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(1)  All questions are compulsory.
(2)  Figures to the right indicate marks of corresponding question.
(3) Follow usual notations.
(4) Useof non-programmable scientific calculator is allowed.
1. Answer the following as directed : (Any FIVE) (10)
(1)  R=1{0,2,4,6,8)} is a commutative ring under the binary operations
+10 (addition modulo 10 ) and X,y (multiplication modulo 10 ).
Justify : Every non-zero element in this R has an inverse for X0 -
(2)  Inaring R; prove that a. (~b)=—a.b);foralla, b € R.
(3)  Mention all the ideals of the ring J5 ; of integers modulo 13.
(4)  If Uis an ideal of a ring R with a unit element 1 and | & U,
then prove that U/ = R,
(5)  Prove that 3|5and 53 in the commutative ring J; ; of integers
modulo 8.
(6)  LetR be a Fuclidean ringanda # 0, b # 0in R. If b is unit in R,
then prove that d(a) = d{a.b).
RAN-1183 ]
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(7)  Justify : 4 and § are relatively prime elements in the Euclidean
ring J;,; of integers modulo 11.

(8) - Define a prime element in Euclidean ring . Which are the prime
elements in the Euclidean ring J, ; of integers modulo 7 ?

2. Attempt any TWO :
(I)  Prove that cvery finite integral domain is a ficld.
(2)  Prove that the commutative ring D is an integral domain if and only
if a, b, ¢ € D with a # 0; the relation . b= g, ¢ implies that
b= c holds in D.

(3)  Define a Boolean ring. Prove that every Boolean ring is commutative

Tt T
:

3. Attempt any TWQ :

(1) Define the Kernel of a homomorphism. Let ¢ : R — R'be a
homomorphism of a ring R into a ring R'. Then prove that:
®(0)=0"and ¢ (-a) = - (a); for every a in R.

(2)  Prove thata homomorphism ¢ : R — R'of a ring R into a ring R'
is an isomorphism if and only if (@) = (0) ; where £(0) is the
Kernel of a homomorphism ¢ .

(3) IfRisa commutative ring with a unit element | and its only ideals
are (0) and R itself, then prove that R is a field.

4, Attempt any TWO : (1
(1) Define a Euclidean ring. Prove that every field is a Euclidean ring.

(2)  Prove that the relation of "associates” in a commutative ring
R with a unit element is an equivalence relation on R.

(3)  Define a greatest common divisor of two elements in g commutative
ring. Prove that any two greatest common divisors of elements g, 4
in a Euclidean ring R are associates.

5. Attempt any TWO : (10

(I)  Define relatively prime elements in a Euclidean ring. If @ and b are
relatively prime elements in a Euclidean R and a | bc, then prove
that alc .

(2)  Let R be a Euclidean ring. IfA = (ay) is a maxirual ideal of R,
then prove that ag 1s a prime element in R.

(3)  Define unit in a commutative ring with a unit element. Let R be a
Euclidean ring and a # 0,5 # 0in R. If b is not unit in R, then prove
that d(a) < d(a. b).
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(3) Figures to the right indicate marks of the questions.

(4) Follow usual notations,

Answer the following questions (Any Five). (10)
(1) Define - Identity map in a vector Space .Prove that it is linear .

(2) Isa transformation 7 V, = V, defined by 7(1,1) = (1,0,0),
2,1 = (0,0,1) and T(0,1) = (0,1,0) linear? Justify your answer.

(3)  Obtain the general rule for a linear map
r:v, - Vi T(1,1) = (1,1,0,0), (1, -1) = (0,0,0,0).
Is the following linear transformation one-one ? J ustify your answer.

i V, > Vi T(1,1) = (1,0,0,0), 7(1,2) = (2,0,0,0).

(1] [PTO.]




(5)  Prove that a linear transformation 7 - V, = V, define by T(x,y) = (x, -y)
is non singular.

(6) Prove that A linear transformation T - U,— V, with /(T) = p then n(T) = 0.

. ‘ 2 17
(7)  Find the range and rank of the matrix [ - ]

(8) State two difference between Orthogonal and Orthonormal set in an
Inner product space V.

ar

Q.2. Answer the following (Any two). {10)

(1)  State and prove necessary and sufficient condition for a linear
transformation T:U — Vbe 1-1.

N1 P A )

(2) Define Null space. Let T:U/ - V be a linear map. If wu,u, .. ..
linearly independent vectors of I/ with N(T)=(6,} then prove that
T(u i T(u ), T(u ) .. T(u )are L.1.

