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Figure 1

1.2
Figure 1 shows part of the curve with equation y = es” forx > 0

The finite region R, shown shaded in Figure 1, is bounded by the curve, the y-axis,
the x-axis, and the line with equation x = 2

2

1
The table below shows corresponding values of x and y for y = e5"

X 0 0.5 1 1.5 2

y 1 e0.0S 60‘2 eO.45 eO.8

(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 2 decimal places.

3)
(b) Use your answer to part (a) to deduce an estimate for
2 1 2
(i) j (4+¢7 )dr
0
P Ly
(i1) j es dx
1
giving your answers to 2 decimal places.
(2)
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(Total for Question 1 is 5 marks)

S 6 3 4 4 8 A 0 3 4 8

=

lm

=

=

(5]

e

=]

ot

=

7]

S
\. J
BEEE8880000008885 SR000EEE080000080885% e A 88000000088890000000889990
o EKKEK CEFONO oot o )P0 X e 0 B Y 000 0700 | 180 | 6 Sa0aeseosossoasososssasorosssorosetasososstasosesss o 4o .S A KONEOD CESEEEEEE

R & Sodotelotodededs
KA EI L CIINE LD 2000000000058
e R0 e R
XORIKAIKHAIKAIKAKHKAIKAARKARXAKHKAKHKAIKAR AKX AKHKAK AKX AR AKX AKHKAKANRK

3 KOYNKL
= fo B KN AT TV AR TN LRI N Sl N
RIS RIILRH LK LSRR KR HILIR KRR AL
R R R R R R RR AR RRR R RLRSRRLRIRLIRLRSRKRLRARLRLRALRLRARLIRLRAILRKRS

by <G
[ 555550

B RIS
X ,«.@,&.&%&&”.%%&”.ﬁ%&%.ﬂ

G R RS IRIREIIKS
N-TH h.»,.wmww«wwwnwwww““wwwwn...&n
R IR LR LR

I
$980000008888830000088
RS EEHILRHILLLRELS
B R RRRHRRRIRRKS
b R
RERELELELELELELELELELELELELELLK,

00000007000 00000000 000000 000 000 0000000000000 0000 00000 0000000000000 0000000000000 90 0.%00%
R R R AR RRRILIZRRKS
10000005 % % o% AR

ot WRI

0000000020000 0000 9000 0000009000900 0090 00900908 % J %
S RN INIES
0 0000000000099 00900999200

%
o

Turn over »



-
2.
B
1.2rad /‘\
4 7.5¢cm 0 8.5cm C
Figure 2

The shape AOCBA, shown in Figure 2, consists of a sector AOB of a circle centre O

joined to a triangle BOC.

The points 4, O and C lie on a straight line with A0 = 7.5cm and OC = 8.5cm.

The size of angle AOB is 1.2 radians.

Find, in cm, the perimeter of the shape AOCBA, giving your answer to one decimal place.
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a D
3. The equation
3 +k=5x+2 kel
where £ 1s a constant, has no real roots.

Find the range of possible values for £.
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(Total for Question 3 is 4 marks)
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r

4. The function fis defined by

f(x) =

(a) Find the range of f.

(b) Find .

(c) Show, forx € R, x > 0, that

12x
3x+4

ff(x) =

7
(d) Show that ff(x)= 5 has no solutions.

xeR, x>0

9x

3x+1

2

(€))

3

2
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Question 4 continued
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-
5. A curve has equation
y=4x>—5x
The curve passes through the point P(2, 6)

Use differentiation from first principles to find the value of the gradient of the curve at P.
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5 continued

Question

(Total for Question 5 is 5 marks)
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Figure 3

Figure 3 shows a sketch of part of the curve with equation

6 xeR

y=1
e +4

The finite region R, shown shaded in Figure 3, is bounded by the curve, the y-axis,
the x-axis, and the line with equation x = 2

1
(a) Use the substitution # = €2" to show that the area of R can be given by

b
at(u+4)

where a and b are constants to be found.

