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SARDAR PATEL UNIVERSITY ,VALLABH VIDYANAGAR
SYLLABUS FOR B.Sc.(MATHEMATICS) SEMESTER - V
USO5CMTHO05 ( Number Theory )

THREE HOURS PER WEEK (3 CREDIT)

Effective from June 2012 =
Marks:-100( 30 internal+70 external)

UNIT-1 Divisibility . Fundamental theorem “of d1v1sxb1hty G.C. D dch-
nition and exam\ples 'L.C.M. : definition and examples Prime numbers
Factouzatlon in prlme numbers Unique factorjzation theorem .

\

‘ U_NIT—Z. Perfect numbers : definition and examples , Mersenne numbers : .

definition and examples , Fermat numbers : deﬂnitiori and examples ,Gauss
function : definition and examples , Mobius function : definition and exarn-
ples .- ’ ' ' T

UNIT-3 Linear indeterminate equations and its ‘solution , Shang-gao inde-
terninate equation and-its solution , Congruences : Definition and examples
, Properties of congruences .

UNIT—4 Complete residue systeiff(mod m) , Reduced residue system('med
m) Euler’s function , Congruence in ohe unknown , Solution of Linear congru-.
ence in one un‘mown and two unknown Chinese theorem , Wilson's theorern .

' Recommended texts :

C.Y.Hsiung, Elementary Theory of numbers, Allied publishers Ltd.(1992)
Chapter 1, 2, 3(only article 3.1 and 3.2}, 4 (only article 4.1).

Reference Books:

(1) D.Burton , elementary Number Theory, Universal B'eok stall, new
Delhi = - =

(2) I.Niven And H.Zuckermar, An Introductlon to the theory o¥ Numbers,

" Wiley-Eastern Publication.

(3) S.Barnard and J.N.Child , ngher Algebra Mc Mlllan and Co. Ltd
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= - B.Sc.(MATHEMATICS) SEMESTER - V
=== QUESTION BANK OF US05CMTHO05
T I ( Number Theory )
- - ~ Effective from June 2012
Marks:-100( 30 internal + 70 external)
Unit-1

H A

1. Divisor , Proper divisor , Common divisor , G.C.D , L.C.M.

= @
z ? 2. Prove that {a — s)/(ab+ st) = (a - s)/(at +sb) . [2}
LI = o , LT
_E ‘3. State and prove Fundamental theorem of lelSlblllty o 6]
4. Let g be a po;xtxve integer greater than 1 then prove that every posxtlve
mteger a can.can be written uniquely in the form - _ :
a=cyg" +Cno1g¥t F +c1g+co,wheren>0c,eZO<c,<g,c,,7éo m
5. Find gcd of two numbers by usmg Euclidean algorlthm S [3}
. 6. Find ( 525 , 231 ), (1235, 237 ), (4678, 362 ) , ( 3054, 12379 ) 2]
- _ 7. Prove that (a b) =diff 3z,y¢€ Z such that :ca+ yb d - o : [5}
8 'Prove that (a,b ) =d 1ﬂ" the followmt7 condltlons are satlsﬁed oo
() d/ay,d/b , R L A T
(u) whenever c/a and c/b then c/d B R AR (3} "
9. Prove that any common d1v1sor of a and b is the d1v1sor of thelr ged . (2] - o
'10.lProve that ( a b ) = ( a, b +ka), for ke Z o . 3}~ L
- _ I'l’.--,Prove that (a b)c—- (ae, bc), V [ 0 ' .: o [3] e
A 'Prove that (a -1, a. ~1) = a.(”‘ ") — 1 S ST -[5] S
'1'3.'-‘Prove that [a b}(a b) =ab, V ab 0. I : [5}
o '_OR State and prove the ‘relation between gcd ‘and lcm of two numbers N
14, Prove that common mu]tlple of a and b is a multlple ‘of thelr lcm I [4} ':Z.: S

15. If k > 0isa common multiple of a and b then prove that (s > [akb] [4]

1'6..'_If a and b are relatively primes and d/ab then prove that there exxet-_.

- .umque dl/a d2/b such that d = didy. , S S [4]
17. If a/be and (a,b)~1,then ,prove that a/c. S '_ ; _' o [2} R
i8. Prove that (a +b)a,t] =tla,a+ 1V a,b>2. B -
19. Prove that [a,b,c] = [[a,b],c] o : | B 2]
- 20. Prove that [a,b,c}= @, bic o)’ for all a,b,c>0. ' -_ (3]
21. Find (136,221,391) and (136,221,391} . | B 1
22. If m is .composite integer and ny, = 1111...(m times) then prove that n, '
~ is also composite number . - ) o 14




s 24. Prove that there arc infinitely many prime number of the form {5 - | !

E 25. If P, is nth prime number then prove that 7, < 22" for all n € N. 3
E 26. If p is pnme then prove that there exist no positive integer a and b <ych

= - ‘ that a? = pb 5

- OR : If p is prime then prove that a? #pb? V a,be N. &

L)

27. State and prove unique factorization theorem for positive integers.

—_

, OR State arnd prove fundamental theorem of arithmetic .
E - : . ‘;::
s | USO5CMTHO5 o
= E ! 1. If a = i)j“"pg‘%’pg"”...pk“_",wher'e all'p,'_iare primee ahd L, > Ol,t'hen_ prove t'hé
o followmcr S ' A I B '
:: ,. \' A | . . . : ,.,. R . : r"- .
(a) I'I(a1+1) L e ey
£ k fpatt S L
4 (b) Sta) = n Bl
| (c) P(a)—aT(a)ﬁ e e
i‘ 2 I a and -b are relatlvely prlme numbers then prove the fo]lovwng ‘ :
() T(ab) = T@T®) . BRI BN
E (ii) S(ab) = S(a) S(b) . ' ' -:'.- . o
(iii) P(ab) = P(a)WP(b)T(a) B S R DU TN

e

3 (1) If aisa square number then prove that S(a) is odd mteger
(u) If a is not square number but odd lnteger then prove that S(a) lS even )