, U_are

(3) Obtain the general rule of the linear transformation T: V,— V, defined
by T(0,1,2) = (3,1,2), 7(1.1,1) = (2,2,2), 1(0.1.3) = (3,1,2).

Q.3. Answer the following (Any two). ' el

(1)  Verify Rank -Nullity theorem for a linear transformation
T: V,—> V, defined by

I(e) =e, - e,. 1(e,) = 2e, + e;and T(e,) = e + e, +8,.

(2) LetT:U-»>Vand S:V— Wbe two linear maps. Then prove that
(a) IfSTis one;one, then T is one-one.
(b) If STis non singular, then 7 is one-one and S on-to.

(3)  Find the inverse of the linear transformation 7+ V, = V, defined by
T(e)—e +ez,T(e)—-e ~ &, andT(e)-_?)e +4e

| RAN-1184 } 71 o
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Q.5.
(1)

(2)
(10
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Answer the following (Any two). ' (10)

Find the matrix (7; B\B) associated with a linear transformation
T:V,—V, defined by X, Y7Z)=(2X + Y, 2Y-Z)

relative to basis B, ={(1,1,0), (1,0,1), (0,1,1)} and

B, ={(1,1), (1,-1)}.

I 0 1
Verify Rank-Nullity theorem for the matrix [ 1 2 3 ]
-1 1 0

1 -1 2
Find the Linear transformation 7' associated with a matrix [ 31 ]

relative to basis B, = {(1,-1,1), (1,2,0), (0+-1,0)} and B, ={(1,0), 2 ~1)}.

Answer the following (Any two). (10)
In an Inner product space V, prove that |

@+ <fladf + Il Vv e v

(b) u-(av)= au-v),Vuyve Vand « a scalar.

(@) Prove that any orthogonal set of non zero vectors in an inner
product space Vis L.I.

(b) Explain : Euclidean space and Unitary space in inner product space.

Orthononmalized the L ] set {(0,0,1),(1,1,0),(1,5,2)} by Gram
Schmidt’s process.

RAN-1184 | [3] [880]
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(2) Figures to the right indicate marks of the question.

(3) Follow usual notations and conventions.

Q. Answer any FIVE from the following, [10]

1. Define convergence and conditional convergence of a series of real
numbers,

Define (i) Harmonic series (ii) Alternating series.

3. Give Statement of the “ROQT TEST”
of the series of real numbers.

4. Prove that the serics Z Lz is convergent.

n=2 H
5. Prove that a singleton set is of measure zero.

for the absolute convergence

6. Define Upper Riemann Integral and Lower Riemann Integral for a
bounded function S on [a, b].

-1185 | [1] ) [PT.O.] |




7. If f(x)ZS Ve+ £ dr (v >0) then fing £12),

0

8. If fis continuous on [a, b], then prove that there exisis ¢ € (a, b)

such that S fx)dce= f(e)(b— a).

Q.2 Attempt any Two. (101
(a) If Zan 18 a convergent series then prove that » ]—Lmoc a,= 0.

Is converse true ? Justify your answer.

(b) Check the convergence of following series.

. 11 1 (n+ 1)
(1)1+§T+21T+8T+'“ ()Z(+2)
i 1
(b) Prove that the serieg (1-2)~1- 27)+ (1+ 23)‘ (1-2%+
converges,
Q.3 Attempt any Twe. [10]

@ If {a,}= is a non- -Increasing sequence of positive numbers and if

Z g a,, di-verges then prove that Z a, diverges.
n=1]

n=1

(b) Using appropriate test of convergence check the convergence for the

series Z ;;—:,_327

(c) For What values of x does the series Z “1‘7 converge ?
n=2 1 (IOg )

Q.4 Attempt any Two. (10]
() If each of the subsets E,E,E;,, ... of R! is of measure zero, then

prove that UE,, is also of measure zero.
n=
(b) Prove that the characteristic function of the set of rationa] numbers

on [ d, bJ a <b is nol Riemann Integrable.

(c) Let J&x)=x(0<x<1) and U,,Z{O, ;;, ;%,%, ,%} be any

subdivision of [0,1] then compute nl—l»moo Uf;a,l

RAN-1185 | [2] I R
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Attempt any Two.
[10]

If /'is a continuous function on the closed bounded interval la, b] ,
| | ) , 2 2
and it Q' (x)= fx)(a<x< b), then prove that S S dx = D(h) — D (a)

a
X

If /is a continuous on [a, b] and if Flx) = S Sf(t)dr (an‘<b)
then prove that ¥ is also continuous on [g, b]
5

¥

ia

&

4171

a

If f € Rla, b] , then prove that | f [éR[a,b] and

85 ] - | [3] S
. | _ , [880]
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(1) All questions are compulsory.

