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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 6th Semester Examination, 2021

CC13-MATHEMATICS

RING THEORY AND LINEAR ALGEBRA-I |

Full Marks: 60
ASSIGNMENT
The figuresin the margin indicate full marks.
All symbols are of usual significance.
GROUP-A
Answer all questionsfrom the following 2x5=10

1. Let B = {0, oy, 023} bethe basisof C* definedby o4 =(1, 0, -1), o, =(1, 1 1),
o3 =(2, 2, 0). Find the dual basis of B.

2. Show that +—3 isaprime element in the integral domain Z[v—-3] .

3. Find the orthogonal complement of W =span{(1, 1, 1)} in the Euclidean space
R® with standard inner product.

4. Let () denotes the standard inner product on R? Let a=(2, 1), B=(1-1). If u
isavector suchthat (x| ) =3, (8| u) =2, thenfind L.

5. Show that 1-i isirreduciblein Z[i].

GROUP-B
Answer all questions from the following 10x3 = 30

6. (&) Use Gram-Schmidt process to obtain an orthogonal basis from the basis 4+3+3
{1 0, 1,@ 1 1), (1 3 4)} of Euclidean space R* with standard inner product.

(b) Let R® be a Euclidean space with standard inner product and T : V. — V be
defined by T(X, y, 2) =(X+2y, X—2z, x+3y—22). Find T*, adjoint of T.

10

() Find an orthonormal basis of the row space of the matrix

oOFRr N R
PN W R
T

1
3
2
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7. (8) Find all the maximal and prime ideals of Zjj.
(b) Let D be a Euclidean domain with Euclidean valuation v. If a|b and
v(a)=v(b), provethat a and b are associatesin D.

(¢) Is the integral domain Z[J/-5]={a+bJ-5:a,beZ}, a unique factorization
domain? Justify your answer.

8. (a) Find a3x3 matrix for which the minimal polynomial is .

(b) Let T be alinear operator on R* which is represented in the standard basis by the
matrix.

o 9 O
O O O
o O O
o O O

0 0cO
Under what conditions, T is diagonalizable?

GROUP-C
Answer all questions from the following

9. (@ Find the eigen values and corresponding eigenspace of the matrix ki . Generalize
the result for the matrix ki, .

(b) Show that the matrix @ gj is not diagonalizable.

10.  If Ny, N, be any two normal operators such that either permutes with the adjoint
of the other, then prove that N; + N, and N;N, are normal.

GROUP-D
Answer all questions from the following

1 000
11. Find the minimal polynomial of the matrix

o o
O O
o N O

0
ol
2
12.(8) Use Cayley-Hamilton theoremto find A™, where A:(1 1j

0 1)

(b) Let R be aring of all real valued continuous functions defined on [0, 1] and
M ={f(X)e R: f (/5 =0. Provethat M isamaximal ideal of R.

X
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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 6th Semester Examination, 2021

CC1l4-M ATHEMATICS

PARTIAL DIFFERENTIAL EQUATIONS AND APPLICATIONS

Full Marks: 60
ASSIGNMENT
The figuresin the margin indicate full marks.
All symbols are of usual significance.
Answer all questions from the following
GROUP-A
1 Answer all questions: 2x5=10

(a) Obtain the partial differential equation for Z = f (sinx+cosy).

(b) Solve \/p +./q =1, where symbols have their usual meaning.

(c) State whether the following partial differential equations are linear, quasi-linear or
nonlinear:

(i) U+Uy +logu =0
(i) U+ 2, +Uyy =sinx
(d) Find the general integral of the linear partial differential equation
X (x* +3y%) p—y (3%° +y%) = 22(y* — x°)
() Obtain the solution of the linear partial differential equation U, —U, =1 with the
Cauchy data U (x, 0) = X°.

GROUP-B
2. (8) Use separation of variables U (x, y) = f(X)g(y) to solve the equation 4+6
YU+ XUy = (xyu)®
(b) Find the solution of the initial value problem,

u, =c’U, , xe R, t>0 and u(x 0)=logd+ x?), u/(x, 0)=2

6073 1 Turn Over
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3. Classify the following equations and reduce it to its canonical form 5t5
(8 U, —(sech*x)U,, =0

2 2 2
() sin? xa—§+sin2x 92 +coszxa—zz:x
oX o0xoy ay

4. (a) Solve by method of characteristic for x>0, xU,+yU, =xe", u(x, X?) = X. 55

(b) Solve: (y*x—2x*) p+(2y* - x%y) q=92(x° - y°)

GROUP-C
5. (a) Determine the solution of the initial boundary-value problem 5+5
U, =16U, , O0<X<o, t>0
UX,0)=sinx , 0< X< oo
U (x,0=x* , 0<x<o
U@, t)=0 , t>0
(b) Solve by method of separation of variables for %:288—?+u, where
u(x, 0)=6e 3.
GROUP-D
6. (8) Apply YU =V and V(x, y) = f(X)+ g(y) to solve the equation S5t+5

x'UZ+y’U;=4U
(b) Find the solution of the initial value system
U, +3UU,=V-x, V,-cV, =0 with U(x,0)=x and V(x,0)=x

6073 2
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UNIVERSITY OF NORTH BENGAL
B.Sc. Programme 6th Semester Examination, 2021

DSE2-M ATHEMATICS
Full Marks; 60
ASSIGNMENT

The figuresin the margin indicate full marks.
All symbols are of usual significance.

