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1.

Answer ALL questions. Write your answers in the spaces provided.

Given

express y as a function of x.
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Question 1 continued

(Total for Question 1 is 3 marks)
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2. The speed of a small jet aircraft was measured every 5 seconds, starting from the time it
turned onto a runway, until the time when it left the ground.

The results are given in the table below with the time in seconds and the speed in ms™.

Time (s) 0 5 10 15 20 25

Speed (ms™) 2 5 10 18 28 42

Using all of this information,

(a) estimate the length of runway used by the jet to take off.
3)

Given that the jet accelerated smoothly in these 25 seconds,

(b) explain whether your answer to part (a) is an underestimate or an overestimate of the
length of runway used by the jet to take off.

@
1
1y lQlJl‘h cf Runwoy
Time (s) 07y 57D 107 15 20 25
Speed (ms™) 2 5 10 18 28 42
R Yo b{l Yo £ Yy Ys

A - % xj\[ Yo+rtn + 9-( Y, +_,,..‘1,,_.ﬂ Speed v.s Time
0)

h = S 35 :'
ORNES =

Ex .

A= é.xS[ama +3(S+lo+12+28) g i :
v ' P

10 : ‘ l,

=) A= LiSm Z i /3. ‘ y
= lﬂﬂju\v °(> 'Qhwno iS “Ev:;. ’ 5 B Timlj(s) : B

30

|
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Question 2 continued

(Total for Question 2 is 4 marks)
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5cm

0

Figure 1

Figure 1 shows a sector AOB of a circle with centre O, radius 5cm and angle AOB = 40°

The attempt of a student to find the area of the sector is shown below.

1
Area of sector = 5 r*0

1 5% x 40
= — X X
2

= 500 cm?

(a) Explain the error made by this student.
1)

(b) Write out a correct solution.
(2)
o.) A= %_t"@ is Volid wa (odians , only , So tewfore  H Shudent uses it
incorectly, Sk ow  aple s in dlegrees (ond e Studsut
dossiit  Qnvet it b tculkms). (D

Coveet  Formuwla: A= AY_\‘;M. i

360
b)
Ara of the Sctos = 2Mgle angle = HO® , r= Som
Y60
2 4O 2 MRS =Y Ars o Seclov = aBT & %.73em
el O) 1 O
6
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Question 3 continued

(Total for Question 3 is 3 marks)
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i

-
N~

Figure 2
The curve C| with parametric equations
x =10cost, y= 4\/§sint, 0<t<2n
meets the circle C, with equation
X'+ 3" =66
at four distinct points as shown in Figure 2.

Given that one of these points, S, lies in the 4th quadrant, find the Cartesian coordinates of S.

(6)

Co: X:l0Cst  and Y=hliSint

Cy: Xy =66 Ca™2Ca
. . W) = 32

=) (locost) + (Wasint) = 66 @
=) 100Cos't + JaSint =66 SmtarCos b=l =) Cost= l-Su't
=2 loo(1-5in't)+ 3Asint = 66 O ®
2> 100 - [00Sint + 32§t = 66
2?2 63Sint = 3K
=D aSin't= |
=) Smt="Ih :
5 sm: =0 -5 (R): &

X = locost Y= Liasint

X = loces (') Y = W2 &in (1)

X= &k 3= h = Y=-h Sine S les below M y-ows.(D

= S:=(5%,-4) ©
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Question 4 continued

(Total for Question 4 is 6 marks)
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Figure 3 shows a sketch of the curve with equation y = Jx
The point P(x, y) lies on the curve.

The rectangle, shown shaded on Figure 3, has height y and width oJx.

Calculate

S ox->0,

=v

ox 9

Figure 3

9
lim VX0
5x—>024 rox
x:

)im )
X ->0

q
T x sx
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Question 5 continued
(Total for Question 5 is 3 marks)
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Figure 4 shows a sketch of the graph of y = g(x), where &

2
(x—-2) +1 x <2 K&

0%
5% o %%

g(x) = s
dx -7 x> 2 S

(a) Find the value of gg(0).
(2)

(b) Find all values of x for which

o(x) > 28
C))

The function h is defined by
h(x)=(x -2 +1 x<2

(c) Explain why h has an inverse but g does not.

