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4 R
1. The hyperbola H has equation

x2 y2 1

4 3

(a) Use calculus to show that an equation of the normal to H at the point P with

coordinates (2 secO, \/§ tan 0) is

2xtan 6 + ﬁysec@ = ktanOsecO

where k is a constant to be determined.

“4)
The normal to H at the point Q(4, 3) meets H again at the point R.
(b) Determine the coordinates of R.
(Solutions relying entirely on calculator technology are not acceptable.)
“4)

(Total for Question 1 is 8 marks)
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2. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Use integration to show that

1
I ~ dx = artanhx + ¢ x| <1
I-x
where c is an arbitrary constant.
3)
The curve with equation
1
y = artanh 2x — 8arctan 4x 0<x< 5
has a stationary point P.
(b) Determine
(i) the exact x coordinate of P
(i1) the exact y coordinate of P, giving the answer in the form
1 rT
Eln (p + q\/g) + ?
where p, ¢ and r are integers.
(5)

(Total for Question 2 is 8 marks)
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-2 -3
M=| 0 3 &
-2 2 3

where £ is a constant.
Given that A is an eigenvalue of the matrix M
(a) show that
A =427 +f(k)A+ 6k +36=0

where f (k) is a function to be determined.

&)
Given that 2 is an eigenvalue of M
(b) use the answer to part (a) to show that k£ = —1

2
Given that -3 is also an eigenvalue of M
(c) write down the third eigenvalue of M

1)
(d) Determine an eigenvector, with integer components, which corresponds to the

eigenvalue —3
2

(Total for Question 3 is 8 marks)
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Figure 1

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

(a) Show that

arsinhx = ln(x +4/x? + 1)

3)
The curve C has equation
y = (sinhx — 3)coshx — 6x
A sketch of C is shown in Figure 1.
(b) Determine the exact range of values of x for which C is decreasing, giving the
answer in terms of simplified natural logarithms.
(6)

(Total for Question 4 is 9 marks)
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5. Relative to a fixed origin O, the points P, QO and R have coordinates
P(2, 5, 0) Q(—2, 6,3) R(l, 2, - 1)

(a) (1) Determine O_Pg X O—Q

(i1)) Hence determine the exact volume of the tetrahedron OPQR

3)
Given that the plane I1, contains the points P, Q and R
(b) determine a Cartesian equation for I1,
“4)
The points O, Q and R are in the plane IT, which has equation r.(12i -j+ 10k) =0
Given that the point S has coordinates (—4, — 3, 2)
(c) determine the perpendicular distance from Sto IT,, giving the answer in the form
k~/5 where kis a fully simplified rational number.
(2)

(Total for Question 5 is 9 marks)

6.
p 3 -1
A=|0 2 -1
3 -1 1
where p is a constant and p # 3
(a) Determine A", giving the answer in simplest form in terms of p.
“4)
The transformation represented by A transforms the point with position vector
2i + j— 5k to the point with position vector 16i + 7]
(b) Show that p =4
(1)
The transformation represented by A transforms the point B to the point with coordinates
(2, g, —1) where g is a constant.
(c) Use the answer to part (a) with p = 4 to determine the coordinates of B.
Give the answer in simplest form in terms of ¢.
3)
(Total for Question 6 is 8 marks)
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The ellipse £ has equation

2

and eccentricity e
(a) Determine
(1) the exact value of e

(i1) the equations of the directrices of £

The curve C has parametric equations

x = 2cosh2¢

(b) Show that a Cartesian equation for C is

y* =16x - 32

The curve C
* intersects £ at the point 4

» intersects a directrix of £ at the point B

+
45

2

The arc AB of C is rotated through 27 radians about the x-axis.

(c) Use the result in part (b) and algebraic integration to determine the area of the
surface generated, giving the answer in the form

25 (o7 - i)

where p, g and r are integers.

(Solutions relying entirely on calculator technology are not acceptable.)

P85022A
O .

y_ =
20
“4)
y = 8sinht t>0
y>0
3)
(7)

(Total for Question 7 is 14 marks)
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y = sin"" xcos x

(a) Show that

Y_ (n—1)sin" x — nsin” x
dr 2
I, =Ie6xsin”xdx n>=0
(b) Use integration by parts to show that, for n > 2
(n2 + 36)[,, = ¢ sin"" x(6sinx — ncosx) + n(n-1)I,,
3)
(c) Hence show that
T
° e® sin® xdx = L(e” (p + 6]\/5) + r)
0 240
where p, g and r are integers to be determined.
“4)

(Total for Question 8 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS
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Question 1

Write the answer to Question 1 on these 4 pages.
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Question 1 continued
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Question 1 continued
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Question 1 continued

This is the end of Question 1 answer space. Please turn the page for Question 2 answer space.