The question paper contains paper DSE-2A and DSE-2B.
The candidates are required to answer any one from two cour ses,
Candidates should mention it clearly on the Answer Book.

DSE-2A
METRIC SPACES AND COMPLEX ANALYSIS

Answer all the questions
APl ATHE Ted WIS

GROUP-A |/ Teis-= 2x5 =10

1
1. (8) Find the diameters of the sets {ﬁ i he N} and (-1, 1) n Q in the euclidean metric

space (R, d).

Euclidean metric space (R, d) (® {% . NeEN }dl?fi (-1, 1) N Q 76 73 yefe e

FAN
(b) Evaluate: I S z
=3 Z +1
M forefer 8 J’ SZ
123 Z +1

(c) Find the image of the point z=+/3-i on the Riemann sphere under the
stereographic projection.
Riemann sphere-93 ©2i9 stereographic SfeC®2l (projection) @&l z=+/3—-i [™Ga
2 (image)-fb fafa 721
2

U
=0.
z0Z

(d) Show that a harmonic function u(x, y) satisfies the differential equation

02U

020z

418 @ @A-GFIF @I harmonic S u (X, y) SIReeT TPl =0 @ Pma@ |

6077 1 Turn Over



UG/CBCS/B.Sc./Programme/6th Sem./M athematics/M ATHPDSE2/2021

(€)

2. (8

(b)

(©

3. (@

(b)

(©
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Let X, y, z bethree elementsinametric space (X, d). Show that
|d(x, 2)-d(y, 2)| <d(x, y)

(X, d) metric space 93 X, y, z T oimi (element) 2CeT, @6l 1
|d(x, 2)-d(y, 2)| <d(x, y)

GROUP-B / faetat-2

Consider the euclidean metric space (R d). Show that the sets
A={(x y): X*+y*<1} and B={(x, y): (x—2)*+y?<T} are mutually disjoint
but d (A B)=0.

13 (R? d) @3% Euclidean metric space. OIZ&@ @8 @ A={(x, y): x>+ y><1}
QR B={(x y): (x-2)?+y?<1l} oowy “fiz>iie [ben (mutually disjoint) &%
d(A B)=0.

If f=u+iv isanalytic on adomain D, then show that uv isharmonic on D.
D cFafoce f =u+iv I analytic T OizE A8 @ uv, D (FE6Ce harmonic 23|
Show that the set of natural number is not complete with respect to the metric

d(m, n)= %—% , M, n are natural numbers.
e 39 WeIRF TRAUF @BH d (m, n):‘%—% . (GRIGT m, n 27 TR RN
metric-a3 ACPTF complete w31
2
Evaluate j gz and hence deduce that 1+2coso de=0
e 2+2 v, o+4cosd
27
[ B2 g et e 0 221 0 Rt jw d9=0
1 Z+2 v, o+4cosd

Show that (R, d) is a metric space, when d is given by
[x=y]| , if xy<0
d(x, y)={

[x[+]y] , otherwise
2[3id 39 (R, d) 9 metric space @I d FElRTSE enes

d(x, y)= [x-y|] , if xy<0
iyl L e

What can you say about the differentiability of the function f (2) = 3i ?
A

4

f(2)= 35 SRR SreaFeT @St (differentiability) FF oS 5 2@1ca 9
~2

12x3=36

4
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4 @If f(p=,% ~ 270 6
0 z=0
then show that it satisfied the C-R equations at z=0 but it is not differentiable
a z=0.
1/
T f(z)= e , z2#0
0 , 2=0
SiRE A @ z=0 (9 f SorFsH C-R 7200 e 3@, 8 2= 0 o f seorwsio
SN FT |
(0) If (x,) and (y,) are Cauchy sequence in a metric space (X, d), show that (a,), 4

where a, =d(x,, Y,,), converges. Give one such example.

(X, d) metric space @ AW (x) @& (y,) 96 Cauchy SIg@ (sequence) 2 SIZCE
@Ale @ (a,) SGEAL (@A a, =d(x,, y,)) T 2R G0 Swiace M
IR S |

(c) Prove that for any two distinct points a, b in a metric space (X, d) there exist 2
disioint open spheres with centres a and b respectively.

