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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 2nd Semester Examination, 2021

CC3-MATHEMATICS

REAL ANALYSIS

Full Marks: 60
ASSIGNMENT
The figuresin the margin indicate full marks.
All symbols are of usual significance.
GROUP-A
Answer all questions 2x5=10
1. (8 Find the derived set of the set A=(0,2)u (1, 3) Q, where Q is the set of 2
rational numbers.
(b) Find all limit points of the sequence (sinn),. 2
(c) Find abijection from Z" to Z* x Z" where Z" is the set of all positive integers.
(d) Construct a sequence (r,,),. y Of rational numbers that converges to a given real 2
number r.
(6) Examineif forany Ac R, A={xe A; 3 asequence (x,) inAsothat x, — x}. 2
GROUP-B
Answer all questions 10x3 =30
. 1 X X .
2. (8) Prove that the series + - F e (x>0) converges if x<1 and 5
X+l X+2 Xx+3
divergesif x>1.
(b) If > a2 isconvergent, provethat > % isaso convergent (a, >0 VneN). 5
n=1 n=1 n
3. (& Show that 1—l+}—l ~~~~~~ =In2. 5
2 3 4
(b) Find (1_2}{1_}] ...... =7 5
2 3 4
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4. (8) Show that finite union of compact subsets of R is compact. What about infinite 5+2
union in this regard?
(b) Show that arbitrary intersection of compact subsets of R is compact. 3
GROUP-C

Answer all questions 5x2 =10

5. Check if the family of all finite subsets of the set of natural numbersis countable. 5
6 Check if the famil = 1 1), [ f 5

. eck If the family ¢ = rn—ﬁ,rrﬁﬁ ; neN Is an open cover of R

where (r,) . yisalinear array of al rational numbers.

GROUP-D
Answer all questions 5x2 =10
7. Let the sequence (x,) of real numbers converges to.the rea number x and S

p:N — Nisabijection. Check if X, —> X.

8. Let f:D— R, D cR beacontinuous function and (x,) beasequenceinD.
(@ Examineif (f(x,))— f(x) if x, >xeD. 3
(b) Examineif (f(x,)) isaCauchy sequenceif (x,) isCauchy. 2
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UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 2nd Semester Examination, 2021

CC4-MATHEMATICS

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

(@ calculate lim F(t), where F(t =[2t_4}“+( t j'ﬁr 4~ 3)K.
lim (t) (t) 1 t2+1J ( )

(b) Examine whether the vector valued function. F(t) :t2f+etj+$)li is
continuous a t =—-3 or not.
(¢) Find the angle between the normals to the following surfaces y?+2z? =9 and
2(x* —z%) =3y at the point (2, 2, 1).
(d) Show that the integral I ydx+ xdy_is independent of the path C joining the
C

points P(0, 1) and Q(1, 2).
2

(€) Find the particular integral of the differential equation %+2;ﬂ+2y= xe .
X X
GROUP-B
2. Answer all the questions: 10x3=30
. . . . d%y _dy
a) (i vethe differential equation —- —2—=+4y=¢€" cosX. +5=
@ (i)  Solvethe diff a v 2OI 4 X 5+5=10
X X
). . d?y 2
(i) Apply the method of variation of parametersto solve — -y = .
dx 1+¢*
. , . ,d% _ dy _
(b) (i) Solve the Euler’s equation X F_9X&+25y =0. 5+5=10
X
(i) Solve: %+y—2y:2005t—7sint
dt dt
%—g+2x:4cost—3sint
dt dt
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(©) (i) Evaluate the integral of F =(yz+20)i +x2] +(xy+22)k aong the circle ~ 5t5=10
x*+y*=1, z=1from (0, 1, 1) to (1, 0, 1).
(i) Evauate J'If-dr” where F =(x*-3y?)i +(y*—2x?)] s and C the closed
C

curve in xy plane given by x=3cost, y=2sint, 0<t <2z, Cis described
in the anti-clockwise sense.

GROUP-C
3. Answer all the questions: 5%2=10

(8 solve (D?-2D+4)y=(x+x°)e* by method of undetermined coefficient.

