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Answer all questions in the spaces provided.

1
1 =—
y 2
Find an expression for d_y
X
Circle your answer.
[1 mark]
y_0 dy _ -2 dy _ _2
dx 2x dx dx  x
2 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]
5 1
y=25° y=5 x5 y =5

02
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A periodic sequence is defined by U, = sin (%)

State the period of this sequence.

Circle your answer.

[1 mark]
8 21 T
PQY;Od: z'—‘“— = L\-
(%12)
The function f is defined by f(x) =e* 4, x e R
Find £ ~'(x) and state its domain.
[3 marks]

Let x=e39°%

hxs=y-u

uslnx + &
J

L) < lnz + & , X 30

Turn over for the next question
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5 (a)

5 (b)

A curve is defined by the parametric equations
x=4x2"43

y=3x2-5

Show that dy_ 3 x 22t
dx 4

[3 marks]

r=4x2"t +3 = '-i-('ﬂt+3

u=3x2t -5

J

02 _ 4 () (L) = —lhaxaxat

dt

dy = 3x2txln2

oF

ilizdy X.ﬂ:.': Ix2t x\w2 . -3 « Zu
dx At dx -l x4 x2°t &

Find the Cartesian equation of the curve in the form xy 4+ ax + by = ¢, where a, b
and c are integers.

[3 marks]

X=4x2F43 > x-3=2"t =5 2t_._4%

—_— x-3

4

vy=73 x2t -5
J
U = 3 X I LL\ - S
J \x=3)
u = i -5 =2 q(x-N= V2 - S(x-3)
J x—3 v

Ly —3y=12 - S +\9
J J

Xy 4+ Sx - 3y =23
> v

0 4
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6 (a)

6 (b)

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

of
V4 +x
[3 marks]
| n -1
O 4+ X :{q__‘_.x\z = ('+(‘+A:1.‘_7C)\
\ -1
=7 (1 y £x)7?
= 1 -
~1)( ! ('n)C32) 1y v
s (e 4e) x4 [ D0 2 (&%)
- \ [ - ‘ 3 1_1
"2 l 714’ 123
N I 3 2
s = _—x +_2_x
2 16 256
1
Hence, find the first three terms of the binomial expansion of ——
Va4 — x3
[2 marks]

Regace 2 with —o3:

n

Question 6 continues on the next page

05
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1
6 (c Using your answer to part (b), find an approximation forJ ———— dx, giving your
(c) 9y part (b) pp o Va3 4 gvingy

answer to seven decimal places.
[3 marks]

\ I ]
S dsz.‘Z—+l—x3+_3—x(‘ dx
[*]

Sq._xB 16 256

O

u

]
I+ Lot + 3 x‘]
[z,x T 1322 Jo

+ 2y 3

4
-2 6 134L

[
O0.5173199)

"

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]

Eadh tew o} W_Ms_me eims
will  incyeax +ne esrfimoated valve. This vweans +he

& \ c\ \ C

CLXSM%S e vmnove pgs:ﬁve te s Yoo could  odd.

06 Jun18/7357/1
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6 (d) (ii)

Edward goes on to use the expansion from part (b) to find an approximation
o1

for J S
—2V4 —x3

Explain why Edward’s approximation is invalid.
[2 marks]

Eram

The exQownsion is volid fof *

23l L4
Ll L3
34 L x L s

_—Z jugs EQ!E SQESE ¥ ‘: SC ] . \id

Turn over for the next question
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7 (a)

7 (b)

7 (b) (i)

Three points A, B and C have coordinates A (8, 17), B (15, 10) and C (-2, —7)

Show that angle ABC is a right angle.

[3 marks]
AR™ = (15-%)" + (10-13Y = 3% + 3* = 93
AC" = (3--2)* +(13--2)" = 10* + 24> = €36
BC® = (15--2)" + (10--3 = 3~ + (3* =538
lf & i o rignt angled tiange e : AB® + (B*=ACT
99 + 533 = 436
616 =636
n Ty (B =pACE s (S£i viah
ongled ‘mongle.
A, B and C lie on a circle.
Explain why AC is a diameter of the circle.
[1 mark]

The ongle  soorended by ¥he diogerer  is A0° , so

AC MUSt e e  dicwedef.