@8 @ (X, d) metric space @ @ &9 16 7j2F ™ a @R b @3 &=y 7o fo7 a @R b
Fwik™ [ T @I1FF (open sphere) s

GROUP-C / faetal-af 7x2=14
5. (8) Prove that the argument function ‘arg’, where arg: CH{0} — (-z,z] is not a 3

continuous function.
A8 @ arg: CH{0 — (-7, ), argument SCFHF0 A6 FES S(AHS 3|

(b) Evaluate: | ZS zZ_ 4
|2+ 4]=2 @6-2z°)(z+1)
e | szz _
|2+ 4]=2 @6-2z°)(z+1)
6. Show that R is complete with respect to d; but not with respect to d,, where 7

di(x Y)=5Ix-y| , dy(x, y)=[tan"'x—tan""y|, VX, yeR
@8 @ d, 93 FACCF R @3 2 (complete), &€ d, @3 ATF complete 77,
@A dy(X, Y)=5|x-y| , dy(x, y)=|tan x—tanty|, VX yeR

6077 3 Turn Over
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6077

DSE-2B
LINEAR PROGRAMMING

GROUP-A |/ Teis-=

Answer all the following questions
FFe] ATHE Ted WIS

Examine the set of points {(0, 0), (0,1), (1 0), (1, D} on the xy-plane is convex or not.
xy-srecs eRfEe [enes ¢ {(0, 0), (0,1), (4, 0), (1, 1)} T« (Convex) &l =i
4
Show that although (2, 3, 2) is a feasible solution to the system of equations

X+ X+ 2% =9

3% + 2%, + 5% = 22

X, Xp, X320
but it is not a basic solution.
WAl @ (2, 3, 2) 79 Eow

X+ X+ 2% =9

3% + 2%, + 5% =22

X, Xp, X320
-43 WY AN (feasible solution) 218, w1 58 (ferss ™4 (Basic solution) 71
Find the extreme points, if any of theset X ={(x, y)eR? : |x|<1, |y|<2}.

G X ={(x, y)eR?: |x|<1, |y|< 2} -93 @I 539 RWTE  (extreme points)
BT O ([ 41
Verify graphically whether the following L.P.P. has a bounded or unbounded

solution:
Maximize z=3x+2x,

Subjectto  x—x% <1
X+ X =3
and X, X =0

@fbcas ey ke «71.5. % (L.P.P)-Ba SwRa at s swik« (Bounded or
unbounded solution) BNt F=1 612 42

s (Maximize) Z=3%+2X,
-G ACF (Subjectto) X — % <1
X +% =3
R X, X 20

Show that whatever may be the value of 1, the game with the following payoff
matrix is strictly determinable:

Player-B

2 7
Player-A
]

2x5=10
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A8 @ A-9F AEE N & T8eTe sfkeia wiEd (Payoff matrix) [EE @
(Game) FIRSIC ffizeicaisy (Strictly determinable):

C4CETIRTS-B

(RCTRTS-A 2 7
-1 A

GROUP-B / faetal-2

Answer all the following questions

fmferfee 77 etz Teawie

2. (a8 A firm manufacturing two types of medicine A and B, can make a profit of Rs. 20

(b)

3. (@

6077

per bottle of A and Rs. 30 per bottle of B. Both A and B need for their production
two essential chemicals C and D. Each bottle of A requires 3 litres of C and 2 litres
of D and each bottle of B requires 2 litres of C and 4 litres of D. The total supply of
these chemicals are 210 litres of C and 300 litres of D. Type B medicine contains
alcohol and its manufacture is restricted to 65 bottles per month. How many bottles
each of A and B should the firm manufacture per month to maximize its profit of the
products? Formulate the problem as a Linear Programming Problem and solve it

graphically.

G FETIA WE 12 dPR €I A @R B (0l I, AT [@oeT A-(S 20 BiFl @R
2COTT (@AoeT B-(o 30 Bl o1® I | T A G B (0A19 &) 10 &AcaIee i A C
@R D 2EIeH | etorF [@oet A-a7 & 3 oBld C @3k 2 #1017 D @3k 2ltor (@ B-ad
Gy 2 B0 C @R 4 TR D @dies C IMREE (6 (@sie 210 B @k D
AT (NG cenisiiel 300 511 B S J SHIETRIZE TR G3R O T2 2A0rF A 65
@ee e e wHE FKifte Aited T F© @ed A @R B ol A0 3@ 9
T @ @RS FIEFIR T (Linear Programming Problem) i (oSt 39 @<k
@260ad AR ©f AT I

=1 X%=0, =2, x,=1 is a feasible solution to the set of equations

2% +3X+3%—X, =7, % +5%+2%+ X, =6. Reduce the feasible solution to one
or more basic feasible solutions.