. . . 5
(b) Hence use algebraic integration to show that the exact area of R is 3In (—64]
e+

(€))

C))
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Question 6 continued
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7. (a) Express 3sinf — 4 cos @ in the form Rsin(d — o), where R > 0 and 0 < o < 90°

State the value of R and give the value of a to 2 decimal places.

3)
The temperature in a greenhouse, G °C, is modelled by the equation
G =17 + 3sin(15¢)° — 4 cos(15¢)° 0<r<17
where 7 is the time in hours after 5a.m.
(b) Find, according to this model,
(1) the maximum temperature in the greenhouse,
1)
(i1) the time, after midday, when the temperature in the greenhouse is 20 °C.
Give your answer to the nearest minute.
(Solutions based entirely on graphical or numerical methods are not acceptable.)
“)
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Question 7 continued
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8. (i) Show thaty”—4y + 7 is positive for all real values of y.

(i1) Bobby claims that
e > e xeR

Determine whether Bobby’s claim is always true, sometimes true or never true,
justifying your answer.

(ii1) Elsa claims that
‘for n € Z*, if n* is even, then n must be even’

Use proof by contradiction to show that Elsa’s claim is true.

(iv) Ying claims that
‘the sum of two different irrational numbers is irrational’

Determine whether Ying’s claim is always true, sometimes true or never true,
justifying your answer.

(2)

(2

2

(2)
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Question 8 continued
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9. (a) Show that

sin x 1-cosx
+

: = kcosecx x=nw, ne’wl 8 o e o
1 — COSX Sin x :::Q::: :.:Iél:.:

. S = o
where £ is a constant to be found. ‘O :
(4) :ig:ii :-:E:?:
(b) Hence explain why the equation i i ;;E-;;
. E —

sin x 1 —cosx BT B
+ " = 1.6 E ;
1—cosx sin x Sl e
:3:,"’-:3: b5 ®

has no real solutions. B ol
(1) S~ 1
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9 continued

Question

(Total for Question 9 is 5 marks)
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10.

Figure 4
Figure 4 shows a bowl with a circular cross-section.
Initially the bowl is empty. Water begins to flow into the bowl.

At time ¢ seconds after the water begins to flow into the bowl, the height of the water in
the bowl is ~cm.

The volume of water, ¥'cm?, in the bowl is modelled as

V = Azh(h + 6) 0<h<25

The water flows into the bowl at a constant rate of 80z cm?®s™!

(a) Show that, according to the model, it takes 36 seconds to fill the bowl with water
from empty to a height of 24 cm.

(1)

(b) Find, according to the model, the rate of change of the height of the water, in cms™,
when 1 =8

®
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Question 10 continued
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11. (i) Given that

y=a* :'.b:ii :-:&:-:
O :-:l!gui-:
where a is a positive constant, show that :1:§:1: :i:fj-:;
dy :32513: :-:E:?:
- =ad“lna SR L=
Q) S i
S Spe
(ii) Given that % SR
T e g
X = 2tal'ly —— < y < — :::#::: o
2 S~ 1
show that
&k
dx  4+x°
where £ is a constant to be found.
“4)
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12.

Q

4m

0 B
100m

AN

A
v

Figure 5

P VA R

=V

A 0 B
Figure 6

A suspension bridge cable POR hangs between the tops of two vertical towers,
AP and BR, as shown in Figure 5.

A walkway AOB runs between the bases of the towers, directly under the cable.
The towers are 100 m apart and each tower is 24 m high.
At the point O, midway between the towers, the cable is 4 m above the walkway.

The points P, O, R, A, O and B are assumed to lie in the same vertical plane and AOB is
assumed to be horizontal.

Figure 6 shows a symmetric quadratic curve POR used to model this cable.
Given that O is the origin,

(a) find an equation for the curve POR.

3
Lee can safely inspect the cable up to a height of 12m above the walkway.
A defect is reported on the cable at a location 19 m horizontally from one of the towers.
(b) Determine whether, according to the model, Lee can safely inspect this defect.
(2)
(c) Give a reason why this model may not be suitable to determine whether Lee can
safely inspect this defect.
(1)
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Question 12 continued

<5
S
SO
N
oomam 2%
o %8
poge-o

Ko

Ko<
e
055058
QYL

K
By
doso%es
0XK:
KKK,

09%!
RS
Sasoto%es
X X

%
ototetotetete!

