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

1. The curve C has equation

y=3x*-82-3

(a) Find (i) %

2
(3)
(b) Verify that C has a stationary point when x = 2
(2)
(c) Determine the nature of this stationary point, giving a reason for your answer.
(2)
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Figure 1

The shape ABCDOA, as shown in Figure 1, consists of a sector COD of a circle centre O
joined to a sector AOB of a different circle, also centre O.

Given that arc length CD = 3 cm, ZCOD = 0.4 radians and 40D is a straight line of
length 12 cm,

(a) find the length of OD,

| VAUYSIHLNIAUINIONOG |

(b) find the area of the shaded sector AO0B.

_a7L Arc J_Jz_nji’k = - 8

ro- 2,
s = —
- = T8 e
bl/ Anale AR = T — o.4
Leagth,  Ap = 12 - 7.5 .
. = 4.5 cm ~ . o
9 2z
Sectkr areae = Y2 r o -
2
= T -—o% (4.5)
2
. - - = 27.3 e (35fF)
(Total for Question 2 is 5 marks)
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3. Acircle C has equation

where k is a constant.

(a) Find the coordinates of the centre of C.

(b) State the range of possible values for k.

X+y—4x+10y=k

&/ x — ¢ x 3 W H O = e

Z Zz
(2= =2) -¢ [y 15)-25=k

2
(x - 2) {9 % 5)

2

= 29 +k

centre (2,-5)

-29

(Total for Question 3 is 4 marks)
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4. Given that a is a positive constant and

2a

a

show that a = Ink, where k is a constant to be found.
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L I a
(.261 Pinla."-(a-i—(na-) = lnn 7
a + [n 2a — i e = lo 7
o (n Z&% = [~
o
o + [ 2 = /A 7
o = a7 — In 2
a = In(L]}
N Zz7/
-
R = —
z
(Total for Question 4 is 4 marks)
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5. A curve C has parametric equations
3
x=2t—-1, y=4t-T+ 7 t#0
Show that the Cartesian equation of the curve C can be written in the form
2x*+ax+b
PE e x]
x+1
where a and b are integers to be found.
)
x = 2€E — |
x t4 = 26 .
N S S ———
2 —
o = L{'( T Il] ~ 9 * 3
< ~ 2 I R
- x &
= 2 (o 44) =7 + _6
= #F ]
= 2 (x+1) _ 7 (x +1) = )
e ¥ ] 2 4+ | ek 3 .
= 2(x +1)* —2(x+1) + ¢
2c 1)
= 2(x*+2x +1) - Fx —7 + &
X + /
= 2x* F4x 42 - Tx -7 +4
X
=~ 2x* - 3y + | -
_ XK. - § B
a = = 3 A = I
(Total for Question 5 is 3 marks)
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6. A company plans to extract oil from an oil field.

The daily volume of oil ¥, measured in barrels that the company will extract from this
oil field depends upon the time, ¢ years, after the start of drilling.

The company decides to use a model to estimate the daily volume of oil that will be
extracted. The model includes the following assumptions:

*  The initial daily volume of oil extracted from the oil field will be 16000 barrels.

*  The daily volume of oil that will be extracted exactly 4 years after the start of drilling
will be 9000 barrels.

* The daily volume of oil extracted will decrease over time.

The diagram below shows the graphs of two possible models.

V4 z
(0, 16000) (0, 16000)
(4, 9000) (4, 9000)
> B
o f o t
Model 4 Model B

(@) (1) Use model 4 to estimate the daily volume of oil that will be extracted exactly
3 years after the start of drilling.

(i) Write down a limitation of using model A4.
(2)
(b) (i) Using an exponential model and the information given in the question, find a
possible equation for model B.

(if) Using your answer to (b)(i) estimate the daily volume of oil that will be extracted
exactly 3 years after the start of drilling.