%
o,

(%00,
g

A
)5
R
&%

(d) Solve the equation S

IR

4 1 KL
e p— XIRHX

h (x) = S,
PO oS

2 ostamis 0

SII

G

(3 ) S

[0 %%%
S
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Question 6 continued

0) 3(1) ={(I.-&)t+ | x <

Lx-3 x>

o) > x=e 2 2 9w = (k-2 4)
5 90 =(0-%1 = ) =5 ()

s) => x:=§2a => 8(x) = Lx-7
=) 98() = h(3G)-7%
=u(8)-7 o 8(a) =13 @

b 9 ={(x-a)1+) Xx&2

Lx-? > A
@ T 1
W-?= 3%~ oand  (c-2) 1= 3% o> 42 ) n0)(-20)
) Lx=3$5 X -hx+5 = A% a
2 x=35 O x-hx-33 = 0 AL
L ./_7%”‘[(@{& F)\n\ulﬂ- =D x = l-tfflo—%. = a:&.rs@
a —
3(35): a3 ,lhs hew 9(35 o) 3BLOAF -> x> 35
w L} \

9(2+353) = AL FBFAT =) X - 3+3{3 53 net o Selwkisw / Cribiead Ualug
A-38): 2%, thn d(a-0.-3[3)= 39.0622% =7 x< 3-303

) 3 x)> 1= %v X< 3-343  and x> 35 O,
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Question 6 continued

)

<) b is one-to-one s it has hx) \ YA

o inverse bﬁ hovaonbld line

bent (m lime on(\aj cwls h&)
ONnet hm OM.-"'Q-one) o
*% s ma»3-tb-one,se it does
not hae an e, Spa e
iR o  inkro pis  the  cwcr

9 ok moa  than ong pigt.,

hx) = (x-a)¢l 2t
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Question 6 continued
(Total for Question 6 is 10 marks)
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7. A small factory makes bars of soap.

On any day, the total cost to the factory, £y, of making x bars of soap is modelled to be

O
the sum of two separate elements: o
=
e a fixed cost 9|
e a cost that is proportional to the number of bars of soap that are made that day :Eu
(a) Write down a general equation linking y with x, for this model. E
1) Z
x
The bars of soap are sold for £2 each. SRS
On a day when 800 bars of soap are made and sold, the factory makes a profit of £500
On a day when 300 bars of soap are made and sold, the factory makes a loss of £80
Using the above information,
(b) show that y = 0.84x + 428
3)
(c) With reference to the model, interpret the significance of the value 0.84 in the equation. )
Q
1) z
Assuming that each bar of soap is sold on the day it is made, ;
(d) find the least number of bars of soap that must be made on any given day for the i—ul
factory to make a profit that day. A
) z
L
Os) n
%= kxx )il © Fixed Cost =) Gonstart %
Proeviione Constont . Pr opovﬁend' Cost =) velaked o numbw 5
OP bars mMmade

) ) V= & Boo)-500 = lloo =) (x.9) =(800,l\oo) K V= kxrc %
%) ¥= 2(300) +Fo = 6%0 => (1Y) = (Bee, 630) O
=) i) lloo = Book +¢ and fv i) 6%0 = Jooks+c
C= lloo -Boo K awnd C = €%0 - 300k
= lloo - Y00k = 6€8C-3Icok => Sook = ko => K= (0.8Y4
=) C=lio-B00(0.34) = LR = c @ -
o =) Y= 08ux+hds os reguinl @

—

16
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Question 7 continued

C) D= 0.@hx + LAY

z) 0.8k s the oo3t 6‘ MQ.KMJ each oadditonad /ezl"h bov 0}\ 6'».,).
@

d) leking n be e least  number of bars feguied to ke @ profit.

’(hen dn = O0.3hn+ kA3 O]
2 N=0UAn+2ly => O.5%n = AlYy
=) D= 3¢%.965...
=) n= 36y bars @O

17
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Question 7 continued
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Question 7 continued
(Total for Question 7 is 7 marks)
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8. (i) Find the value of

3)
(i1) Show that
48
n+2
Zlogﬁ(ml)_z
n=lI
3)
© (4
l) Z 207\(-:'7_) Sw=i:
r=y
W . 6
s ao(i) r D-O(?. s"' 20(7.) k... a - Eifﬂ'. ferm
i r : Commen rokio
o = 30("{) , = z ©
Y
> T 20-() - ;:O(T) =% =35 @
w
W) D logs(22 log (2) = (eg (o) - leg(¥)
WS

=) Z' legs (ne2) - log s (n+1) ®
= [(035(3) + [035("') 4+ e+ (035(80)] '[ loss(a) +* [033(3) + .. [OSs(l-lﬂ)] @

: 1035(50)‘1035(a)- £°53( ) (035(25)-
=7 2(13 (h*a) 4] s Yeguired . €]

N+l

) R A O 0 AP
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Question 8 continued
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Question 8 continued
(Total for Question 8 is 6 marks)
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A research engineer is testing the effectiveness of the braking system of a car when it is
driven in wet conditions.

