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1. A small sports club has 12 adult members and 14 junior members.
The club needs to enter a team of 8 players for a particular competition. 8
Determine the number of ways in which the team can be selected if g
-
(1) there are no restrictions on the team, =
1 2
m
(i1) the team must contain 4 adults and 4 juniors, 5
(2) s
L
(i11) more than half the team must be adults. :
3) m
>
i. There e 26 wempers wn totat -
We o selechng 8 wmemvers fom 26 So 8 )
16
( 'y ): 1562215
‘9
1562275, ©
7 S
@)
) ( Il) S
i.fnere ave 12 aduly-we Meea to Choose & fom hem | 4 ;-5;;
g
m
( H-) :-iE‘;-;
Thee ore \& JuNors - We nee do choose A Brom dnem ¢ L A S
e
ﬁ o
( 2-) x “:\ %
- 445 x 100} T
: q'qs *qs 0205020500
&asaas,
w._Neeas ot least S oduwns
LS gauts * 3  yuniers ('sl)'(‘::) = 188233 A
¢ 6 aaun ' 2 Juniocs (I:)x "{) = 84084 an e
" oawn v 1 gunes ['%)(%) nosg possibilines
L' % oauis * O junievs l'%)a ) 49s J
188228 + $4084 + NO8B8 + 495
= 383455,
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4 y3: Smw,s 'L"“ Oraer  Reourrence Relahon?

2. Solve the recurrence system
u = u,=

9un+2 - 12un+1 + 4un =3n

®

Assotiared  hoMOgpaous  TeCurrente.  Yelorhon -
Aug,, - U, + 40U, - O

Qr*-12v+ 4:-0
(3r- 2Y:0

D v= Y3 (cepaka root)

VAUV SIHL NI ILIEM LON OQ

So e tomplementary funchen  1§:
.Y ﬁn)(%)“

M wiegrod (P Un=Any ¢
Uon = Alan) 4 p

Upep * AlMm2)ap

qi%(n-“l){ .J} - ‘a%a(n'ﬂ)'?P] ¥ +ian{p" .‘—3h
Qan+ 182 + Gy - 13AN-13A- 1B p + 42N+ 4y - 3n
AN+ 6A + - 3n

An 4+ 65\+‘p=$1 + O

A=3 7% wefhuents
6Arp:-0

sub A3 wio  6Ar p:0  to finat
6(N+p:-0

18+p:-0

p=—l%

PL: 3n-18

gen sol’: CF 4 ¢ T
Un: (ArBn)(3) + 3n-18
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DO NOT WRITE IN - THIS AREA

| DONOTWRITEINTHIS AREA

O | Pomeaar sot™: Un= (12+124)(3)"+ 2n 18,
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Question 2 continued

G\\UU\ bondfy  (ONovhoNs * U1

Wy:4
Sub wo  gen sol' eq” and  foim A ogs contang Ao B - sowe  Symulvaneously.
Ulr 1

1 (Are)(2)r2(1)-18
1: 2pr 30-15
2n+%a:-16

aAp+ AB - 48
A+e-2¢ O

Up: &
4-(n+28) (3) +3(2) 18
4:(arae)(3) + 618
4:5asde-n

CLER AL

4n + 38 - 144
Ar28:36 @

O-©®:
A+B:=34
A1AB:36 ©
-8°: -la
B- 12
Sub In b vawme waw ()
o fno o
A+ ()74
A:14-12-10
A-I2

AIL & B: 1L

“ )
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S-1: Cigenvolues & Ergenvectors

1 k& 2
M=(2 -4 1
1 2 3

(a) Show that, in terms of £, a characteristic equation for M is given by

where k is a constant.

