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

1. Given

express y as a function of x.
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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)
1
o) leagth of Runway ’
Time (s) 0y 57D 10 15 20 25
Speed (ms™) 2 5 ‘ 10 18 1 28 42
| Yo Yy Y2 Va | Yy 2
\ .
A - {xh[ %o+ + 9,( Y, +...|-'1"-,ﬂ Speed v.s Time
45
@ 40
h =S 35
® . 3 =
‘E’ 25 : .;
A - é.xs[ama +3(S+losgsa8)| i : :
» 15 ! !
10 | peeessss ;‘ "
s i
0 5 10 15 20 25
=2 lﬂlﬂ“ﬁ 9? 'tmwnv is blSm. Time (s)

L_Z\\

30
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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.

Area of sector = 5 r*0

: 5" % 40
= — X X
2

= 500 cm?

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

(b) Write out a correct solution.
()
Q) A= %_;“m:s Valid .fw (adians, only , S thewfor  FL Shudent uses it
incovechy, Smer. owr  angle i in  degrees (ond R Studdeut
dosit  Qnvert it Lo radiass), @

Coveet  Fornula: A= Ar_\glt "

360
b)
Am\ o? te Sctow = M‘I’lrt analt.= HO® , r= &m
J6o
= 4o L TWxST = Ans f Seclov = A6 & R.73em
6

P 5 8 3 5 4 A 0 6 4 8



www.mymathscloud.com

e 3\

<
255
25
K
<X
<X
29508

OO
538
58
X XX
KR

o%%
%
%
X

X
RS
120%0%%
XXX
XXX

Question 3 continued

(0
oo teteds
fadesetete
10058
25
R

200
25
55
.»§§$

(0
2085
1 e%e%s
2%
0K

OO
(2000200

o
%
S

O
e
(]

%
%
2
0%

%

Y-

o
S
STV

KEX

00
0505
®

¢
0%
LK
Nk
e
%
S

X
X
SRy
AN
’00

&

094058
0502008
:’:’:’:’z"
KRS

[939%%
%
5K

XX
R
335
255
KRS

O
2R3
(0000
doSodess
55
90RS

(Total for Question 3 is 3 marks)

<>
5%
X
2R
d9%es
XK

%3
o
.:
X

K5
X

X
5K
o0’
-
\_

7

R OO A Turn over »
P 5 8 3 5 4 A 0 7 4 8



1)
peo

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 .

(6)

C.: X : |ocost and Y= LAGint

Cy: Xy 66 Ci™2Ca
. . Wz)" = 32

=) (locost) + (Wasint) = 66
=)  l0oCos*t + JaSint =66 St +Covt=| =) Cost= l-Sut
=7 loo(1-5int)+ 3ASimt =66 O o
22 100 - [00Sint + 32t = 66
<? 63Sint = 3H
=D ASn t= |
2 Sin k= 'la :
<) Smt: O t= S’ (7a): %

X = locost J= Liasint

X = locss (') Y = W2 sin ()

X = S 9= L => Y=-4 Sine S les bdow n  y-oxs.(D

= S=:=(50,-4) ©
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ox 9

Figure 3

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 ox.

Calculate
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Figure 4

Figure 4 shows a sketch of the graph of y = g(x), where

x-2)+1 x<2
4x — 7 x>2

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

(b) Find all values of x for which

g(x) > 28

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

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

(d) Solve the equation

-1 1
h (x) = ~5

=<V

2

(C))

0y

(&)
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Question 6 continued

0) 9) = {(x-&)ti- |l x=a

Lbx-% x>

9(0) > x=e 2 = 3(x) = (-4

> 90)=(0-a)+1 => 9() =5 @

9(5) =? X522 => 8(x) = Lx-7

=) 98() = W(d36)) -7
= u(s)-7 = 3(8@) =13 @

) 9(x) = (x-a)"l) Xxs2
Lix-? x> &
We-2= 9.‘5® ond (x-a.)"-\» = 2% =y Uk if(-h)t.h(n)(-zs)
=) Lx=35 K-MWx+S =A% 2
=2 ﬁ=ﬁ@ xX-Lux-33 = 0 //cﬁ
L <7 Yuadradit fmmulu =Y x= h*[flox = Q:iB(D

a e—

3(@): a3 lts  hae 3(375*0.1)= B4>2F > x2 38

5(3*35)3 ALFITAAX =) X=3+303 5 not o Sclwdion / Ciikcod  Vodug
31-38): 2%, thn (a-0a-3/3)= 31.0672% =7 x< 3-303

9 96)> A3 oo x<c3-33  ond x> 35 @
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Question 6 continued
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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
the sum of two separate elements:

e a fixed cost
e a cost that is proportional to the number of bars of soap that are made that day

(a) Write down a general equation linking y with x, for this model.

