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Answer all questions in the spaces provided.

1 -7
Y= y=*
Ay 7_'!:3 . =%
. . dy - - - 2
Find an expression for —
P dr A n
Circle your answer.
[1 mark]
dy_0 by 2 Ay 2
dx 2x dx dx  x

The graph of y = 5" is transformed by a stretch in the y-direction, scale factor 5
State the equation of the transformed graph.

Circle your answer.
[1 mark]
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3 A periodic sequence is defined by U, = sin(ﬂ) _— = A
? kb (k)
State the period of this sequence.
=_2
Circle your answer. 'L ’ q
mar
8 21 @ T
4 The function f is defined by f(x) =e* 4, xR
Find f~1(x) and state its domain.
[3 marks]
x—l n-Y
Y=+¢ me™ "= x-Ylne = x-¢
¥
ny= n-4%
17 \ 1
[ny+ 4 =% Range o )= domein F ("5
v v
. | -
£ = fng+ 4 ™70 ,
v 7
%70

Turn over for the next question
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5 A curve is defined by the parametric equations
x=4x2"14+3
y=3x2'-5
5(a)  Showthat ¥ — 3, o2
dx 4
o At [3 marks]
oly zZ %
dw = _ﬂ%xd"” y=a
ol -& ¥ ®
Fqr= ux—|navd 44 - [na xa
d & a
IE - I x
S Bxpdxde =3 g
s 7 g
—k
5 (b) Find the Cartesian equation of the curve in the form xy + ax + by = ¢, where a, b
and c are integers.
[3 marks]
~k
7= ¥ +3 y= 3x2°-5
-k
%-3= 4y Y45 = 3x2°
nE e N
y =4 3
- £ - E
2
A‘J(i *5&"'3““‘1\5 1
2= -
ny4ou-3y-s = (2
d J
’)Lj + 9% -39 = 27 /
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6 (a)

6 (b)

of
V4 +x

Find the first three terms, in ascending powers of x, of the binomial expansion
1

[3 marks]

L K
fer - (um)/ (4 (242 - (4]

ot [gr PR (%) 4 ("/z)(

l.l'*/ Ty ?a;

z—l?951=

1
Hence, find the first three terms of the binomial expansion of
Va4 — x3
[2 marks]
(_ w3
o ¥ ac/.
&= (U LJOD
3 2 ,.xz\l
T 377

L |b -

J9b

! ')L} 2%6

2 (6 2%

Question 6 continues on the next page
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L
6 (c Using your answer to part (b), find an approximation forj ——— dx, giving your
(c) gy part (b) pp N giving y
answer to seven decimal places.
3 marks]
I ro I .3 3 3 [
— _ — 4 —%> 4 —2° du
,(70 Y ~ut = o 2 b 256

t ‘ A e ]
—_ n
I Ml7v J

[ 32— _o

|
T by f(I11L

= 0-5172 111

6 (d) (i) Edward, a student, decides to use this method to find a more accurate value for the
integral by increasing the number of terms of the binomial expansion used.

Explain clearly whether Edward’s approximation will be an overestimate, an
underestimate, or if it is impossible to tell.
[2 marks]

uhoes hlimafe — hecakk  adh rumop He pamnl
18 ponhtve o e will pdwayy B¢ more  yonhit
value & qdal.
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6 (d) (ii) Edward goes on to use the expansion from part (b) to find an approximation
0 1
for J ———dx
—2V4 —x3

Explain why Edward’s approximation is invalid.

|-‘—q-'u.3[ <1

[2 marks]

I'ﬁl < K

[x] < fC]

_31‘((&4;\{1{_‘
¥

-1

Turn over for the next question
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7 Three points A, B and C have coordinates A (8, 17), B (15, 10) and C (-2, —7)

7 (a) Show that angle ABC is a right angle.

A - (-1« (-0 = [-7)' < () - 9%
AC” = (f--2)24 (-0 = (1) (Q4)® = 676

o > (15--2% % [0 -1 = (1) (1P = 578

[3 marks]

N RbL Apr « bt = AC
4§ « 576 = p16
Y ABL ke B o rght amgl oy wa haut
oy prroni i

N

7 (b) A, B and C lie on a circle.