3 = qo00 — / 0‘9.:‘
_aaj 12 > 6 e . _
R =, - Joowv
— SR ?-,,
- —t75¢

L i o j——:—" — 1750 x + [0
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Question 6 continued

whea = 3

= Jop75¢ barrels

W/ The  ameunt o) o1l extracted il bt¢om e

__nzgabve  (That is pet ,Qo_u_lAL_mjhAL@ihy

iV _bock i W 3.,,.,1,,‘,,1*.)

q_  _ _kk
(o -
i —% = Yk

! ) -6
-7:;1/1(,6)

V = (60060 &

a;/ V¥ = [lgooo ¢ o

= [0 #00 barrels (gS})

(Total for Question 6 is 7 marks)
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Figure 2
Figure 2 shows a sketch of a triangle ABC.
— —>
Given 4B =2i+ 3j+kand BC =i-9j + 3k,

show that ZBAC = 105.9° to one decimal place.

(3)
ST P W T —
= 2i+3) vk +i -9 + 3k
. = 3: -¢j +hk )
ﬂ5£J21+3L+;1 N o
= \/7:; . T
Bce = i +q9°+ 3°
= V9
AC = |‘/3}+5"'+—|i.1 - o
= 1% S
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Question 7 continued
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(Total for Question 7 is 5 marks)
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f(x)=In(2x - 5) +2x2—-30, x> 25

(a) Show that f(x) = 0 has a root « in the interval [3.5, 4]
(2)

A student takes 4 as the first approximation to a.
Given {(4) = 3.099 and f'(4) = 16.67 to 4 significant figures,

(b) apply the Newton-Raphson procedure once to obtain a second approximation for a,
giving your answer to 3 significant figures.

(c) Show that a is the only root of f(x) = 0

o~/

7 ‘ﬁ (3‘5‘):

In ('2{3.5) -5) + 2(3.'.5)1 - 30

= 4. 3

T

l"'\.

£
rn

In (2(4) -5) « 2(4)" - 3¢

3_i0

) Change of 30 and +ne functon 15 conbinusus ).
Mtﬁore Plxj=p hay a rogt in 1terved [3 Sy

— i = ' = ~ ¥4 1‘1" i

. _b_/ ,‘ﬁﬁ,._..._._...gm_..l_q T 1 2 - + f . ) : e S

_____ | R £ xn) o ,

. ) 2, = 4 — 3.099 -
16 &7

j - = 3.31 (3 S
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Question 8 continued
e
g - eJ
e # _ 2
- o 6= In (22 — S) + 2% _ 20
E
. =
o 30 =2x" = ln (2x - 5) X
o N ar
. 30 AW —
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9T Bo -2 N 2x —5)
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(Total for Question 8 is 6 marks)
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9. (a) Prove that

tan@ + cot@ = 2cosec2d, g % %, ne Z

(4)
(b) Hence explain why the equation

tanf + cotd =1

does not have any real solutions.

tan G+ Cot &

_ S,n & +~ Ces €

Ces & Sin &
. z 2
sin & + oz O
Cos b sink ces & sin g N

il 4 <
o sima G + Ces O
Cos @ sia &

/
Cos O 5'mn @

| /
£ 3in2

2
- 5)\ #1 2 g

2 cestc 2

b/ 7 coser 20 = |
CD/MC_C."“Zé - ",i
i 26 = 2

-14S%in 26| - No Solution (Total for Question 9 is 5 marks)
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10. Given that 6 is measured in radians, prove, from first principles, that the derivative
of sin@ is cos @

You may assume the formula for sin(4 + B) and that as A —0, 322 B iy ang 821

-0
O
(ﬁgsm.é) (6+A7 5wdé+k))
, ‘j‘; IJ,, ja
m_= e = Y
X4 - X,
= sin(8+k) - s5:n
& +h — &

\

Sin (6 +46) — sin b

L

= 3)')196&31«1" ces & 3. L —-5*3/&9

[N

B cosh — Sind + cos b sin L

L

= sin @ ( costel- 1) + cwg»[\;mk)

o L 7

“ s b —32 & S1n il | an ol ce . —> 0

g i~
m —  S.a & [0) + Cos 6 (1)
= (Ces @

A =20 the 3ro~a()-€fn(' o} cherdd —3 tj}fan@ld-&’l,'
; . C
of the curve . ol (s/ing) — L