The engineer measures and records the braking distance, d metres, when the brakes are
applied from a speed of V'kmh™.

Graphs of d against V' and log d against log V' were plotted.

The results are shown below together with a data point from each graph.

log,,d 4
d A
>
(30, 20) ) log,, V
(0, —1.77)
>
0 4
Figure 5 Figure 6
(a) Explain how Figure 6 would lead the engineer to believe that the braking distance
should be modelled by the formula
d=kr" where k and » are constants
with k£~ 0.017
3)
Using the information given in Figure 5, with & = 0.017
(b) find a complete equation for the model giving the value of » to 3 significant figures.
3)

Sean is driving this car at 60kmh™" in wet conditions when he notices a large puddle in
the road 100 m ahead. It takes him 0.8 seconds to react before applying the brakes.

(c) Use your formula to find out if Sean will be able to stop before reaching the puddle.
3)
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Question 9 continued
Ly d:kV' | k=x o.o® (og lasws
‘03(ub) (.05 (o) + log(b)
log. w, [03(0. ) = Mloa(u)
103..(4) : (05.. (KV")
s los..(K) > (oa..(V°)
,'03\. (d) s I."ﬂxo(v\) + hloa..V K% 6-o1 ) ‘°ﬁw(o'0\7) s -1.7695. @
=) los.. (o\) = (oa;. (0 017)4- nloa,V
22 loge ()= hlog, V-1.33 @ =) The linas nodue omd y-inkweept i,
J = mx +c He. RQuationn  Malching 'l‘hn&sf Fam
6 s us that bu\aua distant®  can
be  modelied by cl:kv. @
b)
d:=0o013V" a4
for (30,20) 2> 30 = 0.007-30" ()
=) 30" = _dO (OSKQ")‘Mloa(a)
0.0\3}
. ") . 20 (30, 20)
> |°3'° (30") 103..(0.0‘1)
=) n"°3lo(30)"' I%w(mﬁmcﬂ) ¢ v
Figure 5
9 n= 103,,( :‘:n) = 2.0719%...
105\.(30)
=) N=Q.0% @ 9 d- O-Ol?'VLov O
1.0%
(,) D\-?- 0.013.V Distonee bv,?eﬂ, »~ ofltev breaks 03s= O.% v
Befor brakes: d.= Speed nbive = 60 = _O.3 - O.033..km 3600
=22 d\ = la.sm @ 3600
dy = C.01- 0" @
da = BL.9m <) fobk distanct = 4.9+ 18.3 = 95.3m =) Sean ShopsD
in Ltime.

cm—
———
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10.

Figure 7

Figure 7 shows a sketch of triangle OAB.

The point C is such that OC =204.

The point M is the midpoint of 4B.

The straight line through C and M cuts OB at the point N.
Given OA=a and OB =b

(a) Find CM in terms of a and b
(2)
(b) Show that ON=|2- %/1 a+ %lb , where 4 is a scalar constant.
2)
c (

(c) Hence prove that ON:NB = 2:1 S
. s @

o) CM <y !
- - -2
2 CIJ\ = CA+ AM . ;
:)E;‘:—g.-\- %_(-g.‘.-) 97A--0A:-
AM = %,(-o.-a-b)
-

28

P 5 8 3 5 4 A 0 2 8 4 8

PMT

%
S
0% %%
S
KRR

oot
%t
9%
oot
S
0%
X
S
S

R
R85
boSotetotete!
SHLLRS
begetete!
KRR

O
5
SRR
'
%!

000
3

o
%%
%%
%
<

<>
2
4
%
5

9%

X
Y&
2
&

%
LK



PMT
PhysicsAndMathsTutor.com

Question 10 continued

0—|\7) = 68 + Q:ﬂ ’.,.C'
A 6l = Qa

ONn = ’ag-l- ?\:(“%'94-‘;‘_.@) C-N-,:')\C‘.—Pz @

. N 3ee3y)

ON < da-3%na+ b
& - a -

6;\,' = (Q' %’%)2 + “2'7\2’ QS reguind. ®©

)
NB : 20N
(;-%9\)-.0 ) k=3 =2 '>\=%@

s

= ON:3b o Ne=3b

=) Oon - ﬁé= A:) as veguived.- ©
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11.

