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I+u,

1 The sequence {u, } 1s defined by u, =2 and u, form=1.

Given that the sequence converges, with limit &, determine the value of « . [3]

Sequence converges = nth k(ntiith terms are equal as n—>e0
Unp = Uy =X => L= ,lq_%&
X%+ —12=0
> A=3 or X=—Y
| term 1S +ve = allferms are+ve
L X>0 2 A=3

2 The points 4 (1, 2, 2), B(8, 2, 5), C(=3, 6, 5) and D (-10 , 6, 2) are the vertices of parallelogram ABCD.

Determine the area of ABCD. 15]
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3 A non-commutative group (- consists of the six elements {e., a, az, b, ab, ha} where e 15 the 1dentity

element, a 1s an element of order 3 and & 1s an element of order 2.

By considering the row 1n (s group table in which each of the above elements 1s pre-multiplied by b,
show that ba® = ab |5]

bG:{be, ba. ba", l)l, bab‘ bla/g
b0 > bG=$b, bo, © e, 7, 05
\,f;;&l bo\l - G Ok ab
ba* can only =0 if b=e
BUT b#e=ba=ab
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4 Let 5 be the set {16, 36, 56, 76, 96} and xj; the operation of multiplication modulo 100.

(i) Given that @ and b are odd positive integers, show that (10a +6){10b+ 6) can also be written in the

form 10n +6 for some odd positive integer n. 13]
(i) Construct the Cayley table for (S, %, ) 12]

(iii) Show that (5, x;, ) is a group.

[You may use the result that x,, 1s associative on 5. [3]

(iv) Write down all generators of (S, x4 ) 1]

I (100 +6) (10b+6) = 100ab+ 60(atb)+36
= |0LI0ab+6(ath) +3)+b

= h=]0abt b(a+b)+3
N is odd " n= eveh + even + odd
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\ll |_'H\€TQ oAre no nwew elements 10 the table .. 5{00\‘) \S

Closed

——————

2 Identity = 6
3. IhNerse pairs: [6,3b X 5b,4b

I\ Possi\o\e genefators: 1b, 3,56, qb
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5 Let fix, y)= ¥+ _1."’L —2xy+1. The surface & has equation = = f{x, v).
(i) (a) Find f, . 11l
(b) Find f, . 1
(¢) Show that 5 has a stationary point at (0, 0, 1). |5]
(d) Find the coordinates of the second stationary point of 5. 1]

(ii) The section = = fia, v), where a 1s a constant, has exactly one stationary point.
Determine the equation of the section. |3]

. &) -F)C=S_YZ-2‘5
E) ¥5= 3yr -2k

¢) setf & b 0 By=2y =0, Sy*-2x=0
>3 0 y:=3x O

= 2Fx*-fx =0
= X =0 ® X_-‘=‘2—;

N S lms Q‘h\ﬁomrg poin'l'@ x=0

= (L.y,2)=(0,0,1)

(33 o)
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. @ X=a, f, =3y*~24 =0
>y=*[3a
. (0,0,1) Implies a=0

3
Z={(0\.3\=‘j‘1“3 Hta
0‘:0'-2:&93'?'
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[ A customer takes out a loan of £P from a bank at an annual interest rate of 4 9% Interest 1s charged
monthly at an equivalent monthly interest rate. This interest 1s added to the outstanding amount of the loan
at the end of each month, and then the customer makes a fixed monthly payment of £M 1n order to reduce
the outstanding amount of the loan.

Let L, denote the outstanding amount of the loan at the end of month »n after the fixed payment has been

made, with L, =P

(i) Explain how the outstanding amount of the loan from one month to the next is modelled by the
recurrence relation

Loa=1004L, — M (*)
with L, =P, nz0.
13]
(i) Solve, in terms of n, M and P, the first order recurrence relation given in part (i). [6]
(iif) The loan amount is £100000 and will be fully repaid after 10 years. Find, to the nearest pound, the
value of the monthly repayment. |3]

(iv) The bank’s procedures only allow for calculations using mmteger amounts of pounds. When each
monthly amount of the outstanding debt (L,) 1s caleulated it is always rounded up to the nearest

pound before the monthly repayment (M) 15 subtracted.
Rewrnite (¥) to take this into account. 12]

|. annuwal interect [-04q—> Monthly interest Q- 044
"Woka =1-00F =R

amount owed @ end of month N = Ry amount owed @® end of
month (h-1)

~M : Monthly repayment
i L —RL,=-M has Complementary Solution Lf-ﬁkﬂ

Ny

particular Solution: thal L,=b
sub inty Yeewrrence relation: b(R-))=M =» b=250 M

. general Selution: Lh=ﬁﬂ\+7-50 M
Lo=P=> fA=P-250M
gives L, =(P-250M) x|.004" +2.50M



PhysicsAndMathsTutor.com

N L,=0 when =120 & P=100000

(106000—250M)% 00" +250M =0

= M=[05] $o nearest£

V. take INT of Q.ooql_hm)
so =1L, = ’NTU-OWL,\HJ-—M
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7 (i) Let N=10a+b and M =a~35b where @ and b are integers such that a=1 and 0<b=9.
N is to be tested for divisibility by 17.

(a) Prove that 1?| N if and only if l?|M B [5]

(b) Demonstrate step-by-step how an algonthm based on these forms can be used to show
that 17| 4097 . 12]

(ii) (a) Show that, for # =2 any number of the form 1001, 1s composite. |3]

(b) Given that i is a positive even number, provide a counter-example to show that the

statement “any number of the form 10001, 1s pnme” 1s false. |3]

END OF QUESTION PAPER

o) let 13| so M
0\-5b=\‘7’m<’\
N=10atb= [D(a-5b)+5 b
=1Fm+5\b
= F(m+3b) \?\N

e+ 1N 5o N=1Fn
10atb=1Fn

IDM =10a— 50b = (10atb)-51b
=1Fn~5lb
=17F(nh-3b)

HCEQO0\F) =1 so IHM
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b) k04F — a=u4d b=F
— M=40q-25= 33k

31}L\,——70\:3q’| b=l
— y\/\f_gfl——l(): \"7L

Then H"\\jrﬁ \i)—\br()O\}
i a) |00, =+l = = (h+1)(W=n+1)
I(\7/L =(htl]23 & h-h+l73
- Neither factor = |
So [00] 1S composite

h

by 100, =n*+1  n=2 & b ¢

Nfrl=17F 257 297 4097 = |7k
We know 17 is a factor of 4037 => kAT not prime,

% 50 h=% is a Ccounter-example





