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In this question you must show detailed reasoning.

Without performing any division, explain why n = 20210520 is divisible by 66

(4)
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tests to checle. ‘\l} nois

divisible \05 bb

n = 20210520

2-0+92-1+0-5+2-0=0xW\ hence n 12 divisible bg O]

2+0+2+1+0+5+2+0 = |7 = 4x2 hence n 12 diviStble bg 20

NS even and. 0 1S duvitible \otAJ 2.

S N 18 divisible b\\;\) 2,3 ondk Il and S0 1S also

davisible \nj 9«3 x|l =bb ©
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Question 1 continued

(Total for Question 1 is 4 marks)

R PR A O 0 3
Turn over »
P 6 6 8 0 2 A 0 3 2 38 urnove

PMT



PhysicsAndMathsTutor.com

2. Abinary operation % on the set of non-negative integers, Z, is defined by
m% n=|m-n| mneZ

(a) Explain why Z; is closed under the operation *
(b) Show that 0 is an identity for (Z;, )
(c) Show that all elements of Z; have an inverse under %

(d) Determine if Z; forms a group under %, giving clear justification for your answer.

1)

(2)

(2)

(3)

(0)  Fof M, NE Z,: M-n € 7. and. SO |m-n|€'2+n 1S cloted. under

] L J L

an 'mhaser

(b) for Me:rZ:, Oxm = |0-m|=[-ml=m ©

Mx0 =1m-0l = [ml = M < need to checle

both dicechong.

Hence, O is the identity_element. ®©

(C\, For Mﬁzz, we wont l\iV\—Y\\ =0 = a-=-m ©

sothat m*xqn = e (mmm\ﬁ\

AS n=m_ ond hence Im-m|=0 for all meZl,

eackh m 18 2af - nverse. ©
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Question 2 continued
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3. (a) Use the Euclidean Algorithm to find integers a and b such that

125a+87b =1
()
(b) Hence write down a multiplicative inverse of 87 modulo 125
1)
(c) Solve the linear congruence
87x =16 (mod 125)
(2)
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.
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Question 3 continued
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 8 marks)
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4. Let G be a group of order 46" + 47%

Using Fermat’s Little Theorem and explaining your reasoning, determine which of the
following are possible orders for a subgroup of G

(i) 11
(ii) 21
(7)

aoul bu Loarnae's Theorem.
J Y U J

(1) So checle if 1l divides 4b* + 43%

n-1t [[o]

B\Lj FLT = QU o = | (modlt)

4b* + 43" = T 2T ) ©
= 17+ 3 (modh)
= b4 + (3°) x3 (mod 1)
= 9+45" x3 (mod!)

= Q4 (mod )

= F (modt) O©

Hence 1| iy not o divisor of 4b™ + 43" so not

o. posSible order for 0 %ubgroup. ©

(W) L =F=x3 30 check for factos of F and 3

= o = | (mod3)

-1 __ Q,b

| (mod 3) ©
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Question 4 continued
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5. The point P in the complex plane represents a complex number z such that

|z +9| = 4|z - 12i|

Given that, as z varies, the locus of P is a circle,

(a) determine the centre and radius of this circle.

(6)

(b) Shade on an Argand diagram the region defined by the set

{z e C:

z+9|<4|z-12i|} n zeC:—%<arg z-

3+ 44i T
— | <

Wrule

tems.

x+qQ + il = 4lae+ (-1 O
J J

oA sauare terms.
® v '

(c+9)* + (3)“') = b [x® + (y-12)" |7 considering

real [ im

xZ + 18 + Rl + 5‘ = |bx® + |btjz - 3843 + 1304

-2223

15x” - 1Rx. + 18y~ - 34y
J J

S5x* - bx + 63“ - 121

/ \ 2

(- 2) -

=
|
J\| W
S~——"
-‘-
——
s
\
U\I b
0
=
©

.. Centre =
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bottom of the circle.
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(Total for Question 5 is 10 marks)

VD PR O A0 0 .
Turn over »
P 6 6 8 0 2 A0 1 5 2 8 urnove

PMT



PhysicsAndMathsTutor.com

6. A recurrence system is defined by
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7. In this question you must show all stages of your working. K

You must not use the integration facility on your calculator. KBS
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Figure 1

The curve shown in Figure 1 is defined by the parametric equations
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y 2t 0<t«1

This curve is rotated through 2z radians about the x-axis to form a hollow open shell.
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(b) Show that the external surface area of the shell is given by
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A=l 0 3 p where p is a constant

2
Given that | 1| is an eigenvector for A
-2

(@) (i) determine the eigenvalue corresponding to this eigenvector

(if) hence show that p =2

(iii) determine the remaining eigenvalues and corresponding eigenvectors of A
(b) Write down a matrix P and a diagonal matrix D such that A = PDP™'
(c) (i) Solve the differential equation u = ku, where Kk is a constant.

With respect to a fixed origin O, the velocity of a particle moving through space is
modelled by

.
.

u X

By considering | v | =P™'| » | so that

w z w

<

n
9
S

(if) determine a general solution for the displacement of the particle.

1)

(2)

(7)

1)

(2)

(4)

(a)( () s -2 5 || 2 §5x9 + -9x| + Sx -1

A3

O 23 P | = | 0x2 + 2y] + px-1
b -4 ||-2 -bx2 + byl +-4x -7
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Question 8 continued
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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 17 marks)

TOTAL FOR PAPER IS 75 MARKS
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