(2) Figures to the right indicate marks of corresponding question,
(3) Follow usual notations,

(4) Useof lon-programmable scientific calculator is allowed.

1. Answer the following as directed - (Any FIVE ) (10)
(1) Prove that every finite set in any metric space is closed.
(2) Justify: (2019,2020) is a closed subset of the metric space
€(2019,2020), 1>,
() Justify: [0,11 U [2,3] is a connected set of the metric space R,

(4) Prove that (0, o) is a bounded subset of the metric space R s and its
diameter is |

(5 I ustify : g 418 10t the complete metric space.
(6) State Picards Fixed - Point Theorem.
N Give an example of a compact subset of R! which is not connected;
(i)  Givean example of a subset of & o Which is compact as well as connected,

RAN-118¢ | [1] [PT.O.]




3. Attempt any TWQ .
(1) Ifthe metric space As is Connected, thep brove that Cvery continuoyg

(2) Ifqisq Connected sybget of a metric Space (M, p 5, then prove that
A is alsp Connected.

(3) Define & totally boundeg set. If 4 is g totally bounded subset of the metr;

4. Attempt any TWQ .
(1) Prove that a cloged Subset of 3 Compiete metric Space is Complete,
(2) Prove that B2 j5 4 Complete metric Space ; with respect to the metric
T for B2 defined ag - T(P,Q) = may {1 51,1y, =01 e
Whe:reP‘=<xl,yI >&Q:<x2 s Ve >in B2
(3) Define 4 Contraction mapping. Prove that a mapping

®{{o %J,I-I)}ﬂ (o, ‘31‘1”'/»

defined by T =2 ; for every x (0, 3l]; 18 contraction, byt it does
1ot have a fixed point. :

5. Attempt any Tw( > ¢

(1) Define 4 Compact metrie Space. Prove that 5 closed subset of'a compact
metric space ig Compact,

(2) Prove that: (i) Every finjte set In any metric Space is Compact.
(3) Ifthe Metric space M has the Heine -Bore] Property, then prove that

Mis Compact,
—_—

RAN-1186 | o
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(1) All questions are compulsory.
(2) Follow usual notations.
(3) Figures to the right indicate marks of the question.

Que:1
(1)
(2)
3)
(4)

(5
(6)
(7)
(8)

RAN-1187 |

Answer any FIVE as directed. [10]
State and prove absorption law with respect to meet and join operations.
Define : Lattice Homomorphism.

State modular inequality in a lattice.

Write the Boolean expression (x * X5) in the sum of the products
canonical form in the variables X) Xy and x;.

- Define sub lattice with one ilustration.

Show that | is the only complement of (.

In Boolean algebra, prove that ag (@' b)=a®b
In a Boolean Algebra, prove that

A<b=a+p c=p (a+c).

[1] [PT.O. ]




Que:Z
(D

(2)

(3)

Que:3
(1)

)

Que:4
(1)

(2)

C (inclusion).

Let ¥= {7,2 3 4,68 12 24, 48} and the relation " < " pe the divides,
Draw the Hagge diagram of <X <> Tgitq sub lattice of < [,D>? Justify,

Let R denote g relation on the set of ordered pairs of positive integers
such that (x y) g (u, v)if and only if xv = yu. Show that & is an
equivalence relatiop

Answer the following (any TWO). [14]
Let(L,<)bea lattice. For any a,b,c € L, prove that

(2) a@(b*c)S(a(—Bb)*(a@c)

(b) a*(b@c)z(a*b)@(a*c)

Let<Bx« @ 0 1> is a Boolean algebra, Let S be a non empty
subset of B. If § Preserving the operations @ and ' then prove that
<S8, 5@, 0,1>is3a sub-boolean algebra,

Let (L, <) be a lattice. For any a, b, ¢ € L, prove that
a< b a*b=a<:>a@b=b

Answer the following (any TWQ). ilO]
Obtain the sum of products canonica] form of the Boolean
expression X @ (x, * x3').