0 8
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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.
[4 marks]

Le.c\3+\r\ of vcodivs = AC = 636 -1\3

2

(g-_z H_q)
Cenite = P = 2’ 2 J=(3,5)

So, 1L D lies on the cicde we wond need +he

AMﬁ_f_toMD-\-o? 1o ve 3.

e

DP = \|(3—- ) + (5--2) = \| N +3* = J1q0
j\qo %+ 13

\{\40 713 <0 D  lies outside e cipcle

Turn over for the next question

Turn over p»
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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

%

O C

Given that the area of the triangle OAC is equal to one quarter of the area of the

sector OAB, show that 6 = 2sinf

Area o} sector = 5(0

B

[4 marks]

. - _\- .
QM_QE H\Qﬂs\_e OocA > oabsin@
=1y (‘f"\ sin®
2
5 (‘Z. sn®
Iy
lzr?—e X :—\_ = %Sm@
L= sn®
P4
0 =12sn®

10
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8 (b)

8 (c)

Use the Newton-Raphson method with 04 = mt, to find 05 as an approximation for 0.
Give your answer correct to five decimal places.

[3 marks]
leb  L(B)=25n0® —0O
Then §'(0)= 2cos@ — |
@n‘\\ = 9“ = ?_S\'V\ef\-e'\
2¢osOn — |
O =1 Or=Tr — 285m0 - T —-— -T° =27 =7.09%4..
2 cosStt —\ -2 - b

O3= 2.094% ~ 25in(2.0944) - 1. 0444
2 cos(2-09q44) ~ |

=1.91322... = 1.91322  (5.d.¢)

Given that 0 = 1.89549 to five decimal places, find an estimate for the percentage

error in the approximation found in part (b).
[1 mark]

.LA12322-1.84549 x 100 = 0.935«
1.89549

Turn over for the next question
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9 An arithmetic sequence has first term a and common difference d.

box

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

9 (a) Show that 4a + 70d = 4a? + 20ad + 25d2
[4 marks]
Se =3(2a + 54)

= 6o + 154

Ssc =18 (20 + 354)

=360 + €204

360 + €304 = (6o 4 154)

260. + 6%30d = 3602 + 900d + 900d + 225d4*

36a 4+ 630d = 364 + \30ad + 2254t

4o + 30d = 4o* + 20064 +264%

12
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9 (b)

Given that the sixth term of the sequence is 25, find the smallest possible value of a.
[5 marks]

6™ town: o +54=25

a=25-5d

svbshitule  +nis info  twe equorion f100n (o) ¢

4(25-5d) +30d = 4 (26-5d) +20d(25-5d) + 254*

100 - 20d +30d = 4 (625 - 2504 +25d2) &+ 5004 - 1004t + 254t

_ 100 + 504 = 2500 - 10004 + 1064 +500d — * 426542

0 = 2400 —~550d + 254%

0=96-224 +4d*

0= (d-6)(d-16)

So, d=6 or d=16.

f d=6  o=25-5(0=-5

\f d=16b_ o:25-5(6)= - 55

So, +we smadest wvalve of a is -S55,

Turn over for the next question
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10

10 (a)

A scientist is researching the effects of caffeine. She models the mass of caffeine in
the body using

m = mye N

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.