=1, %=0, X=2, x=1 N B 2+ +3x-X=7,
¥ + 5% + 2% + X, = 6-93 [ K (Feasible solution) | T8 ANHGE @F A
wfE (feTss 7Ry T (Basic feasible solution) 0w (reduce) F41

Solve the following L.P.P using Simplex method:
Minimize  z=x—3%+2X
Subjectto 3% —X+2%; <7,
- 2% +4x,<12,
—4x, + 3%, + 8% <10,

X, X5, X320

12x3=36

4+3
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e @&, {1,121 (L. P.P)-o stk 32 7aige #mafere (Simplex method):

s{F (Minimize) Z=% —3% + 2%
-G ACACH (Subject to) 3 — X+ 2%, <7,
- 2% +4x,<12,

—4x, + 3%, + 8% <10,
X, Xp, X320

(b) Find the optimal solution of the following transportation problem.

fasferiie ifsaes i« (transportation problem) SiFet =K (optimal solution)
@ 323

D1 D, Dz Ds ai

8 9 6 3 |0, 18

6 |11 | 5 |10 | O, 20

3 8 7 9 | Oz 18

bj 15 16 12 13

4. () In a game of matching coins with two players, suppose A wins one unit of value
when there are two heads, wins nothing when there are two tails and losses /2 unit
of value when there are one head and one tail. Determine the payoff matrix, the best
strategies for each player and the value of the game to A.

V2GH (ARG fE (4ot @l GG (4eTd, 49 A @3 % (1 unit) T&ce 749 e wfo
2T (Head), 533 f&ce 7 734 GG 16 G (tails) @3k =dF 1% A (loses /2 unit)
T T @ @@ @R @F Ga11 ey i (payoff matrix) T 33, aiters
CACEIRIICGA (AT (FT1eT (best strategies) @R A-«3 2ifS (&g S e 21

(b) Use Big-M method solve the following L.P.P:
Maximize Z=X%+5%
Subject to 3 +4%,<6
X +3% =3
X, X =0

R9-a% #=fs (Big-M method) 57213 F3 fesfeide @@, {41,191 (L. P.P) il 12

*HifeF (Maximize) Z =% +5%

-G ACATF (Subject to) 3% +4x%,<6
X +3% =3
X, X, =20

6077 6
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GROUP-C / feia-4t

Answer all the following questions 7x2=14
Fnfeiiie 79 et Teawie
5. (a) Solve the following Assignment Problem: 5
ffafae sifsfs ST (assignment Problem) ssiis w4
[ 1 I B AV
5|3 1 8 | A
719 2 6 | B
6| 4| 5 7 | C
51| 7 7 6 | D
(b) Solve graphically the following Game: 2
Player-B
Player-A{ 2 _2}
-2 2
fersferie (@b Tibras ARy i 313
(ATIRC-B
T-A { 2 —2}
-2 2
6. Show that the following L.P.P: 7
Maximize Z=06x+4x,
Subject to — 2%+ X% <2
X=X, <2
3 +2% <9

and X, X =0
has an infinite number of solutions. Justify your answer.
wale @ fafeie ¥et. 5.5 (L.P.P):

*HifeF (Maximize) 7= 6x + 4%,
-G ACACF (Subject to)  —2x + %, <2
X=X, <2
3 +2% <9
UEK X, X, 20

- SR A (2 | SEEe Horo! ABIS 41

6077 7
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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 6th Semester Examination, 2021

DSE3-M ATHEMATICS

Full Marks: 60
ASSIGNMENT
The figuresin the margin indicate full marks.
All symbols are of usual significance.
The question paper contains DSE3A and DSE3B. Candidates
arerequired to answer any one from the two cour ses and they
should mention it clearly on the Answer Book.
DSE3A
POINT SET TOPOLOGY
GROUP-A
Answer all questions 2x5=10
1. (a) Show that sequences are continuous functions. 2
(b) Show that R and C with their respective standard topologies cannot be 2
homeomorphic.
(c) The cofinite topology on a non-empty set X is the collection of subsets whose 2

complements are either finite or al of X. Show that R with usual topology is not
compact but R with cofinite topology is compact.

(d) Find acondition (iff) on a given non-empty set X, so that it becomes compact. 2

(e) Le¢ X ={a,b,c,d} be a topologica space with the topology
Y ={¢,{a}, {b}, {a, b}, X} and A={b, c} . Find derived set and interior of A.

GROUP-B
Answer all questions 10x3 =30
2. (a) Show that every infinite set has an enumerable subset. 3
(D) Let A be an enumerable set. Let ac A be fixed. Obtain the set A'= A~{a} . Show 3
that Aand A’ are equipotent.
(c) Use above two results to prove that a set is infinite if and only if it admits a bijection 4
with a proper subset of itself.
3. (8 Let ¢: R — R becontinuous, consider the graph G, ={(x, ¢(x)); xe R} of pasa 4

subspace of R?. Show that G, isa homeomorphic copy of R embedded in RZ.

6074 1 Turn Over



UG/CBCSB.Sc./Hons./6th Sem./M athematics/M ATHDSE3/2021

(b) On the set of all positive integers N, show that the metric d defined as

d(m, n)= %—%l m, ne N is equivalent to the discrete metric. Show that N is
complete with respect to discrete metric, whereas it is incomplete with respect to d.

