B.Sc. (Part—III) Semester—V Examination

MATHEMATICS (New)
(Mathematical Analysis)

Paper—IX
Time : Three Hours] '
N.B. :— (1) Question No. 1 is compulsory. Attempt
(2) Attempt ONE question from each Unit.

1. Choose the correct alternatives :

once.

AW-1736

[Maximum Marks : 60

(i) Letf: [0, 1] & R be Riemann integrable. Which of the following is always true :

(a) fis continuous
(b) fis monotone

(¢) fhas only finite number of discontinuitics

(d) the set of discontinuties of { may be infinite ?

i ; ; rd : ;
(i) An improper integral J‘—}: ,a € R isconvergent if :
X

a

@ p<l () p>1
© p=1 d p=1 1
(i) B(m,n)is:
_ [(m + n)
(@ [m[n O =
[m [n [m[n
© Tm+n @ (m — n) :
(iv) In the real line R. which of the following is true ?
(a) Every bounded sequence converges  (b) Every sequence converges
(¢) Every Cauchy sequence converges (d) None of the above 1
(v) Every neighbourhood is a/an :
(a) Closed set (b) Open set
(¢) Open closed sct (d) None of the above 1
(vi) A function u(x, y) is harmonic in region D if :
@ u, - u, =0 (b) u, tu = 0
) u,-u, = 0 d u + U= 0 1
YBC—I15304 1 ' (Contd.)



L

(vi) The function f(2) = \_fr Xy | 18 _at the origin.

(a) Harmonic function (b) Analvtic function

(c) Conjugate functior. (d) Not analytic finction

(viit) If f(z) and f(z) are both analytic functions then f(z) is :

(ix)

(X)

(a)
(b)

(c)
(p)

(9

b
(r) If fis continuous and non-negative on [a, b], then show that jf(x) dx=20.

(a) Identically zero (b) Constant

(¢) Unbounded (d) None of the above
The points z where |e*! = 10 form a :

(a) Circle (b) Straight line

(¢) Hyperbola (d) Parabola

1

A bilinear transformation with two non-infinite fixed points a and § having Normal form

w—a  [Z-0O
w—B:k Z-P is Elliptic if :

(a) |k|# 1, k is real (b) k=1, k is not real
© |k|=1 (d) None of the aktove
UNIT—I
Prove that every continucus function is integrable.
Let the function f be defined as :
f(x) =1, when x is rational

= -], when x Is irrational

Show that f is not R-integrable over [0, 1] but |f| € R [0, 1].

Show that any constant function defined on a bounded closed inte-val is integrable.

('S

lad

If fis a bounded and integrable function over [a, b] and M, m are bounds of f over [a, b],

prove that :

b
m(b -a) < Jt‘(x) dx < M(b-a),

2

Prove that — < j' dx <1/2.
1

1+ x*

YBC—I15304 2
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4. (a)

(b)

(c)

(@

(r)

(b)
(©

7. (p)

@

()

(b)

~ YBC—15304

UNIT—II

b
d
Prove that the integral I & xa)p converges if p < 1 and diverges if p 2 1. 4
>

“ sin x
Show that I 3 dx converges absolutely. 3

1
Show that Ie" dx converges. 3

0

m|n
Prove that 3(m, n) = i : -
m+ n

x/2 -

Prove that | sin’6 cos‘6 do = —. 3
: 32
Prove that [(n + 1) = n[(n) . 3
UNIT—IIT

If f(z) = u(x, y) + iv(x, y) be analytic in a region D, then prove that u(x, y) and v(x, y) satisfy
Cauchy-Riemann equations. 4
If f(z) and f(Z) are analytic functions, prove that f(z) is constant. 3

Show that u = 2x — x* + 3xy? is harmonic and find its harmonic conjugate function. Hence
find f(z) = u + iv. 3

ou ov)| .[Ou ) .
If u and v are harmonic in region R, prove that Ey- Y t1 . -E:’y_ 1s analytic
in R. 4

If the function f(z) = u + iv be analytic in domain D then prove that, the family of curves
u(x, y) = ¢, and v(x, y) = ¢, form an orthogonal system, where ¢, and ¢, are arbitrary
constants. 3
Determine a, b, ¢, d so that the function f(z) = (x* + axy + by?) + i (ex? + dxy + y?)
is analytic. 3

UNIT—IV
Prove that, every bilinear transformation with two non infinite fixed points a, B is of the
form W& _ 2-¢

, when k is constant. 5
w-p z-PB

Under the transformation w =+/2e™*z, find the image of the rectangle bounded by
x=0,y=0,x=2and y = 3. 5

3 : (Contd.)