- ‘ o o mteger - : o o U AP [2]
I 4. Prove that- S(a) < ava Va> 2 St R S '.."_' N [5] 3
.z 5. Deﬂne Mersenne number Prove’ that any pnme tactor of 1\4 IS greater _' ._7_--.

than p- S _ . R [5} :
g 6. Prove that odd prime factor of M (p > 2) has the form 2pt+1 for some Y
3 » mteger t o R . A T 151 E

' 7 Prove that oad prlme ractor of»a? + l(a > l) -is of t}rer form 2"+1t + 1 for -
3 . 'some mteger t. o T _":'[6]?"':-_

- 8. Deﬁne Fermat’s numher Prove that every prlme factor of F (n > 2) 13 of
| the form 27+%t 4+ 1,for” Some integer t. . : A RN
f 9. Prove that the necessary ‘and sufficient condition that a oosmve mteger ‘

a can ke even perfect number is a = 272"+ — 1) (n> 1) and 2™ — } s
prxme X _ _ ) [6]

' 110. Define Gauss functxon (or: Greatest integer value functlon ). Prove that 3 3
5 . [Il+ly]<[z+y]<lzl+[yl+1 l : U - N

St LE b o N rone RN e e

St e | el e -
f
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13.
14.

15.

16.
17.
18.
19.
20.
21.

22.
23,
24,

25.

26.

that among the integers from 1 to x the number of multipliers of n is[:J. (3]
n

m
. Prove that in the product n! the highest power of prime p is } [_nr} ,
k=1 LP

where p™ <n < p™mtl, (5]
OR
, m .
In usual notation prove thatP(n!) = 3 [—%J , where p™ < n < p™ti,
k=1 (P .

Find highest power of 2 in 50! i.e 2(50!) , Find 3(50!). (2]
Define Mobious function.Prove that Mobious function is mu]tzphcatlve
function. [4]
Prove that Zp(d) O—L_Jp( ),1fa>1 | - \ [4])

d/a - d/a \ ) B N~ .
Define Fiboracci numbers.Prove that the successive ‘Fibonacci numbers
are relatlvely prime. SRR 1 I
In usual notation prove that umin = Un_1Un + Unmlms1 , ¥V m;neN. [4]
Prove'that Un/Umn. . . o o o '- 2y
Prove that m/n = um/un » . S o [2] _
If = qn+r then prove that (um,u,,) (u,,,ur) : R - [3] B
Prove that g.c.d of two Fibonacci numbers is also a Flbonacm number. ' {4}

OR : Prove that (um,us) = U, n)- 7
OR : Prove that (um,un) = ug4, where d = (m, ).

Prove that Umfun & m/n. 4 o o o [2} .

Find: (16, u2) (wisyus) . T ) e
Prove that i3 =3uppr1 ~Un-1-, ¥ 122 S R < I
Prove that Eu, = UpUn+i. o IR : [3]
P,rove thatu,,+1 =ul 3l 42, bl e S [4)

USO5CMTHO5
Unit-3

. (1)Prove that the mdetermmate eQJatlon az + by ¢ has solixtibn i

d/c,where (a,b)=d.. : [2]
(ii)If £ = 20,y = yo is a particular solution of az + by = ¢ then prove that
general solutlon can be written as . _ - e}

. b
T =2 + “hy =10 - Et,where teZ.

d ¥

. If (a,b)=1 then prove that any solution of ax+by=c can , be written as

4]

T = zg + bt,y = yg — af,t € Z,where z = 19;y = yo are particular a solution of
az+ by =c : \ :
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-18. Prove that a positive integer n is d1v1ded by 9,

e 1 EWL Y — L 1‘,‘
u)u 19y = 231

(m)IQx + 20y = 1909

(iv)z? + 2y - 6 =0

4. Find general solution of equation o ‘ C .
(i) 50x-+45y+362=10 . i
(i1) 8x-18y+10z=16 ’{Lw
' . | (37
5. Prove that the positive integer solution of z7!+y~! = 271 (x,y,;2)=1 has ahd e
must have the form z = a(a +b),y = b(a + b), z = ab,where a,b > O (a b) [6‘,@
6. Prove that the general integer solution of z2 F y? =22 thh éy, 2> 0, -
"~ (z,y) = 1"and y even is given by:z:=a — y? y—2abz=‘ ,Where *ﬁ
a,b>0,(a,b) = 1 and one of a,b is odd and thi v\other is even. . o [6] N
7. Prove that the integer solut:on of 22 + %% = 2 ,(x,j?) 1 can’ be. expressed -
as z = +(a? — 2b%),y = 2ab, z = a? + 2b%. N IG]Q
8. Prove that the 1nteger solution of z72 4y~ 2 = 2~ ,(x,y,z) 1 is ngen by ,;. ﬂ
z = (a — b%),y = 2ab(a® + %),z = 2ab(a® —bz),wherea>b>0(a,b)_1and G
a,b both can not be odd or even . - .

. \
9. Prove that a general mteger solutlon of :r + y +z = _w ,(x,y,z,w) 1 xs j

. -given by ' L TR
-z = (a? —-b’—t—c2 d’) y= 2ab 2cd z-—2ad+2bc w=a +b2+C2+d2 m 1
10 Prove that the equatlon iyt = z2 has no solutlon w1th nonzero posxtwe Jm,
integers x,y,z: : S [6] Lo
OR : Prove that g+ yi = 22 has no nonzero posxtlve mteger solutxon S !