4. Let N denote the set of all null sequences of real numbers, that is N ={(X,) :

x,— 0} . Find closure N of N in R® in both box and product topologies, where R®
denotes the product of countable copies of R.

GROUP-C
Answer all questions

5. A topological space is called a Hausdorff space if any two distinct points in the space
can be separated by two disjoint open sets. Show that a topological space X is
Hausdorff if and only if the diagonal A ={(x, X): xe X} isclosed in XxX.

6. Let p: X > Y be aclosed, continuous and surjective map such that for every point
yeY, pqy} iscompact in X. Show that if Y is compact, then X is compact.

GROUP-D
Answer all questions

7. (a) Investigate the convergence and the possible limit(s) of the sequence {xn = %} in the

cofinite topology on R.

(b) Show that a topological space is connected if and only if every non-empty proper
subset has a nonempty boundary.

8. Let X be a connected topological space and f : X — R is a non-constant continuous
map. Show that X is an uncountable set.

DSE3B
BOOLEAN ALGEBRA AND AUTOMATA THEORY

GROUP-A
Answer all questions

1. (a) What is the language generated by the Grammar ({$}, {a, b}, {S— aS S — bS§
S—e€}, 97

(b) Determine all the sub-lattices of D, that contains at least four elements.

6074 2
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(c) Draw thelogic circuit (A'B)’ + (A+C)’.

(d) Show that the weak distributive law av (bAac)<(avb) A (avc) holds for any
lattice L.

(8 Provethat L ={a™'c"|n>1 isnot acontext free language?

GROUP-B 10x3 =230
2. (8) FortheGrammar ={V, T, P, §,where S— 0B, A — 1AA|¢, B — 0AA, condruct a 4+3+3
parse tree.
(b) Convert the given NFA to equivalent DFA.
o) 0 1
—p | {pa | {p
q ) {r}
r {p. 1} {a

(c) Design a PDA for recognizing the language of palindromes over the alphabet {0, 1}.
Draw the computation tree showing all possible moves for the strings 00100 and
00101.

3. () Let Eand F be finite ordered sets. If f: E — Fisabijection, provethat f isanorder 3+2+3+2

isomorphism if and only if (Va,be L) x<y o f(X) < f(y), where x < y means
‘y coversx.

(b) In a digtributive lattice (A, <), if anx=aayand av x=av y for some a then
show that x =y.

(c) Suppose P be an ordered set with the property: for any X, ye P,
xAy=g.l.b.(x, y) and xv y=1Il.u.b.(x, y). Provethat (P, A, v) isalattice.

(d) Show that for any elements a, b, ¢ in amodular lattice,

(avbac=bac implies (cvb)ara=bva.

4. (a) Using the laws of Boolean Algebra, show that 3+3+4
[X. X+ +[y.(y+ X +[Y. (Y +X)] =1
(b) Let E=xy + xyZ + XyZ. Provethat (i) xZ+ E=E, (ii) x+E#E.

(c) Draw the logic circuit that represents the following Boolean function. Find also an
equivalent simpler circuit.

XxXlylz]| f(xy2
1 (1)1 0
1/1]0 1
101 1
1,0|0 0
0|11 1
0|10 0
0|01 0
0|0]|O0 0
6074 3 Turn Over
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GROUP-C 10x1 =10
5. (a) Design aDFA that acceptsthe following languages: 5
L ={xe{0,3*: x ends in 00} and L, ={xe {0, } * : x contains three consecutive
0'st.
(b) Consider the bounded lattice L in the following figure: 5

RN
| T~
7\<

a b

N

0
()  Find the complements, if they exist, of eand f.

(i)  IsL distributive?
(iii) Describe the isomorphisms of L with itself.

oO—om—t

GROUP-D 10x1 =10
6. () Use Karnaugh maps to redesign the following logic circuit so that it becomes a 6+4
minimal AND-OR Circuit.
A
B |l>° AND
C

AND _ D

>q AND

>0

(b) For Z:{a, b}, design a Turing machine that accepts L ={a"b": n>1. Compute
an |D for the string aabb.

6074 4
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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 6th Semester Examination, 2021

DSE4-M ATHEMATICS
Full Marks; 60

ASSIGNMENT

The figuresin the margin indicate full marks.
All symbols are of usual significance.

The question paper contains DSE4A and DSE4B. Candidatesarerequired
to answer any one from the two cour ses and
they should mention it clearly on the Answer Book.

DSE4A
DIFFERENTIAL GEOMETRY
GROUP-A

1 Answer all questions: 2x5=10

(@ If r =r(s) be the postion vector of a point P with arc length s as the parameter of the
curve then show that 7= % :
r
(b) Find thetorsion for the curve r = (u®+3u, 3u?, u®-3u).
(c) Show that a necessary and sufficient condition for a curve to be straight lineis x = 0.
(d) Find the envelope of the surface 3xt? — 3yt + z =15,

(e) Find the lines of curvature on a plane.

