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1 In this question you must show detailed reasoning.

Express the number  4172310   in hexadecimal (base 16). [3]

*

I 6FXXTI 63XI +$ 62 XF + 16 × 2 + 3 = 268067 , 0

*



3

*S54444A0329* Turn over   

D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 7 marks)
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Answer ALL questions.  Write your answers in the spaces provided.

2. (i) Use the Euclidean algorithm to find the highest common factor of 602 and 161.

  Show each step of the algorithm.
(3)
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602 = ( 61 ( 3 ) t 118

161 = 118( 17 + $ 3

118 = &3 ( 2) + 32

4 3 = 32(1) + 11

32 = 11 ( 2 ) + 10 neδ ( 602 , 1612
= 1

l い = so)①
10 = 1 ( 10 )to

*



[1]3 (a) Express  205  in the form  7 +q r   for positive integers q and r, with  G r0 71 . 

(b) Given that  7 | ̂ 205 # 8666h, use the result of part (a) to justify that 7 | 8666. [2]
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1 a) 205 = F (20 ) + 2

b) 71(205x8656) = 71203 or 718666

by Euclid's
Lemm

= 718666 Since 7/205 by (a)

*



Answer ALL questions.  Write your answers in the spaces provided.

4. (i) Using a suitable algorithm and without performing any division, determine whether
23 738 is divisible by 11

(2)

(ii) Use the Euclidean algorithm to find the highest common factor of 2322 and 654
(3) 
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i) 2 - 3 + 7
- 3 +8 = 11 = 16 ( 、

)

So 1 い / 23F38

ii) 2322 = 65 ↑ ( 3 ) + 360

6 54 = 360(17 + 244

360 = 20R ( 1 ) t 66

244 = 66(4) +30

66 = 30(2 ) +⑯ hg (2322 , 6 s
& ) = 6

30 = 6 (5 ) + 0

*



. The highest common factor of 963 and 657 is c.

(a) Use the Euclidean algorithm to find the value of c.
(3)

(b) Hence find integers a and b such that

963a + 657b = c
(3)
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a) &63 = 637( 1) + 306

657 = 306(2) +45

306 = 45 ( 6 ) + 36

4 S = 36 ( 17 +回 => = 9

36 = ACA ) to

D a = 45 - 36

= 45 - (300 - rs(x)

= 子 (OS ) - 306

= 子 ( 657 - 306 (2)) - 306

= 7(657) - 15(306)

= 7 ( 657 ) - ( S(063
- 657 )

= 22 ( 657 ) - (s ( & 63)

a= - ( S ,
b = 22

.

*
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6. In this question you must show detailed reasoning.

Without performing any division, explain why  n = 20 210 520  is divisible by 66
(4)
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n = 20210520

need to check 6In and 11In (works because hy(, 11)
= 1)

2 + 0 + 2t 1 t0+ 5 + 2 to
= 12 = 3 CR )

and n is even

so Gla

2 - 0 t 2 - 1 t 0 - 5 + 2
- 0 = 0 = い (o)

so 11 In

=2 66 / n ⑪

*



7 In this question you must show detailed reasoning.

The number N is written as  28A3B  in base-12 form.

Express N in decimal (base-10) form.   [2]
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Z8 A 3 B
, 2

= 12
↑

x 2 + 123 × 8 + 12>× 10 +λ x3 + 11

= S 6 F 83
。

*



8. (a) Use the Euclidean Algorithm to find integers a and b such that

125a + 87b = 1
(5)

(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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al 125 = 87 ( 1 ) + 38
87 = 38(2 ) + 11

38 = 11 (3) + 5

l 1 = 5 (2) t 1

=⇒ 1 = 1 いー S(2 )

= - (3 게 (3)) 2

= ㅋ(1 ) - 2 ( 38)

= F( 87 -38(2)) - 2(38)

= F( 8t) - 6 (38)