=V

Figure 8

Figure 8 shows a sketch of the curve C with equation y = x*, x > 0

(a) Find, by firstly taking logarithms, the x coordinate of the turning point of C.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

The point P(a, 2) lies on C.

(b) Show that 1.5 < a < 1.6

)

2

A possible iteration formula that could be used in an attempt to find « is

Using this formula with x = 1.5

(c) find x, to 3 decimal places,

(d) describe the long-term behaviour of x,

o) 9= 1’.
In4= In(x*)
=2 ny= %-Inx) O

= %3+ In6y- |

)
52
sH= 1+ @
= 0 ‘—bo 1+ 2y
dx 3 0=1+Inp
=) Inx) = -|
= e'M= e-l 3 X = %
32 @

o l_xn
= 2xn

(2)

4 , 2
weni Point
l% ﬁ =0

dr

l°3 lows @ In@™) = m-In(o)

Product Ruwle : h(x) = j?(x;.sm

h0 = §1x)-96) + feny - 302

x = |
he > 3

0.3¢8 Q)
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Xx=18 =) W= LS
X= 1.6 =Y =16

PhysicsAndMathsTutor.com

'S

.8 KW
21 @

1.6

Plx,a) =1 .34 2 &< 2138 we olso Know
Conkinuows cume , hence 1S ¢ <16 (D)
C) Xnwe) = an"h , X, = \.8§
- X V=1.S
x2: 2%, = Q0.8 = lLezads. O
Xy = & X" = LuCeas..
Xu = 2.%X2 = )63 => Xu: L6723 @

d) N -) 0o, What

* Xn J:lud*ml-es

—
—

hoppens  to Xn !

M l T | 1 @ \)an\la,...

* X Wil br et vith pened 2 Q@
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12. (a) Prove

cos30 sin 30
+

ind o5l - 2cot260 0 #O0n)°, nelkZ
“4)
(b) Hence solve, for 90° < 6 < 180°, the equation
cos36  sin360
- + =4
sin@ cosd
giving any solutions to one decimal place.
3)
a) (o830 + Bind30 = cotao Atia |dendites :
Sin® Cos®

* Cos(a-b) = Gmolosb + SinaSinb

=> Cos30Cos® + Sind®sne © L5 a=30,b=0
Sin@CosO
=) Cos(26-0) = Cos(26) ® * Snd0 = QSnOCos®
SnOCoSe Sm® Cosd 2y ZSind0 = SO Cos®
0] * Cos® . ' = Cot®
= Cos(a®) - a smd  tan®
‘%’,8'«\(20) ton 0
= Aot ®

=) Cos30 . Sind® = QACotAS a3 repuind. (D

Sin® Cos®
b) Cos30 ., Snd® =W Pork o : Cos3® .+ Sinde = ACot2o
Snd Cos® S§nbd Cos® =
@ toand®
2> A0 <h => _ 2 ok s tand®= % He

tan 2O =) JdC = ('o.n.\(%.) @ ¢ )%o+2(6

=) 30 = 26-6° and 20 = 2c6.6°

=) = 13.3° and 0O =103.3°

—

=2 |3~3° 75 nok )
Valid Solwhion Since
cwk -,—P Pange > 0= 103~3°®
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13.

hm

Figure 9

4
[A sphere of radius » has volume 3 7r3 and surface area 47r?]

A manufacturer produces a storage tank.

The tank is modelled in the shape of a hollow circular cylinder closed at one end with a
hemispherical shell at the other end as shown in Figure 9.

The walls of the tank are assumed to have negligible thickness.
The cylinder has radius » metres and height 4 metres and the hemisphere has radius » metres.
The volume of the tank is 6m°.

(a) Show that, according to the model, the surface area of the tank, in m?, is given by

2 + é 2
Sty
4)
The manufacturer needs to minimise the surface area of the tank.
(b) Use calculus to find the radius of the tank for which the surface area is a minimum.
“4)
(c) Calculate the minimum surface area of the tank, giving your answer to the nearest integer.
(2)

o) A= Al A+ Ay 9 A= ATwh + W'+ 30> ©
=2 A= aTvrh + 3Tr"
2Tlvh =) A-?(i_ Q

mm—)

A\e« Cﬁ‘i\\bv E A)

Area base  * A = T 3
Am hmisphm Ay < aTlr"' =) A= [’a._'ﬂr_)i'“,"_‘_ 311(7'
V: Em’ = VcS;liukv + Vmohw. W 3
6 = Th+ AP V(e 36 A 1R, ETeD as reew
@ 3 yh=6.2,0 Ff =
w3

