-.(.‘n (D(—%o() = aSimax 4 b cos >

Mﬂl;""qm value (r{,* y= y = R
-:5 A (in (9(+D(> = Qs X + bcos K

/“ Yoo point (T, . az)
l L2

7

A tn [T, 4+ 2\ =28
/2 )

fin [T, + &\ = 25
(’3 7 ~F

)

-

!
=1

T = Sire
T |

Cin [, 'fp(\ = I3,
/s

)

.-/z/
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2 K= BTy =

0
|

QJv‘no(

Qcoso( - a .

. P 5 |
/\‘ BYEERA Qa
%

e L
4xﬁA
202 = b

Turn over for the next question

07

Turn over »
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7 (a) Sketch the graph of any cubic function that has both three distinct real roots and
a positive coefficient of x3
[2 marks]
y A
[ x
7 (b) The function f (x) is defined by
f(x)=x+3px% +q
where p and ¢ are constants and p > 0
7 (b) (i) Show that there is a turning point where the curve crosses the y-axis.
tuining  point of a fontkon 11 & \f)omfF [3 marks]
hee '(50) -o
]
{(ac) s X3+ Spa1Q
,F'(x) = 3207 + Q.FJ( =0
gx(x +rp):o
3d =6 =§ x =20 or D(+QP:° 5! .If'zﬂP
'-> (I'L{,N’ are +u..)o f‘!vfniﬂj }Do;n’b ﬁaf ‘k)? .,L,nd,;o-—y -,F(-:()‘
(
bECClUJ? X = D £ Q -L)rn sl po:n‘) 0 [ ’fte
. % o= 4 '
-f.’nd—.ov’) , 'f‘f,q o Hewe o be o ~orn ?ng Point
whe e »\’f/ﬁ CvlN e (yolfse s -44) q-qx.‘q . ,
()

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

By considering the positions of the turning points find, in terms of p, the range of
possible values of g.
[5 marks]

X =0 e wmnimum 'l\)m?r'g, FO;""*_
‘(-}-'w? P?o , 3z = Q.l:a v Tl yoaximom
-L)rn'mﬂ FJM{—'

f(x) - a 43pa+9 .. - - (0
JuLu—}-t"raka X T e | {)nl) X = "-'*,P int> (4)

£l) = o * ”rB?(O,)fQ

S He) - g

,{(-Ap) = G-D’p\3+z’p(‘3fy-i-9

| o _gp3 41ap3s0
. '}L(—APB', J4’03‘i‘?\’

fme PSe S AP 2 1

Turn over for the next question

Turn over »

09

Jun19/7357/2




10

8 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 | £8000 | £19000 | £36000 | £82000 | £205000

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

V =pq'

where V' pounds is the valuation price 7 years after 2 January 1970 and p and g are
constants.

8 (a) Show that ¥ = pg' can be written as logyg ¥ = l0g1gp + 110910 ¢

[2 marks]
\ - pcgt
'ﬂ“(‘OJ()C{‘ﬂg LOS |H,m oN LDO‘}’L J\d?‘" y
Laa V - LOS (Pqt)
Jlo o
gOr‘ﬂ 'R—e | aw 0k Logou}-H\ms }
Log !3% = Log P 4 Log Q
lo jo \0
’ L
log O = & Lkeg @
) lo &
! log 9
N P A
1o

Log P + t Loﬁ'oq“

- LOg \{ - Log f + '(’. Loj'ODL *3

I
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8 (b) The values in the table of logyq /' against ¢ have been plotted and a line of best fit box
has been drawn on the graph below.

t 0 10 20 30 40

logioV | 3.90 4.28 4.56 4.91 5.31

4
54 1 by

: }
12 - -
5.2
|
5.0 TT
K.
| /
4.8
4.6
/
logioV
i 1]
4.4 £ =
x/
4241 7 T
/
4.01+
A

X

3.8
I 1 i i mﬁi >
10 20 30 40 t
Question 8 continues on the next page

Turn over »
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Using the given line of best fit, find estimates for the values of p and g. box
Give your answers correct to three significant figures.