9. ()

Q@

10. (a)
(b)

(©)
L. (p)

(q)
(r)

-

Prove that the cross ratio remains invariant under a bilinear trinstormation. 3

. Z -1 . : ; ;
Prove that under the transformation w = —— the region I (z) = 0 is mapped into the

1z -1
region |w| < 1. 5
UNIT—V
Show that d(x, y) = |x — y|, ¥x, vy € R defines a metric on R. 5
Define :

(1)  Limit point

(i) Boundary point. 2
Prove that every neighbourhood is an open set. 3
Define :

(i) Complete metric space

(1) Open set. 2
Prove that every convergent sequence in a metric space is a Cauchy sequence. 3

Let X be a metric space. If {x } and {y } are sequences in X such that x — x and
¥, = y then, prove that d(x , y,) = d(x, y). 5

YBC—15304 E 525
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B.Sc. (Part—II1I) Semester—V Examination
58S : MATHEMATICS (New)
(Mathematical Methods)
Paper—X
Time : Three Hours] [Maximum Marks : 60
Note :— (1) Question No.1 is compulsory and attempt it once.

(2) Solve ONE question from each Unit.

1. Choose the correct alternative (1 mark each) :
() Ifp,(x) is the solution of Legendre’s D.E., then p (-1) is :
@ -1 (b) 1
(© )" (d 0
1

(1) The value of integral IXIPI(X) dx | where p,(x) is Legendre’s polynomial of degree 1,

equals :

5 2 4

@ 3 ®) 33
4.

© 33 C

(iii) The value of J, (x) equals :

) -—2— cos X b 1’ 3— sin x
@ nn ®) nm

nm nm .
(c) ? COSs X (d) "5" sin X

(iv) Eigen functions corresponding to different Eigen values are :

(a) Linearly dependent (b) Linearly independent
(¢) Real (d) None
(v) The coefficient in a half range sine series for the function f(x) = sin x defined on [0, ¢] is
given by :
(a) Isin X €OS n—eni dx (b) {Jcos X COS %X- dx
2 4 2
= [sin x sin 2% d @ - — dx
(C) Eél.l X si ga[SIIlXSIn 7

YBC—15305 ] (Contd.)



(Vi)

The function {(x) = (-sin x) is :
(a) Odd (b) Even
(¢) Even and Odd (d) None of these

(vii) IfLf(t)] = F(s). ther. L[f(at)] is :

(viii) The value of L"lr——l —-‘ 153

1 (s
(a) F(s-a) ® S F

; i - aF{E]
(© F[EJ @ 2F|;

$—a|
(@ |1 (b) t
(c) ¢ (d) e*
(ix) The Fourier sine transform of f(x) =e ™ x 20 1is :
A A
@ 7.3 ® -2
Ph b
© 1% @ 1%
(x) IfF[f(x)] = F(X), then the Fourier transform of f(ax) is :
A 1 ( l]
F| = —F —[,a=0
(a) [a) (b) lal \a,
(c) —E-F(l) a0 (d) LF[—}—] az0 10
7| a la] \a
UNIT—I
2. (a) Show that p (x) is the coefficient of h" in the ascending po'wer series expansion of
(L=2xh+ W)= 5
(b) Prove that np, = xp. = p, . 3
, 1 2
(¢) Prove that x° = -3-pu(x) o p,(X). 2
YBC—I15305 2 (Contd.)
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3. (p) Prove that I[pl (x))’dx = i : D
2 2n +1
d“ 2 n
(@) Prove that p (x) = —x" =-1". 5
' 2"n! dx"
UNIT—II
2 (sinx
4. (a) Provethat J;,(x)= ,’m [ - coS x]. 4
x - X
¥ I —
(b) Prove that xJ, =pJ, -xJ__,. 4
b
(c) Evaluate IJ(,(X) J (x)dx 9
5. (p) Prove that Eigen values of the S-L problem are real. 4
(@) Prove that (XP-JP) =¥ i 3
{ 2
(r) Provethat J ,(x)=,/— cos X. 3
X
UNIT—III
6. (a) Ifthe trigonometric series Qo 4 Z (a, cos nx + b, sin nx) converges uniformly to f(x) in
ne=1]
¢ £ X <c¢ + 2, then find the Fourier coefficient of f(x). 5
(b) Obtain Fourier Series in [0, 2] for the function f(x) = x2. 5
7. (p) Obtain Fourier Series in [-n, «] for the function :
. -t , —-t<x<0
f(x) = { 5
X ,0<x<m
(q) Obtain Fourier cosine series in [0, nt] for the function f(x) = sin x. 5
UNIT—IV
n n d“
8. (a) Prove that L[t"-f(1)]=(-1) FF(S), n=123.. 4
s
(b) Find L[sin t - cos 2t - cos 3t]. 3
n!
(c) Show that L(t")=——,s>0. 3
S
YBC—15305 3 (Contd.)