= F(87 ) - 16 ( 125
- 8t())

a = - 16 ,
b= 23

= 2 (87)3 -16 (12s

5) 23 (87) - 16 (125) = /mod
125

23 (87 ) ≡ 1 mod l2s

so, 87"E23 mod 125

*
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(Total for Question 6 is 5 marks)
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. (i) Without performing any division, explain why 8184 is divisible by 6
(2)

(ii) Use the Euclidean algorithm to find integers a and b such that

27a + 31b = 1
(4)
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" 8 + 158 + &
= 2 ( = 3 (F

)

so 31 8184

3184 is even 30 2/ 0188

:: 6/ 8184 Since ag (3,2) = /

iil 31 = 27 ( 1 ) td

27 = λ ( 6) + 3

R = 3 C 17 + 1

=7 1 = 4
- 3

= 4 - ( 2子 -& (6 )

= F (θ ) - 27

= F( 3 / -27 ) - 27

= 7 (31)- 8 (27)

a=-8 b =F
ー

*

9 
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10 (a) Evaluate  13 # 19  modulo 31. [1]

(b) Solve the linear congruence  13x / 9 (mod 31). [3]

*

a) (BxD ≡ 13 ×= 12

三 - 156 mod 31

E 30 mod 31

b) 13x =& mod 31

× Iθ (
,

고 × Id

30x = 16mod 31

- x = 16mod 31

x = - 16mod31

x ≡ ( 5 mod37

**



. (a) Use the Euclidean algorithm to show that 124 and 17 are relatively prime (coprime).
(2)

(b) Hence solve the equation

124x + 17y = 10
(3)

(c) Solve the congruence equation

124x ≡ 6 mod 17

(2) 
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a) ( 24 = 17 ( 7 ) + 5

(F = S( 3) t 2
so hag (120 ,

17) =I

S = 2 (2 ) t 1
E> 124 & /7

are coprime .

2 = 1 (2) to

테 に S - 2 ( 2 )

= 3 - 2((7 =S(3))

= 7 ( 57 - 2 ( 17 )

= F ( ( 2 d - λ(a ))
- 2 ( 17 )

1 = F ( 120 ) - S ( (17 )

× co (
s

daco

10 = 70 (124) - 510(17)

x =F 0
, }
= - 510

C) 124x = Gmod 17
子 ( 2 θ ) -51 ( (7 )

≡ ( nodl7

F ( (2θ ) ≡ 1 nod(7 )
x (
,

= 고 x 7

= 42 modt

x = 8mod17

**

11 
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12 In decimal (base 10) form, the number N  is 15 260.

[1](a) Express N in binary (base 2) form.

(b) Using the binary form of N, show that N is divisible by 7. [2]

Z*

a I mark so use calculator

① on Cusio fx-PHIEX go
to menu setup and find Base- N

② Type in the number : 15260 and pess
enter

③ Then Shift logy D or wheever you
calculator says I

① Answer is read from left to right from thefirst 1

.

N = 112011100111082

3)) 710 = 1/12
111

So FIN since N = 1112- 100001000100_

**



13. (i) Making your reasoning clear and using modulo arithmetic, show that

2146 is divisible by 8
(3)

(ii) The following 7-digit number has four unknown digits

a  5 b  8 a b  0

Given that the number is divisible by 11

(a) determine the value of the digit a.
(2)

Given that the number is also divisible by 3

(b) determine the possible values of the digit b.
(3) 
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i) 214 = Gmod 3

21 α
0
≡ 60 mod 8

三( 2) nod 8

≡ ヒ( 2)
3

)
~

mod 8

=- 83 mod8

≡ O
' mod 8

≡ o mod 8 => 8 Y 2146

ii(a)a - 5 +b- 2 + a -b +0 = 11h ha λ

Za - S = l 1 k

but we know OLA1P Since a is a digit

So a = z
__

b))8 + 5 + b + 2 + 3 +b+ 0
= 3n nel

20 + 2 b = 3n

O ≤b ≤D So b= 2 or 5 or 8

_

**



. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

(i) (a) Use the Euclidean algorithm to find the highest common factor h of 416 and 72
(3)