(Total for Question 1 is 8 marks)
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Question 2

Write the answer to Question 2 on these 4 pages.
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Question 2 continued

o5
$9%%
096%%%%
ooatotetnte!

o2l
S

:‘:”” X
X

RRKKKL
B

$9.0.9.0,

XK KK

HRLRAIR
.:::.0000
B

O
ORI
Soodededet
QK
Dososeteseses
SRR
KRR

X
1
S
Bobess
R

A

Y
xS

%

bt

SIS
SIS

SRR,

98

2L
A
SRX
bose!

Turn over »

7
o R0 0 0 0
P 8 7 9 5 2 A 0 7 3 2




7

Question 2 continued
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Question 2 continued

This is the end of Question 2 answer space. Please turn the page for Question 3 answer space.

(Total for Question 2 is 8 marks)
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Question 3

Write the answer to Question 3 on these 4 pages.
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Question 3 continued
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Question 3 continued

This is the end of Question 3 answer space. Please turn the page for Question 4 answer space.
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Question 4

Write the answer to Question 4 on these 4 pages.
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Question 4 continued
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Question 4 continued

This is the end of Question 4 answer space. Please turn the page for Question 5 answer space.
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Question 5

Write the answer to Question 5 on these 4 pages.
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Question 5 continued
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Question 5 continued

This is the end of Question 5 answer space. Please turn the page for Question 6 answer space.
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Question 6

Write the answer to Question 6 on these 4 pages.

22

P 8 7 9 5 2 A 0 2 2 3 2

O .

odo%e3e%
o Sotetele!
RIS
250505059
ootetete!

09090909 %%

QLRI

dododels
oo
X

L
X X

dododete!
fototetes
XXX

oS o0tetetote!

¢
X%
o0%e!
%
S

O
£

1@ s
Sode%e!
5008

RRRRIIIRILLKS

%
b0
RS

5
<
0%

XN XS
SR
SeseTetess
X

boSom~ 2%
RIS

%o

&

%
:0:0)04'?0
SEHS
Bosetee aost
Deto:=" %%
IR
potaa+%et
SR
5y
pLoserer0es
Svov %
DoSoraniiot
S
P28 » 3 193¢
0K

OO
KL
XXX

00
bogoses
290959595

55

(XX
%%
o

%
Jed%

) 9%
S
SEBR

pleteles



RS SERRSSSER

0 XK KK XX 00%

R 5SS
0. 0.0.0.90.0.9.9.90.9.9.0.0.9.

0%
o
< %

b

SR
bose
%

K
0K
RLRRIRLRRILRRILRIRKLR

%%
o%!

095 < 0%t
SRS
RIS,
KIBIKL
SRS

%
SIS
SRS
oy Setetess

it

S5
s
boss.
K
2
&

I
S
CINKENT
<IN
XD
X RKKKL
SEBSS

X
£
s
8

XX

9,
<X
bte!

=

<>
255
g?
X
<
55

20!
58
<
4
b |
S
R

000K
Sooaratets
o000 1o
RIS
LS
RLRLKS

3K
2

2%
5%
3RS
L

0K
%@?Q?
EEEELEBBLE

o
55

o
o’

%
550
o
25

XX
5
00000 %%
00K
KKK

0
%ﬂ%&
QKKK
QIS
R

$99%
S

5

P

20
SELLEKS

< R

€355
0-a308
P 'a’.
SRS
2
s
3RS
pated
&

%% %% %
Pede%e %%
bogeses
XXX
pogeses

o%

%

0000
38
2
3RS
&

8
oo
255

X

$0.0.0.%
2R
XX
K
oS0tetoteteds
qﬂ%ﬁ.:

<R

~ \
Question 6 continued
\\ J
23
aEm 0 O 0 O R .
P87 952 A0 2 3 3 2 Turn over



7

Question 6 continued
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Question 6 continued
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Question 7

Write the answer to Question 7 on these 4 pages.
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Question 7 continued
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Question 7 continued

This is the end of Question 7 answer space. Please turn the page for Question 8 answer space.
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Question 8

Write the answer to Question 8 on these 3 pages.
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Question 8 continued

(Total for Question 8 is 11 marks)

TOTAL FOR PAPER IS 75 MARKS
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