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Answer ALL questions. Write your answers in the spaces provided.
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Figure 1
Figure 1 shows a sketch of the curve with equation y = n ad T’ x>0
+Vx

The finite region R, shown shaded in Figure 1, is bounded by the curve, 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 for y =

1+Vx

x 1 1.5 2 2.5 3

y 0.5 0.6742 0.8284 0.9686 1.0981

(a) Use the trapezium rule, with all the values of y in the table, to find an estimate for the
area of R, giving your answer to 3 decimal places.

(©))

(b) Explain how the trapezium rule can be used to give a better approximation for the
area of R.

¢y

(c) Giving your answer to 3 decimal places in each case, use your answer to part (a) to
deduce an estimate for

(@)

9 1+Vx

o3
(i) (6+ a )dx
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2. (a) Show that the binomial expansion of

!
(4 +5x)2

in ascending powers of x, up to and including the term in x? is
5
2+ —x+kx?
4

giving the value of the constant & as a simplified fraction.

(C))

1
(b) (1) Use the expansion from part (a), with x = 0 to find an approximate value for V2

Give your answer in the form £ where p and ¢ are integers.
q

1
(i) Explain why substituting x = I into this binomial expansion leads to a valid
approximation.
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Question 2 continued

(Total for Question 2 is 8 marks)
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3. Asequence of numbers a, a,, a,,... is defined by

a1=3
_&W=3 N
n+1 an_z’

100

(a) Find Zar
r=1

100 99

(b) Hence find Zar + Zar
r=1 r=1

(&)
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Question 3 continued
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(Total for Question 3 is 4 marks)
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4. Relative to a fixed origin O,

the point A has position vector i + 7j — 2Kk,

the point B has position vector 4i + 3j + 3k,

and the point C has position vector 2i + 10j + 9k.
Given that ABCD is a parallelogram,

(a) find the position vector of point D.

— . . —
The vector AX has the same direction as AB.

Given that | 4X| = 1042,

(b) find the position vector of X.
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Question 4 continued
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(Total for Question 4 is 5 marks)
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5. f(x) =x* + ax? — ax + 48, where a is a constant
Given that f(-6) =0
(a) (1) show thata =4
(i1) express f(x) as a product of two algebraic factors.
C)
Given that 2log,(x +2) + log,x — log,(x — 6) =3
(b) show that x* +4x?—4x+48=0
“)
(c) hence explain why
2log,(x +2) + log,x —log,(x —6) =3
has no real roots.
(2)
.
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Question 5 continued
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(Total for Question 5 is 10 marks)
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Figure 2 Figure 3

Figure 2 shows the entrance to a road tunnel. The maximum height of the tunnel is
measured as 5 metres and the width of the base of the tunnel is measured as 6 metres.

Figure 3 shows a quadratic curve BCA used to model this entrance.

The points 4, O, B and C are assumed to lie in the same vertical plane and the ground
AOB is assumed to be horizontal.

(a) Find an equation for curve BCA.

3)
A coach has height 4.1 m and width 2.4 m.
(b) Determine whether or not it is possible for the coach to enter the tunnel.
(2)
(c) Suggest a reason why this model may not be suitable to determine whether or not the
coach can pass through the tunnel.
1)
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Question 6 continued

X
X e X
PO

XX
3

RO
SRS

R

3908

<>
b5
5
e

s
X%
RE

IRK
SIS

2

<

9%
2

%

XX

46
ptoseres
&0

2

SRR

R

05
X%
(e
1S

KRR

R

00 0%
00005 %
g**aﬁp 92%
.O‘BA N
(90539
$XX

0 009009000
28855
DA<
K4
X
$KR

&8
>
3
»
KR

o~
%
S
7
o
o2

0
Ragetelotets
TN
AN
KRS

AN
e tetototetetetets!
R e
SN
%5

¢
020

O
<

-0:0%

%
2
<1

K RERIKRLKKY

I KKK KSR

oS

S

K

2%
255

XX

3RS
Sossosssasetetetet

28

120200020 %

SERRRRK
oot atetetetetetetotetototetotetotetes

12620505000 %%

XX
5

8

SO otoresetasetototesesetetototosesetatotototeses
ZRIRRLRERRLRLRRLRLRRLRLRRL

dSetodes
BK
XXX

2

09083
o
R

29

S
S

k<3

e RIKAK
5

<
>
|
<
o

KRS
YR
YEEY
ITee

potete%
L
K

2;