E(L()Wgﬂ o~ 04 +€? [C ne o,} L o5t f{-]— 1 of ’Jg marks]
P Y= mot & b whe® a0 =
giodiont of e |ine ord b 0 Fe y- infergept-

Loa ¥ = {Lof,'q_ + Lleog \9
) ]

K%

o]

C\fota'.‘emL - Loq Q,

JIO

=0 . \
rﬂ,k.;"'ﬁ +W° bovﬂb G\JOnfj‘ M’ ‘\"\e r

Q;r q-aq} f (‘zsf S'()

boo g = cf - 4-ay
i 2¢- 1o
L°5,°Q = ©0:-024yd
o~0$cf°()
—; q -~ Io( - \_02:?6'?0\ 2~ l-o b

(i::-ot

|
\"
__O
y)

L\O.ﬁ(o F -~ 290

Ta40

"

r
9

- 1-0§

1 2
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8 (c)

\|I/.,

8 (d)

.MD bCCunP +€£ mocle[ i On(j bﬂieﬂl on

-HOU‘J—? Pricer  may not comhinue 4o grw  n

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

V = &c0,00® [3 marks]
kog V = t'oﬂ Q@ + Llog P
“1o ) Vjo
V= f9° .
500 ooce - 1940 Y . 0k
o0, 000 - l-oat

+q4o
b—=—tog -0
log | .0 &
b = S48
M ¥ 23 = 2043

T | > ' l.”l\u‘
“The Joure weitt
ound S fn a0 ?.

Explain whether your answer to part (c) is likely to be reliable.

[2 marks]

daui-q ’fgom 1493 4o Qoo .

| .
the fame way |‘na'e{-.'mfdcé.

Turn over for the next question

7

I

Turn over p
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9 (a)

"

9 (b)

Show that the first two terms of the binomial expansion of V4 — 2x2 are

2—)6—2 ]
A - QDCL = (4 B '2L> /1 [2 marks]
AN \\'z
)
W«Qa(\ i | - ;_:) 1
2 /'{.{\ !kl/'j_-z\o o /'/2\ !'l-"/‘i}’\'
No) A2/ (4 (2]
a (1 + B (F]))=-2(1-%)
L : \2 —2—:
State the range of values of x for which the expansion found in par;t2 (a) is valid.
[2 marks]
/]E!. {argt of valueds 0{ xX é..ar 2 - I‘l ¥
ol
\[afival w‘hfh — J“— Z ‘
oL

s;/:r?' { 2

e

N

N
o
| -

Inn

s
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9 (c) Hence, find an approximation for
0.4
Jo veosx dx
giving your answer to five decimal places.
Fully justify your answer. o DR | P
. - X 4 marks
Qecqau od U a Small .( l /c{ bl
angle p <2£2 will be 0 -
Mprodl'mf?‘}'fJ A) (osx = !- X - X - 3(3 I
2 12 lo
&y -
J J'l—zf lx = P4 - oqd | -0
: . \ 2 /

ED( Fa nJ " T /1/

'/ yl . \ © L -}, I
(3 o) TR (2]
( o) A L 2

= - 1,
T 1 4+ 1% [ '3} /\
2 2
b PR
- | >
4
9 (d) A student decides to use this method to find an approximation for

14
J v/cosx dx

0

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

| <4 raJ:anJ X hd{ a SMO»U qpaL{' Huejc--f
‘H*" a,riproxin-»a#m woedeod 1 pet fuitable.

Turn over for Section B

L Turn over »
15
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Section B

Answer all questions in the spaces provided.

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

v(ms-1)
= i
EE & " I i E 1]
10 : T T e
0L H P HSHHA LS DAG T 7 H A8 HOEH 10 T 11 120134014 1115111677171 118+19420 i

=10+ /

BEE . i 3 § +
_oo B H R T . T e TP

Which statement is correct?

Tick (v) one box.
[1 mark]

The particle was stationary for 9 <1 <12

The particle was decelerating for 12 < ¢t < 20 v

The particle had a displacement of zero when [ =6

—1

The particle’s speed when ¢ =4 was —12ms

04%5_‘-1’ He Far’ﬁc\e v asd MOi:ns wife a ConHant

Speed i | -
L Lq He f“"ﬁ"" gl B Aot

b . ' Fouh'de wos Mov;nj gdrf‘(r aq cov

£L9%, ¥z pahele e treteteratkng

QL
16
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1

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 600 N, the crate is on the point of moving.

Find the weight of the crate.

Circle your answer.
[1 mark]

100 kg 360 N 36kg

(1ooon >
F: MK ., MU= wethciend O fichvs
Goo fﬁﬁl S 2= o000

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

Circle your answer.