(b) Hence determine integers a and b such that

416a + 72b = h
(3)

(c) Determine the value c in the set {0,1,2...,415} such that

23 × 72 º c (mod 416)
(2)

(ii) Evaluate 510 (mod 13) giving your answer as the smallest positive integer solution.
(3) 

Edexcel · AS-level Further Maths · Further Pure � · -uQe 2022�
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i) al 416 = 72 (5) + 56

Z2 = 56 ( 1 ) t ( 6

S6 = 16 ( 3) +⑧ h= 8

16 = 8(2 ) t o

) 8 = S6 - 16 (3)

= 56 - ( 2 - 56 ) (3
)

= & (56) - 3 (72)

= F ( & 16 - 72(5)) - 3 (72)

8 = & (& 16 ) - 23 (F2) C)

a = k (
b = - 23

C) 23x72 = (mod
416

if we reduce * mod 116 we get

- 23(72) ≡ 8 modR 16

= 23(72) = - - mod416

=888 mod &( G
So c= 408
_

**

14 
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15 Given that n is a positive integer, show that the numbers (4n + 1) and (6n + 1) are co-prime. [3]

2t氏

leth = meg (1n + 1
, 6u+ 17

nleatl fhloutl

h/3 ((n+ 1) = z(6n+ 1)

h 11

**



16. (a) Use the Euclidean algorithm to show that the highest common factor
of 168 and 66 is 6

(2)

(b) Use back substitution to determine integers a and b such that

168 66 6a b! "
(3)

(c) Explain why there are no integer solutions to the equation

168 66 10x y! "
(1)

(d) Solve the congruence equation

11v ≡ (mod8 28)
(3) 

Edexcel · A-level Further Maths · Further Pure 2 · June 202� 
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a7 168 = 66(2) + 36

66 = 36( 1 ) + 30 5o heg ( 168 ( 36)
= 6

36 = 30() t 6

30 = 6 ( 8 ) to

b) 6 = 36 - 30

= 36 - (66 - 36)

= 2(367 - 66

= 2 ( 168 - 66 (2 ))
- 66

= 2 ( ( 68) - S(66 )

a= 2 b = rs

c) no integer
solutions since 10 is not a

multiple of the

nog ( 66 , 168 )
= 6 .

P.T .
0

***
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17 (a) Express as a decimal (base-10) number the base-23 number  711923 . [2]

[3](b) Solve the linear congruence  n +7 1 /1 9 mod23( ).

(c) Let  N 10= +a b and M a= + 7b, where a and b are integers and bG G0 9.

(i) By considering  -3 7N M,  prove that 23 |N    if and only if 23 M| . [4]

(ii) Use a procedure based on this result to show that  N = 711965   is a multiple of 23. [2]

3*

a) 233 × 7 t 237 x 1 + 23 × 1 t o = 85 F30
、 0

b Fa + 11 = ↑ mod23

In E-2 mod 23

캐 ≡ 21 anod 23

Fn ≡ 7 (3) mod 23

7 mod 23 exists Since

Fn × 7
「

≡ 7 (3) × 7
「 mod23

ncg (7,
23)=

n = 3 mod 23 for example ,
G"mod 10

doesn't exist since

Since a xa" Elmodn .

ng( 6 , ( 0 ) ≠ )

0) N = 10a + b
,
M = a+7b

3N - FM = 30 a +3b - 7a-19b = 23a- 46b = 23(a -2b)(*)

want to show that 231N EX 23/M

first =⇒):
alb & a(l

=> albx +cy

Suppose 23 /N ,
then 2313N-23 (a-2b) for

all integers
x and y

= 2317M by rearranging (*)

= 23/7 or 23IM if plab then pla or plb

JEuclid's lemmal
=> 231M ,

since 2317
.