GROUP-B
2. Answer all questions: 10x3=30
(8 (i) Find theintrinsic equation of the curve r = (ae" cosu, ae" sinu, be"). 55
(if) Show that the surface €’ cosx = cosy.

(b) (i) Show that the first fundamental form is invariant under a transformation of 5+5
parameters.

(if) Find the edge of regression of the family of planes xsinf—ycosé+z=aé,
where 8 isaparameter.
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3.

(c) (i) Discussthe nature of geodesics on a sphere. 5+5

(if) Show that the curves u+ v = constant are geodesics on a surface with metric
ds? = (1+u?) du? — 2uvdudv + (1+ v?) dv?.

GROUP-C
Answer all questions: 5x2 =10
(@) Show that the tangent to the locus of the centre of oscillating sphere passes through the 5+5
centre of the osculating circle.
(b) If R istheradius of spherical curvature, show that R = |t><2t l.
KT
GROUP-D
Answer all questions: 5x2 =10
(@ If L, M, Nvanish at al points of a surface then the surface is plane, where L, M, N are 5+5

second fundamental coefficients.

3
(b) State and prove the Serret-Frenet formula in matrix form & = a,& , where the
j=1

A

matrix A=[a;] isCartan matrixand =%, &= and &=b.
DSE4B
THEORY OF EQUATION
GROUP-A
Answer all the questions: 2x5=10

(@) If one of the roots of the equation x3 + px? + gqx+r = 0 equals the sum of the other
two, then proved that
pd+8 =4pq

(b) Show that the equation of the form
x* . x3 X2
Al + 3 + o1 +x+1=0

can not have a multiple root.
(©) If a, B, y betheroots of the equation x* + px+q =0, show that > a® = 5pq.
(d) Show that x*> — x+1 isafactor of x® + x©+1.

(&) If @ beanimaginary root of x!* —1=0, provethat (o +1) (@? +1).....(a"° +1) =1.
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GROUP-B
Answer all the questions

2. (a) Find the range of values of r for which the equation 3x* + 8x* — bx? — 24x+r =0 has
four real and unequal roots.

(b) Find the condition that the equation x* + px® + gx? + rx+ s=0should have its roots
a, B,y,0 connected by the relation o+ = 0.

(©) Solvethe equation x® — x2 + 3x— 27 = 0 having three distinct roots of equal moduli.

3. (&) Provethat the roots of the equation x° —6x—4=0 are—2, 242 cos% , 22 cos% .

(b) Show that the special roots of the equation x'° —1=0 are the non-real roots of the
equation x> +1=0.
(c) Istheequation x* — x* + x* + x—1=0 areciprocal equation? Justify your answer.

4. (a) Solve by Ferrari’s method of the equation
2x* +5x3 —8x? —17x—6=0
(b) Prove that (x*+1) (x* —x+1) = a(x> +1) is a reciprocal equation if a1 and solve it
when a= 2.

(c) By Rolle's theorem, find the number and positions of the real roots of the equation
X3 —12x+7=0.

GROUP-C
5. Answer all the questions:
(&) The sum of two roots of the equation
x* —8x3+19x% + 4Ax+2=0
is equal to the sum of the other two. Find A and solve the equation.

(b) Use Sturm'’s theorem to show that the equation x* —3x3 —2x? + 7x+3=0 has one root
between —2 and —1, one root between —1 and 0 and two roots between 2 and 3.

GROUP-D

6. (@ If «, B, y, 6 be the roots of the biquadratic x* + px®+ oqx? + rx+s=0, then find the
eguation whose roots are

(By +ad), (yo+ po), (off +79)

Hence find the value of
(@+p)(@+y)(@+3) (B+y)(B+0)(y+9)

(b) Find the equation of the squared differences of the roots of the cubic x® + x? — x=1.
Hence show that two roots of this equation are equal.

X
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UNIVERSITY OF NORTH BENGAL
B.Sc. Programme 6th Semester Examination, 2021

SEC4 (P2)-MATHEMATICS
Full Marks: 60
ASSIGNMENT

Thefiguresin the margin indicate full marks.
All symbols are of usual significance.

The question paper contains SEC4A and SEC4B. Candidatesare
required to answer any one from the two Cour ses and
they should mention it clearly on the Answer Book.