11, Deﬁne Congruent modulo n .

12. Prove that a= b(modn) iff a and b have the same nonnegatlve remamder :
o when d1v1ded by n. ‘ {3)

o '._[{g) i

' 3 Prove that congruent 1s an eqmvalent relat:on

L 14. If a = bl(nwdn) and a3 = bg(modn),then prove the followmg
(a) ay+a= b; +b2(modn) | S [21 : ‘
(b) cay = chy(modn) Ve € Z. : 2 I « e | ' o [2] o
(€) c+ar =c+by(modn)VeeZ ) R
() a1az =biby(modn) o SR o '[?;]_-'
(e) ™ bl"‘(modn) Vm € N,by usmg mathematlcal mductlon method‘i_' : 3] o
. 15. If ca= cb(modn) and (c, n)--l then prove that a= b(modn) 5 [3] .
16. Prove that z? +y? = 2% has no prlme solutlon . '_ (3] N
“OR: Prove that Pythagoras equatxon has no prime solutlon S
17. Prove that a positive integer n is divided by 3 iff the sum of its dlglts 1s
' d1v131ble by 3. 4]

iff the sum of its dlgltS is
lelSlble by 9. ! \

)

fa




+ (b ol = 2 o

(e

22,

" integer.

10.
11.
12.
13.

14.

15.

Y S PR O X

. Prove That a set of k mtegers'al,dg,a;

CIf al,ag,ag

. Prove that a set of k integers dl,ag,a;:,,

.-If (11,(12,(13

.State and prove Fermat’s theorem PR
- OR: State and prove Fermat’s little theorem

.Deﬁne Eu]er s functlon .

LA posms e = - - - - E—- . -

by 11.

Find a necessary and sufficient condition that a positive integer is divisible
by 7.

!. Prove-that every number containing more than two digits can be divided

by 4 iff the number formed by last two digits can be divided by 4.
Is 765432 divided by 3,4,5,7,9,11,137

USO5CMTHO05
Unit-4
Deﬁne complete - resxdue tystem medulo m and reduced residue system
mod\ulo m. L
ak is a complete re51due system
modulo m iff (l)k—zm (n)a, .7é a,(modm) Vi 75 j.

.,ax is CRS modulo m and (a, m) 1, then prove that
aa1+baa2+b aa3+b

modulo m 1ff (1)k <I>(m) (11)(a,,m) = 1 Vi (m) a; # a,(modm) V 3 75 j-
aq,(m) IS ‘RRS modulo m and (a m)—l then prove that o

., Q0% (m) IS RRS mod m,

()aal,aag,aa:; . S
-, 883(my + b is not RRS mod m,where b is any

(n)aal + b, aaz + b, aa3 +b..
mteger ' .

State and prove Euler s theorem

If a" = l(modm) and'd is order of a modulo m then prove that d/ n

function.

OR :If (a,b)=1 then prove that d)(ab) ¢(a)¢(b)

Fmd all posxt.ve mtegers m and n such that ¢(mn) ¢(m) + d)(n)

N

k .
E (p }'= p ¥ where p is prime.

Find ¢(32) + ¢(16) + $(8) + ¢(4) + ¢(2) + ¢(1)

. [ )
OR Find 3 &(2).
i=0

If m = p"'p3py " ..pp*,where all p; are primes then prove that

tor=n (1) (- 30) ()

aa}, + b forms a CRS mod m where b is any>

a;," is a reduced resxdue Sys;tem :

Prcve that Euler s funrtlon 1s multlplxcatlve_.._-'

4]
(4]

(4]
(2]

B

By

B -
[3+3]j

Provethat @(p*) =" ~ P~ where pis prime.. . - e
_Fmd #(128):4(629),461). Lo E T

14}
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. 24 Prove that ar+by+c= 0(modm) has solutlon iff d /c,where d= (a b m)

e [}

17. Prove that the sum of ¢(m) positive integers less than m m > 1 and
relatively prime to m is 5¢>(m).

18. If m is positive integer then prove that ¢(m)=m 3 pa) dou ( ) (5
SRS A 1o
19. Prove that > u(d)¢(d) 0 iff m is even. 5>
d/m 1
o , e
20. Prove that m is prime iff ¢(m)+ S(m) = mT'(m). . (7]
~ 21. Define Congruence in one unknown . P ' . =
22. Prove that az +b = O(modm),where (a n)= 1 has exactly one solutlon [2] -
L= _a¢’(m) l(modm) . S~ : . . '
23. Prove that az +b= O(modm),where (a, m) d, d> 1 has solutlonxlf" d/b
Also prove that it has d solutions z; =a + z—m—(moa'm) i=0,1,2,. d— 1,
of which z ='a (mod ) is umque solutxon of dz: + = d',”“ =0 (mod—z [6}

Also prove that it has md solutions. o _-- B [3]
25. Prove that the system of congruences ,' T = a(modm) z 'E' b(modn) has i I
" solution iff a = b(mod(m,n)) . _ ' o

Also prove that system has umque solutxon with respect to modulo [m rx] (5] ’