@
The bars of soap are sold for £2 each.
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.
1)
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
factory to make a profit that day.
(2)
@)
V= ‘51.4- c)fixed © Fixed Cost =) Conslest
Properiiond  Constont . Progovkional Cost =) velaked o numbe
0&\ bars made

b ) V=3 ®oo)-500 = lloo =) (x.9) =(300,l\oa) K YV=Kkxrc*
%) 9= 2(3o0)+¥o = 6%0 => (X:y) = (3ee, 630) ©
=) }) Noo = Book+c  ond for i) 6%0 = Booksc
C= lloo -8oo K and C = €30 - 300k
=y lloo - Y00k = €8C -3Icock =3 Sook = ko => K= 0.8Y4
=) C=lloo-Boo (0.84) = '49.?_: c ®

=)D V= O.8hx +L4aA8 os reguired - @

——
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c) b = 0.?“‘.‘.4-]%9;8

=) 0.8h is the oost of Making ench  oaddibonel [extm bov of Jeup

O)

d) lebking n bu b leost

numbug\f_hms fequied (o rmlﬁ_B_ML

Ahen 2n = 0.%un+ b3

22 N=0hAn +2ly =5 O.58n = Ay
=) n= 36€%.965...
=) n: 36y bars @
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8. (i) Find the value of

r=4
3)
(i1) Show that
48
n+2
legS(nﬂ)_z
n=1
3
) rZ" 307«(':7_) &:%;
\ | \ [ 6
- 'ao(;_) . 20(‘?. g 20("1) v a: S:irsh ferm
. Y : Comman rokio
o = 30(—‘1',) , = i @
S SRR
W
W) D Loy i) log () = (eg (o2 - teg 1)

WS

=) Zl legs (h+a) - log s (n+1) ®
= [(035 (3} + [oas(l..) - ..+ (935(80)] '[ Iojs(a.) + (035(3) +.ox [OSS(W’I)] ©)

z 1035(50)~ 1035(31) = 1.053( ) = (035(25) =
W) 2(05 (m'a) 2 oy reuied. @

N+l
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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
L
(30, 20) o log,, V
(0, —1.77)
0 v
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=kV" 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 n to 3 significant figures.
3)

Sean is driving this car at 60kmh™" in wet conditions when he notices a large puddle in
the road 100m 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)



Question 9 continued

lc,
0\) d s KV'\ ) R 0.0lF s
los(o.b) (.05 (o) + loa(b)
93V, log(@™) = Miog(a)

log.e () = log,e (KV7)
~ losuo(v*) ha (%to(Vh)
loge () = loge(K) + log, v K= 0.0 | (og, (0-0) = -1.7695.. ©

=) l°3;. @) - l°3‘° (0. o17) « nloﬂ,V
) loge (4) = hlog, V-1.733 @ =) Tht linas nodwe omd y-inkveept i,
Y = mx +c He @uadion Maiching Hhot uf )C’am
6 ks us that b\ro.ms distant®  can
b modetied by kvt @

b)
&; 0-0‘?’\/" d A
For (30,20) 2> 30 = 0.007-30" (D
=y 30" = A0 (osﬁg"):m\ga(“)
0.0}
. I 20 (30, 20)
> |°3'° (30") 105..,(0.0‘1)
=9 n‘|°3w(30)"' lOs..(mA.oﬁ) ¢ 4
Figure 5
=2 N= 105..,( :(:l?) = 1.019%..
leg,.(30)
=) N=3.0% O,  d- o.ol?-Vl.og ®
7.0%
¢) d=0.01.V Distone © o + oliev breaks  03s= O\
Bafon brakes: d.= Speed wbime = 60 = _OF - O.0033..km 3600
2> d. = 13.3m O 3600
do = 0.0 60" @
da = Sl.dm =2 fual distenct = $H.9+13.3 = 98.3m =) Sean StopsD
in Ltime.

—
———
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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 O4=a and OB = b
(a) Find CM in terms of a and b

—— 3 1 )
(b) Show that ON= | 2 — 5/1 a+ E/lb , where A is a scalar constant.

(c) Hence prove that ON:NB = 2:1

@)
c @)
L @)

22 CM = CA + AM R
=9 =7
ém= o+ i(-asb) CA=-0A:-a
- = =3
AM = %,(-o.+b)
-) )
s cm=-0-2as+3 @O
= C-l\}-'* - a+1 b @
a - -
.
28
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11.