7 (b) (i) Explain why AC is a diameter of the circle.
[1 mark]

s ocinded Pom W oliewrtr ke olweys
wo Al angts
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7 (b) (ii) Determine whether the point D (—8, —2) lies inside the circle, on the circle or outside
the circle.

Fully justify your answer. @

m [4 marks]

radiy = —— = 15

A - Hg(ﬂ C=

mE
anee = [$-0 11\ _ [ 8,5)
\ 27 =) ’

ofrance Budmeen 0 and cwmlre o bt € 15

(3-3) + [cg-9)*= [N+ (-1)*
= (2]+ 4q= 110 7 1%*

G 0w owrnde W wrele

Turn over for the next question
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8

8 (a)

The diagram shows a sector of a circle OAB.
C is the midpoint of OB.

Angle AOB is 6 radians.

A

%
0 | C B
, Nf Vi
Given that the area of the triangle OAC is equal to one guarter of the area of the
sector OAB, show that 0 = 2sin0
— [4 marks]
| ¥ 2
fp: = o §iRL Ap: w10
: L¢2p
. .L E_ . [A
T 7 % 9
1L .
: = qne
=\

(2%he = =120
N Z-

IyLne = (4D

2909 = ©
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8 (c)

8 (b)

Use the Newton-Raphson method with 04 =, to find 05 as an approximation for 0.

Give your answer correct to five decimal places.
0:=29ne

[3 marks]
F(0)= 29ne-0
B o) 2tt0-1
19nh0-©
eh_“ = 9“ - nn.\fl'\__d
) AR A~ &
- Ty =Tt —TF o
°1* T - a T =1 - T- -9-1 = 3I"|'_ 2.0‘1(1‘1--
L UVI™Y L
Q0 0L .
9 < Oelk‘l,-_/\./——- < 1.1(222(5-4
i L 2(080,-1 P

Given that 6 = 1.89549 to five decimal places, find an estimate for the percentage
error in the approximation found in part (b).

[1 mark]

| QU332 - 99541 0. 437

k]

-_-—
=
o

(- ¢4 91

Turn over for the next question
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9 (a)

An arithmetic sequence has first term a and common difference d.

The sum of the first 36 terms of the sequence is equal to the square of the sum of the
first 6 terms.

Show that 4a + 70d = 4a? + 20ad + 25d?

Jn = %m(2a+ (m-l)o()

[4 marks]

fo- 3( 2t 5q) = 6Batl6d

f30 = [#( 20 + 850 ) =362+ §30d

LY- 83

S

(a4 15d)* = 26a<6300)

9602 « |f0adl * 2250 ~ 36a +430d

ya® ¢ Joadk+ 264" = ba +7Dd
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9 (b) Given that the sixth term of the sequence is 25, find the smallest possible value of a. box

[5 marks]
a+ 5d = 29 = m

Ya+ T0d= Ya* + 20ad + 2542
Y[ 15-54) « 70d = 4(25-54)} + 204 (25-54) % 250
(00 - 20d 4700 = 4( 625 - 2904 + 254%) 4 5004 — (00d + 2 92
100 - 200 +70d = 2900 ~ (0094 + (004" +500d — (0(alL + 9542
W0 £ 50d = 2500 -5004d + 29412
0 = 940 -550d + gg5d*
0 = b - 224 « d*
0 = [o-6)(d-1b)
d= 6 or d=1b

o= 25*6(_[@3 e\

= 95-¢0 ’:( 55\)
N_——

Turn over for the next question
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10 A scientist is researching the effects of caffeine. She models the mass of caffeine in
the body using
m = moe_k’
/—___._————1

where mg milligrams is the initial mass of caffeine in the body and m milligrams is the
mass of caffeine in the body after ¢ hours.

On average, it takes 5.7 hours for the mass of caffeine in the body to halve.
——

One cup of strong coffee contains 200 mg of caffeine.

