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( )
1. (a) Given that 4 is small and in radians, show that the equation

11

cosf — sin 10 +2tan0 = — (I 8 Fu
> 10 2 s
can be written as = s vt
50°-150+1=~0 B o
3) i E
The solutions of the equation ,;.E,;: b
50°-150+1=0 »B 5
B e b
are 0.068 and 2.932, correct to 3 decimal places. "'>‘ 8
(b) Comment on the validity of each of these values as approximate solutions to
equation (I).
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Question 1 continued

(Total for Question 1 is 4 marks)
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r A
2. A curve has parametric equations

x=6f+1 y=5—i t#0
3t

Show that the Cartesian equation of the curve can be expressed in the form

x—1

where a, b and k are constants to be found.
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Question 2 continued

(Total for Question 2 is 3 marks)
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r

3. A curve has equation

y=x +hke+14 -
(x =3)

where £ is a constant.
Given that the curve has a stationary point P, where x = 3

(a) show that k =—8

“4)
(b) Determine the nature of the stationary point P, giving a reason for your answer.

(2)
(c) Show that the curve has a point of inflection where x = 7

(2)
The curve passes through the points (4.5, 14.25) and (5.5, —15.75)
Jane uses this information to write down the following

As there is a change of sign, the curve cuts the x-axis in the interval (4.5, 5.5)

(d) Explain the error in Jane’s reasoning.

(1)
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Question 3 continued

(Total for Question 3 is 9 marks)
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Figure 1 shows a sketch of part of the curve with equation y = f(x), where

y = 1)
Figure 1

fx)=x"—6x"+Tx+2 xeR

The curve cuts the x-axis at the points P, O and R, as shown in Figure 1.

The coordinates of Q are (2, 0)

(a) Write f(x) as a product of two algebraic factors.

(b) Find, giving your answer in simplest form,

(c) Deduce the number of real solutions, for —z < 6 < 127, to the equation

(1) the exact x coordinate of P,

(i1) the exact x coordinate of R.

sin® @ — 6sin* @ + 7sinf@+2=0

justifying your answer.
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A Diagram not
drawn to scale

Q\
=V

y =)

Figure 2
Figure 2 shows part of a graph with equation y = f(x), where
fox) =7 - 3x - 5| xeR

The finite region R, shown shaded in Figure 2, is bounded by the graph with equation
v = f(x) and the x-axis.

(a) Find the area of R, giving your answer in simplest form.

“4)
The equation
7-13x-5|=k
where £ is a constant, has two distinct real solutions.
(b) Write down the range of possible values for .
(1)
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-
6. f(x) = (2 + kx)* where £ is a positive constant
The binomial expansion of f(x), in ascending powers of x, up to and including the term
in x% is
L Ax + E)f
16 32
where 4 is a constant.
(a) Find the value of 4, giving your answer in simplest form.
)
(b) Determine, giving a reason for your answer, whether the binomial expansion for f(x)
is valid when x = %
(1)
\_

14
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=V

y = f(x)

Figure 3

Figure 3 shows a plot of part of the curve with equation y = f(x), where

f()c):g—ex+2x2 xeR,x#0
X

The curve cuts the x-axis at the point 4, where x = a, and at the point B, where x = f, as
shown in Figure 3.

(a) Show that a lies between —1.5 and —1

(b) The iterative formula

with x, = —1 can be used to estimate the value of a.
(i) Find the value of x, to 4 decimal places.

(i) Find the value of a correct to 2 decimal places.

(2)

(2)
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The value of £ lies in the interval [1.5, 3]
A student takes 3 as her first approximation to f.
Given f(3) =—1.4189 and f'(3) = —8.3078 to 4 decimal places,

(c) apply the Newton-Raphson method once to f(x) to obtain a second approximation to £.
Give your answer to 2 decimal places.

(2)

A different student takes a starting value of 1.5 as his first approximation to f.

Y3dY SIHLNI LM LON-Oa
DO NOT WRITE IN THIS AREA

(d) Use Figure 3 to explain whether or not the Newton-Raphson method with this starting
value gives a good second approximation to f.

2

[If you need to rework your answer to part (d) turn over for a spare copy of Figure 3]
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Question 7 continued

E Only use this spare copy of Figure 3 if you have to rework your answer to part (d).
(v
S
2] Y A
o =
-
£
(18}
E
o
c
(@)
=
Q
()
4 0 X
538
55
: y = f(x)

o

Spare copy of Figure 3

o
<

L

L
o

R R
) 4
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(Total for Question 7 is 8 marks)
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A circle with centre (9, —6) touches the x-axis as shown in Figure 4.