&

00000 000
<]
L
82

S5L
> 0 o
obo!
%

SRIRSS
‘:.:AOM‘:‘
S5
Doots 199%S
Dodet i7ere%e!
K s
DO Pt
XX
Srata%e%e]
KIS
RS
S

%%
qg%q
KA
Moo
SRR
KRRKH

ool
]
Ril
%

KK

otote

el
)]
Al
o

pogetetetel

LY

405
%S

Dosososeseses
X%
<NO
D ANNS

Dooseses

%%
RRRL

Q‘OOQOOOOOOOQOOOOOOOQOO
r
J

o
7
'\
b,
S

920
»

o
o
%

S

L
O

o20%

R,
X XXX
QIR

KRRKKRL
K RRIKRELIKKR

X KK KKK KK KK
0
X XXX

%
odes

25

(Total for Question 6 is 6 marks)
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Figure 4

Figure 4 shows a sketch of part of the curve with equation
y=2e*—-xe*, xelR

The finite region R, shown shaded in Figure 4, is bounded by the curve, the x-axis and
the y-axis.

Use calculus to show that the exact area of R can be written in the form pe* + ¢, where
p and g are rational constants to be found.
(Solutions based entirely on graphical or numerical methods are not acceptable.)
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Question 7 continued
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(Total for Question 7 is 5 marks)
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8. There were 2100 tonnes of wheat harvested on a farm during 2017.

The mass of wheat harvested during each subsequent year is expected to increase by
1.2% per year.

(a) Find the total mass of wheat expected to be harvested from 2017 to 2030 inclusive,
giving your answer to 3 significant figures.

(2)
Each year it costs
e £5.15 per tonne to harvest the first 2000 tonnes of wheat
e £6.45 per tonne to harvest wheat in excess of 2000 tonnes
(b) Use this information to find the expected cost of harvesting the wheat from 2017 to
2030 inclusive. Give your answer to the nearest £1000
3)
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Question 8 continued
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r

9. The curve C has equation

y=2x*+5
The curve C passes through the point P(1, 7).

Use differentiation from first principles to find the value of the gradient of the tangent
to Cat P.
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Question 9 continued
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10. The function f is defined by
fix— 3x—5’ xeR, x£-1
x+1

(a) Find f'(x).
3)

(b) Show that

+
)=  xeR, x#=l
x—1
where a is an integer to be found.

4)

The function g is defined by

gix—x*—3x, xeR0<x<S5

(c) Find the value of fg(2).
(2)

(d) Find the range of g.
3)

(e) Explain why the function g does not have an inverse.
1)

q J &
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Question 10 continued
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11.

=V

Figure 5

Figure 5 shows a sketch of the curve C with equation y = f(x).
The curve C crosses the x-axis at the origin, O, and at the points 4 and B as shown in
Figure 5.
Given that
f'(x)=k—4x—-3x*

where £ is constant,

2
(a) show that C has a point of inflection at x = —3

3)
Given also that the distance AB =4 \/5

(b) find, showing your working, the integer value of .

)
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Question 11 continued
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12. Show that
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Question 12 continued
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13. (a) Express 2sinf — 1.5cosf in the form Rsin(6 — a), where R > 0and 0 < a < g

State the value of R and give the value of a to 4 decimal places.

(®))

Tom models the depth of water, D metres, at Southview harbour on 18th October 2017
by the formula

D=6+2sin @ —1.5cos @ , 024
25 25

where ¢ is the time, in hours, after 00:00 hours on 18th October 2017.
Use Tom’s model to

(b) find the depth of water at 00:00 hours on 18th October 2017,
1)

(¢) find the maximum depth of water,

Oy

(d) find the time, in the afternoon, when the maximum depth of water occurs.
Give your answer to the nearest minute.

3)
Tom’s model is supported by measurements of D taken at regular intervals on
18th October 2017. Jolene attempts to use a similar model in order to model the

depth of water at Southview harbour on 19th October 2017.

Jolene models the depth of water, H metres, at Southview harbour on 19th October 2017
by the formula

H=6+2sin[ ) 1.5c0s( 25|, 0<x<24
25 25

where x is the time, in hours, after 00:00 hours on 19th October 2017.
By considering the depth of water at 00:00 hours on 19th October 2017 for both models,
(e) (1) explain why Jolene’s model is not correct,

(i1) hence find a suitable model for H in terms of x.

(&)
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Question 13 continued
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Question 13 continued
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Question 13 continued
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(Total for Question 13 is 11 marks)
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14.
VA
C
>
0 X
Figure 6
Figure 6 shows a sketch of the curve C with parametric equations
T .
x=4cos t+g , y=2sint, 0<t<2m
Show that a Cartesian equation of C can be written in the form
(cty)+ay=>b
where a and b are integers to be found.
(5
.

5
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Question 14 continued
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Question 14 continued

(Total for Question 14 is 5 marks)

TOTAL FOR PAPER IS 100 MARKS
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