UG Sem (F)R2RZHCBCS)

2022
MATHEMATICS (Honours)
Paper Code : MTMH DC-5
(Real Analysis-11)
Full Marks : 32 Time : Two Hours

The figures in the margin indicate full marks.
Candidates are required to give their answers
in their own words as far as practicable.

Group - A
(4 Marks)
1. Answer any four questions : 1 x4=4
{2y Is the function given by
xcos 5 if 0<x <1

f(x)=
0 if x=0

a function of bounded variation? Justify your
answer,

;Iaj/ Define Refinement of a partition.

(¢) Prove that l"[li] = Jn.

P:l‘iD‘
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¢ 2.3
(d) If f:[0,1]— R defined by

f(x) =0, ,IE[U,!JHQ
=1, xe[0,1]nQ
then show that /'is not R-integrable on [0, 1].

. ey

(¢) Show that the improper integral Jﬂm IS
divergent. '

(f) Let f,(x)=xe™, x20. Show that the sequence

of function {f} is point wise convergent on
[0, ) to the function fdefined by S(x)=0,x=z0.

(2) Explain why the Fundamental theorem of integral
calculus can not be used 1o evaluate _I:.:[q:]a‘.r.

Group - B
Answer any fwo questions ; L 3x%2=10

: % _coskr _ 1
. Prove that LLE;E k(k+1) "2

. Let )f,{.r]=!ﬂg[ﬂ?+rz],. xeR. Show that the

sequence {/;} is uniformly convergent on R but the
sequence {f,} is not uniformly convergent on R.

- Prove that f:[a,b] >R be a function of bounded

variation on [a, b] if f can be cxpressed as the
difference of two monotonic increasing functions on

[a, b]. 5



{ 3 )

5. Let f:[a,b] >R be integrable on [a, 5). If there
cXisis 2 positive real mumber K such that f(x)z K for
2l z€[ab] then show that } iz integrable on [a, b]

Group - C
Answer any rwo questions - 9x2=18

6. @ Let f:[ab] >R be boundend on [a, 5] 2nd ler
fbcnmﬁmm[a.b]cmeptmainﬁ:niu
subset § [a, b] such that the number of limit
points of S is finite. Then prove that f is
R-megrable on [a, 5] 4

‘ (b) Prove that the even function f(x)=Ix|on
[==] has s cosine series in Fourier’s form as

%—%{Eﬂlri- EI:H3.I+_‘__EB;15I+H_I 3

7. @I [:[a,5] R be integrable on la, b) and f
pOSSESses an antiderivative §.on [a, 6], then prove
that [ /= 4(5)-4(a)

[&nhnﬂimmnfﬁtg:lﬂnhlhu]. 5

(b) Find the length of the perimeter of the cardioi
r=a(l+cosh), 4

& (2) Test the convergence of B function 5
(b) E&mmmwmm 4
G504, . wimy

5
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MATHEMATICS (Honours)
Paper Code : MTMH DC-6
(Linear Algebra)
Full Marks : 32 Time : Two Hours

The figures in the margin indicate full marks,
Candidates are required to give their answers
in their own words as far as practicable.

Group - A
(4 Marks)
1. Answer any four questions : 1 =4=4

(a) Find keRso that the set 5 = {(1, 2, 1),
(k, 3, 1), (2, k, 03} is linearly dependent in B,

Find the dimension of the subspace 5 of ' defined
by

§S= {{x,y*z,w}e B'ix+y+ 3+w=ﬂ}

\/Eé}‘ If o,p be two érthﬂgcsnal vectors in a Euclidean
space ¥, then show that

oo+ BIF=lel? +IBIF

BT,
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( 2 )

\ﬂ{im[ the range ol the linear lransformation

R — R given by
T(x,0,2)=(x+z,x+y+22 20+ y+3z)

(e) If {u|1 My,.... i, be an orthonormal set, prove tha
for any veV, the vector w=v-<v,u > Uy -
<Vl >y —...— <v,u,_>u, is orthogonal 1o each
of the u,

(f) Let 3 be an eigc:nﬁlue of a linear operator T on
an inner product space V. If 7° =7, then show
that |L|=1. '

_,@fm T:R* — R*be a linear transformation given
by

T(x,x,)=(x+x,x—x,x,)
Then find rank T.
Group - B
(10 Marks)
Answer any iwo questions. 5x%2=10

2. 1F U/ and W be two subspaces of a vector space V
over a field F such that UNW ={0}and if
{a, ey, .t} and Bis By v B} be respectively
the bases of U and W, then show that {w,, o, ...., &,

-

I | PR ﬂ,,} is 0 basis of U + W, 5



¢ =3 )

> Determine the linear mapping 7: B° — B’ which maps

the basis vectors (0, 1, 1), (1, 0, 1), {1, 1, 0) of R’
o (1, 1, 1), (1, 1, 1), (1, 1, 1) respectively. Verify that
dimker T + dim ImT = 3. 3