),
o
=
=)
-]

=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.) o
Q
) z
The point P(a, 2) lies on C. : ;
=
(b) Show that 1.5 <a < 1.6 s
(2) o
2
A possible iteration formula that could be used in an attempt to find « is : i
n+l = 2xnl_xn S
Using this formula with x = 1.5 ;%%%%
(c) find x, to 3 decimal places, §§§§§§§
(2)
(d) describe the long-term behaviour of x
* @) o5
o.) '3 = X ’ﬁum'na loink ? o
2
Iny=In(x") ‘%%g_:o o
&

2 hhy= x-Inx) © =
Ay = X%+ InGo. | loﬁ lews - ‘n(qm)'-' m- In (o) -
3 ox =

v
\
sH=1+he) @ Product Rule = h(x) = fex) - 9 z
A4 -0 F5-0: l+lnx hin = §1x-30+ fo0-960 5
s © 0= 1+Inx x 2| 2
=) Inx) = -| Ihx = 3 <
]

5 e™=¢' = x:=7g = 0.368 O

@ ——
i R0 U0 0 0
P 5§ 8 3 5 4 A 0 3 2 4 8




Question 11 continued

X =18 =) W= LS
X= 1.6 = %=1\6

'S

.84
218 @

1.6

.Bh 2 &< Q.12 , W& olsc Know

Condinuous Cune henee 1.5 < @ <16 @

(o)

C) ey = an"; X, = 1.8

P(N,&) =D |
X = a'X|‘-x‘ =
Xy = A-X -
Yu: X s

.,\) n—) 00, What

* X flucales

7

V=1.S
2-0.5) = |.63a9y.. @
LyCeac..
L6F3l.. => Xu: 1633 @

—
—

happens to In?

M ) ool 2. @ \,Q.\,a,...

* Xn Wil bR geriedit  with  PRvied & Q@

P 5§ 8 3 5 4 A 0 3 3 4 8

‘het C

'S a

33

Turn over



www.mymathscloud.com

7

Question 11 continued

6066
%
0RRR
KERLKS
SRR
SRR
SRRRLKS

X
KK
55
2K
%

XX
X
<
X

Q5
3
X

)

9%
%

000,
8K
()

%

OO
RS
QSRS
“LON:C
-
2% %o %%
SERREEKL

25
2
o
K

i ¢
29533
G
b0
a9

Piwi,

9%
0%’

0% %%
%

SRIXS
KBNS
X

I
(9% 1%
S
JogeTeteted

4

L
4y
RS
RKRRKES

LKL

&
bo%e:-

@r

S
o
o%

SRR
S
o %

X

RS
'0 XX
5
%
<A

KN
PN
55508

2R
RS

GRS
KGR

o%

QRS

5%
0
xS

ORI

5
%5

5
000!

<
K
2K
25
SRR
RS
K

o
o
5
35

KK IRK K KKLR KL

8

IS
RIS
SRIEIKIKL,
RIS
Sotadtotetotetetotete!

%

S%%%
oS

%%
SRR ILRK

O
2 %%
RS

RRIHIILRS
SRS
RERRRIIKK

:’0:’
QKL
SR

<
XA



www.mymathscloud.com

e 3\

<
255
25
K
<X
<X
29508

09 %%
o
0005

X
202!
$908

Q%
55
R
Qp

X

O
RRKS
1900
25
3

Question 11 continued

%
s
%58

S5
s

s
3 oR0tes

<
%
%%
QKL

LXK
% %%

O
XX

XS

XX
S5

Vs
S

%
o

X
%%

SR
N

S 7 e

o000 & )

SRR

RRREY

O >
SRR
REIN

RIEA

RS

RS

00K
o203
51
S5 %
ol%;
RS

<

5

R
%
o

XA
X KK
% S IAT

0

2%
C

N
<
&

&S
0%%
229008
’:’:’
KK

KBS

‘p
S5

5K

IR
:’:’:’
K&

(Total for Question 11 is 11 marks)
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12. (a) Prove