Simplify the following Boolean €Xpressions:

(@ (ax b)) ®(a® by

(b) (a'*b‘*c)@(a*b'*c)@(a*b’*c’)

Let (B, *, @, ", 0,1)bea Boolean Algebra, Define the Operations
"+'and'. ' on the elements of B bya+p= (a = BB (a * b) and
a-b=aqasxp; then prove that

(@ a+g=9

(b) (a+b)®a-b=a*b

(c) a-(b+c):(a-b)+(a-c)

RAN-1187 ] [2] [ Contd.
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Cue:5

(D

2

3)

871

Answer the following (any TWQO). [10}

Use Karmaugh map representation to find the minimal sum of
products of the function f(g, b, ¢, d)=%(5,7,10,13,15)

Use Quine McCluskey algorithm to find the minimal sum of
products form of f{y, b, ¢, d) = 410,12,13,14,15).

Find the minimal sum of products of the function
fla b c dy= 2(0,2,6,7,8,9,13,15) by using Karnaugh map representation.

[3] [ 880 ]
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(2) Digits to the right indicates marks of the question.

(3) Follow the usual notations.

Q-1 Answer any five questions -

(1) Show that 561 is a Pseudo prime .

Fill up strictly the details of @~ signs on your answer book D DD
. Y

Student’s Signature J

(10)

(2) Arrange the integers 2, 3, 4, . » 21 in pairs @ and b such that

ab = 1 (mod 23 e
B) Show that o» = , (mod 15) for any integer a.
(4) Prove that Z::1 (k)= 1where n > 3.
(5) Show that m + 1) = t(m + 2) for m = 36535,
(6) Solve D 36x = 8(mod 102).

(7)  Show that {x] + [x] = 0 or - 1 according as x is an integer or not
®) Prove that ¢(n) + 2 = dn + 2) for n = 4p where p and 2p + 1

both are odq primes,

.RAN-1188] 17
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(1

(2)

(3)

Q-4
()
2)
(3)

Q-5
(1)

(2)
(3
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Answer any two questions :
State and prove Chinese Remainder Theorem .
Solve the linear congruence 34y = 60(mod 98).

Obtain three consecutive integers, the first of which is divisible by
fourth Power, the second by a cube and third by a square.

Answer any two questions :

If nis an odd pseudo prime then
one.

prove that M = 2" - ] js larger

a (mod g) and
(mod pq ).

a prove that

It p and ¢ are distinct primes with g =
4" = a (mod p) then prove that grt = 4

If p is a prime then for any integer
@ pla®+ @~ 1)a () plp— D1a’+ 4

Answer any two questions :

Prove that t and o functions are multiplicative .
For 'any positive integer n; show that wE)p(n+ 1) .u(n+ D nm+3)=|
Find the highest. power of 65 which divides 1000!

Answer any two questions :

If m and » are relatively prime positive integer then prove that

m® 4 ol = I (mod mn).
Prove that @(n)= g if n=2" for somek > 1,

Prove that ©(2n)= ¢(n) or ©(2n)=2¢(m) according as_p is an odd
Or even integer.
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Instruction:

(1} All questions are compulsory.

(2) Figures to the right indicate marks of the question.
(3) Follow usual notations.

(10 (4) Use of non-programmable calculator is allowed.
(5) Total marks-50.

Que:l(a)  Answer any TWO as directed. [06]

(1)  Write two applications of the assignment problem.
(2)  Solve the following Assignment problem:

I I
A, 10 8 6
A4, 6 7 9
A, 9 12 10

(3)  Write the general mathematical form of Transportation problem, 7

Lol RAN-1189 [1] [PT.O.]
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Que:1 (b) Attempt any ONE.,

I

(1) ~ Consider the game with following payoff table. Determine the value

of the game.
Player B
Player A Bi - B2
A, 7 -2
4, 5 4
(2)  Consider the game with following payoff table. Determine the value
of the game. -
Player B
Playerd | Bl ° B2
R R A, 3 4
A, 2 -1
Que:2 Attempt any TWO,

[20
(1)  Find the assignment of workers to

machines that will minimize the
total time taken.

Machines
M 1 Mz M. 3 M, 4

1] 25 28 29 28 3
Manufacturers B 31 29 30

K

31 29
G [ 27 26 28 27

(2)  Solve the Assignment Problem:

Jobs

E1
Employee E2

E3

RAN-1189 |
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4

Que:3
(1)

(2)

RAN-1189 |

Solve the Assignment Problem:
Salesmen
A B C D D
I [ 25 30 38 s 13
Vi) 28 26 35 50 < 20
Counters i 30 35 40 o9 18
i 15 25 30 48 12

V 30 27 32 48 16J

Use graphical method to solve the following game and find the value
of the game.