***



. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

(a) Use the Euclidean Algorithm to determine the highest common factor h of
234 and 96

(3)

(b) Hence determine integers a and b such that

234a + 96b = h
(3)

(c) Solve the congruence equation

96x ≡ 36 (mod 234)
(5)

Edexcel · A-level Further Maths · Further Pure 2 · June 2024 
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a)
234 = A 6 (2) +α 2

46 = 42 ( 2 ) + 12 ncg (
238 , 06

) = 6

42 = 12 ( 3) f 6

[2 = 6 (2 ) to

b 비 6 = θ 2 - 12 (3
)

= 42 - ℃ 6 -θ 2 (2 )) (3)

← 7 ( )2 -

3 (06)

二 子 (23& - 86 (27) - 3 (06)

6 = 7(234) - 17(46) (* ]

a= F b = - 17

2) 46x = 36 mod 234

if we reduce (* ) mod 134 we get

- 17(86) = 6 mod 234

4Gx = 36 mod23R

×-1 키
( d*- 7
Gx = NO mod 234 =TX = /Smod3P

***

18 
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19 In this question, N  is the number 26132 652.

[1](a) Without dividing N  by 13, explain why 13 is a factor of N.

(b) Use standard divisibility tests to show that 36 is a factor of N. [3]

It is given that  N = 36#725907.

(c) Use the results of parts (a) and (b) to deduce  that 13 is a factor of 725907. [2]

*3

a) by inspection - 26
,
13

,
26 ,
52 all divisible by 13

∞) 36 = 62 = 22 x 32

= 4x9

Need to check divisibility by1 and P

note the only reason this works is because heg (4 ,4) = /

& 152 suce
1x 13 = 32

=> 4 IN

2t6 + 1 + 3 + 2 + 6 + 3 + 2
= 2 ヲ = & (3)

=> & IN

= 36/N

1) ) N =364725407

from a) we know 13/N

=> 13136x725987
= 13136 or 131725407 by Euclid's leama

= 131723407 since 13/36
⑮

***
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20 For integers a and b, with a H 0 and 0 G b G 99, the numbers M and N are such that

M = 100a + b   and   N = a - 9b.

(i) By considering the number  M + 2N, show that  17 | M  if and only if  17 | N.. [4]

(ii) Demonstrate step-by-step how an algorithm based on the result of part (i) can be used to show
that  2 058 376 813 901  is a multiple of 17. [4]

3*

i) M = 100a +b N = a- 4b

M+2 N = 102a- 17b = 17(6a- b) t*x )

wts 17 IM Ex 17IN

first => Since if

suppose
171M ,

then 17117(ba-b) = M
θ a lb and all

then albtay
=> 17/2N by(*) for alllyet .

=> 1712 or 171N by Enclid's Lemma

= 17/N since 17X2 .

NowC? 1 " 1

Suppose 17 /N ,

then 17117(6a-b) -IN

=> 1 7 / M
디 ㅿ

ID

ii ) M = 205837681301 = N 00( 20883F681302 t 1

No = ·20583768130- &( 1

= 20583768130

= 100 (205837581) + 30

N, = ·203837681 - &C 30)

= 205837211

= 100 (2058374 + 11

***
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21 Consider the integers a and b, where, for each integer n,  a n= +7 4    and b n= +8 5.

Let = hch af ( , b).

[3](a) Determine all possible values of h.