> & -

J
oA U

(Total for Question 10 is 5 marks)
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11. An archer shoots an arrow. :

The height, H metres, of the arrow above the ground is modelled by the formula

-
H=18+04d-0002d%, d>0 : %’_,;
where d is the horizontal distance of the arrow from the archer, measured in metres. : ;
Given that the arrow travels in a vertical plane until it hits the ground, % :
(2) find the horizontal distance travelled by the arrow, as given by this model. ; E
3) %

(b) With reference to the model, interpret the significance of the constant 1.8 in the formu}:;l.) %

{

(c) Write 1.8 + 0.4d — 0.00242 in the form
A—-B(d—-Cy

where 4, B and C are constants to be found.

It is decided that the model should be adapted for a different archer.
The adapted formula for this archer is

H=2.1+0.4d-0.0024>, d>0
Hence or otherwise, find, for the adapted model
(d) (1) the maximum height of the arrow above the ground.

(1) the horizontal distance, from the archer, of the arrow when it is at its maximum height.
(2)

—2(-—0.co2) S S —

_kj  The (nidiad _he: Gk o) TN ovrow. I

L
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Question 11 continued
c// l-. 9§ — o-002 (\—Q_aoot o 01.7‘ )
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f:’/ 22 Im
w / L OO mn
(Total for Question 11 is 9 marks)
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12. In a controlled experiment, the number of microbes, N, present in a culture T days after s
the start of the experiment were counted. &

N and T are expected to satisfy a relationship of the form

N=aT?, where a and b are constants

(a) Show that this relationship can be expressed in the form

log,,N=mlog T +c

r

2
giving m and c in terms of the constants a and/or b. e
(2) e
E
e
=

log, N
5.0

45

4.0

35

3.0

2.5

1.5-%

1.0

0.5

O ‘ TR - ISR N EEEEE i A ST R "'i ~
0 02 04 06 08 10 12 141087

Figure 3
Figure 3 shows the line of best fit for values of log N plotted against values of log T’

(b) Use the information provided to estimate the number of microbes present in the
culture 3 days after the start of the experiment.
(4)

(c) Explain why the information provided could not reliably be used to estimate the day
when the number of microbes in the culture first exceeds 1 000000.

(d) With reference to the model, interpret the value of the constant a.
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Question 12 continued

1]
P
~

a/ N

o .
leg.,. & = log,a + [loq, T
J J V)
+o-+
\oal‘bM = LOOI.ca- + L’ Loqf';,T
J
m=b = (f?,_&oc
b/ From qrm()h A ;r\i—uu'gpl— ® 1. 25 -
- 5
Acrodiest * 23-6 T 2.5
b= 2.28 L.t = "ﬂjua
55
o = fo d
= 70.3

N = “Tog" (3)

= 240 (2s¢)

[650 v 750 |

-

e/ (oo 10000c0 = (
1 Jie

This wowld be extrapeialron —and

,%Zfe,[jofe not relrable.

d) A i5 tne Aumber of  jcrpbes

c\fﬁéf‘

onl  doag- L

N'=a (1)

Lurlfrud T2 Al = A
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13. The curve C has parametric equations

x=2cost, y= J5c032t, 0L

(a) Find an expression for gx—y in terms of 7.

(2)
; : 27
The point P lies on C where t = 3
The line / is the normal to C at P.
(b) Show that an equation for / is
2x—23y—1=0
(5)
The line / intersects the curve C again at the pomt Q.
(c) Find the exact coordinates of Q.
You must show clearly how you obtained your answers.
(6)
o / dx = ~2 Sint diy = = 203 swndb .
. ote _ dE
oy = —-203 =ina2t
dax ~ 2 Sin o )
sin £
b/ when = 2IC
3
dy = -3
RS
Lo - S
: Qradieak of nNeormal = ;F_g" Zer 3 _1/
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Question 13 continued

when é’ it ;,ﬁ:
J

&
v 3
-V3 = —J=z +C
2. -
B -VE =c |
N 2.
C. = --_d_é_ B
G
B gy = ¥a = — V3 /—X?.é':s
W)
0= Ax —2{3y — |
e )
o
¢) o= 2(gocest) -2§3((Rcmrrae) —1
O = 4 cos é — &6 Ccos 24 — |

O = & Cos & — QCZ("@\EE&"‘i) - |

O = & cost — 12 cos*t + & !