0 00000000000

oY%
K

o5

190%0%6%%:%%
%

RIS
SRS

X

passsatetotototototoss
295050598
XKKX,

20%0%0%6%%%
XX
$96%6%%

000

QIR

R KIRKKKK

XX
X X
555
00000,
s
XX

000
Sototetes
LRRRRKELLLS

09020902090 %%%%
X RRIIRERIKRERIKKKX
X R EIERREIKRKLLIKKRL
0002020000000 %% %0 %6 %626 %6%

K

RORRRRIEEIKS
A8

L

RS

4=
2%
KK,

QKRR KRR KX

o2

R RRRRLLLLZZLZZLS:
XXX XXX

A=

%

NE
Bt
KL

o%

SO 00000
oSosrtorevel
SAR
Soatels

R

X
o %%;
XK,

4
X

¢
<

X
s
e
Jogors’
&
S8
Po%eL.
— oot %%
KR X
BXX X
POt
o5 POt
X &S
S TR
2 25
B %3
NS S
SONTIR !
XS XN
08 - 0SB etoL Jo!
SIBLL SGES
135 %%
RS &S
LTI’ o
S 3K
30—
28 &
RS

<
&
29
<
29
35
000

OIS
odeseteteteteteds

bo%
RXKXKRILKK,

¢
000

¢
55
098
:"
098
XSGR IRRRKK KRR

e

<
%
o%
%
peess
0o

36

S 6 3 4 4 8 A 0 3 6 4 8



7
~
=<

b
<
=
=
@»
o
o
e
=
=
ﬁ
@»
]
=
o
I
S
—
<
S
[
A d

=

L

=

=

ﬁ

=

=3

[

o

e

=

=

ﬁ

7

]

=

o

\.

IR,

R R RIIIIIZRKLS
KRR

S

%

R

N 5.8 LS $RRILS
R R RIXR XL IR LR ARSI RRX K I RIRIILRIRILIRILRIRIREIRIRS

o

0
0%

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRIRRRRRRRRIRIRRRRKRRHRRRRRRRRHIRRRRRLKIKRRRRK

<2
<
Q

ol

[

X
o0

%

L%

%%

"%
b

o

et ot etetetetetetetetetetetotete!
IR

b
<2

%,
5
33

5

%

00305

Q

e 00"“““““0“ NNO““NNN“N“““NNN“N“
00 0000000-00000000000000000“00““""“““““000““““““’"““““
e e T oSSt iiNatot ot et einiatotote

000200000 000000000000 0000000000 9000%0 9% %%
P

090000022090 % %%
KK,

X

37
Turn over »

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



r

13. Given that p is a positive constant,
(a) show that

11
Y In(p") = klnp

n=1

where £ is a constant to be found,

(b) show that

iln(Sp") = 33In(2p%)

n=1

(c) Hence find the set of values of p for which
11
Y In(8p") < 0
n=1

giving your answer in set notation.

(2

2

2
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Question 13 continued
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Question 13 continued
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14.

P(1, 4e %)

=V

Figure 7
Figure 7 shows a sketch of the curve with equation
y=4dxe > x>0
The line / is the normal to the curve at the point P(1, 4¢?)

The finite region R, shown shaded in Figure 7, is bounded by the curve, the line /, and
the x-axis.

Find the exact value of the area of R.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(10)

42
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Question 14 continued
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Question 14 continued
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15. Relative to a fixed origin O, the points A and B are such that

-3 3
—> —>
0O4=| 2| and OB =| -1, where p is a constant

7 p
and the points C and D are such that

0 2

— —
BC =| 6] and AD = 5
-7 -4

(a) Find the position vector of the point D.

Given that ABCD is a trapezium,

(b) find the value of p.

(1)

C))
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Question 15 continued
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Question 15 continued
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