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]
-k (5.9)
Atk k=53 M= Mo Me = Mo
IR 2
1 . e_k(s.a)
2
In (“,'\ = —H.3K
K= =-n2 = k= 0216
-5.3
=Y W Mo = 200%x?2 = 400: m:= L\-OOe-‘"me'“‘
m= 245.93...
m=2046

1 4
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10 (b)

10 (c)

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]

Eor Vier evel 4o e Yvalow 480  s\ie wvieeds +ie ot

{Lmﬂ_\ozr_rﬂmniﬂj_caﬁﬁe_tq_\t&_\eﬁ_t\mm_&_kﬁm_ﬂaeﬂ;
deinting  onddnec cop Wi\ sHI keep ¥  Ielow 4-R0:

Lkooe—o-\l\‘h é 2 80 : C-odl‘sk !-_- oq

0.
= -oa216etnfol) =S t> In03 = k2 2.933
-0.1216

So she needs 4o dnnk (W ofr \easky 2.9 lNnoury Q¥3ﬂ

+ \u ) =55.4948 - minues.

So 2 \ous 56 WMinvie s Q:‘:EI R(}“Qm 1S HQSSQM

State a reason why the mass of caffeine remaining in the scientist’'s body predicted by
the model may not be accurate.

[1 mark]

Turn over for the next question
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11

11 (a) (i)

11 (a) (ii) Use the iterative formula 7', 4 = §/60Tn2 +

The daily world production of oil can be modelled using

£ \° t\*

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

The model is used to predict the time, 7', when oil production will fall to zero.

Show that T satisfies the equation

T= §’/6OT2 -~ 162TOOO

[3 marks]

O= 10+ 100 [£) -so(E\*
307 130/

O=10 +100 [ E3 )\ —g0 ([ kY
23000 ) \'s16000 /

O= 104+ E _ &t
270 1¢200

O = {62000 + €0OL? -t

€2 6060
O = lT 4 60k — E3

LY - 162000 | cou2
€

So T  saksfies T- 3J 60T" + 1&10_0_2

162000

n
values of 71, T'5, and T'3, giving your answers to three decimal places.

, with 7'y = 38, to find the

[2 marks]

n

33

T
s Jeoawr 4 BEER - g

T,
Tz_ = 3 60(%‘163\1 + 7‘4-%2—06% = 4a.9%3

"

0
3J60(4q.‘13=}\’~+ 'ﬁ?&q = 53.50%

Ta

16
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11 (a) (iii) Explain the relevance of using 7'y = 38

11 (b)

[1 mark]

38 vcepresenrs 38 years okfkee 1980 so 2 0\%

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]

Xt +ne rwo equofions equol o each oier and Sdwe  Lor
t.

14 ST.VI-IV., L=49 nto  themn  both You Se\-

V=10 + 100 (%)3- 50 (%})t 34. 885

ond V=45 x1.063" = 89.8137..

Thgsg 5&,&3&5 QYe L‘)Q(Qx WV )(m‘.ﬂ eavuﬂ

L= & 2pr C 1980 + 4«9 = 2029,

Turn over for the next question
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12 p(x) =30x3 — 7x2 — 7x 42

box

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

[2 marks]
‘ocﬂ = 30%x3 —Fx? —Fx+2
|¥ (2x41) s o fador then p('%):O :
p(-3) =30 (1) -3 (-8 *-3 1)+
==-30 -3 +3 42 =0.
3 4 2
Hence, (2x+1) is o facwr
12 (b) Factorise p(x) completely.
[3 marks]

Divide () by (2x+1):
J

15%x2 — U +2
27+ [30x —Fa* —3x+2

- (3023 +15x )

O -122x2-3x+2
-(- 22 %2 —ilx)

4X +2

= (ax +2)

o

So we get pex) = (2x40) (15x2 - \1x +2)

= (2x+) (Sa-2)(3x-1)

18
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Do not write

12 (c)

Prove that there are no real solutions to the equation

30sec? x + 2cosx
7

=secx + 1

30seC?x + LeosX _ oy 4
3

outside the
box

[5 marks]

A0sec X + 2.¢co05% = Jsecx + 3

R0secx +2 = Fsecx + 3}
CcosX L osx cosX

30sec3x +2 = 4sectx + Fsecx

30sec®x — Fsect*x — Fsecx +2 =0

(2secx+1)( 5secx—2)(3secx -1)=0

of

So, secx =

-1 3 1
275 3

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.

ylk

TN

el
D
=v

N S

Use calculus to find the maximum area of the rectangle.