cos30 sin 360
_l’_

sind o5l = 2cot26 8+ 00n)°, nelZ
“4)
(b) Hence solve, for 90° < 6 < 180°, the equation
cos36 N sin30
sind cosd
giving any solutions to one decimal place.
3)
a) Cos30 . Sind0 = Qcotao Aria_ldendites
Sin® Cos®
* Cos(@-0) = Gnolosb + SinaSinb
+> Cos30Cos® + Sind®Sine @ L5 0=30,b=0
Sin@Cos0
=) Cos(36-0) = Cos(26) ® * Sind0 = QSO Cosd
SnOCosO Sm @ Cos0 =Y 2Sin20 = B Cos®
0, * Cos® . _t = Cot®
= Cos(a®) - a Sind tan®
7‘\', S;n(a@) ton 0
= ACotd®

z) Cosd0 ., Sind® = QACotd®  as ﬂguiml--@

Sin® Cos©®
b) Cos30 , Sind® =W Pork 0 : Cos30 . Sinde - ACot2o
Snd Cos® Snld Cos® = @&
® tanae
2> A6t20:=h => _ 2 oW =) fand®= 1 e
tan 26 =) a@ = (’o,n.\(%_) @ [74 B0+ 266

=) 30 = 26-6° and 20 : 206.6°
=) = 13.3° ond 0=1033°
=y 13.3° is not o -
Vadid Selwhion Since.
cwe of fange » 0= 1_0_3.3°®

36
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(Total for Question 12 is 7 marks)
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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 /# metres and the hemisphere has radius » metres.
The volume of the tank is 6 m’.

(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= At A+ As 9 As AWh + W + aw* ©
= A= QTrh « 3Nr"
Area Cylindey A, = 2Tlvh =) A=( c _ _a_,) AN + 3T 2
Area base  * A = T nt 3
Area hm;sphw *As = ATt =y A= 1ally -_g,mﬂ 3’
‘.
V- CMs = Vcae.ﬁnbv *Vmplnw. W X 3
6 - le"h + &3 2) T[f'(}p- %r)zg =) A= E_‘_%ﬂv@ as reguired-
@ 3 =9 h = 6 - % Y @ r:—

"t

40
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Question 13 continued

b) A= .5 © Diffrskiok
ro® @ st jquol O
dA--12 +ow -0 ® ® Sl fo v
dv r 3
2> -36 +10Tw =0
r‘l-

2y -3+ 10UP=c => 10N = 3¢

=) \'3=3_G®='7 f=33_G = [OSwm
loTl yon —

=) &q{}zn ama will I a minimum when Y= lfsm@

——

"™, f:1.05m

C) A )?14-

o|en

A= 12 . ST(1os) = I7.201..
les 3 0)
7 Mirmum  Sufue i3 m- O

1
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(Total for Question 13 is 10 marks)
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14. (a) Use the substitution u =4 — Jh to show that

dh
J.4_\/Z=—81n\4—\/ﬂ—2\/%+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

ah _ 10.25(4_\/E)

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.
(7

o [oF s

Wz b-{n 29 m: h-Ww
dy:-—= dh =2 dh= -aJndu =2 dh=-alk-u) dw => dh= -B+audu

JIn
- N — p ' (-%+au) du = -3 _
i o jt.-(u-u) IT do s[5 d
0,
-3 du = Ju-Shu +C ®@
o= Y- - u-Tlvc
=) ?-Q.W\—?\n\k~ﬁ\|*c C+% = K

) j ﬁ dh = —‘Z]n\h-ﬁ\\‘aﬁ-bl& 05 required

—
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Question 14 contlnued

b) dh - L " (u-n)
db a0

“whn He fes Sep gueing, SN Gh Wk of chay of haighh) i5 Geing e

% . ‘to.'ls(lhm) -C = .Lo.zs(l'_m) -0
ok 2 D) h-m =0 @
=Y [h:=h
2> h=l6m

) Ran‘,% ,F },,,}3;.15 o{‘hws wll b O<th ¢)6m @

a—

C) _dh = 'bons(l""m) and tz0,h=1wm=) t=7 when h=)Zm
otk 0

to?.s Lc.iﬁ dt' - tm.s - ‘L"ls,(,c,
j o J " Lo 2 visete &
L
Pt &
-y -8nlk-dn)-adh = £ ()

35 ® Subshhe backt n!
2 t=0 ad h=1 =) -8Inlk-N1-Qf = C ©
=y -sn(3)-a:=c¢

o -Shlu-W|-afk = L7 sn(3z)-2a O
25
o heldm,t:? ) -gnfu-f)- alm = 70 _3in@e)-a
as

) |E3In|u- (R} a3 + sin3)+2)a5 = ¢ O
=9 t7 36.34 Years when h=)dm

—
—
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Question 14 continued
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Question 14 continued

(Total for Question 14 is 15 marks)

TOTAL FOR PAPER IS 100 MARKS
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