(b) Apply Picard’s method up to third approximation to solve

Y _zeri2y; y(0)=0.
dx

GROUP-D
4, Answer all the questions: 5x2=10

(@ Show that equation of the tangent line to the curve x=t, y=t2, z=:—%t3 a the

pointt=1is 2(x-1)=(y-D= z—%.

(b) Solve: % +2X—-3y=t

dy

L _3x+2y=¢€*
dt Y
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UNIVERSITY OF NORTH BENGAL
B.Sc. Programme 2nd Semester Examination, 2021

DSC2-M ATHEMATICS

ALGEBRA
Full Marks: 60
ASSIGNMENT

The questions are of equal value.
The figuresin the margin indicate full marks.

GROUP-A
e+

1 Answer all the questions from the following: 2x5=10
e sqefer et Ter wies

2 1
() Verify Cayley Hamilton theorem for the square matrix [ . 5} :

B é}ﬁﬁ‘fﬂ]ﬁ?ﬂﬁﬁm"w Cayley Hamilton S#i#1wfs ai5i2 541

(b) A relation pisdefined onZ by xpy iff x*—y? divisible by 5. Prove that p is an
equivalence relation on Z.
T FRAPT[RI (6 Z-97 €7 AT (0 7IF p 97 WG| G374

Xpyex?—y?, 5arl Ree|

M8 @ p @6 FTgenel 35 (equivalence relation) |

(c) Use Descartes rule of signs to find the number of positive roots of the equation
X%+ x*+ X2+ x+3=0.
‘Descartes’ rule” of sign (Descartewd foF & e &dl
X8+ x* + X% + X+ 3= 0 A7 4 Ao wAt & 521

010
(d)If A= 0 0 1|, findtherank of 2A— AZ.
100
010
IW A= 0 0 1| =, O@ 2A— A%-ad rank S a1
100

(e) Show that themap f: R — R defined by f(x)=x**® is neither injective nor
surjective, R being the set of reals.
R IM AT RPRF B W @R f : R — RSFFFD f (X) = x20° 771 Wesie, Ozt
o 1 f S0 G (injective) 61 Boifd (surjective) PICIGIZ w311
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2. (8

(b)

(©)

3. (@

(b)

(©)

4. (a)

2060

GROUP-B
etal-2
Answer all the questions from the following
fFnfafte Teefa eme Seaws
Prove that tan{iloga_!b}: 2ab .
a+ib] a?-p?
2o T tan{iloga_!b}: 2ab |
a+ib] a?-p?

Reduce the equation x® —3x* +12x+16=0 to its standard form and then solve
the equation by Cardan’s method.
x3 —3x? +12x+16 = 0 A= 227 Standard form-9 Feiiefie 1 @k Cardan
FEASTE T& HAFIAOCP AN F41

Prove that the roots of the equation + ! S SRRLIRRPER + 1 :1 are al
X+a X+a, X+a, X
real, where a,, a,, -+ , &, areall positive real numbers.
ol T T g, 1t :EW‘@?W%@%{W,
X+a X+a, X+a, . X
QAT &, 8y, =+ , &, TP g AV A

Show that 19 =1 (mod 181)..

2=ie $9 @ 19%° =1 (mod 181).1

Using Euclidean Algorithm, find two integers u and v satisfying
1269u+297v=135.

1269u+297v =135 IR Fm I @5 7o 2R u @R v & Euclidean
algorithm-«a3  RIc 77 <1

Use Principle of Mathematical Induction to prove that for al ne N,

LU +221+-eeeeee +nn'=(n+)!-1
sifdfes. =iz ifes (Principle of Mathematical Induction) @&l (w8 (X FFa
Nne N-ag &y 1.1 + 2.2 +------ - +nnl=(n+Y!-1.

Use Cayley-Hamilton theorem to find A, where A=

o r P
P O O
o r O

100
I A=| 1 0 1| = o™ Cayley-Hamilton Soi#icas ARy A% @3 st faef
010

12x3=36
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2 21
(b) Find the eigenvalue and the corresponding eigenvector of thematrix | 1 0 1
0 2 2
2 21
1 0 1| witsa =iZew=e  (Eigenvalue) @R 3@ WROM (939
0 2 2

(eigenvector) wfer foefg 541

() Let A, and A, betwo distinct eigen values of areal square matrix A. If uand v are
eigen vectors of A corresponding to the eigen values A; and A, respectively,
examine whether u+v an eigen vector of A.