B —QRk+13)A+5(k+6)=0

Given that det M =5
(b) (1) find the value of k&

(1) use the Cayley-Hamilton theorem to find the inverse of M.
0. chomckishe eq”: aet (m-21)-0

-2 10 ©
M-AT: | -4/ 01 ©
' 3 0o 0 )

]
2 -

N » %

oet (M-21)-0

A W -2
oet|| 2 -4a ! J[-©
) 2 za

()| -a-2 v |- (W
2 32

(3 \ ,-l(-l)

2 -4~a,=o
1 3-A

1 2

(+ 90[(-4—2)!3-2) - mm] - (W [mts—;n - mm] : t—u[mm - m(-ar-:n] -0

8
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Question 3 continued
(- [-1v2 +a42%-2] - [ 6-231]) -2 4 +4+2]-0
=
=
v | h-a)(at+a-1a) -k (-2a+s) -2(ar8)-0
(= o
= 214 -2 A A+ 2AK-Sk -2A-16:0
" -2’4 13+ M)A -30-5Kk=0
§ 2%+ (Br I -S(K+6)70 7 x-1
> 13-[|3+2.u);\-s(u+6)=o,
=
(o)
(]
b k -2\
aet Z -% 1 |:-5g
' 2 3
] (‘“l—‘* '|—(u)|2 V162 -4):s
= V2 3l [» 3l |2l
(%)
o &
l.. ~ - -
& M EDD)- (DM ] - () [ () -0 [+ D[ - |=5
g o
[~
= | ml-1e) - () 4 ) (8) -5
O
g & -Sk-16=§
a Sk -30 S
: “Su :=3s
k:-%
48]
{2 @
Z | i uswg k>-F, (on nou Cronge  Onoocikrgne eq”: ’,\3-(Zk*l3)’:\*5(k+6\=0
E A -[2193113)a +s(§33+¢)=0
= 3
e A -(D2a +s5(N-0
e 3
= AV +2a-5-0
=
©
=
g Use  Cayley - weovem:
ChaldCeas e eq"‘ 'Xg*ﬁ—$=0 N be  wWhlWen a3 M3*M—SI=O
: L )
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Question 3 continued
3
MArMm-5I-0 \ =M
m+I-sm'-0
) reariange for M
sm':-m+1

m's e T - g lmte)

s
fa m [ -2 -2\E [as 3 -is)
z -4 :l-s 4 -s
(' 2 3 8 -9 a
—_—
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4.
- C
S
\ PN » Initial line =
2357 m = O < 30cm > 2
7235w g
Figure 1 Figure 2 )
f
m
Figure 1 shows a sketch of a design for a road speed bump of width 2.35 metres. The =
speed bump has a uniform cross-section with vertical ends and its length is 30cm. A side E'
profile of the speed bump is shown in Figure 2. 0
>
The curve C shown in Figure 2 is modelled by the polar equation E
r=30(1-6% 0<60<1
L ity gwen- wilt use for miegiol
The units for  are centimetres and the initial line lies along the road surface, which is
assumed to be horizontal.
Once the speed bump has been fixed to the road, the visible surfaces of the speed bump
are to be painted. ]
o
Determine, in ¢cm?, the area that is to be painted, according to the model. g
L1s NOT asuwmg for volume 10) i
Area o o sector: =
L GIVEN IN FORMULAE BOOKWET A
) (! et
A-: 3]!‘ ay (polar Cocrdwaes) E
Y= 30(1- %) e
- [30 (1-84] e
= QVO (|-‘9,l"' Soto0te%
. QN("“'_ wt+.) .....
- .
A- + Jaoolst-zsran) as 8
Yave qUO out of wiegrol ‘:«;\9\!‘.‘\\
A-asofs* 280 as =
° L"f\
: - =
8 _1s° —l\
A-aso| &+ T-rs_' §\
A: 450 ?(_;_p_ 1_'??’”“'%»3 %l“g;_)’; |o!} g‘i\

A- 4so(2)- 240
- J &5
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Question 4 continued 240 cm

For bom sues, must do  2x240 240em"

T
2.35n_1’_//

Mus) NOW  Wovk out  OfC lengm of C:

S: \[" * {dd- as GweN 1N FORMULAE  BOOKLET

¥ > 30(1- 9%)

v: 30- 308"

ar - - 0S

( ) ( 60s)" - 36000"

v*: Qoo "_91,1

S: \[qOOIi&‘)J—%OOa- 'a.s-

} foctor qoo out

s-[Jaoo[ -5y + 5*] 4s

S: JQDO[&.'- 185 +43ﬂ' as

S: J %0[&‘31 ot 'a.g-

S: J%o [s*+0)" as

° ] SPM surd i 2
] .

