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1. Curve C has equation

y=x—Tx"+5x+4

(a) Find Q
dx

The point P (2, —6) lies on C

(b) Find the equation of the tangent to C at P
Give your answer in the form y = mx + ¢ where m and c are integers to be found.
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(Total for Question 1 is 5 marks)
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f(x) =3x> = 7x* + 7x — 10

(a) Use the factor theorem to show that (x — 2) is a factor of f(x)

(b) Find the values of the constants @, b and ¢ such that

f(x) = (x — 2)(ax’ + bx + ¢)

(c) Using your answer to part (b) show that the equation f(x) = 0 has only one real root.
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Question 2 continued
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(Total for Question 2 is 7 marks)
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Figure 1

Figure 1 shows a sketch of part of the curve with equation y = f(x)

The table below shows corresponding values of x and y for this curve between x = 0.5
and x=0.9

The values of y are given to 4 significant figures.

x 0.5 0.6 0.7 0.8 0.9

y 1.632 1.711 1.786 1.859 1.930

(a) Use the trapezium rule, with all the values of y in the table, to find an estimate for

J f(x) dx §
0.5 S
Give your answer to 3 significant figures.
3)
(b) Using your answer to part (a), deduce an estimate for
0.9
J. (3f(x) +2)dx
0.5
3)
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(Total for Question 3 is 6 marks)
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4. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Express as an integral

12 1
. 2
(51)6151}0 E 1+ 2x)° ox
x=4
ey
(b) Using your answer to part (a) show that

12 1
lim Y (1+2x)?dx= 8
ox—0 3

x=4

(©)
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Question 4 continued
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(Total for Question 4 is 4 marks)
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5. The functions f and g are defined by

k
al xe R x;él

f -
)= 2

g(x)=2+3x—x xe R

where £ is a non-zero constant.
(a) Find in terms of k&
(i) fg(4)
(i1) the range of f
(iii) £

Given that
11
f'2) = —
3g(2)

(b) find the exact value of k&

(6)
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Question 5 continued
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(Total for Question 5 is 8 marks)
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(a) Show that the first 4 terms in the binomial expansion of f(x), in ascending powers
of x, are

675 .
X
1024

A+ Bx+ Cx*+

where A4, B and C are constants to be found. Give each constant in simplest form.

Given that this expansion is valid for |x| < k

(b) state the largest value of .

1
By substituting x = 3 into f(x) and into the answer for part (a),

(c) find an approximation for B

. . a .
Give your answer in the form 3 where a and b are integers to be found.
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Question 6 continued

25555
25555
protetete!

XX
XX
KRS

"
RIS
RRRK

Y

AL
X
R

X

KKK o
CRIRRRKK
S

0% %
$%0%%
patesetetototeses
pasasetetets
%

0000
SRR

IR
e %050 %%

<X
5

RN

OO
O
(LXK
SRR
KL

%%

>

2
RS

00

253

S
o

QR
pgeteteetete!
XX AN
S

.05
25

99200
RRKK

>

oy

P505000%9

KB
]
ototese

<
% XX
RRRKX

%%
28
KX

X
535S
X8
CRLLKE

(Total for Question 6 is 7 marks)
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7. Curve C has equation

y=(x- 5x+8)e"2 xe R

(a) Show that

d
d—*)vc = (26— 10 + 18x — 5)e"

Given that
* C has only one stationary point

 the stationary point has x coordinate a

. Y ~-05atx=03

dx

. d_y ~09atx=04
dx

(b) explain why 0.3 <a < 0.4

(c) Show that a is a solution of the equation

L 502x% +1)
2(x* +9)
(d) Using the iteration formula
5(2x, +1
= (x”—) with x, =0.3

X =
(x4 9)
find

(i) the value of x, to 4 decimal places,

(i1) the value of a to 4 decimal places.

(&)

(1)

3
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 10 marks)
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8. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Show that

1 — cos26 nw

220 = ksec’ 0 0+ neZ
where £ is a constant to be found.
3)
(b) Hence solve, for —g <x < g
1 —cos2
— 22 (1 + 2tanx)’
sin” 2x
Give your answers to 3 significant figures where appropriate.
“)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 7 marks)
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9. The vertical speed, vims ', of a skydiver, ¢ seconds after their parachute opened, is
modelled by the equation

f‘o’o\

DA
SR

53

v=A+ Be "

< X
LON
K

¥
525

RO
0
58

X KX

b

where A and B are constants.