62 Jg GR A I @ A7 3of MifTa A-a71 7f5 22 =igeee w1 1 u @R v TG
A1 GRR Ao SR AR B2 (SF 2 O u+ v, A G037 {6 =ngeale (o3 2@
=1 Q512 41

GROUP-C
ol

Answer all the questions from the following

Ffefie el omie Teanle

5. (@) If a, b, c arethree positive rational numbers then prove that
I a, b, ¢ foalb @I e (Rational) U1 23 S & w8

a+b+c b+
(a2+b2+czj 5 adpPce >(a+b+c arbre
B y 3

a+b+c

(b) If A, B are square matrices of same order over thefield F, A is non-singular prove
that the matrices B and ABA™ have the same eigen values.

Tt A @k B 9f6 3719 @ (order) 43 3501f% @RI A 2 non-singular, ©1ZGE @i
9B @R ABA™ Wifsmaa Sz Wieefs a3 3|1

6. Determine the conditions for which the system of equations
X+y+z=1
X+2y—-z=Db
Ex+7y+az=b?
admits of (i) only one solution (ii) no solution (iii) many solutions
Qo NG S (i) G NI (=2 (i) @I TN Sy
X+y+z=1
X+2y—-z=Db
5X+7y+az=b?
FE O (System of equations) *S& e Sae F41

X

2060 3

7x2=14

2+2+3=7



UG/CBCSB.Sc./Hons./2nd Sem./M athematicMATHGE2/2021

UNIVERSITY OF NORTH BENGAL
B.Sc. Honours 2nd Semester Examination, 2021

GE-MATHEMATICS
Full Marks; 60
ASSIGNMENT

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

The question paper contains MATHGE-I, MATHGE-II, MATHGE-I 1,
MATHGE-IV & MATHGE-V.
The candidates are required to answer any one from the five cour ses.
Candidates should mention it clearly on the Answer Book.

MATHGE-I

Cal. Geo and DE.
GROUP-A

1 Answer all the questions from the following: 2x5=10

(a) Find the asymptotes parallel to coordinate axes of the curves y = tan™ x.

7

tan 22
(b) Evaluate: lim [2_§j

X—a X

(c) Solve: xdy—ydx= cos% dx

1 6
X
(d) Evaluate: dx
‘([ Vi—x?
(€) Find the equation of a sphere whose great circle is x? + y? + 2% +10y — 4z =8,
X+y+2z=3.
GROUP-B
Answer all the questions from the following 12x3=36
2. (8 Find the reduction formula for j (logx)"x™dx and hence find the value of 3
I(Iogx)zxdx.
(b) Find the volume of the solid obtained by revolution the region bounded by y = x 4

and y = x?—2x about theline y =5.
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(c) Solve: ﬂ—tan—y:(h X)e* secy
dx 1+x

3. (a) Determine the point of inflection for y=sin®x, 0<x<2r.

(b) If X%+y% — ¢’ isthe envelope of the lines §+%

parameter and ¢ is a constant, then prove that a® +b? = c?.

=1, where a, b are variable

(c) A variable sphere passes through (0O, 0, +¢) and cutsthe lines y= xtana, z=c¢
and y=—xtana , z=-c inpointsP and P’. If PP’ =2a (aisaconstant), show

that the centre of the sphere lies on the circle x*+ y? = (a® — ¢?)cosec? 2o,
z=0.

asin® x+blogcosx _

4. (a) Findthevalueof aandbif the lim 2 _—%.
X—>o0 X

(b) Solve: %+ 2xy = x>+ y?
X

(©) Reduce the canonical form 5x? — 20xy — 5y? —16x +8y.— 7.=0.

GROUP-C
Answer all the questionsfrom the following

X3

5. (@) Findthe 21st derivativeof y=————.
X5—3x-2

(b) Tracethecurve x°y? =(a+ y)*(a® - y?).

6. (a8 Solve: (1+ y?)dx=(tan*y—x)dy

m
(b) If Im:(;j—m(xmlogx), prove that |,=ml_,+(m-1)!. Hence prove that
X

Im:[logx+1+%+%+%+ ------ +L]m.
MATHGE-II
Algebra
GROUP-A
1 Answer all the questions from the following:

(@) Find the value of (—i)¥*.