9. (p) Solve the D.E. v" + 4y’ = -8, y(0) = y'(0) = 0.

1
(q) Find the inverse Laplace transform of (s - 2)(s + .,):‘ by using Convolution theorem.

() Pmve thatL tu,) = s’L(u(x, t)) — su(x, 0) — u(x, 0).
UNIT—V
10. (a) Find the finite Fourier sine and cosine transform of {(x) = sin ¢x in (0, 7).

(b) Find the Fourier transform of the function :

N s |x]=<1
f(x)_{o, Ix|>1

( -
{c) Prove that If'(x) sinﬂgE dx = —rl—‘#l"c(n).
0 2 :

11. (p) Find the Fourier sine and cosine transtorm of the function f(x) =x""', n> 0.

(@) Find finite Fourier cosine trensform of u_and u_; where u = u(x, t).

YBC—15305 4
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B.Sc. (Part—III) Semester—V Examination

MATHEMATICS
Paper—IX
(Analysis)
Time : Three Hours]

N.B. :— (1) Question No. 1 is compulsory.
(2) Attempt ONE question from each unit.

1. Choose the correct alternatives :—-

[Maximum Marks : 60

3

1
U(p. D)
_'U(p’ 0

Constant

None of these

F,-F =0

None of these

o pdx
(1) I‘XT converges to
1
. b
(a) 2 (b)
(c) 2 (d)
(ii) If f be a bounded function defined on [a, b] and p be any partition of [a, b] then
U(p, -f) is : '
(a) L(p, D (b)
() —L(p, D (d)
(iii) If f(z) and f(z) are both analytic, then f(z) is :
(a) Unbounded : (b)
(c) Identically zero (d)
(iv) A function F(x, y) is harmonic in D if :
() F_+F_=0 (b)
(€) B, +E =0 @
VTM 13404 I
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2z+3

(v) If the transformation w = transforms the circle x* + y* — 4x = 0 into S, then

z—4
Sis: : 1
(a) A circle (b) A straight line
(c) The region R (w) = 0 (d) The region R (w) < 0
(vi) A Bilinear transformation with only one fixed point is : 1
(a) Loxodromic (b) Elliptic
(¢) Hyperbolic ; (d) Parabolic
(vii) If {A,} be a finite or infinite collection of sets A, then [ua_[' = I
(@) DA, | (B) - AS
(c) NAq d VYA,
(vii) In the real line R, which of the following is true ? 1

(a) Every Cauchy sequence is convergent
(b) Every sequence is bounded
(¢) Every sequence is convergent
(d) None of these
(ix) A metric space (X, d) is complete if : 1
(a) Every convergent sequence in X is a Cauchy sequence
(b) Every Cauchy sequence in X is convergent in X
(c) Every convergent sequence in X is not a Cauchy sequence

(d) None of these

(x) If B is closed and K is compact, then B n K is : eaph |
(a) Bounded (b) Closed
(¢) Convergent (d) Compact

VTM—13404 : 2 (Contd.)



ARG L 1
(b)

(c)

3.

@

4. (a)

(b)

UNIT—I

If f be continuous and integrable on [a, b] then prove that r f(x)dx= f(c) (b — a),

where ¢ is some point in [a, b]. . 4
If m and M are glb.and lub of f(x) in [a, b] then show that
m(b — a) < L(p, f) < U(p, ) < M(b — a). 3

If f is bounded function defined on [a, b] and p be any partition of [a, b] then prove
that : ' '

(1) U(p’—t):_l-’(p’ﬂ :
@) Lo, -H=-Up . 3

Show that :
(i) Ie"" dX converges if r > 0 and diverges if r < 0. : : 3
4 :
o0 dx .
(i1) I < converges if p> 1 and diverges if p< 1 and a > 0. 3
Using limit test, show that the integrals :
it X
: dx = .
(i) J; Tt and 2
8 T x dx :
(i) 1 3x' +5x2 +1 coverges absolutely. 2

UNIT—I1 :
If w = f(z) = u + iv be analytic in D and z = re®, where u, v, r, 6 are the real numbers

h h @_—l@ d@—»__l.g_u_ 5
tcnprovctalar—raean o T 90°

Separate sin z into real and imaginary parts. Use Cauchy-Riemann conditions to show

- S
that : sin z is analytic. Prove that E(SIDZ)=COSZ. 5

VTM—13404 3 (Contd.)