—

10 (a) The scientist drinks two strong cups of coffee at 8am. Use the model to estimate the
mass of caffeine in the scientist’s body at midday.
[4 marks]
m
t=6-7 m=—"
6Tk
Mo = Mol
2L
| -6k
= = 7
2

’V\('/Z) = =97k
-In (1) = -5 Tk
U = M(l]
57
My .. 2%200= 400 g
M= G0

19 /1
~ Valoy )c “T

U
-

V)

M= 246
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10 (b) The scientist wants the mass of caffeine in her body to stay below 480 mg

Use the model to find the earliest time that she could drink another cup of strong
coffee.

Give your answer to the nearest minute.
[3 marks]

mlE) #2200

mee)+ 200 < 480 o m(f) < 280

L0 e ™ < 260
AL

3 = "ol .
ke & Im(0'7)
E < ) —=6T0n (o)
-[n2 /4-7 fy L

~ 212 hours

2 fDoun 96 muhu
10 (c) State a reason why the mass of caffeine remaining in the scientist’s body predicted by
the model may not be accurate.
[1 mark]
W mwwded €8 hared o tbe auerar
A

LAY

T

Turn over for the next question
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1 The daily world production of oil can be modelled using

) r\*

where V' is volume of oil in millions of barrels, and 7 is time in years since
1 January 1980.

11 (a) (i) The model is used to predict the time, 7', when oil production will fall to zero.

Show that T satisfies the equation

T = :\3/60T2+162]900
3 (f [3 marks]
(=0 0= 10+ 00 (L) ~ 50 T\
é:f;! — 307
0= 10 « (00 (m - 5 CSluoo0
0 = kD TC
o~ (U 0 cVv
0= (b2000+ 40T - T4
T4 = (62000 §pT3 T70
T*= 160000 4 foT? N
T - 67000
[ - 1/ 6072 1 7
] |
11 (a) (ii) Use the iterative formula 7,4 = i’/GOTn2+162000, with 7y = 38, to find the
values of 7'y, T, and T'3, giving your answers to nthree decimal places.
[2 marks]

00 ~
;“)60/(%@14_u’;§ : qﬁl-‘lé%_._Tl

N\

\

gﬁ[ﬂ;@q. )2 - LIS UL T B

AR

=

b
f« 6 /

OO0
3 @gq, as P’ (829 =5 % 50}
0 1 ’ (49 -987--)
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11 (a) (iii) Explain the relevance of using 7y = 38
[1 mark]

2% venrs afer (980 g5 200%
phuan LS prorol  day

11 (b) From 1 January 1980 the daily use of oil by one technologically developing country
can be modelled as

V =45 x1.063

Use the models to show that the country’s use of oil and the world production of oil
will be equal during the year 2029.
[4 marks]

2029- (980 - yq9 €= 49

= -+ 0 [4Y9)%_ <o /‘f‘ﬂq = $9-6§9
L 20 / L 30/ mAlLon

=45 x |-065 0 = £9 814 pditiow

Bokh  vodues gy appvoxi pro ey ual
and €= 49

Turn over for the next question
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12

12 (a)

12 (b)

p(x) =30x3 —7x2 —7x+2

Prove that (2x + 1) is a factor of p(x)

[2 marks]
) ~1\% ')T
n: 5 20 ("»;1)5’7(—:) -1[=2-) T2
r A) 7 Vi C [~
—20 T T 49 _ pn
—_—— o -— )
L
Factorise p(x) completely.

[3 marks]

(9x* —\ln +2

Lutl TOW gt —~Tut 2

’_301ﬁk{611

- 22U - Tw

r_" ’le’ls,u.l——

Lew+1L

Y42 —

~ 0

) (4 — I x £2)

ra‘k‘(’\
N S

(1wl) (G- 2) ( 3n-1)
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12 (c)

Prove that there are no real solutions to the equation

30sec? x + 2cosx
7

=secx + 1

[5 marks]
2090 n * 20k = TSex~ 7

30 fe*u . 92 = JCeCH |

_—

LOS K oS U oS U

20¢0C™ £ 2 = TSeC2U 4 Teoc

3090 (?U — 700 C*h -T7S2CU + 2 =0

(250cn+1) (5seen—-2) (3secn-1)=0

a

\

pong o Bane - arg vald ed qecn £C11]

donu W owt v rgph gobundu

Turn over for the next question
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13 A company is designing a logo. The logo is a circle of radius 4 inches with an
inscribed rectangle. The rectangle must be as large as possible.

