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Figure 1

The curve C, shown in Figure 1, has polar equation, 7 =2 + sin36, 0 < 6 <

z
2

Use integration to calculate the exact value of the area enclosed by C, the line § = 0 and the line

o=’
z

(Total 7 marks)

(a) Use de Moivre’s Theorem to show that

sin 50 = 16sin’ @ —20sin’ 0 + 5sin 0 .
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6. (a) Use de Moivre’s Theorem to show that
sin 50 = 16sin’ @ —20sin’ 0 + 5sin 0 .
)
(b) Hence or otherwise, prove that the only real solutions of the equation
sin56 =5siné,
are given by @ = nzz, where 7 is an integer.
(O]

(Total 9 marks)

7. Apopulation P is growing at a rate which is modelled by the differential equation

CI—r‘f().ll"* 0.057,
dr

where 7 years is the time that has elapsed from the start of observations.

It is given that the population is 10 000 at the start of the observations.

(a) Solve the differential equation to obtain an expression for P in terms of 7.

)

(b) Show that the population doubles between the sixth and seventh year after the observations
began.

@)
(Total 9 marks)
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8. A complex number = satisfies the equation
z-5-12i[=3.
(a) Describe in geometrical terms with the aid of a sketch, the locus of the point which represents
= in the Argand diagram.
3

For points on this locus, find

(b) the maximum and minimum values for ‘: .

(O]

(c) the maximum and minimum values for arg z, giving your answers in radians to 2 decimal
places.

(O]

(Total 11 marks)

9. Resonance in an electrical circuit is modelled by the differential equation
2
d—IZ/Jr 64V =cos8t,
dr

where 7 represents the voltage in the circuit and 7 represents time.
O Type here to search
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N (c) the maximum and minimum values for arg z, giving your answers in radians to 2 decimal
places.

0 J/J‘—-l-w;;%v‘

(O]

(Total 11 marks)

9. Resonance in an electrical circuit is modelled by the differential equation
2
d—IZ/Jr 64V =cos8t,
dr

where 7 represents the voltage in the circuit and 7 represents time.

(a) Find the value of A for which A7sin8 is a particular integral of the differential equation.

)
(b) Find the general solution of the differential equation.

(O]

. ar

Given that =0 and ; =0 when =0,
(c) find the particular solution of the equation.

3
(d) Describe the behaviour of 7 as 7 becomes large, according to this model.

@

(Total 13 marks)

TOTAL FOR PAPER: 75 MARKS
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1. Find the exact values of x for which
4tanh® x—2sech’x=3.

giving your answers in the form + In a. where « is real.
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(Total 6 marks)
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. . . 1 . .
Figure 1 shows part of the curve with equation y = Zcosh[gr]. The points 4 and B lie on the

curve and have x-coordinates —In2 and In2 respectively. The arc of the curve joining 4 and B is
rotated through 27 radians about the x-axis.

Find the exact area of the curved surface area formed.

(Total 7 marks)

. o 3 .
3. Using the substitution x = ﬂ or otherwise. find the exact value of
sinl

343 1 d
.[, xw/(.\'z+9) A

giving your answer in the form @ In b, where @ and b are rational numbers.

(Total 8 marks)
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¥y = arctan (\/x), x>0, 0<y< % .

(a) Find the value of & at x= l
dx 4

2
(b) Show that 2x(1+ _‘f)d—’2 +(1+ 3x) % =0.
X N

©)

(Total 9 marks)

x
I, :j;sm"xd\', n=0

-1
(a) Show that 7, :"—I",Z, forn>2
n
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(a) Find R2.
(b) Find RS.
@

(c) Describe the geometrical transformation represented by RS.

(]

(Total 5 marks)

A point P with coordinates (x, y) moves so that its distance from the point (-3, 0) is equal to its
distance from the line x = 3.

Find a cartesian equation for the locus of P

(Total 3 marks)

z=1+i3

Express in the form @ + ib. where @ and b are real.

(a) 22+z,
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(L] 2. A point P with coordinates (x, y) moves so that its distance from the point (-3, 0) is equal to its
distance from the line x = 3.

Find a cartesian equation for the locus of P

(Total 3 marks)

3. z=1+i3

Express in the form @ + ib. where @ and b are real.

(a) 22+z,
3
z
b s
(b) F
giving the exact values of @ and b in each part.
3

(Total 6 marks)
4. f(x)=x"—4x* +5x -3
The equation f(x) = 0 has a root « in the interval ( 2, 3).

(a) Use linear interpolation on the end points of this interval to obtain an approximation for a.

(O]

(b) Taking 2.5 as a first approximation to a. apply the Newton - Raphson procedure once to f(x)
to obtain a second approximation to a. Give your answer to 2 decimal places.
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5. Given that ¢ and b are non-zero constants and that
a 2b
X= s
—a 3b

(a) find X!, giving your answer in terms of @ and 5.
3
. 3a b
Given also that Z X =Y, where Y = R
a 2b

(b) find Z, simplifying your answer.
(O]

(Total 7 marks)

6. (a) Use the standard results for Zr and for 2 * to show that, for all positive integers 7.

r=1 r=l

a 1
| 2_ =— —
,-2:1 r(2r:=6) 2n(n+l)(n+3)(n 2). ”

50
(b) Hence calculate the value of Zr(ZrZ —6).
=10 )

(Total 6 marks)
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50
(b) Hence calculate the value of Zr(ZrZ —6).
=10 )

(Total 6 marks)
7. The quadratic equation
Z2+102+169=0
has complex roots =, and z,.

(a) Find each of these roots in the form a + bi.

3

(b) Find the modulus and argument of =, and of z,.
Give the arguments in radians to 3 significant figures.

®)
(c) Illustrate the two roots on a single Argand diagram.

@)
(d) Find the value of |z, —z,|.

@)

(Total 12 marks)
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(Total 13 marks)

9. (a) A sequence of numbers is defined by
wy=3and u,,, =3u,+4forn>1.
Prove by induction that

u,=3"+2(3""~1) forn € Z*.

®)
b Al 40
(b) “lo 1)
(1) Prove by induction that
4" 0
A" = Y forn € 7+.
34"-1 1 %)
. . B 4" 0
(i1) Determine whether the result A" =
34"-1n 1
is also valid for n =—1.
@)

(Total 14 marks)

TOTAL FOR PAPER: 75 MARKS
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Show the coordinates of the points at which the graphs meet the x-axis.

3)

(b) Solve the inequality ‘3.\'71‘ <4x+3.
3

(Total 6 marks)

2 . . .
a) Express ——————— in partial fractions.
@ B ey P @
(b) Hence prove that z; = L
T Qr+D@2r+3) 3(2n+3) 3)
(Total 5 marks)
5 &y
(a) Given that y =In(1+5x). .\"< 0.2, find —.
dx @

(b) Hence obtain the Maclaurin series for In(1+5x).

x‘< 0.2, up to and including the term in x°.

3)

(Total 7 marks)

Use the Taylor Series method to find the series solution, ascending up to and including the term in
x>, of the differential equation

d? d
‘v+yd;v+y2 =3x+4,
v

dx?





