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1. Find the values of x for which

4 cosh x + sinh x = 8,

giving your answer as natural logarithms.                 
    (6)  

2. (a) Prove that the derivative of artanh x, 1 < x < 1, is 
21

1

x
.

                   (3)

(b) Find  xx dartanh .

(4)

3. Figure 1

Figure 1 shows the cross-section R of an artificial ski slope. The slope is modelled by the curve 
with equation

5.0      ,
)94(
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2




 x
x

y

Given that 1 unit on each axis represents 10 metres, use integration to calculate the area R. Show 
your method clearly and give your answer to 2 significant figures.

(7)
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4. The radius of curvature of a curve C, at any point P on C, is 2cos, where  is the angle between 

the tangent to C at P and the positive x-axis, and .
2

0
 

Taking s = 0 at ,
6

 

(a) find an intrinsic equation for C.
(4)

Given also that s = 0 at y = 0,

(b) find y in terms of s.
(4)

     5. Figure 2

A rope is hung from points P and Q on the same horizontal level, as shown in Fig. 2. The curve 
formed by the rope is modelled by the equation

,        ,cosh kaxka
a

x
ay 








where a and k are positive constants.

(a) Prove that the length of the rope is 2a sinh k. 
(5)

Given that the length of the rope is 8a,

(b) find the coordinates of Q, leaving your answer in terms of natural logarithms and surds, 
where appropriate.

(4)
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6. The curve C has equation

y = arcsec ex,       x > 0,        0 < y < 2
1 . 

(a) Prove that 
)1e(

1

d

d
2 


xx

y
.

(5)

(b) Sketch the graph of C.

(2)

The point A on C has x-coordinate ln 2. The tangent to C at A intersects the y-axis at the point B.

(c) Find the exact value of the y-coordinate of B.
(4)

7. In = 


1

0

andde xx xn Jn = 
 

1

0

.0,de nxx xn

(a) Show that, for ,1n

.e 1 nn nII

(2)

(b) Find a similar reduction formula for Jn .
(3)

(c) Show that .
e

5
22 J

(3)

(d) Show that 


1

0

dcosh xxx n =  2
1 (In + Jn ).

(1)

(e) Hence, or otherwise, evaluate 


1

0

2 ,dcosh xxx giving your answer in terms of e.

(4)
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8. The hyperbola C has equation .1
2

2

2

2


b

y

a

x

(a) Show that an equation of the normal to C at the point P (a sec t, b tan t) is

ax sin t + by = (a2 + b2) tan t.
(6)

The normal to C at P cuts the x-axis at the point A and S is a focus of C. Given that the 
eccentricity of C is 2

3 , and that OA = 3OS, where O is the origin,

(b) determine the possible values of t, for .20  t
(8)

END
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1. Find the values of x for which


4 cosh x + sinh x = 8,


giving your answer as natural logarithms.

            
     





    (6)  




2.
(a)
Prove that the derivative of artanh x, (1 < x < 1, is 
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(b)
Find 
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3.





Figure 1




Figure 1 shows the cross-section R of an artificial ski slope. The slope is modelled by the curve with equation
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Given that 1 unit on each axis represents 10 metres, use integration to calculate the area R. Show your method clearly and give your answer to 2 significant figures.

(7)




4. 
The radius of curvature of a curve C, at any point P on C, is 2cos(, where ( is the angle between the tangent to C at P and the positive x-axis, and 
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Taking s = 0 at 

[image: image5.wmf],
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(a)
find an intrinsic equation for C.


 (4)


Given also that s = 0 at y = 0,


(b)
find y in terms of s.


(4)



     5.






Figure 2

A rope is hung from points P and Q on the same horizontal level, as shown in Fig. 2. The curve formed by the rope is modelled by the equation
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where a and k are positive constants.


(a)
Prove that the length of the rope is 2a sinh k. 


(5)


Given that the length of the rope is 8a,


(b)
find the coordinates of Q, leaving your answer in terms of natural logarithms and surds, where appropriate.


(4)




6.
The curve C has equation


y = arcsec ex,       x > 0,        0 < y < 
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(b)
Sketch the graph of C.


(2)


The point A on C has x-coordinate ln 2. The tangent to C at A intersects the y-axis at the point B.


(c)
Find the exact value of the y-coordinate of B.


(4)



7.



In = 
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(a)
Show that, for
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(2)


(b)
Find a similar reduction formula for Jn .



(3)


(c)
Show that 

[image: image13.wmf].
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(d)
Show that 
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(e)
Hence, or otherwise, evaluate 
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giving your answer in terms of e.


(4)



8.
The hyperbola C has equation 

[image: image17.wmf].
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(a)
Show that an equation of the normal to C at the point P (a sec t, b tan t) is


ax sin t + by = (a2 + b2) tan t.


(6)


The normal to C at P cuts the x-axis at the point A and S is a focus of C. Given that the eccentricity of C is 

[image: image18.wmf]2


3


, and that OA = 3OS, where O is the origin,


(b)
determine the possible values of t, for 

[image: image19.wmf].
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