s-J{400 {lo*+n® as

S:)30(8"+) as

® !}a.ue_ 30 out nkegra)

S: 30 I&"u as

3 ]
[ 3
S: 30 I+,

J
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Question 4 continued /_________932000\/3'
3
s: 30 ﬁ W3- 14 @)
40m
4
S: 30 ( 3) 233%

10 wom our  Gfeo of  wae Sechon® 40 x 23S< 9400

G400 + 4 80
‘G380 wm"

~ fwd  Yolol surtace aceo  ©f Speed bump With (BN be  painteo
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5. A transformation 7 from the z-plane to the w-plane is given by

3V Lou on on Agond Dogiom  3-3:Fransformahons of me  Complex Plane

~\

1-3z )
w= - z# 21
z+ 21
The circle with equation |z +1i|=3 is mapped by T onto the circle C.
(a) Show that the equation for C can be written as
3lw+3[=|1+3-wi|
“4)
(b) Hence find
(i) a Cartesian equation for C,
(i) the centre and radius of C.
(6)
a. W= |-32
T+
wle+2i) - 1-32
Wit+tinw=V-33 reefrange
WEt+32-=1-2 for ¢
2 (W) 12w
2= -wi
wt3

Sub mio 124il-3 e-‘lm

l'zlﬂl' +1 =3

W+3

D-2wid+ilwiz) (-3

W43

V-Twi 4 wi4di (-3

W+3

W+3 \ Spht uswg I = e

[y
Yule b l 1]

M-wiadi) .3 ¢

lw+3)

ll‘\ulhply In43]  on bowm  Swdes

16
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Question 5 continued
11-witi) = 31w 3)
11+ (3-v)il - 3) w+dl,

i USE ALGERBRAIC PPPROALH OF EVALUATING LOCT:
3fwa3l= 10+ (3-w)i)
led w-uavi
3 vavi 430 11413 - fusnitdi)
3 (ne3drvi) = 114 [3-u-vidil
. . s M.t . it
3 (a3 (i) 144 Bi—mi - i) T Vi DR - Y
3' (ws3) + (Wil - | (hv)ﬂs—uhl

3flwray o 0 -l st~ Squar boin Ses Ho get
(3J(uts)"+(ulllr" (J( Iw)‘+|3-u)")z /o vaof sart
(3)° (s + (00" )" = (M ats® |

Al s+ = () 4 12-u)"

Qu+3) 4 GV* - yii2va) ¢ WP -6u t&

Qlu*s 6u+9) 14V - v v 4 U -6u+a

DO NOT WRITE IN - THIS AREA

Qu* + SYu 18 G e lvar v - 6w 9
Sut+0u + 8V -2v+371-0 " 8

6o
u"'«r?u-t u“—%vfﬂﬂ)

15\ zzs =n ° Compleie e  Square
(ue & tv-35 y for % & vy

(u_’li\ ‘V 'l)t 333 co
(u* ) (V s)t 333

DO NOTWRITEIN - THIS: AREA

(s )% (v- )™ ':?”
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A3 Ower & Subgmups

2.4 | somorphism

Figure 3

Figure 3 shows a plane shape made up of a regular hexagon with an equilateral triangle
joined to each edge and with alternate equilateral triangles shaded.

The symmetries of this shape are the rotations and reflections of the plane that preserve
the shape and its shading.

The symmetries of the shape can be represented by permutations of the six vertices
labelled 1 to 6 in Figure 3. The set of these permutations with the operation of
composition form a group, G.