Fully justify your answer.

[10 marks]
(x;4) He&ghk Q:‘: ]gg&gmga\g =2_,j
lengrh of vectangle = 2x
T ond U SoRSEy Tt £yt =16 Yo cane
J ) J
en ~ x ' wcl

Area = A = (2)(2y) = bxy = 4x Ng-x2
A=txdhe-x2

wWe  wank 4 roxinnise A E to tind \ g =g
dx
(i-\A = Gx (2 (20 (16-72) + & Tig-n2
X

A = —4xt . yJdexz

Ax Jlo —x2

D= —4x* + 4(16-X) = 5. —4x? 4 64 gy
JTe=xt

S fx? = b4 =3 x2 =8 2 x = 2Jz

wWhen  x=232, A=4023){1e-8 = 4(253)(233) = 32

o check  twnat  twis i o \ ko o dZA

2 0
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08 o [ he-3at = [ (eex)E (1em) — (64— 320) (1) (-2 12T )
det  dx (fig-xz / \ 16- %2

- \(aijlc-xl + Bx (8—1?—3(\6-11\'\%

n

|6 —x2

A x=207 + JA _ -6 (D) -3 + 3(23) (8-8)(16-8"

da? |6 - %

= —16(23232) = —\6(® =-16

e 2

Snce =640 it s oo ywoxamum. Therefoe  +We moaxinmum

areais  32.

Turn over for the next question
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14 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 S|n(A+B)_a:

. RP + PF
Line 2 =~ 0F

. DE PF .
Line 3 = a:+ OF since DE = RP
Line 4 —D—Ex:—i—ﬂ:xE

o OF EF OF

Line 5 = i, 4+ cosAsinB

14 (a) Explain why Z—Ilz X g_/i in Line 4 leads to cos AsinB in Line 5

[2 marks]

LEGY qnd LOQR are  ocpooiite anglef SO o equal

ThiS vyveont that AEFQR  ond A OGR are similar 3riongler  so

LEFG=LROG=A Since CLEFQ=A, PF = (osA
EF

2 2
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14 (c)

14 (d)

23
From AOQOEY You can see EF - sn .
OF
So, PF L EF . cesAsinR
EF O©F

Complete Line 4 and Line 5 to prove the identity

Line 4 —D—EXE+EXE
o OF EF OF

Line 5 = e, SInAcosB + cosAsinB
[1 mark]

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

acute angles.
[1 mark]

By using g ed_trioager_in & !

W < \

(VeYo, 04 .(“.or acuvte C\.V\SA\PS.

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).
[3 marks]

Sia (A + R) = SinA coxB + stnBcosA

Son (A4 (=8) = SinA cos(-R) + sun (-R) cosA

\)sc\r\c:) sen (- )= = sink ond  cot(- )= Cosex,

Sin (A=8) = sin (A+ (R)) = SinAcosR - SinBcosA

2 3

Turn over p»
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15

15 (a)

15 (b)

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 + &

Show that the gradient of the line ABis h2 — 12k

[4 marks]

u = x? - 43x
J

When  x=-4% —Y= (-4)3 —48(-W)
= - 6% +192
=128

When x=-4%+Ww

y= Cern)d — 48 (~w+l)

T

VE (4 +W (16— B +n?) + 192~ 481

y=- 6% +32h— 4w + 16\ B2+ W3 4+ 192 —48h

Y= W3 —12hW* 4 128

Grodient :

W -1

W #1238 —128 W3-k

—44+0n - () "\

1]

he - 12h

Explain how the result of part (a) can be

the curve.

[2 marks]

used to show that A is a stationary point on

MnJ- o twe cuve of A is egpal 4o

Lin W- 12l =0
hoao

SO the

Sch[th

is 2eco meow\ins & s o, stoflonan petar

END OF QUESTIONS
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