Player B
B, 2 B, B,
Player A A4, 1 4 6 8
A, 8 3 4 2
Attempt any TWO. [20]

Find an initial basic feasible solution for the following Transportation
problem using

(1) North west corner method

(i)  Least cost method.

- Destinations
D, D, D, D, Supply
Sy 21 6 15 3 110
Sources S, 17 18 4 23 130
S, 32 27 18 14 190
Demand 60 100 120 150

Determine an optimal solution for the following transportation problem
ustng MODI method:

Destinations
-
D, D, D, Supply
§) 8 5 20
1 3 5 28
8 3 9 17
19 13 18

[3] [PT.O.]
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(3)  Solve the following transportation problem:

Destinations
D, D, D, D, Dy | Supply
AV 5 3 4 6 4 4
Sources S, 4 3 10 5 6 2
A 4 6 9 4 3 4
Demand 2 1 2 3 2

(4) Use graphical method to solve th

of the game.

RAN-1189 |

e following game and find the value

4]

Player B
B, B,

A, 2 5

4, 4 6

Player A Ay 3 3
A, 8 7

As 4 8

A6 5 4

I G601
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(1) All questions are compulsory.

(2) Digits to the right of each question indicate its marks.

(3) Follow usual symbols.

Q.1  Answer any FIVE from the following.

\____ Student’s Signature y.

[10]

1) Define the upper bound of a set and find g.lb. for the set

z+l,r+2,7+3,7+4,...}

2) Prove that if {|S,[},=, converges to 0 then (S, converges to 0.

3 I S={S ) ~1=1n—1}-1 and N={n}2  ={#,

then find S8 and Sn %

4) If {S,x. is a sequence of real numbers, if S, <M (n< ) and
if lims, =L then prove that 7 < M.,
R—= o0
5) Classify the sequence {nsin% 00_1 into
R=

(A) convergent

(C) divergent to —oc

RAN-10421 rii

(B) divergent to oo
(D) oscillating.

rmmim



6)

7
1)
2)

3)

Y
2)

3)

| 1)

| 7

| Y

Define limit superior for a sequence of real numbers and find it for
12,-3,1,2,-3,12,-3,1,2,-3,

Define a Cauchy sequence of real numbers with an illustration.

Give an example of a sequence {S,)7., which is not bounded but for

which lim 21—

—)mn

Answer any TWO from the following. [1

Show that the set of all ordered pairs of integers is countable.

Prove that the set AHZ{%:m S } is countable for each n € N,
where | 1s the set of integers and use it to show that the set of
all rational numbers is countable.

Define finite set with an illustration and prove that if B is an infinite
subset of a countable set A, then B is also countable.

AnsWer any TWO from the following. 1
If the sequence of real numbers {S,}7, is convergent to L, then

prove that my subsequence of {S,}., is also convergent to L.
Suppose {S,)., converges to L then prove that {'(MIVSH}?zl
converges to 0 if L = 0 and {(—l)nSn}le oscillates if L # 0.

If the sequence of real numbers {S,}7, converges to L, then prove

that {S,}", cannot also coverge to a limit distinct from L.

Answer any TWO from the following. [1
Define a bounded sequence of real numbers and if the sequence of
real numbers {S,}., is convergent, then prove that {S,}"., is bounded.

Define a non increasing sequence of real numbers.

For n €1 let tn:1+11_!+%+%+ ...... +% then prove that

{t,}°_ | is monotone.

1.3.5-...-(2n—1) )
246 -2n then prove that {5,

Fornel let §,=

is convergent.



" x

for Q. 5 Answer any TWO from the following. [10]
1) If {Su}., and {7};’= are sequences of real numbers that diverges

to infinity then prove that {S,+7,}5=, and {S,- £, )°_ | also diverge

for
to infinity.
2) Define convergent sequence of real numbers and prove that every
convergent sequence is Cauchy sequence.
[10] : e :
3) Let {Sy), diverges to infinity and if {z,};5-; converges then prove
that {Sn t talr=1 diverges to infinity.
nite
[10]
[10]
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1. Answer the following as directed (Any FIVE)

i b Ix—3f<T1f0— , then prove that |x"~x—6]<0.51.

(10

(2) If the real - valued functions fand g are continuous at g e R', then

prove that f — g is also continuous at ¢ € R! .

(3) Define: Metric for a Set & Equivalent Metrics.