(b) Find all values of n for which a and b are not co-prime. [2]

x*

a) h1zn++ & hlontS

= n(x(zn +1) + y(0n+3) for all 3,yt1 by closure

of
divisibility (not Bezoot's Lemma

takex= 8 , y
=-7

=⇒ h I 32 - 35

=>hl-3 impossible

take instead x = -8 , y
= 7

=> h1 - 32 +35

=> h 13

=> ht or 3

6) not coprine => h = 3

i

.e. In+ & = Omod3 & 8uts= O mod3

⇒ nt ( ≡ Omod3 *)( 2nt 2 ≡ Omod 3

어 ≡ 2 mod 3 2 (n+ 1)= mod's same as

So n = 2 mod3
_

****
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22 (a) Determine all values of x for which 16x / 5 (mod 101). [4]

[2]

(b) Solve

(i) 95x / 6 (mod 101),

(ii) 95x / 5 (mod 101). [2]

**

a) 16x = Smod 101 )

want to find the
inverse of

16 mod 10

could try be a hero and brute force it' ,

i .e .

Check 1
,

2
,

3, --.

and so on

& (much better)
use the Euclidean Algorithm

101 = 6 × 16 + 5

16 = 3×5 + 1

=⇒ 1 = 16 - 3 (5)

= 16 - 3 ( ( O 1 - 6 ( 16))

= 19(1s) - 3(101)

=> 16 x 18 = 3 ( (10) + / in other words' 16" 19 modio

≡ I mod 101

Multiply both sides of [
* by 19

x = 5x14 mod101

≡ ①5 modlol

b i) 45x = Gmod 101

Method 1 : Notice &S E-6modlo
_

- 6xE Gmod I0I C 6)
"
≡ ()「

mod1o 1

l' . C.
existsSince hag(43,

101) =/

ー 6 ×[ 6 )≡ 6 x [ 6 ) 「modlol

xno@
io
,

****
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23 Let  10N a= +b   and M a= + 3b, where a and b are integers such that a H 1 and bG G0 9.

(a) Prove that  29 | N  if and only if  29 | M. [5]

(b) Use an iterative method based on the result of part (a)  to show that  899364 472  is a multiple
of 29. [3]

X

a) Consider N+ 14 M = 10a+ b + 10a +57b

= 20 a + 58 b = 2θ (at 2b) 世)

alb & alc =つ

(F)) : Suppose IPIN then 29/24(a+2b) - N 1 albatcy for all s,ytI

= 241/4M by *
)

Euclid's Lemma
_

→ If l 18 of 2 8 / M

=> 28/M Since
29119

17
"

2) : suppose 291M then 20124(a +23) - 19M
"

"

=> 24/N

⑰

b) N=VOCOPP36447) + 2

Mo = 8&836447 + 329 My = 88837 + 373

= 89936453 = OPP 38

= 10(0443645) +3 = 10(0093)+8

M, = =8883643 + 3 (3) My = =0 0 & + 3(8)

=088363K

/
= 9014

= L 0 ( 001) to
= 10 ( 880365 ) to

My = POL + 3(8)

Mz = 849363 + 3(4)
= 428

= 849377 = (o (ㆍ 2 ) + 8

= 10(84437) +7 M 0
= 42 t3(8) = 176 = ( 0(1) t 6

Ma = 11 + 3(6 ) = 20 = 20( 1 )

****
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24 (a) Let a = 1071 and b = 67.

(i) Find the unique integers q and r  such that a b= +q r , where q 2 0 and 0 G r 1 b. [1]

[1](ii) Hence express the answer to (a)(i) in the form of a linear congruence modulo b.

(b) Use the fact that 358 715 239# #- =1071 1 to prove that 715 and 1071 are co-prime. [4]

4*

a) i) 1071 = 67 (13) + 66
_

ii) 1071 :67 (13) + 66 nod 67

= 66 mod 67 STEOmod 67

)
358 × 715

- 23↑× 10t( = 1

leth = n(g (715 ,
1071)

Because it's a factor of
715 and 1071

n/F15 & ( 1
.

1071 by definition

=> n/358 x715 - 234x1671 (ig alb and all then

alboc +y for ally
+1)

=> /1

= h = 1 because the only integer that goes
into 1 is 1

.

