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1. Given that y = arsinh(tanh x), show that

d

d

hy
x

x
x

=
+
sec

tanh

2

2
1 (5)
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2. The ellipse E has equation

x y2 2

36 25
1+ =

 The line l is the normal to E at the point P (6cos , 5sin ), where 0 <  < 
2

π

 (a) Use calculus to show that an equation of l is

6xsin – 5ycos = 11sin cos
(5)

 The line l meets the x-axis at the point Q.

 The point R is the foot of the perpendicular from P to the x-axis.

 (b) Show that OQ
OR

e= 2, where e is the eccentricity of the ellipse E.
 (4)
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Question 2 continued
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Question 2 continued
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Question 2 continued
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3. (a) Using the definition for cosh x in terms of exponentials, show that 

cosh 2x 2 x – 1
(3)

 (b) Find the exact values of x for which 

29cosh x – 3cosh 2x = 38

  giving your answers in terms of natural logarithms.
(6)
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Question 3 continued
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Question 3 continued
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4. Use the substitution x + 2 = u2, where u > 0, to show that
1

27

1

( 2)
 d 3

5

x x a bπ
x−

+ = +
+∫

 where a and b are rational numbers to be found.
(9)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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5. The plane 1 has equation x – 2y – 3z = 5 and the plane 2 has equation 6x + y – 4z = 7

 (a) Find, to the nearest degree, the acute angle between 1 and 2

(3)

 The point P has coordinates (2, 3, –1).  The line l is perpendicular to 1 and passes through 
the point P.  The line l intersects 2 at the point Q.

 (b) Find the coordinates of Q.
(4)

 The plane 3 passes through the point Q and is perpendicular to 1 and 2

 (c) Find an equation of the plane 3 in the form r.n = p
(4)
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Question 5 continued
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Question 5 continued
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6. The matrix M is given by

M = −
− −

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

1 0

2 2 1

4 1 1

k
, k , k  1

2

 (a) Show that det M = 1 – 2k.
(2)

 (b) Find M–1 in terms of k.
(4)

 The straight line l1 is mapped onto the straight line l2 by the transformation represented by 
the matrix

1 0 0

2 2 1

4 1 1

−
− −

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

 Given that l2 has cartesian equation

x y z− = + = −1

5

2

2

3

1

 (c) find a cartesian equation of the line l1

(6)
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Question 6 continued
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7. 
I x xn

n= ∫ cosh
ln

 d
0

2

, n  0

 (a) Show that, for n  2,

I a
nb

n
n
In

n

n n= + −−

−
3 1

1

2

  where a and b are integers to be found.
(6)

 (b) Hence, or otherwise, find the exact value of

cosh
ln

4

0

2

x x d∫
 (4)
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8. The curve C has equation 

y
x

x= +
−

⎛
⎝⎜

⎞
⎠⎟

ln ,
e

e

1

1
      ln 2 x  ln 3

 (a) Show that

d

d

e

e

y
x

x

x= −−
−

2

1
2

(4)

 (b) Find the length of the curve C, giving your answer in the form ln a, where a is a 
rational number.

(6)
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