(4) Justify: If p and o are metrics for a set M, then p — o is also a metric

for M.
1

(5) Justify: The sequence {xn:ﬁ'}nil is not convergent sequence of points

in the metric space R T

(6) Construct the open balls B[2018 ; 0.2018] and B[0.2018; 2018] in the

metric space R .

RAN_1N421 oo




(7)

(8

ey

2

3)

(1)

(2)

€)

(1)

Give an illustration such that an infinite intersection of open sets in a
metric space is open.,

Justify: (0, %] is open in the metric space <[0,17,].|> .
Answer any TWO: (

Let f and g be the real - valued functions and a, L, M e R. If
xlima f(x)=L and xlim a g (x)= M, then prove that

xlimal £ (0~ g@]=L- M.

Define the continuity of a real-valued function at ¢ € R'. If the
real-valued functions / and g are continuous at ¢ € R!, then prove
that max {f, g} is also continuous at ¢ € R

Prove that <R, 4 > is a metric space, where the function
d: R xR — [0, ©) is defined as : d(x, x) = 0; for every
x € Rand dx, y) = 1; for x # y in R.

Answer any TWO: (

Define a Cauchy Sequence in a metric space. If {x.}, 2, 1s a
convergent sequence in the metric space Rd, then prove that there
exists N e I such that xy=xy.,= xyy, = ..., Also, give an example
of a Cauchy sequence in the metric space Rd.

Prove that a sequence of points in a metric space < M, p > can not
converge to two distinct points of M.

Prove that the metircs o and 1 for R? defined respectively as
follows:

G(P,Q)=|x1~x2]+’y1—y;;‘;'C(P,Q)=max{lx1—x2},|y1“-yzl}-;
Where P =<x, y, >& 0= <x,, y, > in RY

are equivalent metrics for R

Answer any TWO: (1

Define an open ball about a point a in R'. Prove that the real-valued
function fis continuous at ¢ in R' if and only if given e > 0 there
exists & > 0 such that

/YBf(a); €]} 2Ba; 8]



i 1n a

(10)

o

(10)

sle

it

(10)

A

2)

(3)

(1)

(2)
3)

Let f:<M,,p >—<M,;,0,> and

g:<M,, 0, > <M,;,0, > be two functions. If f is continuous at
a € M, and g is continuous at f{a)< M, , then prove that gof
is continuous at @ € M,.

Define an open ball in the metric space R, . Prove that every function
from R, into any metric space is continuous on R, .

Answer any TWO: (10)
(i) Define an open set in a metric space.
(i) Prove that : (a) Every singleton set is not open in R';

(b) Any singleton set is open in R, .

Prove that an arbitrary union of open sets in any metric space is open.

Let G be an open subset of the metric space R, then prove that x_;
the characteristic function of G ; is continuous at each point of G.
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(1) All questions are compulsory.

(2) Follow usual notations.

(3) Figures to the right indicate marks of the question.

Que:l Answer any FIVE as directed. [10]
(1) Draw the graphs of the chemical compounds: C H, and N,0..
(2) What do you mean by isolated vertex and pendant vertex?

(3) In a graph G, if there is one and only one path between every
pair of vertices, then prove that G is a tree.

@) If G, and G, are vertex disjoint subgraphs, then what is
G, ® G,7 Justify.

(5) Show that the number of pendent vertices in a binary tree is (n + 1)/2.

(6) If G is a simple graph with 15 vertices, then find the maximum
number of edges in G, also write the maximum possible degree of
a vertex of G.

RAN-10441 r* e~ -




(7) Let G be a graph with n vertices and e edges. If two vertices v,
and v, of G are fused and replace by a single vertex v then what
is the number of vertices and number of edges in G after fusion?

(8) Construct a regular graph of six vertices and a-complete graph of
five vertices.

Que:2  Attempt any TWO. [10]

(1) Define finite graph. Show that the sum of the degrees of all
vertices in any finite graph G is a twice the number of edges in G.

(2) Explain seating arrangement problem for eleven persons.
(3) Explain the following terms using illustration:

i Adjacent vertices and Adjacent edges, Parallel edges, Edges in series.

Que:3  Attempt any TWO. [10]
(1) Explain isomorphism of two graphs using illustration.

(2) Explain wunion of graphs, intersection of graphs and ring sum
of graphs using illustration.

(3) Prove that a graph containing m edges can be decomposed in 2m1
different ways into pair of subgraphs, g and g,

Que:4 Attempi: any TWO. [10]

(1) Show that a simple graph with » vertices and &k components can

have at the most n— 0 (’;# fet g edges.

