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1. (i) The table below is a Cayley table for the group G with operation ©

a b c d e | f

f| c d e | f | a b

(a) State which element is the identity of the group.

1)
(b) Determine the inverse of the element (boc)
(2)
(c) Give a reason why the set {a, b, e, f} cannot be a subgroup of G. You must
justify your answer.
1)
(d) Show that the set {b, d, f} is a subgroup of G.
(2)
(i) Given that H is a group with an element x of order 3 and an element y of
order 6 satisfying
_ 5
yx=xy
show that y’xy’x” is the identity element.
3)

(DWW & O <« column/ow o ae unchancsed
(b) (bec) = o' ®
' = A ® e ge0=d .o0'=o0

(c) e Seb cannot be o Subgioup becaune 0. Subgoup Must
conroun the idenhity element of the gioup, ond. d
s oot v {a,b e, py O
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Question 1 continued

() b d {'\G) Lo,d p8 is closed under
bif b d  pecoune the table contains no
dib d elements outside of the set.
Eld t b

d 1S the '\denhitj element
b and P ofe wwese ecoune b f = d.

O for oll 3 sratements

(i) \33 133 xt = \jl Ljsckss x*

- L5133 2o )ljx=ac35
= \jxﬁj L O
= \ij,té X )ljx:mbs
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Question 1 continued
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Question 1 continued
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2. Tiles are sold in boxes with 21 tiles in each box.

The tiles are laid out in x rows of 5 tiles and y rows of 6 tiles.
All the tiles from a box are used before the next box is opened.
When all the rows of tiles have been laid, there are # tiles left in the last opened box.

(a) Write down a congruence expression for # in the form

ax + by(modc)
where a, b and c are integers.
(1)
Given that
exactly 43 rows of tiles are laid
there are no tiles left in the last opened box
(b) use your congruence expression to determine the minimum number of rows of
6 tiles laid.
(3)

®
S0 + btj (mod. 21) & aS the number left (n
the box must be < 1\

(6) n

(b) o+ y = 43 ® <« lobal rows laid

n = S(:x:+5) Ty (mod. 1)

n

5% 43 + y (mod.2!) @
43 mod. LI = |
5% | « Yy (mod.21) (21x2 = 42.¢1)

n

S+ y (mod2) O

0 (mod2)  becaupe thase ofe no bles left over

=
n

o
I

S« y (mod.2})

-5 (mod2) O 50 winimum value for y s 162

@il e
1l

-9mod 1\ = -5 —T
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Question 2 continued
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(Total for Question 2 is 6 marks)
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In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

3 k
A=
-5 2
where £ is a constant.
Given that there exists a matrix P such that P"' AP is a diagonal matrix where
o 8 0
P AP =
0 -3
(a) show that £k =—-6
3)
(b) determine a suitable matrix P
“4)

(0 Using PT AP eigenvalued ore 3 and. -3. O

det (A -AT) = -2k = 0
-5 1-A
0 = (2-(1-A)-(kx-5)

0= A"-SA+6b + 5k 0

b+5k = -83x3 < real port (b+sk) is eavual o axb whre

(A+a)(A+b) = 0.

Sk = -30

k=--6 O
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Question 3 continued
(b)  Whwen A=-3:  Av = AV
(3 -b)(=) =3[z
\-s 2 )\Y) \Y
30&—63 =-3x w
O w-y s - [1)0
Sy rly=-3y ) \ 1)
J J
When A =B Av = Av
[3 -6 \[=) = g o)
\-s 2 )\y] \Y)
30&—6\\5 = 3z W
52[.=—65 o ve |b|O
-Sx +12y = Qu ) -3
J J
e -[b 1) ©
\-s 1)
(Total for Question 3 is 7 marks)
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4. A circle C in the complex plane has equation

|z = (=3+30)|=0a|z-(1+3])| ‘g
SO

=
where « is a real constant with a > 1 3
Given that the imaginary axis is a tangent to C ﬁ
=
(a) sketch, on an Argand diagram, the circle C e
(b) explain why the value of a is 3 T
1) e

m

The circle C is contained in the region
T
Rz{ze@:ﬁgargzga}

(c) Determine the maximum value of S

Give your answer in radians to 3 significant figures.

()

et oteteotetotetetotetotetetoteteots

G RS R IR

S iinaongg..

(0) Im

3 )

®

(b)  Cicle must fouch '\ma%}mm\i oxis at 2

3 - (-3+30)] = w]3i- (4«30

3] = x|

3 =% O x>\, 50 -3 is noF valid

G J
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Question 4 continued

()

So Centre 1S (

2=3c_+3i.

o+ i - (-3+30] = 3]xryi- (1+30)]

| (xc+3) + (5—33L| 3| (1) + (5-3B|

n

(x+3)"+ LS—SY Qc-0* + 4(y-3)*

L™+ b +9 +3‘-63+q Qoc®- B + 9+ le - 543 + 2l
O = ¥x*-14x +<85‘-L&‘83 + 3L
O = x'-3x+y -by+ A

0= (x-33"- 2« (y-9)"-9 + 49

g
7= (- 30w (y-3) O

3

9
: . A . 3
.-Qadxusml:‘—zﬁ)

BOEw

by beo-
2 3 = tan" (%) = ton'(2)
)t ®
. 3/7_ o
5 ¢=Sm< ) = sin (E)
| > Re () + 3 S
3;'_ T—  length of
B=9-9¢ nyporense

g = tan™'(2) - sin” (f—j-) O

g=0-blhl O
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Question 4 continued
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Figure 1
Figure 1 shows the first three stages of a pattern that is created by a recursive process.
The process starts with a square and proceeds as follows
» each square is replaced by 5 smaller squares each éth the size of the square
being replaced
» the 5 smaller squares are the ones in each corner and the one in the centre
» once each of the squares has been replaced, the square immediately to the right and
above the centre square of the pattern is then removed
Let u be the number of squares in the pattern in stage n, where stage 1 is the
original square.
(a) Explain why u_satisfies the recurrence system
u =1 u. =5u —l1 n=1,2,3,..)
(2)
(b) Solve this recurrence system.
)
Given that the initial square has area 25
(c) determine the total area of all the squares in stage 8 of the pattern, giving your
answer to 2 significant figures.
(2)
() In the fust stage there i | Square SO W= ).
Each quoie Lom Wy fo Wasr 1S (eplaced. by 5 svialler
SQUOES, SO W = Dlky. O foc *s points

But one Square 1S (emoved., S0 Upw = Sue= 1. O for 2 pows
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Question 5 continued

Lb) \Lg\_-ﬂ = S\kf‘_— |

\L{\,-H = CF + P3

AE: A-5=0 => A=5 0O

Greneral soluhor o Wy =0 1S Wpa, = COC.

CE = cxA" = ¢cx5" O

Ty M=k

k. = 5(k) - |

k=73 O

1}
O
R
%)
+
~l-

\km= CF + 03

Wheat e=l, w, =1 :
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Question 5 continued
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: 15
(¢) Eoch square i N has asea g+ SO total oseq.:

- 1) 0
4 /

25 25
~n-=\ Pa \L% = L (

N T

3 x5
Qv \a
=093 O

oy
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] =
% %
 >;
X5 o988
: ‘J‘—‘)
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(Total for Question 5 is 9 marks)
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