4—Find the algebraic and geometric multipliciiies of each
eigen value of the matrix

2 21

1 3 1

1 2 2 g
5. If T:¥ =¥ be a linear transformation, show that the

following statements are equivalent :

() Range T KerT ={0}

@) If 7(T(v))=0 then T(v)=0,veV. 3+2
Group - C
(1& Marks)

Answer any fwa questions. Ox2=18

6. (a) If V' is a finite dimensional inner product space and
W is a subspace of F, then show that

V=Wwew'. , 3
(b) Let T be a normal operator, Prove :

(@ T[u}:ﬂ i and only if 7°(v)=0

() 7'=Af 15 normal 242

PT.O,
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( 4 )
7. (a) Extend the set of vectors {(2, 3, -1}, (1, -2, -
4)} to an orthogonal basis of the Euclidean space

F’ with standard inner product and then find the
associated orthonormal basis. 5

V{B{Lm T be the linear operator on R’defined by
T(x,, x;, x3)=(3x,+x,,—2x,+x,,—x+2x,+4x,),

Show that T 1s invertible. 4

8. (ayApply gram-schmidt process to obtain an
orthonormal basis of the subspace of the Euclidean
space [’ with standard inner product, spanned by
the vectors (1,1, 0, 1), (1,-2,0,0), (1,0, -1, 2).

: 3

,icb/ﬁ linear mapping T:R’ — R' is defined by
Nx, x, 5)={x,+x, O+ x, x+rx, x+x+
x), (%4 %50 %) € R’. Find ker T. Verify that the
set {7'(<,),7(&,).T(e,)} is linearly independent
in R*, where &=(1,0,0), e,= (0,1,0) and
&,=(0,0,1). 4




UG Sem (Innuc RCS)
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MATHEMATICS (Honours)
Paper Code - MTMH DC-7

(Multivariage Caleulus & Vector Calculus)

Full Marks - 32 Time : Two Hours

The figures in the margin indicate full marks
Candidates are required lo give their answers
in their own words as far as practicable,
Symbols used in this question paper bears
their original meaning unless stated.
Group - A
(4 Marks)

l. Answer any four questions - 1x4=4

Mhnw that Lt f (x, y} does not exist, where
-0

x=sil)
¥

b

2
X = 3,0
T+ X+ 20

S(xy)={x"+y
-0 i .1:1+_:|u'! =)

J 3
I—i_—-}if - x!+y1;-!ﬂ'
rf(xl}rjz X "'..P .

ﬂ 1 ':.".-.I-l_..."r;|l :2{]‘

then show that £, (0,0) = /, (0, 0). PTO.

Ci-5/4% - BOO



( 2 )

(c) Find the directional denvative of

p=4xz =3x%yz at (2, =1, 2) in the direction

27 -3 +6k.
- R el
411}/ Evaluate [1 [ drdo.

(e) Evaluate [[[dxdydz where V is the tetrahedron
bounded by x =0,y =0,z=0, x+y+z=1.

_(Jﬁmw: that Curl{grad ¢) =0

(g) State Gauss divergence theorem.,

Group - B
(10 Marks)
Answer any fwo questions : 5x2=10
\A{}W that the necessary and sufficient condition that a

nonzero differentiable vector fiunction. f {;) to possess

the constant magnitude is that JF‘%_E. =0.

3. Ewvaluate the line intﬂgml SEr _F.ﬂ'F h}l‘ Stokes theorem
where T being the boundary of the rectangle 0<x < Z,
0<y<2 z=1and f=sinzi —cosxj +sin yk.

%



N I

'!/h.uw:lml PO -

0 ; (I,y:l:[ﬂ.ﬂ}

has directional derivative a1 (0, 0) in any direction
B=(l,m)where !’+m'=1but fis discontinuous at

(0, 0).
5. Show that if —+~‘E:- 5—=l, the maximum value of
ﬂ E

B e
xz is “‘V :
33

Group - C
(18 Marks)
Hnswcr;nymp questions : Ox2=18
6. (a) State and prove Schwarts Theorem. 6

lad

(o) Show thar [, [ {(x=1)" + »*edy =%

7. .,La(ﬂlﬂwﬂ'lﬂ Viog' = =7
r

where 7 =xi +yj+zk and r={7|. 4

.jﬁj Use Greens theorem o evaligte 55[ {.1'_1«:.&: 1_1.-".;}-)
where I is @ square in the xy plane with vertices
(0, 0), (0, 1), (1, 0) and (1, 1). 5
PT.O.
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1
3

5, @7/&1 V =sin™

=1 o a3’V 3V _tanV (13 , tan’V
R R [1 Y. J

. Prove that

5

-?b/j-rr-gw ._I+E]J. and g =(2r - 3)1+j—-h{:

i d( = de . ;- e
then prove that E[fxﬁ)a';i-ﬁ;ﬂhlk at

o o