-390 390 400

[1 mark]

‘/WQ 15(0"‘0‘ {che X ac}{nj in R erth_JrP CQ?M’

Turn over for the next question

M

Turn over p
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13 In a school experiment, a particle, of mass m kilograms, is released from rest at a box
point 2 metres above the ground.

At the instant it reaches the ground, the particle has velocity vms™'
13 (a) Show that

v=+/2gh
. [2 marks]
j /H’. vest ' ;n;ba‘ \Jplotitg (u) O ms”

V":’\'L’ L u.nr\a\ e,Q\,La},oﬁ &{ vrnohenr \/ U tHeu
U= 6/ a=9,6 (= L

Voo o) +2qL
| VG K
rectad V€9uiveol.

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.

V= ,28(\ 3=98, Logg Bm

= \‘Exﬂ's’x
= [2¢2-¢
I = | &8 . 3¢
18-7¢8 :’E 20 Heero fave ’H" Jeadeds clarm

S (> heoi' /R\G\—) »H’»P W\M mfﬂj"‘ﬂ‘f‘j /"Ce
\IP/\°(,I+(j Mw+ lﬁque )Q-Efn .'faqu.

M
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14

14 (a)

A metal rod, of mass mkilograms and length 20cm, 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.

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]

/F..\K!f‘f\) m0mer\h GLDOU"‘ A . (,or\“LV‘H"Wj

Mg Y 4 = O':IKC\X\B,

loo /(Oo

© 0Y vy = o~oJo8L[-q/
™M :ﬂ o- 0o &Y
O-ov
= B -2]
- ! M 2 D« &)

I
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14 (b) The object of mass 0.28 kilograms is removed.

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

Find the maﬂmum value of n such that the rod remains horizontal.

{ j|
W | Yen~ F,_Suv LNy

[4 marks]

\'%

] j 6‘0‘-{’83
’ﬂ;g foJ S n eouilibridna aKue;pre,
/l’;\kiﬂﬂ) moments  about A
Oaalg ¥ Y4 = 0'0CKRA&g X S X N
J g E———
oo (6o
0-213 X oog - 0-0433 X 005 %wn

O'OO(L{‘j - o.oootf){ﬂ

A
A = |
U TET

o002 Y
N - I 4

4

14 (c¢) State one assumption you have made about the rod.

[1 mark]
/We (OA Vg U\n;-’(—orm.
(ﬂ;\? we.‘gk—k D—,F "’Ce {0J atts |n —‘—’Ce
m.‘JcHe at Joct -
Turn over for the next question
Turn over p

2 1

Jun19/7357/2
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15
position vectors given by
— 4107 —= 2107 — —340 — 590
OA = , OB = , 0C = and OD =
710 8= a0 9= | Tav0) e | 2
All values are in metres.
15 (a) Prove that the quadrilateral ABCD is a trapezium but not a parallelogram.
= [5 marks]

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

=,
& DB - OK
e 4]

box

cao| T LT

2 [ 430 7 : -1-5]-6ac

270 “lrEo |

/fLe(e[.-re CE = —T-S AE

/(LJJ 1'mPl.'c: r}’ﬁw}- A and AB  ace pacalle

ey

‘O‘H neo+t €3\uo\? LN lfvgrufsf ’[’C\ueﬁre ,/*BCD

= _Aa “‘(mtﬁelfqm hot & Paml\e(ogqu.

W
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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.

_fr(’ea’ < D 1itence [4 marks]
= r{,l'me/

7 ‘ > =5
BC € B¢ =0F

1"

[- (30 7]
[ e ]