26. Solve the equatlon

(1) - 122 + 15 = O(mod 45).
(i) 18z = 30(mod 42). -
- (i11) 9z = 21(mod 30) :
xv) 103:c = 57(mod 211\ R [
27, State and prove Chmese remamder theorem B , . I;' \ 16 ¢ L
State and prove Sun—Tsu theorem o T ' *
'28. Solve the system of congruences s ST L ‘_ 5] |
(i) x-—2(m0d3)z_3(mod5)x__2(mod7) B R
-(i1) z = 1(mod 4);z = 3(mod 5); z = 2(mod 7). P ' l
(iil) 2z = 1(mod 5); 3z = 1(mied 7). T |
(1v) z= _—2(mod 12),:1: = 6(mod 10),:: = l(mod 15) B T T AR ’l
BB
. g
b
6 s &
¢




a=d SARDAR PATEL UNIVERSITY
a0 B.Sc.(MATHEMATICS) SEMESTER - V
R Multiple Choice Question Of US05CMTHOS5
. \ ( Number Theory )
18 | - June 2013

= Unit-1

- | Que. Fill in the following blanks.

l" [ lxii’@ﬁ'ﬂi Lubum{ﬂ'fl P
®

(1) Square of any odd number is of the form .... ..................... _
*l (a) 5k+1(b) 3k+1 (¢c) 7Tk+1(d) 8k+1. )
- (2) Square of any-even number is of the form ... :
(a) 4k (b) 5k (c) Tk . (dy 6k Y
(3) If nis even integer then 3™ + 1 is divisible by ...
(a) 5 (b) 2 (¢) 3 (dy 4
(4) I n is odd integer then 3™ +,1 is divisible by ......................
(a) 5 (b) 3 (c) 4 (d) 6
. (5) Every square is of the form ..................
() 9kor3k+1(b) 2k(c) 3kor9k+1(d) 9kor3k
(6) If k is any positive integer then k2 +k+11is ..., number .
(a)  prime (b) not asquare (¢} . square (d) even
(7) (=2, ~6) = covvceoerrrrierer |
() -2 (b) 12 (¢) 2 (dy -—12

(@ -a (b) ol (@ a (d 0

. (8 —a () laf () a (d) 1
(10) If a/b then (a, b) = cccovrvreenen. Va,beZ.
@ a(b)  Ja (@ B @ b
- {11) If b/a then (a, by = ccovveeii Va,beZ.
(@ a (d) o () B (4 b
(12) (@, b) > e Va,beZ. :
(a3) a (b) b (¢ 0 (d) 1
(13) fa=¢gb+7r,0<r <bthen (a,d)= .
- @ 6,1 B (@10 © (@ @
-l (14) fafbc and (a, d)=1 then ...
3 (@) a (b) afc (c) b/c (d) cfa
- (15) If (@, ka +b) = .cccoveeveno... VEkEZ
G @b (k) () @8 @ 1
o (16)}If(b, a+kb) = . VEkelZ o
i Aa) b (b) (b, kb) (c) (a,b) (dy 1 |
t (17) (ac, bey = v Ve#0. .
@ ca,b) B (@8 (© (@b @ (b
(18) (@, c)=(b, ¢} =1 then ..cccorivrrrenes : .
() (@b, 9=t (B (@ 0=1 () f(a,be=1 (@) a=b=1
(19) (a, by=1 then (ab, a+b)y= . '
(@ a (b) 1 (¢ b (d a+bd
(20) (@, B)[a, b} = rooroerrrrn Va, beZ. - \
(&) 1 (b)) ab (o) k’lcbl @ (a,b)

k
(21) Ifa/{?, b/k, k >0 then ‘—z', -5 T ieverresaneneninianans

@10 ked © o @ gy
. .1' .

~

g
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(22) (525.231) = oo

(a) 10 (b) 31 (c) 21 (d) 7
(23) (1235.237) = oo

(a) 3 (b) 3L () 5 (d) 1

)(4676 366) = ..

(a) 2 (b) 6 (¢) 4 () 1
(25) 112,30] = +.oovvereorer

() 6 (b) 60 (c) 360 (d) 30
(26) [25,30] = oovvverereererreer
(a) 750 (b) 60 (c) 150(d) 5

UNIT-2

(27) T(20) = rvvoevrerrrn '

(3 3 (b) 4 () 5 (d) 6 "
(28) T(10) = v.oovoovrerer |

(a) 3 (b)" 12(c) 18 (d) 4
(29) T(11) = .oovivriee

(a) 3 (b) 12 (e) 2 (d 11
(30) S(10) = ..o, .

(a) 18 (b) 12 () 20 (d) 10
(31) S(11) = oo pee

(a) 3 (b) 12 (¢) 2 (d) .11
(32) P(10) = vvvoorvee.

(a) 100 (b) 8 (c) 18 (d) 10
(33) P(11) = .ocooviiiennn,

(d 3 (b) 2 (¢) 1000 (d) 11
(34) If ais prime then T(a ) = ............ :

(a) a (b) 2 () 1 (d) 3

  (35) If ais prime then S{(a ) = ........... ‘
(a) a (b) a-1 (¢) a+1 .(d) a+2

(36) If a is prime then P(a ) = ........... _

(A a (b)) a-1 () 1 () a+1
(37) T(60) = .o

(a) 60 (b) 12 (cj 18(d) 61
(38) S(60) = vrvvoreeeeee

(a) 61 (b) 60 (c) 12 (d) 168
(39) P(60) = ..ovveeeerrenmnn -

(a) 120 (b) 60" (c) 605 (d) 608
(40) P(20) = ccvrrean ..