(a) Describe geometrically the symmetry of the shape represented by the permutation

1 2 3 4 5 6
345 6 1 2

(2)
(b) Write down, in similar two-line notation, the remaining elements of the group G.
4)
(c) Explain why each of the following statements is false, making your reasoning clear.
(1) G has a subgroup of order 4
(i1) G is cyclic.
(2)
Diagram 1, on page 23, shows an unshaded shape with the same outline as the shape in
Figure 3.
(d) Shade the shape in Diagram 1 in such a way that the group of symmetries of the
resulting shaded shape is isomorphic to the cyclic group of order 6
(2)

- fotahon avout Cenwve of Snope , Mrugh On angle 170° anhulotkwise ,

- Group (1 (ONSISYS of G Symmeines  of e Shape - weiuowg  rolohons  ond  feflechons
Lyolohons © enhly, 120 Gnhtlockwse, 240° anhetocuwise
“ vehiechons - vefiechon mugn 1R 4, refiechon g 2 &S, refiechon twaugw S & 6
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YISV SIHLNEILIEM LON-Od VIdY SIHL NI 31IIM LON Oa

YISV SIHLENEILIIM 1ONOC



DO NOT WRITE IN - THIS AREA

DO NOTWRITEIN - THIS: AREA

‘DO NOT WRITE INTHIS AREA -

. CRARRKL

KRR

r

Question 6 continued

Rotohons -

Vaennty - [1 2 sus e

\t234s ¢f

120° anbdtockuse - [ 2 34 S 6) e part @) so aomt yncide
\3aser 2
240 owndlocie - [1 2 3 u s &)
\se123af
Reflectons :
vettechon moegve 1 & & - [1 2 s us 6]
16 s432])
vehethon mmigh 2 8L S - !l 1 34s 6\
\sz165 4/
vetethon moogn 38 6 -/ [1 2 3us &)
s 432 6f

Ci. G hos cvaer 6 S oonel howe 0 Subgroup of ovews U by Logonge's  Treorem

. Thefe s no element of oraer 6 4nat generoes ne groupy

0. YOrohon wmush be  preseivent  buv  feHechon SYymmetwy must b2 broken

J
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7. I = J(4 —x2) " dx n>0

(a) Show that, forn > 0

(b) Find /,

LL*II%—:‘Y" ax

61: Reducnon formtoe

C))

3

-n

To-)1(a-2%) ax Inkghon by pork:

k: av du

v (73 uad)u MV-—JVEEG!’L

Gwen w formutee bookiet
-
w:{a-x%) V'
-n-t

v': -n(a-xnt) (-2x) V: X

Tn: ola-a2)"- .[-n (a-2) " (-2x*) ax

swmee -m(2): -2n
'S O (ONSkaN, 10Ke  out of wiegval

To: o la-or) ™ nf(a-22) " l-x*) ax

Tn- Ol(‘\-—x‘)-"* Zn.“‘\-—a')’m(-_’g') dx

vewnle -2x¥-4-x - 4

f -t
To: ola-a) anl*-o(‘) (4-x*- %) ax

./ Sl"h

To: otla-ar) + ?".[(4-1')'“_‘(4-’?). + (4" (-4) an

l (ombwme

- - D)
To: ola-ae) ™ 2ala-20)". 4 (a-2) " "ox

l”'"’ wmiegfal o 2

- - -(n+1)
Tn: otla-2) " ?ﬂj(*-a‘) “ax yn -4 (4-x2) '""o\x

/hke -4 out of iegral

-(n+)
(4--—)!") Ax

- -0
To: otla-a) ™ 2afla-22) "ax - 8 |

In’ o § '4"!(:)—“* Zn Ih -—sn.'.[ﬂ-l'!

24
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Question 7 continued

8"‘Im-n= A+ WmlIn-1,

n
(4-xY) goup up In
Yerms
8n -[n” i + (2n41) In N
(y-2*)" ) xg’;\ on bohh  swdes

/

DONOTWRITE INTHISAREA

/

. Use veduchon formulae to fma 1,

T- _ x . 20 I,
8(n (a-x*) 8(mn

Wove our I, owectty (@ stves n>0)

Lj ‘4'!‘).‘ Ox : [ ' ax

T
Vo Use Formulae booklet:
f(x) J§t ax
[ ax-_ 1 la| 24|00 ]2 1 A en|asae]
J a-x* al2) | 2-»| & = 0% x* 20 |o-x|
02 a>o or
! artonh [ X )
.- x ., a \a]
8(a-x*)