(2) Prove that a given connected graph G is an Euler graph if and
; only if all vertices of G are of even degree.

(3) Define a complete graph. Prove that a Hamiltonian circuit can be
constructed in a complete graph.

1 Que:5  Attempt any TWO. [10]
5 (1) Show that a tree with » vertices has n - 1 edges.

(2) Show that the distance between vertices of a comnected graph is a
metric.

(3) Define center, radius and diameter of a tree. Using example,
show that the radius of a tree need not be half its diameter.
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(1)  Digits to the right indicates marks of the question,

(2)  Follow the usual notations.

Q-1 Answer any five questions: (10)

(1) If a is an odd integer, Show that ged (34, 3a + 2y'=1.

(2) Show that any composite three digit number must have a prime
- factor less than or equal to 31 .

(3) Check whether 2093 is a prime or not? If not write its prime
power factorization.

(4) Verify whether integers 4, 11, 12, 13, 22, 82, 91 form a CRS
(mod 7)

(5) Find 1cm (306, 657).

(6) For any integer a prove that a* = 0 or 1 (mod 5).
(7)) Is N = (447836),,,,.. is divisible by 10.

(8) Solve: 18x + 81y = 26.
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Q-2

Q-3

Answer any two questions :

(1) Given integers a and b , not both of them zero then, show that
there exists integers x and y such that ged (a, b) = ax + by.

(2) If ged (a, b, ¢) = ged (ged(a, b), ¢) = ged(a, ged(h, ¢)) =
ged(ged(a, ¢), b) then find integers x,y,z such that ged
(198,288,512) = 198x + 288y + 512z.

(3) For positive integers a and b, prove that ged (a, b) Iem (a.b)= ab

Answer any two questions :

(1) Show that the linear Diophantine equation ax + by = ¢ has a
solution if and only if dlc where d = ged(a,b) If x = x, y = vy,
is a particular solution, then find all other solutions.

(2) Determine the all positive solutions of the Diophanﬁne equation
221x +.35).— 1.

(3) Prove that 1 + /2 is an irrational number.

Answer any two questions :
(1) If a=b (mod n) then prove that ged (a, n) = ged (b, n).
(2) If p_is the #” prime number, then prove that pa < g7 |
(3} Find the remainder when 8888%%% is divided by 9 .

Answer any two questions :
(1) Let N= a9+ @1 9" '+ 229"+ ———+ a9 + a,

be the representation of the positive integer N, with 0 <a, < §,
and T=a+a+a+a+———+a, Then Prove that 8N if and
only if 8|T.

(2) Prove that the integer 1835YY + 1986°°! is divisible by 7.

(3) Working modulo 9 or 11 find the missing digit x in the
calculation 2x99561 = [3(523 + x)1%

10

(10

a0

(10



6)
7

8)

Que 2:
1)

2)
3)

Que 3:
1)

2)

3)

Que 4:
1)
2)
3)

Que 5:

1)
2)

3)

Let o(G) = 31. Is G cyclic? Justify your answer.

If o(G) = 24 and H is a subgroup of G such that o(H) = 12. Is H a
normal subgroup of G? Justify your answer.

Is every subgroup of Z(G) a normal subgroup of ,G? Justify your answer.

Answer any TWO of the following: (10)

If a, b are integers, not both 0, then prove that (a, b) exists. Moreover,
show that there exists integers m, and n, such that (a, b)) = ma+nb.

Prove that the relation “congruence modulo n” defines an equivalence
relation on the set of integers.

To check that » is a prime number, prove that it is sufficient to show
that it is not divisible by any prime number p, such that p < Vn .

Answer any TWO of the following: (10)

If /7 is any arbitrary non-empty subset of a group G then state and
prove the necessary and sufficient condition for H to be a subgroup of
G.

Let G be the set of all symbols ¢, ; i = 0, 1, 2, ..., 6 where
L, if it j=7.

Prove that G is an abelian group under the given operation.

at_-aj:az-l-J; if i+ j<7 and a-a.=a., .

In a group G, if @, b € G are any elements and (ab)" =a" b" for three
consecutive integers u, then prove that G is abelian.

Answer any TWO of the following: ' (10)
State and prove Lagrange's Theorem.

Prove that every subgroup of cyclic group is cyclic.

Let H be a subgroup of a group G and @ € G. If

aHa '={aha '|h € H}, then show that aHa' is a subgroup of G.
Also find o(aHa"), if H is finite.