AR

O = Y4 cost — (2 cos" & + S

0O =i cos & — ¥ corb — 5

6=(¢( cos €t — 5)(2 cos & +1)
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Question 13 continued

(5Cas(’-5) £ tms & +1) =0

7/ \ 7
{
Cos & = 5/ Ca)(‘—“-*.--_—-
t="0"5%¢ £ 2T
3

¥ Y
k lO(‘QVfGM A aAnyj

Cost = =
(o)
x =2 cos ¢ L‘j:ﬁ Cos 2€
. =a2(=) =43 (21052t — 1)

Ji

_ D - =
= =2 =03 (a2ac=) -)
o b 7 4
= Iof:
'y
——
Vs
(2 7 =)
\37 8"
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14.

o 1 3 x
Figure 4
Figure 4 shows a sketch of part of the curve C with equation

_ X’Inx

—2x+5, =0
The finite region S, shown shaded in Figure 4, is bounded by the curve C, the line with
equation x = 1, the x-axis and the line with equation x = 3

The table below shows corresponding values of x and y with the values of y
given to 4 decimal places as appropriate.

X 1 1.5 2 25 3

¥y 3 23041 | 1.9242 | 1.9089 | 2.2958

(a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for
the area of S, giving your answer to 3 decimal places.
3)
(b) Explain how the trapezium rule could be used to obtain a more accurate estimate for
the area of S.

(c) Show that the exact area of S can be written in the form 2 4 Inc¢, where a, b and ¢
are integers to be found. :
{6)

(In part c, solutions based entirely on graphical or numerical methods are not acceptable.)

a) 0.5 > +2. 304 +1.92¢2+).9089 +2.2958 )
7/ L 3 2 P

= 4393 (3dp)

b/ More Stnps Could be ured
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Question 14 continued

2
x L idx
J 9 X
X o
J 9
X
z

o 7 %
- x + 5x |/
ol
- | ~— 9 +/5) —(‘af"f"—f-:'* *I-fﬁj

|

23
27

=27
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Figure 5
Figure 5 shows a sketch of the curve with equation y = f(x), where

4sin2x
f(x)=*gm, 0<x<nm

The curve has a maximum turning point at £ and a minimum turning point at Q as shown
in Figure 5.
(a) Show that the x coordinates of point P and point  are solutions of the equation

tan2x = \/E
4)

(b) Using your answer to part (a), find the x-coordinate of the minimum turning point on
the curve with equation

(1) y=1f(2x).
(i) y =3 — 2f(x).

(4)
T - 1’2 x =1
....... (.= &4 sin 2x v = € N _
o v = 8 cos 2 QLV‘:\/}:@
A x Az
(32—t — et .
L'ivy=¢e’ $cos 2x) - (20 (% sin 2x )
((pizx—1)%
N AL 7 =
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Question 15 continued

futhj .'oa‘n/k\ s L2 e L r(l) = 0

INTHIS AREA: 00000

0= 8§ o322 — J2 (Y4 sin 22)

efzx——l

6 = ¥ eos 2x —$2 (4 sia 1:1:,)

O = 2 cos 22 —J2 Sin 2

J2 =1n 2x = 2 ces 2o

Y Eaoan 2y = 2.

—

b/ tan 2, =1\2

2x =___O-‘?55',, 4 0 77

x = 0.¥78 , 2 .04&

M g& M’ﬁf N

Min mrnwﬁ ;aoawl- Ul Ca::'NSJ*"‘f'{*"”*;“dz-f2 2044

(/] 2.048% = | p24  3dp

it-// Max Hrm@ Po:ﬂf Lecomes pin

2= 0478 Rd pP

————
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