(2) 6 (b) 8 (c) 800 (d) -8000

(41) If a is square number then S(a) is ..............
(a) even (b) odd (c) prime (d) O
42) is a Merserine number . _
(a) 16 (b) 6 (c) 15 (d) 31
(43) oo, is a Mersenne number . -
(a) 100 (b) 127 (c) 1 (d) . 125
(44) Any prime factor of M, is ..cocvvvene. p :
& <0 = (©© > @ <
G553 is Fermat’s number . \
(a) 5 (b) 6 () 7 (d) 15
(46) oo is Fermat’s number . ..
(a) 4 (b) 6 (¢) 17 (d 15
(47) e is Fermat’s number .

() 100 (b) 116 (¢} 327 (d) 257
o 2

///'
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(48) ... is Perfect number .
(a) 12 (b) 6 (¢) 9 (dy 25
(49) FWFIFy Fooy=
(a) Fu+2 (b) Fror (c)  Fa-2 (d)  Fae

(50) 1(6) = oo

(51 p(12) = oo, .
(a) 1 ® 0 (¢ -1 (d 3
UNIT-3
R LR T —— |
() n/fa  (b) n/R (¢} n/a-b (d) (a-b}/n.,
(53) If ca = cb(modn) = &= b(modn)onlyif........... L
(& (c,a)=1 () (c,a)=b (0 (c,b}:1 (d) fle,n)=1.
(54) ax + by = c has integer solution if and only if ....... NS ’
(a) (a>b.)=a" (b) (avb):'b (C) (a’b)/c (d) C/(a”b)' '
(55) ¢(m) + S(m)=mT(m})iff mis ................ |
(a) not prime (b) odd (c) even (d) prime
(56) Prove that a positive integer n is divided by 3 iff the ............... of its digits is divisible by 3.
~ (a) Subtraction (b) multiplication (¢) sum (d)  division : :
(57) Prove that a positive integer n is divided by 9 iff the ...................... of its digits is divisible
by 9. .

(a) Subtraction (b) sum  (c) muliplication (d}  division

(58) Prove that every number containing more than two digits can be divided by 4 iff the number
formed by .....cccouee. digits can be divided by 4.
(a) last two. (b) last three  (c}. first two (d} =~ first three

" (59) 765432 is divided by ..............
(@) 5 (b) 3 () 11 (d) 13
(60) 765432 is divided by .............. o
(a) 5 (b) 13 (¢ 11 -(d) 9
(61) 765432 is divisible by .............. ' -
(a) 4 (b) 13 () 11 (d) 5 o

(62) 765432 is not divisible by ..............
(@) 4 (b 3 () 5 (d 9
(63) 765432 is not divisible by ............

(a) 4 (b) 3 {cy 9 (d) 13 .
(64) 765432 is not divisible by ..............
(@ 7 () 3 () 4 (d 9 - | |
UNIT-4
(65) d(m) < covvreeereneee , V-m> 1. -
(ay m-1 (b) m (¢ m+l (d) m-2 Y
(66) If m is prime then ¢(m)............ eeem = 1.
(@) # () > () < ([} =
(67) If m is not prime then ¢(m).......oceeuie. m = 1.
(& # () < (@ > (@ =
(68y Reduced residue modulo m contains .............. elements .
(a)ym (b)) dm+1) (c) ¢m). (A ¢(m—-1) \
(69) If ( % ,m ) =1 then a¥™ = ... (mod m).
(@'t (b m ( 2 (@ 0
(70) If a is any integer and p is prime thena” = ........... (mod p). _
(@ 1 ( p () a (4 o . ‘
(71) If o™ = 1(mod m) and d is order of a modulo m then .................

(a) n<d () d/n () d=n "(df n/d
3
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(81) 2z + 7y = 5(mod 12) has only

(72) Any prime factor of Al is ... .

(@) 2p. (b)) =p () >p (d <vp
(73) ¢ (300) = veovoveroeen.

(a) 80._(b) 90 () 60 (d) 300
(74) ¢ (128) = wooovvererrn,

() 128 (b) 16 (c) 64 (d) 32

(75) Odd prime factor of M, , (p > 2) is of the form

(a) 2pt (b) 2pt+1  (¢) 2pt-1 (d) 2pt+2
(76) {6,8,10,12, 14,16, 18} is CRS modulo «...coovrveni.nn.

(a) 2 (b) 6 (¢) 7 (d) 18
(77) o? = a(mod p) only if pis ....cocceninees

(a) .even (b) prime  (¢) oda* (d) not prime.
(78) a"(”‘)\t l(mod m) only if ... .oi _ ‘

(a) (a ym)=a (b) (a,mph=m’ (c) (e,m)=1 (d)
(79) 12z + 15 = O(mod 45) has only .............. Z..... solutions.

(a) 3 (b) 12 (¢) 15 (d. 1
(80) 18z = 30(mod 42) has only .....c.ce. vvreee. solutions.

& 3 (b 2 ( 1 ) 6

..................... solutions.
(8) 1 () 2 () 12 (d) 5
(82) (p— N+ 1=0(modp) iff pis .............

() 4 (b) oprime () odd (d)

N

Al

d(m) = m

]

&

0
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i l &ﬁ“fmcousrb'hr
- i&non zClQ 'M&(%er b JiJ_LZLd_QId__CL_n_i_rLt%ﬁﬁk
) b 3 an inkeger C 3 a=hbC.

& \}'h civddens a’' 1s denored by bjfg.