RS
K

QK
s

Given that the vertical speed of the skydiver was

¥
oo

S

+ 56ms ' at the instant the parachute opened

b\’: g bete%!

« 10ms ' exactly 5 seconds after the parachute opened

(a) find a complete equation for the model.
Give the values of 4 and B to 3 significant figures.

(C))

Given also that the skydiver eventually descended safely to the ground at a constant
vertical speed of 6ms™'

(b) evaluate the model.

(2)
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Question 9 continued
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Question 9 continued

(Total for Question 9 is 6 marks)
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10. (a) Sketch the graph with equation
y=13x —2a|
where « is a positive constant.

State the coordinates of each point where the graph cuts or meets the
coordinate axes.

(b) Solve, in terms of a, the inequality

|3x —2a| <x+a

Given that |3x —2a| <x + a

(c) find, in terms of a, the range of possible values of g(x), where

g(x)="5a-

1
—a—-x
2

2

C))

€))
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S 7 2 1 6 2 A 0 2 7 4 4

27

Turn over »



7

Question 10 continued
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Question 10 continued

(Total for Question 10 is 9 marks)
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11. The mean yearly concentration, C parts per million (ppm), of carbon dioxide in the
Earth’s atmosphere was first measured in 1960.

The equation
C=ab' where a and b are constants

models the mean yearly concentration of carbon dioxide ¢ years after 1960.
Given that the mean yearly concentration of carbon dioxide was

* 339ppm in 1980

* 414ppm in 2020

(a) (1) find the value of b to 3 decimal places,

(i1) find the value of a to the nearest integer.

C)
(b) With reference to the model,
(1) interpret the value of a,
(i) interpret the value of b.
@ ;
Using the model, <
om
(c) find the year when the mean yearly concentration of carbon dioxide is predicted to 5
reach 450 ppm.
’5‘*’ 0%
(Solutions based entirely on calculator technology are not acceptable.) SIS
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Question 11 continued
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12.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Show that
) 1 . 1
jxsmkxdx = k—2s1nkx - zxcoskx +c

where £ is a constant and where ¢ is an arbitrary constant.

3

A theme park ride lasts for 70 seconds.

The height above ground, A metres, of a passenger on the theme park ride is modelled

by the differential equation

tsin m
M __\5) 0<t<70
de 10H ST

where ¢ seconds is the time from the start of the ride.

Given that the passenger is 5m above ground at the start of the ride

(b) find the height above ground of the passenger 52 seconds after the start of the ride.
(6)
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Question 12 continued
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Question 12 continued

(Total for Question 12 is 9 marks)
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13. Given that

show that

(©))

S 7 2 1 6 2 A 0 3 8 4 4

XRXXKS

R o
2
SR

<5
SRS,
5
LRl
SO
PO 100

S
FIKL
Do%scenr 058
xms
X S

00
’%‘1
L% %
%

QO
o

<\
00

Soteontetetet
X PN
LGN

SR IELELILS

boses
XS
b9%es

K
S e o a e te e tatatstetatotetytatetese
0K .

0%}
dotodetetoteds

<

KA AR IIK KA
O

33
X5
3
55

%

0
potele!
foteses
55
55

o%
3%
bo%s

20%



7

> %
0 ote ot totetoteotetoetetetete%
ZRLRRLRLRRLRLRRLRK

Y

AL
X
R

X
IR
IS
R

0% %
$%0%%
patesetetototeses
posete!
KK

AKX
0002000200202 %0 % %0 % %% :‘:

<X
5

RN

OO0
poRogelelelete
O
(LXK
SRR
LS,

%%

>

2
RS

<

58S

S
58

QR
pgeteteetete!
XX AN
%

.05
25

99200
RRKK

>

P505000%9
LR
]
ototese

<
% XX
RRRKX

%%
28
KX

X
535S
X8
CRLLKE

Question 13 continued

S 7 2 1 6 2 A 0 3 9 4 4

39

Turn over »



7

Question 13 continued
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Question 13 continued

(Total for Question 13 is 5 marks)
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14.

(1) Prove that the sum of the squares of 2 consecutive odd integers is always 2 more
than a multiple of 8

(i1) Use proof by contradiction to show that log,5 is irrational.

(&)
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Question 14 continued

(Total for Question 14 is 7 marks)

(TOTAL FOR PAPER IS 100 MARKYS)
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