vy = arccos (sech x) x>0

{(a) Show that

=Y

Figure 1
Figure 1 shows a sketch of part of the curve C with equation y = f(x) where
f(x) = arccos(sech x) + coth x x>0

The point P is a minimum turning point of C
(b) Show that the x coordinate of Pis ]n(q + \f'{; ) where g = l(l +k ) and k is an
integer to be determined. 2

(a) Prove that, for n > 5

n-1

Y 2 R R
I = (2) 4(n D(n=3)I _,

(b) Hence, determine the exact value of /_, giving your answer in its simplest form.

(3)

(6)

(6)

(€)

rTanin
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7. The curve C has parametric equations

x=cosht+1, y=cosht—1¢ 0<r<In3

Y (dy)
(5) + [d—};) = 2cosh’¢

The curve C is rotated through 27 radians about the x-axis. The area of the curved surface
generated is given by S.

(a) Show that

@)

(b) Show that
In3
S = 27.-:\/5'[ (coshzt — tcosh t)dr
0
(2)

(¢) Hence find the value of S, giving your answer in the form

72

T(a + bln 3)

where a and b are constants to be determined.

(7

6. The ellipse E has equation

i

The line [ is the normal to E at the point P(5cosé. 3sinf) where 0 <8< 3

(a) Using calculus, show that an equation for [/ is

Sxsinf—3ycosf=16sinfcosd
S

Given that
« [ intersects the y-axis at the point O
+  the midpoint of the line segment PO is M

(b) determine the exact maximum area of triangle OMP as 8 varies. where O is
the origin.

You must justify your answer.

O
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9. The ellipse E has equation

The point P lies on the ellipse and has coordinates (5cos#, 4 sin#) where 0 < 8 < g

The line / is the normal to the ellipse at the point P.
(a) Show that an equation for / is

5xsinf — 4ycos @ =9sinfcosd

(3)
The point F is the focus of E that lies on the positive x-axis.
(b) Determine the coordinates of F.
2)
The line / crosses the x-axis at the pomnt Q.
(c) Show that
joF] _
|PF|
where e 1s the eccentricity of E.
()
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7. A hyperbola H has equation

12
[+
Il
—

8, [ %
o[

where a is a positive constant.
The eccentricity of His e.

(a) Determine an expression for ¢? in terms of a.

(1)
The line / is the directrix of H for which x > 0
The points 4 and 4" are the points of intersection of / with the asymptotes of H.

(b) Determine, in terms of e, the length of the line segment 44",
3)

The point F is the focus of H for which x <0
. . . 164
Given that the area of triangle AFA’ is 5

(c) show that a is a solution of the equation

30a* — 164a> + 3754 — 4100 = 0
(4)

(d) Hence, using algebra and making your reasoning clear, show that the only possible

. 20
value of @ is 3

3)
3 y = arsinh (u‘xz - l) x>1
(a) Prove that & = l
dx x -1
(3
|
f(x)= Earsiﬂh (\n'xz - l)— arctanx x>1

(b) Determine the exact values of x for which f'(x) =0

G

Ay SIHLKI SLMM LON oG

HY SIHLNIZLIIM 1ON OQ -



5. Given that

I, cos” #da, nz=

Il
—
|

0

(a) prove that, forn = 2,

nl = (%] +(n-NI_,

(6)
(b) Hence find the exact value of I.. showing each step of your working.
©)
4. The hyperbola H has equation
2 2
e 3
a b
=
- . 7 9
The line [ is a normal to H at the point P (asec@. btan). 0 < 8 < ) =
=
(a) Using caleulus, show that an equation for [ is o
Z
axsinf + by = (a’ + b*)tand E'
(3) 7
=
The line | meets the x-axis at the point 0, and the point M is the midpoint of PQ. E
(b) Find the coordinates of M.
(3
(c) Hence find the cartesian equation of the locus of M as # varies. giving your answer in o
the form y? = f(x). G
4 - 4
) &
=
e
3
S
o 3%
B




X

3. (a) Giventhat y= arsech( 2

) ,where 0 < x < 2, show that

vy ___»

dx  x/q - x?

where p and q are constants to be determined.

“4)

In part (b) solutions based entirely on calculator technology are not acceptable.
X
f(x) = artanh(x) + arsech(i) 0<x<1

(b) Determine, in simplest form, the exact value of x for which f'(x) =0

)
YVa
~—
0 x
Figure 1
Figure 1 shows a sketch of the curve C with equation
1 T T
= —(tanx + cotx —<x<—
o 2( ) 6 3
(a) Show that the length of C is given by
) 3(tan2 x + cot’ x)dx
P E
G
(6)
(b) Hence determine the exact length of C, giving your answer in simplest form.
&)
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