Note
.

- I also does but hey is always positive so h= 1
.

=> 715 and 1071 are coprime ,

****
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25 For positive integers n, let  f n( ) = +1 2 + 4n n .

(a) (i) Given that n is a multiple of 3, but not of 9, use the division algorithm to write down the
 [1]two possible forms that n can take. 

(ii) Show that when n is a multiple of 3, but not of 9, f n( ) is a multiple of 73.  [6]

(b) Determine the value of f n( ), modulo 73, in the case when n is a multiple of 9. [2]

ks

ail n = PRt 3 orn = CRE 4.

ii) Casel :1=@h+ 3

Iit3 & h+3

8 Ca)
≡ 1 + 2 tR

= 1 + 8 ( 2)
"

+ 6 R ( 4)
R

20
n

mod 73

= ↑ + 8 ( ) "
+

6 &( ( 2)
0 µ) ≡ 20 )

"
mod 73

≡ 1 + 8 ( 1 ) + 68 ( 1 )
~
mod ヲ3 ≡ (8 x 8 × 8 )

"

73

=(64x8)" mod 73

= (-4x0)" mod73
= 1 + 8 + 64

mod73

2

ㄴ= 73 mod73
= (-72)"mod

73

≡ O mod73
≡D

"
nod 73

티

*****



26. (i) Determine all the possible integers a, where a ! 3, such that

15 3{ mod a
(2)

(ii) Show that if p is prime, x is an integer and x p2 1{ mod  then either

x p{ 1mod  or  x p≡ −1mod
(3)

(iii) A company has £13 940 220 to share between 11 charities.

Without performing any division and showing all your working, decide if it is
possible to share this money equally between the 11 charities.

(2) 
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5

i) 15-3 = 0mod a

12 ≡ O moda

⇒ al 12

ii. .e. a = 1 , 2, 3,
4 , 6 , 12

but a >3 So a =1 ,
6 or 12

il x
2
≡ I modp

=> x2-1 E0
modp

-- p(x
*-l

_

= pla-D(x+ 1)

Eaclil'
s

leamona

→ plac-l or platI

= x- 1 = 0 mod p or x
+= Omodp

=> Elmodp o xCE-1 modp

ici ) 1 - 3 + D -θ+O
- 2 + 2

- O = 3

11X3 so it won't be possible

*****
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27 (i) Let N 10a b  and M a 5b  where a and b are integers such that a 1 and b 0 9 .
N is to be tested for divisibility by 17.

(a) [5] 

(b)

Prove that 17 N if and only if 17 M .

Demonstrate step-by-step how an algorithm based on these forms can be used to show
that 17 4097 . [2] 

(ii)  n 2 1001(a) Show that, for , any number of the form n  is composite. [3] 

(b) Given that n is a positive even number, provide a counter-example to show that the
statement “any number of the form 10001n  is prime” is false. [3]

S*

i) a Consider N + FM = 10th +Ea-353

= 17a - 34b = 17(a -2b) *

() suppose 17 /N
,
then 17117(a-2b) - N

= 1717M br te )

Endlid's hemms

⇒ 1717 or 17 IM

=s
171 M sine 17 X 7

(() Suppose 17/M then 17117(a-2b) - FM

=> 17IN by *x )

1) 6 Let N = ROPE = 10(POR) +7

Mo = 404 + 7(7) M2
= 10 t 7 ( ()

= ①S8 = 17

= 10 (A 5 ) + 8
17 1M2

m, = 4s + 7(z) => IAIM ,

= 101 =2 17 / M

= 1 o (10) + 1
=717 / N

*****



28 (a) The number N KaV tKe baVe௘�10 Iorm  N = abba abba … abba�  FonViVting oI bloFNV oI 
Iour digitV� aV VKoZn� ZKere a and b are integerV VuFK tKat G a1 11 0 and G b0 11 0.