2059 2
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(b) Find the values of k for which the equation x*+ 4x® —2x*> —12x+k =0 has four
real distinct roots.

(c) Let a, b, c berea numbers. Show that
(a+b-c)?+(b+c—a)’+(c+a-h)?>> ab+bc+ca

(d) Check whether the function f:R — R defined by f(x)=x*+x, VxeR is
surjective or not.

(e) Find the eigenvalues and eigenvectors of the matrix 71,.

GROUP-B
Answer all the questions from the following

2. (9) Let z, z, betwo complex numbers such that z /z, isreal. Prove that the points
representing z and z, inthe complex plane are collinear with the origin.

(b) Let z=cos@+isin@ and mbe a positive integer. Show that

m
m 1 _ Al mQ mé
1+2 +[1+Ej =2"""cos 5 0S5~
4tanf - 4tan® @

(C) Show that tan46 = - —.
1-6tan“ O +tan” 0

3. () Apply Descartes Rule of signs to find the nature of the roots of the equation
x® —3x* - 2x+3=0.

(b) If ax=ay (mod m) where ais prime to mthen prove that x=y (mod m).

(©) Let ¢, B, ybe the rootsof the equation x° + 2x? —3x+1=0. Find the equations
whose roots are af —¥*, By— o, yor— 3% and deduce the condition that the
roots of the givenequation may be in geometric progression.

4. (a) Prove that the relation p={(a, b):a=b (mod 3); a, be Z} is an equivalence
relation. on the set of integers Z. Also, find the sets A={a:(a 1) e p},
B={a:(a,2ep} ad C={a:(a,3dep} where aeZ, show that
Z=AUBUC and AnB=BNnC=CnA=9¢.

(b) “‘Reduce the following matrix:

00 2
1 3 4
2 6 6
3 9110 6

N NN
N P O

into row reduced echelon form and hence find its rank.

2059 3
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GROUP-C
Answer all the questions from the following

5. (&) Provethat 1!-3!-5!--..... 2n-1)! > (nH".

() I Xy, Xgs e , X, ae the roots of x"-1=0, then prove that
(X = X)) (%o = %5) ceeee (X9 — X, 1) =N

1 7
6. (3 Use Cayley-Hamilton Theoremto find A%* | where A= {O } .

(b) Determine the conditions for which the system of equations
X+y+z=Db
2X+y+3z=b+1
5X+2y+ az=b?
admits of (i) no solution, (ii) unique solution and (iii) many solutions.

MATHGE-III
Differential Equation and Vector Calculus
GROUP-A

1 Answer all the questions from the following:
(@ Show that sin3x, cos3x is not alinearly independent solution of y”+9y=0.

&
dt

(b) Solve the equation: % =-wy and WX.

2
(©) Find the particular integral of %+ y = COSX.
X

2
(d) If r =3ti +3t2j+ 263 , then find ﬂxd—;.
dt dt

. = 42z 13z
(6) GivenF =acosti +asint j +btk . Show that drd Zd—g =a’.
dt dt° dt

GROUP-B
Answer all the questions from the following

2. (a) Solve, using the method of variation parameters, the following differential
eguation:

2059 4
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(b) Evaluate the line integral IF .dr aong the curve C: x*+y?=1, z=2 in the
C
positive direction from A(L, 0, 2) to B(0, 1, 2) where

F =(y+x29)i+(z-y)j+(xy-2)k

3. (a) Solve, using the method of undetermined coefficients, the equation

(D?-3D)y=x+€"sinx, (D zdi)
X

(b) Evaluate ([[F-A)ds, where F=yzi+xj+zk and S is the surface of the

cylinder x? + y? =4 included in the first octant between z=0 and z = 2.

d?y

4. (8) Solve the differential equation P a’y = secax with the symbolic operator D.
X

(b) If F(x, y, Z)=r"(axF), then provethat F issolenoidal, where & is a constant
vector, F=xi +yj+2zk and r=|r].