(a) Write down an equation for the circle.

A line [ is parallel to the x-axis.
The line / cuts the circle at points P and Q.
Given that the distance PQ is 8

(b) find the two possible equations for /.

Figure 4

=V

(€)

C))

20

S 6 3 4 4 9 A 0 2 0 4 8

VaUY SIHL NI SLIHM 10N 0

DO NOT WRITE IN THIS AREA




IS

CX oS50
TR
S
9% = o4
SRS
08 o
SN
SPTESS

2

e
0%

R

KRRRIRRRRREEEIIIRRRZLKL

ORIKIKAKHKAIKIKAIKHKAIK AKX AKX AKX AKX AKX AKAKAKAR K

QX RRIIRIHIRRIIRRARIIRLHNK
oottt oottt oo tetetetetetetototetetoteted %

o5
196%%
$%%
Q%p’

XK RIERIIELIIELIILELELKILELLKL

X X
X X

G RRRRRRRRRRRRRRLLILLRLLLL

0707070705 % %0 %0 %0 %0 %05 % % %% % %% %% % %%

0
%S

RO e e e e te e tetetetetetetoteteterotetetoteted
2

K EEREIERELEIIKRLIIKLELIIKRELIKKKL

o<
B
2K

<

-
%
%
%S

R
o
X
K
3%
KK

0%
%9 L
050530502

%
ete%ete!

SIS
S0
]
03 420 %)
000 2 %02
=
R
%8

%

X g5
958,11 20%
.000.:.:.

XX
(X2
X R R X
s

0%~ 4 5%
SRS
oS0t

000 - 300

%
RRKS

2
Il §

RS

X RSKERKRY

otetetetetst

- N
X

000‘:""
Seletodes
RRRK

S
<
XX

X
?
250
K
X%
sg
sg
.:::

35

100,00

&”””v”””v”””v’
0.9,0°0:9°0:9.0°0.
XK

XX
XX

2285

120%0%0% %%
XXX

%

.
o i
> 2o

$o%0%

XX
X
P

X
~

%

2
X

2
[

%

i g
QX

Ss0se
¢
2

QL

X

e
XX

0. 9%
P
<9

33

SRR
b
25

XX
8
X X
%’

200t
KL
e

XK

K

X
X
o

8%
5
ot

X
%

55

9.0 0000090000009
ofedelels
0%
KR

OO
05
.
R

o2

XX

o2

%
s
e

o’

R
o0
.”

Qf’
o4 1)1
<3
<

s

X
0%
)
9585
OIS

09
X X

8
X

QK

X

%
R
9%

XX

e
1%
X

XX

19002629 %%
XX

02

R
Y
)
!

,
!
ool

o

XX
S

)~

3888
J
Sostd
o2

3
XX

X
2

QAKX
<
4

Setoodes

RS
5]
o2,

XX
O

00

XX
KKK

OO
R

RS
Q8

O 0000099999,
(9.0, 0.0.0.0.90.9.9,
SRS
00000000 00 0.0 0.
RIS

XX
X RKIRERLK

XX
O

>

K8,

25055
KRE

XX
XX

0o
25

SRR

$o%%
RRRXXK
o%

0%

XX

RIS

&'
0
%S

000

XX

2
RRLRRRRLRLRLRLRRRIRLIRLRLRRRLRLR

190%090%09:9:9%%

25
55

<

2

o2
%
o%

OO
de2e%e
‘l

RRKS

0
KK
R
AKX
KR

0 00,00,
2288258

K
000

XX

\,
psodocsd
P

o%!

oo
Do%e%.

XX

%!

X5

<
%5
58

o

00
000
0

0%

35
XX
et

o5
%%

o0

<
‘?

%5

0o

X
XX

XX
5

XX

oS
0
<

%S

000

X
25

58

&

28
255
2L

XX
XORHKAKAHKXX

0%
o0

3

Qﬁ’.’
R
XL

XX
Qf

X
O
XL

XX

XX
X

<
oS

%S

4 w
Question 8 continued
(Total for Question 8 is 7 marks)
\ J
21
W 00 0 0D A Turm over »
S 6 3 4 4 9 A0 2 1 48



9. The amount of antibiotic, y milligrams, in a patient’s bloodstream, ¢ hours after the
antibiotic was first given, is modelled by the equation

y=ab'

where a and b are constants.
(a) Show that this equation can be written in the form
log,y=tlog, b+c
expressing the constant ¢ in terms of a.
A doctor measures the amount of antibiotic in the patient’s bloodstream at regular
intervals for the first 5 hours after the antibiotic was first given.