(BC—[ e |(=120)2 + (-840)*%
LU Z = A

- L‘]Q'IIOO
= ¥<o

S}peeJ = £ fo

o

!
—

= jrecJ = lﬂmf(

Turn over for the next question

M0 B
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Do not write
16 An elite athlete runs in a straight line to complete a 100-metre race. °"‘*A:’,‘; "
During the race, the athlete’s velocity, vms~', may be modelled by
y=11.71_1168e~0% _ 0 030¥
where ¢ is the time, in seconds, after the starting pistol is fired.
16 (a) Find the maximum value of v, giving your answer to one decimal place.
Fully justify your answer.
. 8 mar
MG'I}N\UM \Je,‘ouf’j old(S  ohen C(MQ[MQJ\'Q‘ s [,g,czuaj -
1&&
d\lf = @ -
7t ~0-94¢ o-2¢
V = li-71 - ]l-e k¢ - 0-03%¢
R -2 o2t
avVv =oAL
_-—— (1168 x -09) e - (6B Xo3)e
N
at -o-9¢ o-3¢
- Jo-sST2p — O " oo9e = O
=S R & 3 67t
1c-L12R e - D-Odqe
) o3t [0 €12
. < =
=09 t o -© o q
€
[o-3t - (-o0-94))
e . = |166%
|-T
fododustvg _ Loisatlos Bs bo¥t fedee
Y '
lv\ p 2 l\n hi6 8)
\— \
P? ll A (e A) =
:S | - t = F-0 63
5 t = 20683
-
|- 2
! , , 14
OA | - & ‘.{' e~ s 8 G /[ ” r- 8 Fé
Pﬁ( :j T \LAY *r"'\ f(ﬁua},o_ O-,[ \J é) I\C': X
lllllllllllllllllll Vool o ne6r g X8 o2 e
4 - €297 =96
Jun19/7357/2
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V oz )) 416 g

| -S
/m&r(’{o(e "“Qe NG X i Mmer \/aluc a—,{ \J i [ v~
dv s LS Y I l"(mf,
/A’c
16 (b) Find an expression for the distance run in terms of ¢.
let Re difance be S [6 marks]
_( - rsvl’ 51‘4
p’ -9t 0.2t
< ([t-"l(-n-éxe - 06:02¢€ d+
J 3 .
i B —oJE
= -t - 34-68 ¢ _ 0-02 e C
-0-9 03
il ? T - © 1
T Ji1-ltt &+ 19-97¢¢€ - o<\ e 4+ &
ML"‘ o othlete vs ot ve#  L:o  and (-0
2 D = O 4+ 123438 o | 4 ¢
O = 2 EFb 1 ¢
oy C = - l12-&3¢
5 -o"?{: -0'3{
:D|L4Anw<j): |\-"[|£+|*2~°77Y€ -0-| g —-IQ-&?&'
Question 16 continues on the next page
i
P

7
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16 (c)

X

n

/ﬂ'\o medel  predicks e
[})h;o““ 1S Vehj‘ do;.e “'O |00 ~a ; ff&f‘f(’f'@ /‘Lte NnddQ,

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

Comment on the accuracy of the model.

-o-Ql' ’0‘3‘6 [2 marks]
_f.—{r~’r|t +12-91%&e ~o'le ~]2:-&7K
£ = 9.8 (.-0‘7,\’9'8) G‘foa'f
£ = ((-71(61-8) +12:-91€ € - o-|l e -
1—-&'(1 ).q‘-{
= 114-758 + j2-971ve - o-|p .

: 9911w = 0@

d tance -f-'* be 49-1

atveate.
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outside the
box

)

& ¢
s 2l 4

7 n

0w

Jun19/7357/2




28

17 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 ¢ above the horizontal and remains taut as
the sledge moves forward.

The sledge remains in contact with th;-: 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.
17 (a) Show that

__ Mla+pg)
cosfO + usinf

[7 marks]
QUO\\Hng Vecheally .
Q(T) P + ’r.({né = Mg
Q = Ma - Tuine - %6 L)
7
QPJO\V;f’g Lod zon’h’vu;f [,(J\‘AS e(’;uo\-ﬁ‘o\ 0,'} Pohon

\

= ma
Q(‘) T(Jo_(e,[:__Mw Y G 11
QP(“‘”P L"L'zfe s N ‘.‘m”ﬁ'ma equ |ibvid n~
F= U R ’ e re M s e we fhuiem 0f &elNow .
'D?qunﬁ {’U velue b.,F a9 "U‘(’Kf AR
Teoz @~ LIR » K& .. . . o [
&PP(OL\‘V\C} 'Equa/’\‘o‘* Q) e Gl‘;l) S,Ne <

W |

I

Jun19/7357/2

Do naot write
outside the
box




17 (b)

’ : N\
/(-00.(6 - H(Mj '/(J(Y')@) —;Ma
Teosd = (UMg + ) Tewo - Ma
t At j — T
Teos® + UL T&nd = Ma + U Mg

M(CL +Q3>

1

7

w{@ + u.fv‘r\e)

! T M [01— +M‘L> Al vegw\féd

COJQ "—MJ\.K\O

It is known that when M =30, 0 = 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 1 may be incorrect.
[2 marks]
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END OF QUESTIONS
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