SEC4A
Graph Theory

GROUP-A | Teis-=

Answer all questions 2x5=10
FafeTie erefed Tea wie

1. (@) Canasimple graph with 7 vertices be isomorphic to its complement?
7 % Af™ g& @ T (simple graph) & fte@ %7 (complement)-«3 2®
isomorphic (< ¢
(b) Explain why there does not exists atree having degree sequence 1, 1, 1, 1, 4, 4.
A2 1, 1, 1, 1, 4, 4 T8 @ (degree sequence) IS (@I tree-«3 SIeg (712 |
(c) Let G be asimple graph of order n such that deg(u) > (n—1)/2 for every vertex u
of G. Provethat G is connected.
@ G @I n S @ &l (simple graph) @I deg(u) > (n-1)/2, @fsf u
A & | (wdlle @ G @36 WIS &llF (connected graph) |
(d) Show that agraph with 5 vertices and with no loops or parallel edges which has at
least 8 edges is Hamiltonian.
e @ @I &, T 56 MR qzr F99icF 86 g (FTedis g A 7 (loop) +12)
Hamiltonian 2|
(e) Draw the graph G represented by the given adjacency matrix,
@0 AT O 9 @I @we adjacency G 2=
120

A =

o N O

011
1 01
111
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2. (8

(b)

(©)

3. (@

(b)

GROUP-B / fqett-2
Answer all questions

fmfeie enefer Ten wie

Prove that a simple graph G with n vertices and m components cannot have more
than 4 (n—m)(n—m-+1) edges.

@Ae @ n RS AIRY 9R M FRYF SRS (components) &I F1eT Al e
A S (n—m)(n—m-+1) -49 @R Zre M =

Apply Dijkstra’s Algorithm to determine a shortest path from a to f in the
following graph:

Dijkstra’s algorithm-43 J2 e e Saife MR a 23ce f [z st
TR 9 wced 7fG (shortest path) e w3

&
Prove that a bipartite graph K, of order n>3 is Hamiltonian if and only
if p=q.
(e @ n>3 OeiEd @96 bipartite &% K, . Hamiltonian 2@ T @k vy 7w
p=q A

Show that / &9 %<2

() Kpgnisatreeifandonlyif m=1orn=1.
Kmn 9F0treex@ & m=19In=1

(i) K, isatreeifandonlyif n=1or 2.
K, 93 treex@ & n= 19N =2

Let T, be atree of order n and size 10 and T, be another tree of order 4n— 1. Find
the size of To.

¥ T, @3 tree T TGE n GR AP (size) 10 GR T, 97 @F0 tree T TC[
4n — 1| SIZE T, tree-ad SIFHE (size) 41

(c) If asimple regular graph has n vertices and 24 edges, find all possible values of n.

It 95 e regular AT N FRAF MW @3k 247 A1E A O@ n-93 TRy Tl
S w1

(d) Provethat thesize of K,, isamultiple of nif nisodd.
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4. (a)

(b)

(©)

(d)

5. (@

6076

Give an example of a graph that has neither a Hamiltonian cycle nor a Euler
circuit.

a3 aitrd Twizge wie [F W& Hamiltonian 5& (cycle) @) Euler a9t
(circuit) 192 AP 1

The adjacency matrix Ag and the incidence matrix Iy of two graphs G and H
respectively each with 5 vertices are shown below:

5/ MW g& 7fd 7)< & G @k H-93 TS adjacency (G Ag @<k incidence
I 1y e eves

01100 1100
10010 1010
A,=|1 0001, 1,=/0110
01000 0001
00100 000 1

Check whether G and H are isomorphic or not.
©izCe1 G ¥k H isomorphic 203 6= Al612 5411
Let G be a sef-complementary graph of order n. Show that ether
n=0(mod 4) or n=1(mod 4).

@ G @36 n SEEE self-complementary &lF1 A8 @ n=0(mod 4) W2Rl
n=1(mod 4) 2!

Let G be a graph of order n(>6). Show that either G or G contains a cycle of
length 3.

@ G @36 (> 6) SGIEE &IF | @S @ G s Sl G-93 3 3 e 5 (cycle)
PR

GROUP-C / f[Teial-at

Answer all questions

fafeive emafes Ted wie

Check that the following graph is Eulerian or not. If yes then find an Eulerian
circuit in it.

fasfeiie &l Eulerian 23 a1l AibiE w01 3w Teal of = wizes gqte @l
Eulerian 5& (cycle) 40% &3 341

7x2=14
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(b) Prove that the complement of a disconnected graph is connected. 2

w8 @ @ o [fve @i (disconnected graph)-<@3 %5 (complement) «<fo
RIS (connected) aTF (S|

6. (a) Doesthere exists a graph with 20 edges if each vertex is of degree 3? Justify your 2
answer.
T effefs AR a8 3 27 wizea 201 I=RFME @+ @4 it oifeg 2fhem AR [F 9
PRERC I GEERIER K
(b) For the graphs G; and G, determine whether G; is isomorphic to G,. Justify your 5
answer

fferfee G, uxk G, &iFad isomorphic &l B2ige ez Abie 541

1) Graph G, Graph G,

=

Gmph G,

) Graph G,

k™

/

SEC4B
Boolean Algebra and Automata Theory

GROUP-A | Teid-5

Answer all questions 2x5=10
fFmferfes emafem Tea wie

1. (@) Construct an FA equivalent to the regular expression « = (aa-+b)* (aba)* bab .
a = (aa+b)* (aba)* bab «2 TSRS A (regular expression)-ba gy @G FA
o =% 41
(b) Show that the power-set lattice P(U) is a distributive lattice for any set U.
@ @ @30 6 U @7 & e @ U @GIea power set lattice P(U)-6 @6

distributive latticel
(c) Write down the Block diagram of NOR-Gate.