40
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Question 13 continued

b) A= .5 © Diffrskok
o8 @ st eguol O
dA:--12 +1ow -0 ® @ Solt o v
dv r* 3
=) -36 +10w =0
r‘l-

2y -3+ 10Ut =c => 10N> = 3¢

=) (3:3_G®=7 =736 = [O5m
171 Yon —

= Swufece ama will R @  minimum  when Y= lfS'm@

—

™" (= 1.0Sm

C) A )%-)-

ol

A=_12 . ST(Los) = I7.301..
.68 3 0)
2 Minmum  Sufae 35 Fm ©

41



PhysicsAndMathsTutor.com

7

Question 13 continued

42

P 5 8 3 5 4 A 0 4 2 4 8

K5
39
Dess o <l
ST,
XS
Doe et
D00 S 0%

S
BOSTITAN
POl 199
X
Pode®= T0e0

%o
HRRKK:

&

%
R
XK
X 3dY

K%

LXK
RERRS

IR IR
X K OGRS LERELEIESRCIRKRKAEXN
O IRIERRKERKS

R RRRLRRRRK

%

IR I AR I I A
<

X
S SIS
R RIIIRILRRILLRLLLLS

b3

<2
K
3%

XA

0
o
qa:
e
2905

0%
ot
{‘)
~
9

o
Q<

SR
LI
KPS

25
la:
o
%

<

<
S
\J

%
s

X
o

Q?
KEKR

CRERRLXRS

RIS

Dsasesesesetatetetetetetes ¢ |

HIILKLLREN

%%%%%?NN%%%%%
¢

R KKK KKK KKK K
L

oo
o
ototes
2
%%

oo
RRAARS



PhysicsAndMathsTutor.com

~ ™
Question 13 continued
(Total for Question 13 is 10 marks)
_ J

43

AR A OO0 T Turn over »
P 5 8 3 5 4 A 0 4 3 4 8

PMT



PMT
PhysicsAndMathsTutor.com

14. (a) Use the substitution u =4 — Jh to show that

dh
= - - - +
j4—ﬁ 81n|4 — Vi |-2vh + k
where £ is a constant
(6)

A team of scientists is studying a species of slow growing tree.
The rate of change in height of a tree in this species is modelled by the differential equation

a1 ( 4 — \/Z )

dr 20
where 4 is the height in metres and 7 is the time, measured in years, after the tree is planted.

(b) Find, according to the model, the range in heights of trees in this species.

(2)
One of these trees is one metre high when it is first planted.
According to the model,

(c) calculate the time this tree would take to reach a height of 12 metres, giving your
answer to 3 significant figures.

LI @)
a) fh-m dh

W = L.J_ 2 [heh-u

du = ‘W dh =1 dh= - aJF,@Ju =2 dh=-ak-u) dw => dh= -R+undu

(-%+3u) du = [ Ju-% N
le‘ﬁ‘dh JHM) ) j“ do =[2e. 3 4

“

: &‘iOJM = u-%hu+c @
v Au-h)-in|u- Tl +c
=) -32n- ?\h\h JT\I*C C+% = K

n

=~ J ﬁ dh = -g;nlu-ﬁ\-aﬁ+u 03 required

a—
—
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Question 14 contlnued

b) dh - L (4-n)
db 20

* When e frees dtop arowwa) [Vak ,('\ c‘sauoq, of hﬂal«b) [} 5@03 to
L S Y S

. to.'ls(h_\m) -0 =) L°"s(lc-l'6\)=o

ok o] 2 h-th=0 @
=) mzh
=? hgl@m

) RomJe ,? },,33;.15 o{‘hws wil b Oth €16m @

—

C) _dh = ‘bons(h'\m) and t=0,h-= Im=> t27 when h=)Zm

ok J0

0.6 .25 .28
0.5 t” " db = L = ¢ C

[ e

- (o4

v

Port
£ -8‘7\“‘-{’7"3{;\ = \'15 (-t c)

35 ® Subshink ook n!
22 L:0 am h=] =) -8Ihlk-Il-ai = C O,
=y -shn(3)-a =¢

o -Slu-ln[-ak= L _sm3)-a O
as
2 h=12m ,t:2 =) -Slnlh-JTm]- afiL - e -3In(3)- &
s

) |E3In|b-Ma)- 2l + sin3)+2)a5 = ¢ O
=9 L7 35.3 Years when h=)dm

—
P —
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Question 14 continued

(Total for Question 14 is 15 marks)

TOTAL FOR PAPER IS 100 MARKS
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