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1. Using the definitions of cosh x and sinh x in terms of exponentials,

(a) prove that cosh2 x  sinh2 x = 1,
(3)

(b) solve cosech x  2 coth x = 2,

giving your answer in the form k ln a, where k and a are integers.
(4)

2. 4x2 + 4x + 17  (ax + b)2 + c, a > 0.

(a) Find the values of a, b and c.
(3)

(b) Find the exact value of






5.1

5.0
2 1744

1

xx
dx.

(4)

3. An ellipse, with equation 
49

22 yx
 = 1, has foci S and S.

(a) Find the coordinates of the foci of the ellipse.
(4)

(b) Using the focus-directrix property of the ellipse, show that, for any point P on the ellipse,

SP + SP = 6.
(3)

4. The curve C has parametric equations

x = cosh t  t, y = cosh t + t.

Find the exact value of the radius of curvature of C at the point where t = ln 3.
(9)
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5. Given that y = sinhn  1 x cosh x,

(a) show that 
x

y

d

d
= (n  1) sinhn  2 x + n sinhn x.

(3)

The integral In is defined by In = 


1arsinh

0

sinhn x dx,  n  0.

(b) Using the result in part (a), or otherwise, show that 

nIn = 2  (n  1)In  2, n  2
(2)

(c) Hence find the value of I4.
(4)

6. A curve has intrinsic equation s = a sec3  a, where a is a non-zero constant. Given that 
x = 0 and y = 0 at  = 0,

(a) show that y = a tan3 ,
(4)

(b) find a similar expression for x in terms of .
(4)

(c) Hence show that a cartesian equation of the curve is

ay2 = 
27

8
x3.

(2)
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7.   Figure 1

Figure 1 shows the curve with parametric equations

x = a cos3 , y = a sin3 , 0   < 2.

(a) Find the total length of this curve.
(7)

The curve is rotated through  radians about the x-axis.

(b) Find the area of the surface generated.
(5)

8. (a) Show that the normal to the rectangular hyperbola xy = c2, at the point P 







t

c
ct, , t  0 has 

equation

y = t2x + 
t

c
 ct3.

(5)
The normal to the hyperbola at P meets the hyperbola again at the point Q.

(b) Find, in terms of t, the coordinates of the point Q.
(5)

Given that the mid-point of PQ is (X, Y) and that t  1,

(c) show that 
2

1

tY

X
 ,

(2)

(d) show that, as t varies, the locus of the mid-point of PQ is given by the equation

4xy + c2
2











y

x

x

y
= 0.

(2)
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1.
Using the definitions of cosh x and sinh x in terms of exponentials,


(a)
prove that cosh2 x ( sinh2 x = 1,


(3)


(b)
solve cosech x ( 2 coth x = 2,


giving your answer in the form k ln a, where k and a are integers.


 (4)




2.



4x2 + 4x + 17 ( (ax + b)2 + c,

a > 0.


(a)
Find the values of a, b and c.


 (3)


(b)
Find the exact value of
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3. 
An ellipse, with equation 
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(a)
Find the coordinates of the foci of the ellipse.


(4)


(b)
Using the focus-directrix property of the ellipse, show that, for any point P on the ellipse,


SP + S(P = 6.


 (3)




4. 
The curve C has parametric equations


x = cosh t ( t,

y = cosh t + t.


Find the exact value of the radius of curvature of C at the point where t = ln 3.


(9)




5.
Given that y = sinhn ( 1 x cosh x,


(a)
show that 
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The integral In is defined by In = 
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(b)
Using the result in part (a), or otherwise, show that 


nIn = (2 ( (n ( 1)In ( 2,

n ( 2


(2)


(c)
Hence find the value of I4.


 (4)




6.
A curve has intrinsic equation s = a sec3( ( a, where a is a non-zero constant. Given that 
x = 0 and y = 0 at ( = 0,


(a)
show that y = a tan3 (,


(4)


(b)
find a similar expression for x in terms of (.


(4)


(c)
Hence show that a cartesian equation of the curve is







ay2 = 
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7.





  Figure 1
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Figure 1 shows the curve with parametric equations


x = a cos3 (,
y = a sin3 (,
0 ( ( < 2(.


(a)
Find the total length of this curve.


(7)


The curve is rotated through ( radians about the x-axis.


(b)
Find the area of the surface generated.


(5)


8.
(a)
Show that the normal to the rectangular hyperbola xy = c2, at the point P
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y = t2x + 
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(5)


The normal to the hyperbola at P meets the hyperbola again at the point Q.


(b)
Find, in terms of t, the coordinates of the point Q.


(5)


Given that the mid-point of PQ is (X, Y) and that t ( (1,


(c)
show that 
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(d)
show that, as t varies, the locus of the mid-point of PQ is given by the equation







4xy + c2
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