8Ve a Vtandard diYiVibilit\ teVt to VKoZ tKat N iV alZa\V diYiVible b\ 11� [3]

(b) The number M KaV tKe baVe�n Iorm  M cddc=  cddc … cddc� ZKere n 112  and c and d are
integerV VuFK tKat c n1 1G  and  nd0 1G .

SKoZ tKat M iV alZa\V diYiVible b\ a number oI tKe Iorm  k n k1 2+ � ZKere  k1  and k2  are
integerV to be determined� [3]
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a) (a - b + b - a) +(a- b +b -a) + ... - . + (a - b + b -a)

= O Since as and b's cancel .
(because they are in blocks of

4)

so 1110 = >11 IN.

) one block of Cdda ,

in base-10 is

let x =
(n3 + da + dr + C

want to factorise
this .

No obvious way
viafactor theem

So split terms :

C(n3 +1) + d(n2+ n)

= c(n+1)(nz- n + 1) +dn(n+ 1)

= ( + () (c (a^
-a+ i) +da)

、

… n +1 / 23 + da2 +dn + C

i. e . H
,

= 1 and hy = 1

don

x + n
°
x + n8x + - ...+ nx

Let y = cdde add--- - add =

= 2x ( It ntta
8

t - a
-

.
tndnn)

so if n + /x ,
n + /ly oly (1 + n*+ -itatm)

is an integer

□

******



29 (a) Let f n( )  n+4 3= +2 3 n3 1+ .

Use arithmetic modulo 11 to prove that ( )f n 0/  (mod 11) for all integers n H 0. [4]

(b) Use the standard test for divisibility by 11 to prove the following statements.

(i) 10 133 +  is divisible by 11 [2]

(ii) 10 133 +  is divisible by 121 [4]
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a (
¢ n+ 3

+ y3n
+ 1

= z(2)mn + 3(3)3" modll

≡ 8 ( 16)
^

t 3 (27 )
"

nod ll

=0 C 3)" + 3(3)" mod

≡ 11 (5 )
"

mod//

= 0 -(3) " mad /

=O modl/

b) :) 1023t1 = 1000- -

.000

Azer←nof 33 sincetae
lastone

becomes a one.

Divisibility by 11 ,

1 + 0 - 0 + 0 - 0 + .....
+O -1 = 0

which is a multiple of
11

So 103 + 1 is amultiple of
11

1. 7. ม

******



30 Let  f n( )   denote the base-n number  2121n where n H 3.

(a) (i) For each n 3H , show that  ( )f n   can be written as the product of two positive integers
greater than 1, ( )a n  and ( )b n , each of which is a function of n. [2]

(ii) Deduce that  ( )f n   is always composite. [1]

(b) Let h be the highest common factor of ( )a n  and ( )b n .

(i) Prove that h is either 1 or 5. [4]

(ii) Find a value of n for which  h 5= . [2]
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ai) 212 In = 2 n
3
tn
?

t 2nt 1 )
.

Notice that a,
b

, c ,
d70 so any

solution must be negative

also notice that ign
=-1

, 2121n = -2 + 1-2+
u

=
- 2

, 0

and if I take values of nc-1 ,
2121 will be even less than1.

So I try a negative between O and -1
.

The most obvious

to try is -" :

2 (吉) + (i ) + 2( 法) + に 赤一+ 1 = 0

=⇒ 2a
3
ta

2
t 2nt ( = ( 2n +17(n

using algebra.

ii) f(n) is composite Since 2ndl>7 and n2 + /310 and both at

σ

integers so g(a) is not prime .

(Since n >3)

b) h = ng (2 ) ,
(neti))

h/ 2n+ 1 & n/n2+ 1

=⇒ h I x (aat 1) ty (
azti )

note if : take x = n and y = -2
,
I get

h1 2n"+ n-2n? -2

=Th/n-2 which doesn't help as it's in terms of n

P .
T .0

******
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