: \l b meany kb is uvisar mLa -.or 5

b is ‘b,‘ a. i L ST v =

- ais muriple apb. Y
“7 | » 7 v » S
?_é 0 =1l Remarks -
% o ) _Cciearly .1-/La Y ael. . o
=0 @ I, b#o rhen .‘b/ and b{ZiU_

" ‘(@ H\ b>l  then lmz - A
A0 T o fln et v s, (Um0
ﬁa Q Ltij Proper diwvisor:- | _ g__i
RS, L b s saidd Fo be a. proper dissor s a. il
1 J cEeZ , Cctrl _ctra o a=bhc |
1_2 e-&. GES IS N0t _proper duuisor ap 3.

j?ﬁ because 2= (-1)(-3) = C= -3=-a .
?f —Gi) 3 is proper divisor ajy 6. i
=3x2—=-cs2fthond

— k| Theorems and examplesy -

e '(71‘1' P.T.___square afy oaat_mg_aLLLﬂé_ma_
e dborm 8Bk +1,

fas pProali- LefF 2n+1 be ang odd nO. Fhen
TG Con+1)%2= an?t4n+l

h f = gn(ntl)+1

= f ~ = 4 (eK)+1 (o _ncn+1) s even
| = 8Kt1l , g0or spme jcez.
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- @]r 701“ sauar&a—b_@oea nQo. zLab_m -
o porm Ak ,
Proad Letr 2n be.any even no rhen -
CZn\ = 4n* |
= 4k, fbor Some KeZ. &

Ib, Q:tO _‘(\#d,_ rheo DPODQ rh& §(Magpr nﬂ_
‘results : | _
b S C :
C,//E € S/q 2 “/a.:

Here C/g—‘—) b= cle; 7 J\QL—SD_D:\Q_K,LL(CQ’_&;
b/a=> o bles ‘

rNou,
Q=bky = a= Clyl,

= a=Clk ,Hor some k= Ik,
= Sla._ |

b/'a,’,:? bC/ae N

| Here, By =% a=blk , lceZ
,:> ac=bck (-cto
= bCf/q(, o

I~ T/ Cy, rhen. Cs Y m,nez
= e R / cmathb)

LOGY ;- Cla =2 .QA:=cClg ) :
C/lb = b= C/@j bor some& i, cq,cz

LW O _havbl 9 lro-f--

C /
/Cmcu-rlb)

ok \‘\,/"9/ SN o ma+nb =Clc , leel2

| LSz mathb = mCigt . ncic
' -~ = c(migtinky)

= Cl . DOI” Some k=mliqenly .
_ L = HS -




!li"’i'fﬂj [IETRERTT. e

IA :|;lnfﬁimtf::mgwm:sl Ay

=3 (.v-\-.» b/, Yy D a,=bor—.b. -
—= — 1/ rL

: ocm - b/, = a= SOME I,l, €2

- Rr = TC)‘Q?’C

- &45 > b= a!q

.

;_ ~Now , !o:ab;

= b= biqig

@m . o
o = 4l =1 [ bto
- D ig= 1, le,=1 - Or \

’CL"I 'IQ:‘l »
,oa,qu rhus uawe :rvm woe get
' azb &€ a-=-
State _and prove “fundamental theorem cr[zj

., Adiust bl gy . ~ .
:; i ;:'-: : . \/

A&jcﬂé’m nkE .= —— BN ¥ 7

Q O For on\c]; Fuoo ,ry‘e_g:ersv__o, b (bzo) I cnique )
‘;_(;L q.rez a a=qgbir, LIohere 0O <¢relbl. *ork>o
e we can easily say that, ‘a’ lies berween
if@ Q. consecmrive_' integers O‘g}the m-eabuenc@.

& , =21kl -1b], O Ibl, "2lrbl, '

G Assume that , qlol ¢ a <cqi)lbl rthen

LI ‘ a-qlblzo & a-(q+ibl<o

{3 D a-qlbl«lbl e
; | .. Q0ca-glbl<ibl] L) {/

= ] - a.- ’b Ib !

g (et r glbl rhen - by (), oasrg l \
£ albo a= qlbl+r where ©S&r<io) -“\/Cz) A\
s b>0__rthen lbl=h

w4 O’ .

10 - Q= gbtl  where 0£I<ib) A
[Js b<o Fhen lbfz—"b_.

‘;‘m -~ Ry () a=9((b)r+r = (=9)btr = a=9,btr,

7 : °

\ Y . ~L oao—n ~r 2 )
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1t e e |

(A | ’\ }
- K Thas we sag ihat 3 q.rez 9 a- %
o d Where o<«rdt/ §5J4

Now we prove rhakt Q andr gre uniqeie
. | Suppose Q= q__l_kmtr} , ROhero o< ry<lbl —=(4)
;f Lbe the anorher repmemaﬁ‘on% A thenss
’ - b(cl;_ QL) , - - — ‘ -
gb+m= q bl ' _
= (9-9 )k = !‘.1 .T_r_T._@_he_r&aw
- e
i = LCQ abl=]r-rl o
= > chqiubccuo»
; = [9-94) <1
:‘g =2 q-94=0 .
> = q:=q,
q j Ola! ';om-ﬁna —9.=4; :‘h(s) .
| | O=nL-r > r_ I -
Thux g &F are. UNAGUE,
Hence rhearem is provwd«
? \ ﬁ(;é‘ Prove rhat, Ca_sg/ D CCVS)/{ACU’_
= (ab + 5¢t) +5b)
_@roclr}:a ___Wle ceroOr.‘r"Fe,
. (abtst) =(art+sb) = alb-t) -slb-t)
3 = (ab#Sk) - Car+sb) = (b-£)(a-s)
; =2 (Al +Sh) = /abﬂSbI%Cb E)(a=s)
% L now, |
j ;} (CL—S) / &; (Q"S)é .
- | / (abtst) /a-$)c-t)
| =  (a-s) s
E | - /L'Cabhsr-)-}-(a -$)(b- b)J
| i | 2 (&5 /car 1s6).
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_Prove that proouck Ofs—ang. three canpecey-

B ve (ntegers 15 a_maulrHple Gz\}- 3.