The company models the logo on an x-y plane as shown in the diagram.

W\“l)

Use calculus to find the maximum area of the rectangle.
Fully justify your answer.
[10 marks]

Mq[/ﬂ': 2j
-y (- Coemey)

D)

l 2y

k= () UAD

-t ([p=2) ™24 b ((-22) "2

dA

-

LY \

l W= 4w e ((b,w\,"?— .

/ w'= 9 \/'=/l‘-2u-(lb—lfw\, ' /
= - ((p-n*)""

oyt 4 (Toar
P— = X

dh

AN [Tp-a
- y(lb=mr) — bu?
IFHJ"'EL

U

by — Yn* —4ur - [G-Fur-0
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'}{1‘:%7-‘) %’25
L‘,{J:m‘——:ﬁ:2ﬁ

1:(\4] = Zﬁ
A~ uy ol2 ¥ 22 = 32 3 inche) e
dh . bu-ga _ (6-80)(jp-n)

A% {(T-* i
PR PO R T I
W= —[bx v'::,;—y—n ue—w\ -
o~ c o [1b- 'M‘)—}/z ,
g’ﬁ\ _ Y ((b»w]’%(ﬁu - H) — hu (4 ~'u‘)ﬁ/z

A/

7= 2d2 = - b b0 fane  ¢F
(S Q. MAVIMULLM, o He  m e Wy
amla (§ 3)

Turn over for the next question
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14

14 (a)

Some students are trying to prove an identity for sin(A + B).

They start by drawing two right-angled triangles ODE and OEF, as shown.

The students’ incomplete proof continues,
Let angle DOE = A and angle EOF = B.
In triangle OFR,
. . RF
Line 1 sin(A+ B) = OF
. RP + PF
Line 2 =—0F
: DE PF .
Line 3 = O_F+ OF since DE = RP
e 4 DE o PELEF
o OF EF OF
Line 5 = e + cosAsinB

Explain why Z’_IC X (I:;—F in Line 4 leads to cos AsinB in Line 5
[2 marks]

. . _
£ = b Iy i ppednon

L EQF qndd Z0QR awg rancolly epponte fo

guel ¥/ fE@ = ¢ROG = A R _ g W

EF
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14 (b)

14 (c)

14 (d)

Complete Line 4 and Line 5 to prove the identity

~ ot OF EF”OF

Line 5 = ... ?\V\w‘wsg .................... + cosAsinB
[1 mark]

Line 4

Explain why the argument used in part (a) only proves the identity when A and B are
acute angles.

i Rl engled mangley i angd oy
e ke 5 4o Ky !mgp ohwv hod ) for
AUV ongleh

[1 mark]

Another student claims that by replacing B with —B in the identity for sin (A + B) it is
possible to find an identity for sin (A — B).

Assuming the identity for sin (A + B) is correct for all values of A and B, prove a
similar result for sin (A — B).

%\m(ﬂﬁ%) = pnAwiB + B (o3 K
gin (B-%) - Wi 8-B) « Hnl-) oy A

[3 marks]

oS (- = (03 (o) % (- ) = - <in ()

gn (A-B)= Hin ALOIB ~ hB (0 A

2 3
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15 A curve has equation y = x3 — 48x
The point A on the curve has x coordinate —4
The point B on the curve has x coordinate —4 + A

15 (a) Show that the gradient of the line ABis 72 — 12h
[4 marks]

VS G| Ko’} { &
: -b4 + (A2
= 1% \
- Wb ge (FUah)® - ks (=U4h]
T =64+ Y8h -k 4k +|q1~‘18h
= 1> -9k« 12¢%

- We-[1 428 28 WP - lzke

-4+ - Y N
L
15 (b) Explain how the result of part (a) can be used to show that A is a stationary point on

the curve.
[2 marks]

Hu q«fao(/(U/LV alr n= -4 LS
v pr-[1h =0 | ¢ o it
D .
N (5 0y Adoh
pLANs A HS o
¢ ah m any pond”

END OF QUESTIONS
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