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Answer ALL questions. Write your answers in the spaces provided.

1. A complex number z = X + iy is represented by the point P in an Argand diagram.

Given that
lz-3[=4|z+1] & s aacle
(a) show that the locus of P has equation

152 + 15y* + 38X +7=10

(2)
(b) Hence find the maximum value of |z|
3)
(o) lz -3 = al= +1] N\ feplace 2 with X +y

and. QNOwp teal [ im

l(x-2)+yl = a4 [(xs)+y] L terms
J _ A
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\

x*-bx+9q +y”

lbac® + 32 + |6 + lbkéz

15x.> + 15%’“ + R +F+ =0 O
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Question 1 continued
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2. The matrix A is given by

6 -2 2
A=|-2 3 -1
2 -1 3

(a) Show that 2 is a repeated eigenvalue of A and find the other eigenvalue.

)

(b) Hence find three non-parallel eigenvectors of A.

C))

(c) Find a matrix P such that P'AP is a diagonal matrix.

(2)

= (A-AT)=0

(o) Eige_nva\ues A e, such that Av = Ay

det (A -AT) =0

r
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- —~

0 = (b-A)

-b+2)A+ 1

AT-bA+ g -1+

+212-b+2A

0 = (b-A) + UA-Q * 4X-%

V- L)+ 3
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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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(Total for Question 2 is 11 marks)
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3. The number of visits to a website, in any particular month, is modelled as the number

of visits received in the previous month plus k times the number of visits received in the
month before that, where Kk is a positive constant.

Given that V_is the number of visits to the website in month n,

(a) write down a general recurrence relation for V_ in terms of V.,V and k.

+17

(1)

For a particular website you are given that
« k=0.24
* In month 1, there were 65 visits to the website.
e In month 2, there were 71 visits to the website.

(b) Show that

V. =50(1.2)" = 25(-0.2)"
Q)

This model predicts that the number of visits to this website will exceed one million for
the first time in month N.

(c) Find the value of N.
(2)

() Varr = Ve + kR\a )

() -Thws ~of enOuS  Uneas nece

relobon OE the. £Q(m Wa = OWqp-t + bWa-2, SO the.

chavactenshe eaym\'ion i A*-0A-b =0.

Vpre = \nrt + AV
4 T

o b

A-k =0 N\

Charocrenshc Fa‘}mhon: AZ

2 k:0-14

A*-A-014 =0

(A-1D(A+0-2) =0

A=12 -02 O

o real faotS so  Qeneral Sdubon has the form wa = Ax’ + Bg"

J
where. & and. B afe constonts.
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Question 3 continued
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(Total for Question 3 is 8 marks)
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4. (i) Use Fermat’s Little Theorem to find the least positive residue of 6°*** modulo 13 855
5) S35

(i1) Seven students, Alan, Brenda, Charles, Devindra, Enid, Felix and Graham, are SO
. . .. . . o)

attending a concert and will sit in a particular row of 7 seats. Find the number of o

ways they can be seated if s

(a) there are no restrictions where they sit in the row, o
(1) i
(b) Alan, Enid, Felix and Graham sit together, e

X
?2) SO
KRERKE

(c) Brenda sits at one end of the row and Graham sits at the other end of the row, I
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Question 4 continued
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-
6. (1) A binary operation * is defined on positive real numbers by
a*b=a+b+ab

Prove that the operation * is associative.

4)
(i) The set G = {1, 2, 3,4, 5, 6} forms a group under the operation of multiplication
modulo 7
(a) Show that G is cyclic.
(2)
Theset H= {1,5,7, 11, 13, 17} forms a group under the operation of
multiplication modulo 18
(b) List all the subgroups of H.
3)
(c) Describe an isomorphism between G and H.
3)
() Associakive means (o *x b)) *xc = o * (b *c)
(a*b)*(C = (a+b=+ob) * cC

= ot+tb+ab +rc + (a+b+oblc @
‘o o' ' o 'T:

= o+bh+0o +C + gc +bc + dbc

/[
.f0~c+or0.out (§
= o+b+c+be + olb+c+we) O

o *x (b xc) o * (b+c+bc)

L+b+c +be + alb+c+be) O

(o x \D3 * C o * (b *c) S0 * s associatve. ©
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Question 6 continued
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Question 6 continued
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7. A transformation from the z-plane to the w-plane is given by

3iz -2
w="——
Z+1

Z# -1

(a) Show that the circle C with equation |z + i|= 1 in the z-plane is mapped to a circle
D in the w-plane, giving a Cartesian equation for D.

(b) Sketch C and D on Argand diagrams.
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Question 7 continued
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Question 7 continued
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Question 7 continued
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Figure 1

Figure 1 shows the vertical cross section of a child’s spinning top. The point A is
vertically above the point B and the height of the spinning top is 5cm.

The line CD is perpendicular to AB such that CD is the maximum width of the spinning top.

The spinning top is modelled as the solid of revolution created when part of the curve
with polar equation

r’ = 25cos20

is rotated through 2w radians about the initial line.

(a) Show that, according to the model, the surface area of the spinning top is
k(2 — ~[2) cn?

where K is a constant to be determined.

(7)

(b) Show that, according to the model, the length CD is %cm.
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Question 8 continued
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 13 marks)

TOTAL FOR PAPER IS 75 MARKS
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