. N [] ,‘
For_any pPoSIHYE integer a , wie hanme 0

Pt
l .

ICQ+1)(Q+2)(a+3)

0.8 O

-
.

- we I<novo rhax (atr) (a+2) Ca+3)

6

(a+_3)‘(ci*2> (a+)a’

cal

EL .
4

M‘!(” 1'_"(’

- \\ anee;

Lr 41
o

!

@

3ral

(a+3)C = Kg Csay) €7,

I

'

3

arzl(atz) 6K . Kkez

\

-

\/(’\

-

/ Ca+1) (a+2) (a+3)

&

amo _3fg & &)

R I

S/
=2 / Cor)Cat2ytarl)

3.8

-
'

= (a+1)ra+2)(a+3) rs_muliiple GLS )

1
1
2 S

Qe

(’ra>0

-
4

SimJloardy e can prove. rhas resuLLéaa

!
CQIL A R

S A S
¢

any -ve :'rLr;e(cI:ef '‘a' _and a0 kor a=za.

X

for -ve integer . |
U | . 1

(-G-3)(-a-2)(-a-1) - Ca+3)(a+2)(at?)

6 6
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= _*,__(7)!_)1& n s even inteqger  rhen Ioro\/e rhat

i / d | 7
- I +1 IS Advrsible ba 2. )
-(i;)qvf Nni1s_ add .‘fu:eél?er “hen prave rha,(:~ @

7 -

| 3741 1S foisible ngcll 2. . .
,luw i'rueé)er then prove fhat-, €
B . -

. <2”+1 1S Ag r)u_uuil_kﬂﬁ b# 27 where P

0

0

c .
N

\

Q’) ﬂL n s euyen rnteqer rhers, n=2n _

| _coe have tao R+ 2/
. /3'+1 :
e Pt C&Kh+l)52k 500 _SOome. kez.

G0 s k1Y I R T T R E U]

L.H.S. = R+1 _'32”,.& 1.

e L = (371_').24-1
| (8l +1)+1 (Bgmsu,u (1)
.= 8}(11-2 . - '
= 9( U +1) —) |
i &
= 9K Y, ohere digrl=ikel

I

:

i1

CThux 3741 s diorsible sa 2.
- | d
% e
=3 1Gh IH n 1S _odd . iruej;er rheén n=2n+
LOe Hawe O . 0%y
| ' 7 77+ 1
e ot @M1 =4k , hor some fee;

. L.H.8S .= 37+1
_ - Q)Qmﬂ*'i
2

= = “@8 et 1) 3+l -
= 2l +3 +1 .
= 2k tg
g = 4f6igrL) - 3

b = Qlk___, here lk= 6+l €2
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1S cboiseble ke
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H\ Nn_I's even  rhen - bq (’aﬂ
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Ve
6 +1 = QfOk.f-l)
%' N 1S odd
X F1 Q(éh +1)-.

Ciéarm QI +1

borh ore odd Lm_

rheg are nor— muliple 07\— 2.

fSouano number :

,Arz,

LI’U-Q OQF O_

(S Saidk ro be _a sSguare

nurnber

'l#\

1.S CL squo,re 67: SOme orher

lintegers . l< i

,R‘Df\ (c\\)\,\s L&("\Z lofb&_%

q=(3)" )

e.qg. 1= ( .ﬂ
_Square numberx

are.

P.T-

LS_(H\ rhe kOI‘m QK or

every square no.
Gk+l —hor _some kéZ

0e lcnowd thats dny.

integer can he wriien

3ntl " nez.

"N Fhe _5orm‘8n_ or
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D here lc=a3n’tenc?

|

Py

N il
ot

(o &

et
oy
g

A

Thux QMLaL_\S_q:wou:L a0 1S _oh _r:bﬂ_ba_m_%o__

Sle+1 o Some kez

v

[

e
> o k



BAREN 1

I

rlll

. It | Ltlz!{‘tlﬁi*:!immlm‘ pes

I iﬁ’,' 3t ; ! ? ’,7 \}'f

= g_*C,Cl)L_IMpasLtLMd_Lmaﬂ;n'_cm_ e

. Jﬁ,e_com ol osed JMMML%_M_@mﬂ M

; rhen prove that leg_éle WriHenNn. an _a Ea

— ldipperence op OO0 gquore numbers.

Here nNn 1S odd :rue(:,zer _

e+ n-= ab, Hor san eV rS aw
clearly a+b  and a-b are infeqCr

3 = T

A0 We knaw rhat n=abs [ o)< aw
e . = =

Thux n.is dipperence g m0O square ne

min
_\ﬂu‘.ﬂJ‘l‘. it oo

_(10) LS QD posih‘ve integerl  rhen prove
¢ S ! R
that  + lk®+k+1 ;s nor a sqQuare number.

prodg. - . :
Here kIS posih‘ve integer: -
1492 (%4 )etl < iro k1
- = Z 1P+l ¢ Clert)Z
% | Since  Cirt)® s a  squere no O Aich ;L_s
“ next to 2
1kt L is nor a square no.
“,z_gl:g_i.gr__ _eve. [nreger greaser fhan 1
{ rhen ~prove rhakt everny +ve rnreger
i '@’ can be worirkren. uniquelg in. rhe réQrTY) ¢
1 a:= %@“+Qg;, gr”"+--,+ SGg o+ co =G
where N0, G€2Z ,08 G<Cg G ioO: 3
4 [ Here. g is cauted rhe base dg3 '’ ané{;
) _ a1 (Jdenohe_d bﬁ! (Ch Gy Ga-2 )%7 : “
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Heal inducHon merhod on'a”