GROUP-C
Answer all the questions from the following
5. Find the complete solution of the given differential equation
(D3+1)y=e*sinx+e? sin(@)
6. Wheat is an irrotational vector? Find the constants a, b, ¢ so that the vector
F = (X+2y+az)i +(bx—3y—2)] + (4x+cy+ 22)k

isirrotational. Hence, find the potential function V.

MATHGE-IV
Group Theory
GROUP-A
1 Answer all the questions from the following:
@ If G=(R, +) and H =(Z, +), then how many distinct left cosets of H in G are

there?

(b) Let H:={a+bi: a, beR, ab>0} . Prove or disprove that H is a subgroup of C
of all complex numbers under addition.

(c) Find an isomorphism from the group of integers (Z, +) to the group of even
integers (2Z, +).

2059 5
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(d) “Every abelian group is cyclic’ — Check whether the statement is true or false
with proper justification.

(e) Check whether the set of rational numbers Q forms a group with respect to
multiplication.

GROUP-B
Answer all the questions from the following

2. (a) Find the number of elements of order 5 in the group (Zso, +).
(b) Give an example of agroup G and it’s subgroup H such that [G: H] = 2.

(c) Let (Z, +) be the group of integersand N ={3n|ne Z}. Prove that N is a normal
subgroup of Z.

3. Let Gbeagroupand ge G. Defineamap ¢, :G — G by ¢y(X)i= gxg * for all
xe G. Show that ¢, isan isomorphism from G onto itself.

Further, define £(G):={¢,:ge G}. Show that L£(G) forms a group under
composition of functions.

4. () If G is a cyclic group with only one generator, prove that either o(G)=1 or
o(G)=2.

(b) Give an example of two subgroups H, K of a group which are not normal but HK
is asubgroup.

(c) Suppose a group G has a subgroup of order n. Show that the intersection of all
subgroups of G of order nis anormal subgroup of G.

GROUP-C
Answer all the questions from the following
5. (a) Prove that acyclic group G of order n is isomorphic to the multiplicative group
consisting of all n™ roots of unity.
(b) Show that for any group G, G/{¢} = G.

6. (@) Let N be a normal subgroup of a group G. If N is cyclic, prove that every
subgroup of N isalso normal in G.

(b) Write down the cyclic decomposition of the following permutation as a product
of disjoint cycles

1 23 456 7 8
O =
4 56 13 287

2059 6
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1.

MATHGE-V

Numerical M ethods
GROUP-A

Answer all the questions from the following:
2

SXy
;3

each of x, y, zis 0.001.
(b) Write the sufficient condition for convergence of Gauss-Seidel iteration method.

(@) Given that u= find the relative error a x=y=2z=1 when the errors in

(c) The equation x*+ax+b=0 has two real roots o« and S Show that
X1 =— (&% +b)/x, isconvergent near x=a if || > | B].

(d) Calculate +/25.11—+/25.1001, correct up to three significant figures.
(€) Show that A"[ke®™]=k(e™ —1)"e**.

GROUP-B
Answer all the questions from the following

() Find the polynomial of degree three relevant to the following data by Lagrange’'s
formula

Xx |-1,0}1] 2

fx) |1 | 2141|-3

dx
1+ 2x
the exact value of the integration.

3
(b) Evaluate j by Trapezoidal Rule taking n=10 and compare the result with
2

() Show that the Bisection method converges linearly.

(b) Determine a, b and ¢ suchthat the formula
h

I f(x)dx= h{af (0) + bf [%j + cf (h)}

0

is exact for polynomial of as high order as possible and determine the order of
truncation error.

(a) Use Picard’s method to solve the differential equation % =x? +% a x=0.5,
X

correct to two decimal places, giventhat y=1 when x=0.
(b) Solve the following system of linear equations by Gauss-Seidel method:
20x+5y—-2z=14
3x+10y+z=17
X—4y+10z=23

2059 7
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GROUP-C
Answer all the questions from the following 7x2=14
5. Using modified Euler's method, find y(4.4) by taking h = 0.2, from the 7

following differential equation:
5x Y y2-2=0, y@ =1
dx
6. If the third order differences of a function f (x) are constants and 7

jlf(x)dx:k{f(OH f[%j+ f(—%ﬂ

then find the value of k.

2059 8