MOYK Stheme  O\SO acepty 12 ° AL r anﬁnh{%}w, ¢ ovtownh

8(u-x*) 16

Ners\on S used

v,
25
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s 14 Dwsioy Tests |

8. The four digit number n = abcd satisfies the following properties:

(1) n=3 (mod 7)

=)
c e o
(2) n1is divisible by 9 g
(3) the first two digits have the same sum as the last two digits =
(4) the digit b is smaller than any other digit §
f
(5) the digit ¢ is even i
2
(a) Use property (1) to explain why 6a + 2b + 3¢+ d =3 (mod 7) g
(2) s
5
(b) Use properties (2), (3) and (4) to show that a + b =9 g
C)
(c) Deduce that ¢ =5(a — 1) (mod 7)
()
(d) Hence determine the number 7, verifying that it is unique. You must make your
reasoning clear. %
C)) 8
Q. (an yewnte N-=0bcck  0OS n= 10006 +\00L + 10 + d S
Z-i9{‘-i
o :-i:éu‘-i
N:=10006 + 100 +10¢c + & ‘} toke (Mmoo ¥  of M#mm& Bai
n=60+ 2b +3c +a  (moa ¥) rEn
swee 1=3 moa?) @ -
6o+ 20+ 3c ror= 3 (mea ?), g
S

b (A ns amsib\e by Q- aumot cigts musY be dwiswole by &

Orb+Ccto= 9, 18,27, 36
) Ccif abeta-4
w tn sy 9 MOY Valve we tan
Gnot ao¥ put O hove « 36
SWige omerving
Coog uouwnt
exsy

(3 asb -cra

() \f a+b-coa, (10-000

odd + ood : even
Wl Qvb-:wen, (14 even

ewen ¥ ewen c ewen

P 6 2 6 8 1 A 0 2 8 3 2
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Question 8 continued

Sl Oluoysy  produte. ewen no.

Lonewmmae Q72 0s  bang possise vawes of  Orbreior

36 can only he pedid f 0.b,L.d =9

Howerer , s b 1§ Smolr, Q+¥b+rC10 €36

Lo eminate 36

S oroxCta =8 \ S\wne  Grb:Crol

Otb) BB : 18 replace

0+ - 18 .);-z_

0+ b =q”

C 60+2w+3c+0d=3 (moa?)

40+20+Ww+ A+ C+ol = R (moaM

40+ 2(0to) + 3¢+ (cra) = 3 (moar 7)

40+ 209 +c + (@ = 3 (moa D

Go 419 12 +9 = 3(mool ?)

ba+ 2¢ » ¥ = 3(meo 7)

A - - 40 - Aa(moar 3)

"‘4‘0'?4' [mod-ﬂ'- 30\- -5 ‘mw 1)

“AC®: 3a-3 (moo 7)

Ac: 3(a-) (moF)

| xa

BC = 12(a-1) (moar 7) (

~)26-\2 (Mo ) = SG-5 (mod 7)

= S(a-1) (moad 1)

8¢ = S(a1) (mod ) N i O:blmed M) wmen b =0 (mod wm)

S (a-1)= 8¢ (moa 7)

8¢ (mod 3) = C(moa #)

=S la-1)z € (moa 7)

C= Sla1) (mou 3),

J

P 6 2 6 8 1 A 0 2 9 3 2
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Question 8 continued

o f v¢a,o0nn 03b=9 , a=2s

ty a:s b4 c-6 a:3 <k mennt Yo be beok A
a:6 b-3 c= & a-s v
0:7 b:-2 c=2 b-C et fo be be<C X
RTRRSTRNP LR b -k N
a:9 v©:0 c-@ < Should be wen

Sedototet
RN
oSeteotezed
KKK,

(¢ Yo%
XML AL N 5

o
2
<X
RS
0K

o5

oo
%
%5

X
5
&L

%
8

<
%
2K
%
oo

0
<X
QL
55
55

o~
58
o2
28
o

o
355

XX
%

<
5%
‘0
0208
%09

.:’
2
o
0

0
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