‘_ Hor 0=l e can ke a&=C, ,wohére c, =1
- _Suppose result (t) IS rrut€ or any POoSiksve.
g fnfe(jger less rhan@t’ rhen we hawe o m- /-
s FOSUUF IS U@ 4or 4ve integer. 'a
we !cnou) rhat g>1. (Lo>o
Clec‘u—ta ‘a’ I:es beﬂoeen l-coo consSecutive
nUmeJ‘S ap rhe fl‘)ollow:_h'q.'deouence, |
o | Z g3 n - .
Q°,9', g2 g3 ... g7, .1
=29 g. Jd ¢ v’ n ¢ Nt
— =I uruaue n. 9 q" <£qg< q
=9 d
=0 /\Iouo bq U3 1S0O N m8omrhm OropOrFy ﬁo__c_(__&_7
SR We can wWwrrle = QA= C’n&i + I ,.; Q< r<8"'~
s bOhQ,f‘Q Ch.,”r CZ,
\% ‘. — 2 l
. f;"—(} T C/)
L0 C(ea‘rfq o<ca<g ‘_
YO0 becaus; ST
=9 . ,}k Cn >9 Fhen o o i
; e Cn q+l<
= a . .
== 2 a-= (/Q-”Clq + . ST
PN < .
, 2 _ax»a™ x (v _ac<g”t?t
i O 4 T
. N r=a then by (2) a=Ch9
T V4 _ g q
Ay €. a: G\9+ Oq Tt OC]-f-O

ThuXx resudr Q_) IS Ul .uxohen rzgp.

Ih o<r<g™ rhen bqg}
T: a.—Cné?n'<CL/

i Thux _r<a. . . . ..
;8 . Resalt (1) IS rrue por 'T
? G | - Loe can &{)ﬁ‘re 1 . r= bt——g—— t’-é—t:- - -1 b%bo‘l“—'*-_'::;’.
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Now. b%@) 0@ g Ok

= Cmgh+ or—g_ b gt ]’:___T‘\.LQCZ___
Thals resudt (1) rs true for al.

Honce by mduCHon merhod wC Sex

Fhat- rosee (1) is true zor att ive =
1‘m%m 2 T -
s NowO  woe 'IO.-J"' ’Of fCl.‘ﬂ\.‘ - ro n,Mo/ |

_ uru‘achJu

Suppose anorher r*e;ore&erLtaHon, .ﬂl)'a' ‘S

N i PRt [
i VO “ g
e Lt gl i

a.c dnqnamf‘ Am= 9 ,‘F Am-2 ™" 2'~F- --1
d Y d
ayqg + Ao _
- F -
Where m2>a , die2 osoucg .~ — &
CLm#O

e have to p:k-nz=m and Cr=di ;.

Ry comparng 2\ OC3Y " wie aeit
1 <7 G 7 J

. . S . S—1 .-- i N —
e €s 8 £ Ls+ gf + L e'(? 1.5 =20 @*

/IIT

C-S— d(

s — u YSQ\,\NQS -—:h
Iy s=a0 rhen by (4) €g=20 o

:)Co =do X (= %;to‘

-- 8> 0

ainD 0l can O ri ke

(@il = | Ci auL<q ([~ Geg, di<g)
AN N/
=}|l®I<C)~L vl

\olso 40 P FQ\

,&gﬁ;_t_eé#_@___tﬁg_zq Zt.--t G+ &)
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- e G= dj,A\'/I
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: Hence uru'qq'ene_s*s (s proveck
0
Lo I g=»2 Fhen. b(q abo\m rhm oo sag. rhat
5,0 "' M tve :n,rqu,r 'a' can be expresded uriqus
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=N} o GrEO-
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e ommentionhed -
s " s .
o "L,.-—"Q) 2107 in rhe base o 2,12, 8
eSO % 2107 = 2"y 59
ian o
T = 2"+ 25427
<A = 2", 2% 2% g
= = 2"4 25+ 994 93+3 B
D ol 251094281054 1
ERY 2107 = (10000Q111011) |
ED which rs reqoured ébinary Aporme. .. S
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12 + 379

2
:sz‘?xl; + g1

oy
1924 2x19 + Yx12F7

L (2107) = (1277)49

no_ . ¥

2107 =

3
dx 8 +r59

= gx 82+ 7(8) A

1 LRIl
oty o4 4L |

SRE "

| S (2101)=C40713)%.
(i) 17872 in bas€ agp & . i}
) T h- ,
Sy - 1JRI2 = Q>(7§4+L<_I?S’-. N
T = gxgty 2x83+ 464
| = 4xgi+ ox8 +7x(8) “r16
” = 4x81+ oxg f‘LJ Y o4& 10
(42720) % -
\\‘791&'”L Common _divisor = 7
_ ler a.bez , clis saick to he common

divisor gk a.andb (i} e & My

et

g

¥ G'reate&— common.  cupisor:

Ler a, b €2 wirh akleant ng__a%,mm_

CLL‘hiﬁel‘@rU’.' —4\ron’3 2ern trhen =« oA s Sardimpbe

C?recu@o common. glinrsor g.c.ol ) mca&b
| ll\ s LSCLHS—hW he ’éOI’Q_@)Y)ﬁ‘ QQQOUHQ/),
!'i/) a—/n (f d—/h . ‘
) (p Cla & S/ rhen Cszol

g-c.d. Ufk(f a_and & s denored bg

(a.h) or CC/}.cd.(,Ch{Q )
€9 (2-6) = (=14 21)=T7"

(5 21) =1
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