NOR-(51C53 Block diagram-To Stee 341
(d) Show that {a"b" |[n>1 isnot regular.
@8 @ {a"b" |n>1 TSl (regular) T
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(e) Giveanexample of aninfinite lattice L with a finite length.

fafwe rdge @« oI5 |attice L-a3 Swizge wie)

GROUP-B / faets-2

Answer all questions 12x3 = 36
faferiee emefer Ted wie
2. (d) Convert NFA toitsequivalent DFA: 4
NFA 230® 73gel] DFA-9 Fiefie 34
Current State Input symbols
a b
—> 0o az Yo
il a2 Oo: G
a2 Gi, Of Yo
as — —
(b) Find the corresponding regular expression for the FA given in the following 4

figure:
s 2fice eme FA-93 regular expression-6 e 2

H@#
O==EO*"

(c) Find the language generated by the following grammars: 4
e grammar-2f qiat ofde Sref s@w w0
(i) S—»>ad|aXb X —>bX|b
(i) S—>aAl|bS|lalb A—>DbA|bS|b

3. (@ Let aand b betwo elementsin a lattice (L, <). Show that arb=Db if and only if 2
avb=a
47 @3 |attice (L, <) -93 70 TAmi a ¥R b | &4 F7 @ arb=b< avb=al
(b) Find (i) the complements of the vertices b and c in the given lattice L. 2
2 |attice L-99 b @3k ¢ A4R™a complement-f5 e 721
(if) the dual of L. f
L-«3 dual fsfa =) d e
b c
a
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(c) Consider a set A:={2, 3 4, 8 12, 36, 48 and let R:={(a,b)e AxA: ais a
divisor of b} be a relation on A. Draw the Hasse diagram and check whether
(A, R) formsa lattice or not.

@ A:={2 3 4,8 12 36 48 a3 @ @R R ={(a,b)|a = b-aa <=
OIEF), A G669 T2 72RF | Hasse 5@l wi&w 39 @k (A, R) @36 lattice 910w
TR 1 AR 41

(d) Which of the following Hasse diagrams represent a lattice? Justify your answer.
s @ @19 Hasse diagram-f lattice 203 3R 3911

€
e , f
d € d d ¢
3
b c b b L TR ¢
a a o - a

4. (a) Draw the circuit that represents the following Boolean function. Find also an
equivalent simpler circuit.

e Boolean Sitsmwaba Ie4! (circuit)-© o& 9 @k 277 Igey 3w q@!
(simpler circuit)-T =12 Sra 3¢

X|ylz|f(xy,2
111 1
1,110 0
1,01 1
1,00 1
01 |1 1
0/1|0 0
0/ 0|1 0
0/ 0|0 1

(b) Verify whether the following Boolean expressions « and 8 are equal or not.
fEferiie Boolean A% o @R 4 4 64l B2 772
a=X+y)(X+2) Xy , f=X+Vyz
(c) Convert the following Boolean expression from DNF to CNF:

famf=ee Boolean 7if¥f6a DNF =56 CNF-« sirefie 543
abc+ab'c+ab'c

GROUP-C / f[aeial-t

Answer all questions

i emefer Ted wie

5. (@) UseKarnaugh map to find a minimal sum for the following Boolean expression:
Karnaugh map-«a3 A f=f#fae Boolean 2162 minimal sum faefa s
Xyz + Xyz+ Xy'z+ xz
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(b) Let the union Sof sets A={a,, &,, a,--}, B={b,b,, b;,--},C={c, ¢,, ¢3,-- }
be ordered by:
S={A; B; C ={a, &,, a3,---,b, b,, b;,---¢;, C,, c3,--}. Show that Sis not
isomorphic to N with usual order.
A={ay, &, &, -}, B={b,b,, bs,--3,C={c, C;, G3,--} GF feaifbar  Union
GBfoa @ (order) S={A; B; C} ={a, &, &, b, b, by, ¢}, &, G5, 3 |
A8 (T AR @ (usual order) €31 ACPICF SEHT N @3 A isomorphic 2 i

6. (d) Consider apartially ordered set L in the following fig.
7 L @3 Sk @ 16 (partially ordered set) 3l fasfafis 2o 3fde|
f

|
N
g
(i) Show that L formsa lattice.
e @ L (G lattice 707 FGH |
(i) IsL distributive?
@2 L lattice-T distributive &1 2612 77
(b) Draw the logic circuit of the Boolean expresssion A+ B'C+ AB'C+ ABC'.
Boolean 3% A+ B'C+ AB'C+ ABC' -3 logical circuit e 331
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