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Answer all the questions.
1 In decimal (base 10) form, the number N is 15260.
(a) Express N in binary (base 2) form. [1]

(b) Using the binary form of N, show that N is divisible by 7. 2]
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2 (a) The convergent sequence {a } isdefinedbya,=landa_ =.,a +—forn=0.
v ur'

Calculate the limit of the sequence 1)

(b) Theconvergentsequence {b, } isdefinedby b, = land b,  , = /b, + forn = 0, wherekisa
) : Vv O
constant.
Determine the value of k& for which the limit of the sequence 1s 9. 3]
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3  The non-zero vectors x and y are such that x xy =0
(a) Explain the geometrical significance of this statement 12]

(b) Use your answer to part (a) to explain how the line equation r = a + ¢d can be written in the form

(r—a)xd=0 12]

o) X andk Y are parallel.
AxY = AYsINEy (whnere A =
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4 Thesequence {u } isdefinedby u, =landu__ =2u +n” forn=1.

Determine u, as a function of n |8]

UnNn+y =2|.J|.a-l-f'lz >Un+ ‘?_un=n"

. Camp\cmental:j Sowmtwn : Un=Aa2"

. Parblcutar Soluton : bnd Un =Nty pn 1

Using Un+r - 2un =:n?:
L 0On242antatbn+b+C — z(an‘+lon1c)= NnZ

¢ 2raving coeffraents :

n* coeff ‘i;z:..: L) a=-|
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nCO@ff’ 20040 — )b = 0O
Za—b =0
2(-N ~b=0 = b=-

conStantS :a4+v+tC-2¢c -0
a+h -c= 0O
(-0+(-D)-¢=°
c=-3
Seo pavthutavSoluttm: AN = — (n’--l-Zn-tS)

Crenerad Soluhon: Un=A x 2™ - (n=+2.n+3)

whenn=|
u,=1=2A -(12+2(:)-i 3)
(= 2A -0
2 = 2A
Z-- A
- Un = 7A27 = (n*42009)
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5 The tetrahedron 7, shown below, has vertices at O(0, 0, 0), A(1, 2, 2), B(2, 1,2) and C(2, 2, 1).

C
," Diagram not drawn to scale
I
X

-

24

Show that the surface area of T'is %\/? (1++51 ) [8]

Acecr AOAB = L |axp)
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Avea AOCAC = AreaAOBC = —fﬁ??—_

oo (1)-(2) (2)
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4
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.. sur face area of T = 3x' 5+ —
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- $ ()
(as rcq,mrw‘)

6 (a) Determine all values of x for which 16x = 5 (mod 101) |4]
(b) Solve
(i) 95x = 6 (mod 101) 12]

(ii) 95x = 5 (mod 101) 12]

o) (wommﬂ mod 101 ‘H‘m“ﬂmub)

‘bxé 5 = 106G -.-
= |620
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we can divnide by 1 swce (16,101) = |
1520 _ g5
\o

= x=95 (mod 01)

~ = 10Int 495

o) a5x = ©
_@x=0
x = -1 (mod IOI)

bil) A5x16= S(modio!)
X = 17 maaloo')

7 You are given the set S = {1, 5, 7, 11, 13, 17} together with x__ the operation of multiplication
modulo 18.

(a) Complete the Cayley table for (S, x . ) given in the Printed Answer Booklet |4]
(b) Prove that (S, x,.) 1s a group. (You may assume that x . 1s associative.) |3]
Q) L [ 6]|3|0]|13 |1+
V|V S|F 13|~
S|s [F[17F| |1 |13
21211135 |n
Wln|)| 5|87 |32
1313|017 | T | 85
(I3 30 |51

) ldentitys 1

Inverses: (S:11) end (7, 13) are nverse - Paws _a?'\u:s;gir_
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(¢) Write down the order of each element of the group 12)
(d) Show that (S, x ) 1s a cychic group 1]
(e) (i) Give an example of a non-cyclhic group of order 6 (1]

(ii) Give one reason why your example is structurally different to (S, x ) |1}

lurn over for question 8

) Elements: 1 5 2 1t 13 17
Orders. | 6 3 & 3 2

0\\ It has atb leaSkE on€e e\crment of order b.

C()-Ss . fne group of b permubations of 3
Stﬁmbds.

ofl”

—

- D3, the Arhedrod group of ngmebrics of
the -I-nbmglf.

e - “Tne ‘o.roo\ucl: gvoup Za X Ze

et"t) “The non-%dlb group has elements of orders

,L2:2/2,3,3
o Nog"g ot all elements have order 2 of 3

2 - This group s nol abelion.
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8 The motion of two remote controlled helicopters P and Q is modelled as two points moving along
straight lines.

2+4p 5+ 8q
Helicopter P moves on the line r =|—3 + p| and helicopter O moves on the line r =2 + g|.
I+3p 5+ 4q
The function z denotes (PQ)?, the square of the distance between P and Q.
(a) Show that z = 26p* +81¢ —90pg — 58p +90g + 50. 3]

(b) Use partial differentiation to find the values of p and ¢ for which z has a stationary point. [4]

(c) With the aid of a diagram, explain why this stationary point must be a minimum point, rather
than a maximum point or a saddle point. [2]

(d) Hence find the shortest possible distance between the two helicopters. [2]

The model is now refined by modelling each helicopter as a sphere of radius 0.5 units.

(e) Explain how this will change your answer to part (d). [2]
—»
- S8 2+4p -
a) ?G— 2+ [ la+p |- 31489 -4p
54'0],— P
b+ 4 q- ' +3p 4 +04q -3p

zZ- (PGZY:- (3’* Ba - te)ts (stq- P) *, (4+ttq-3p)
=(A+ 240120+ 24q+ CHq 23200 ~120 ~Rpa+ 1o7)

+ (254- 59 - 5p * Sex P2- pa-S¢ - Pt clf)

+ (o= 10g -12p + 109 +1bg*—12pa"12p-12p9 0 9p?)
" 81924200+ 50-90p9. - 58p 4 ACq

~2bp?+ $19°%- 90pq -S8p +9046.+ 50
(as rcqpurcd)
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adz
2 dp 52¢ - q0q-5% %= 1629 -90p+ 90

O = 52p - qQ0q.— S8 o = |b2q -90p + 90
A0 = A0e ~ |29,

58 = 62¢ — 10 e
29 = 26p-450.— @ o “39@3 q'

_ -5
P"L"‘q/ 3

¢
< . movlns Pand Q n 'oppPosite’

c) directions along their Lines gves
Z mdeﬁmbelj large, hence
Sbabwnara point s noka moaxwmum .
-Symmetric propertiescf P O gues
(2 skew \wnes) botihn mox or both mun so not a
Saddle —pomt.

d) Suwosbbuting P4, A 5 o
2 = 26p%+ Bla?- A0pq- 68P+A0q + 50
=9
. Shortest distance = A = 2w

e) Because Unc& are modelled as spheres, For
“":j value of P and q +he disance between them

will sSimply be less Hhan the ongma,l wodel. The
Shortest distance 1S now 3-1=2m.
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