Answer any TWO of the following: (10)
State and prove fundamental theorem of homomorphism.

Let G be the group of integers under addition. Let N be the subgroup
of & which contains all the multiples of 5. Find all elements of
quotient group G/N. Also find index of N in G.

Define: Normal subgroup. Prove that a subgroup N is a normal
subgroup of a group G if and only if gNg*? = N; for every geG.
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D

2)

3)

D

2)

3)

Answer the following (Any two). [10

Prove that : The Set R; of all three tuples of real numbers is a
real vector space.

Determine which of the following set is subspace of V..
@ {00, 2 %) € Vil = 2, 07 2, = 3x2}
(b) {(xla Koy X3} € Valxy %= 0}

Prove that the set {@iu + doit+ csus ++++ @/ ER,EV,i= 110 n
be a subspace of a vector space V.

Answer the following (Any two). ao

If U and W are two subspaces of a vector space V, then prove
that U + W is a subspace of V and U + W = [U U .

Let U and W be two subspaces of vector space ¥ and Z = U + W,
Then prove that Z = U @ W if and only if any vector z €7 can
be expressed uniquely as the form z=u+w,ucl,we W

If U and W are two subspaces of a vector space V then prove
that U + W = U if and only if W C U.

Answer the following (Any two). (10)
In a vector space V, prove that

a) If v is a trivial linear combination of v, V.

SIITTTILN then the
set {V: Vs Vorarsen Vn} 15 L.D.

b) If u, v and ware linearly independent vectors then the vectors
¥ + v v+ w utw are also L.I vectors.

(@) If a set is L.I then prove that any subset of it is also L.I.
(b) Show that & is collinear with any non zero vector v.

Prove that : In a vector space V, suppose v Vi e > V3
is an ordered set of vectors with v # G- The set is L.D if and
only if one of the vectors Wi Wape s . v, say v,, belongs to the

span of v, v,, ..y .



[10)

= 1ton}

(10)

ao

1)

2)

3)

Answer the following (Any two). (10}

Let {u, u,, u, ... . u} be the set of n LI vectors in an
n* dimensional vectors space ¥ then prove that the set
(7 7 FR— u } is basis of V.

In a vector space V, the set B = Ehs Vs sagmsssss v} generates V.
Prove that the expression v = oy vo+ a@yvy + - - - - + @ v IS unique
for every v € V if and only if the set is B is LI

Define : Basis in a vector space V. Prove that the subset.

B:{(lalals)a (1:'131)5 (0:191)} fOfm a baSiS fOI' V3
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(2)  All questions are compulsory.
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Q:1 (a)
1.

2
S,
4
5

Attempt any three: 06
Write the canonical form of the L.P.P.

Define: feasible solution and bounded solution of L.P.P.

Define slack variables by giving proper illustration.

Write any two relationship between the primal L.P.P. and the dual PP,

When the basic feasible solution becomes degenerate or non-degenerate?



(b) Write the dual of the following LPP. (Any One)
1.

Q:2

TY A NT A dr =

Mm Z =x + 2x,
Subjectto  2x, + 4x, <160
x, —x, =30
x, 210
And X,%,20

Max Z = x, - x,+ X,

Subjectto  x, + x, +x,<10
2 —x, <2
2x, — 2x, 3x,<6

And X5 X, x,20

Attempt any two:
Use graphical method the following L.P.P.
Max Z=10x, + LSt
Subject to 2x, +x, £26
2x, + 4x,< 56
T hx S8

And X, %,20

Solve the following LPP by using simplex method.
Maximize 7 = LSt
Subjectto  3x, - x,+3x,<7
—x, *+2x,<6
— 0% BB - 8x, <10
And X Xy5 X, 20

Solve the following LPP by Big M-method.
Max Z = 10x, + 15x,
s.t. 2 +x, <26

2x, +4x,< 56

—x tx, <5

And x,x. =20

17772



20

Attempt any two:
Solve the following LPP by using two phase simple method.
Minimize Z = x, —3x,
Subjectto  3x, —x,—x, 23
X, —x,tx,22

And X5 X, %, 20

Solve the following LPP by using two phase simplex method.

Min Z = X, + x,

Subjectto  2x, + 4x, =24

Solve the following LPP by using Big M-method.
Minimize Z = 3x, —x, |
Subjectto  2x, + = =P
X, +3x,<3
x, 24

And X, x, =0

T oA s o -
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