She plots a graph of log v against 7 and finds that the points on the graph lie close to a
straight line passing through the point (0, 2.23) with gradient —0.076

(b) Estimate, to 2 significant figures, the value of a and the value of b.

With reference to this model,
(c) (1) give a practical interpretation of the value of the constant a,
(i1) give a practical interpretation of the value of the constant b.
(d) Use the model to estimate the time taken, after the antibiotic was first given, for the

amount of antibiotic in the patient’s bloodstream to fall to 30 milligrams. Give your
answer, in hours, correct to one decimal place.

(e) Comment on the reliability of your estimate in part (d).
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r

10. A biologist conducted an experiment to investigate the growth of mould on a slice of bread.

The biologist measured the surface area of bread, 4 cm®, covered by mould at times, ¢ days,

after the start of the experiment.

Initially 9.00 cm” of the bread was covered by mould and 6 days later, 56.25 cm’ of the

bread was covered by mould.

In the biologist’s model, the rate of increase of the surface area of bread covered by
mould, at any time 7 days, is proportional to the square root of that area.

By forming and solving a differential equation,

(a) show that the biologist’s model leads to the equation

2
A= (é, + 3)
4
(6)
The biologist’s full set of results are shown in the table below.
t (days) 0 6 12 18 24 30
A (cm®) 9.00 56.25 143.78 271.19 334.81 337.33
Table 1
Use the last four measurements from Table 1 to
(b) (1) evaluate the biologist’s model,
(i1) suggest a possible explanation of the results.
3)
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11.

y = fx)

=V

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

fory = —S2X g ica
-3+ cos2x

The curve has a minimum turning point at 2 and a maximum turning point at Q,
as shown in Figure 5.

(a) Show that the x coordinate of P and the x coordinate of Q are solutions of the equation

cos2x = l
3

C))
(b) Hence find, to 2 decimal places, the x coordinate of the maximum turning point on
the curve with equation
(i) y=f3x)+5 Oéxég
.. 1
(11) y=—f(zx) 0<x<4n
Q)]
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( )
12. A company extracted 4500 tonnes of a mineral from a mine during 2018.
The mass of the mineral which the company expects to extract in each subsequent year is o <
© Ll
modelled to decrease by 2% each year. s &:
o 7]
(a) Find the total mass of the mineral which the company expects to extract from 2018 g T
to 2040 inclusive, giving your answer to 3 significant figures. = ;
(2) M ow
- =
< c
(b) Find the mass of the mineral which the company expects to extract during 2040, E' =
giving your answer to 3 significant figures. n "6
@) > 2
2
The costs of extracting the mineral each year are assumed to be:
e £800 per tonne for the first 1500 tonnes
e £600 per tonne for any amount in excess of 1500 tonnes
The expected cost of extracting the mineral from 2018 to 2040 inclusive is £x million.
(c) Find the value of x, giving your answer to 3 significant figures. 1:18.' za
3) S Sl
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e
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13.

VA

=V

Figure 6

Figure 6 shows the curve with parametric equations
x = 6¢cost y = 5sin2¢ 0<r<

The finite region R, shown shaded in Figure 6, is bounded by the curve, the x-axis, and
the line with equation x = 3

Use calculus to show that the area of R is 20 — 1?5\/5

(7
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Question 13 continued
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14.

=V

Figure 7

Figure 7 shows the curves with equations

where £ is a positive constant.
The finite region R, shown shaded in Figure 7, is bounded by the two curves.

Show that, for all values of %, the arca of R is %
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15. A sequence of numbers a, a,, a,, ... is defined by

anH:k—% neZz
a

n

where £ is a constant.
The sequence is periodic of order 3
Given that a, = 2

(a) show that ¥ +k—12=0
3)

V3HY SIHLNI 3LIHM LON 0
R

Given that a, = a,
121

(b) find the value of Za,
s “4)
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Question 15 continued

(Total for Question 15 is 7 marks)

TOTAL FOR PAPER IS 100 MARKS
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