5. (p)

(q)

6. (a)
(b)
7. (p)
(@
8. (a)
(b)
2
(@)

Find an analytic function f(z) such that

R, {f'(2)}=3x" -4y -3y’

‘and f(1 + i) = 0, using Milne-Thomson method. 5

If f(z) = u + iv be analytic in the region D, where u and v have continuous partial
derivatives upto the second order, then prove that u and v both are harmonic functions.

5
UNIT—I1!
Prove that every bilinear transformation with two non-infinite fixed points o, B is of
the form ——— =K[z—a]’ where K is a constant. 5
w-p z—-P
: : = ; (2+1)z-2 i

Find the fixed points of the bilinear transformation w = gissros el what is its normal
form ? Show that the transformation is Loxodromic. ' 5

Find the image of the rectangle bounded by x =0,y = 0, x = 2 and y = 3 under the
transformation w = /7 ¢4 5 ' 5

Prove that the cross ratio remains invariant under a bilinear transformation. 5
UNIT—IV
If X be a metric space with metric d then show that d; defined by

Cdxy) : )
d(x;y) = 1+d(x,y)’ is also a metric on X. 5

If {x} and {y } are sequences in a metric space X such that x, = x and y — y.
Then show that d(x, y,) — d(x, y). -

Prove that the set A is open if and only if its complement is closed. iy

Prove that the union of two nowhere dense sets in a metric space is nowhere dense.
; &

VTM—13404 4 : (Contd.)



UNIT—V

10. (a) Prove that a mapping f of a metric space X into a metric space Y is continuous on
X if and only if f-'(V) is open in X for every open set V in Y. 6

(b) Let f : R = R such that
X , X is irrational
)= {—x , X is rational.
Show that f is continuous only at x = (. 4
11. (p) Let X, Y be metric spaces and f : X — Y. Prove that { is continuous iff
f-1(B') < [f'(B)] for every subset B of Y, B' = int B. : 5

(q) If f be a continuous mapping of a connected metric space X into a metric space Y.
Then prove that f(x) is connected. ' 5

VTM—13404 5 825
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B.Sc. (Part-111) Semester-V Examination
MATHEMATICS (NEW)
Mathematical Analysis
Paper—IX

Time : Three Hours] ' [Maximum Marks : 60
Note :— (1) Question No. 1 is compulsory and attempt it once only,

(2) Attempt ONE question from each unit.
1. Choose the correct alternatives :

(i) Consider P = (1, 2, 4) be a partition of interval [1, 4| then p(P) is : 1
(a) 1 (b) 0
(c) 2 (d) 4

(ii) Let f be a bounded function defined on [a, b] and p be any partition of [a, b} then
L(p, -f) is : - 1
(a) -U(p, N (b) —L(p. N
(¢) L(p, D (d) Up, D

(iii) An integral Ic_”‘ dx is convergent if : 1

0

(@ r<0 (b) r>0
(c) r=0 (d) None of these

(iv) The value of m is : 1
(@) 172 * 1
© Va d =

(v) If f(z) = (x + ay) + i(bx + y) is analytic then : |
(a) a=b (b) a+tb=20
(c) a=1,b=20 (d a>b

UNW-—27445(Re) 1 {Contd.)



(vi) Let f(z) = u + iv be analytic function and z = re® then C-R equations are : |

1
(@ u =v,u =-v, (b) u, =rvg,ug :_.;vr
1 ]
(€} By Yy =T o (d u=v,u =v,

(vii) A Mobius transformation which is not identity can have the following number of fixed

points : 1
(a) S (b) 4
(c) 3 (d) 2
(viii) A bilinear transformation with two non-infinite fixed points p and q have normal form
w— Z—
——E=k( —EW then BT is elliptic transformation if : 1
w-q Z-9q)
(@ |ki=1 ®) [ki=l
() [k|[=0 (d [kj=2
n
(ix) For any finite collection A, A, ..... A of open sets m A, is: 1
a=|
(a) Closed (b) Open
(¢) Semi open (d) None of these
(x) Every neighbourhood of a point is : 1
(a) Closed (b) Finite
(c) Open (d) ¢

UNIT—I

2. (a) Let abounded lunction f defined on [a, b] is integrable on [a, b] iff for each € > 0 there
exist a partition P of [a, b] such that U(p, ) — L(p, f) < €. Prove this. 5

(b) Let the function f(x) be defined as f(x)= L, xis rallo.nal Show that f is not
—1, xisirrational.
R-integrable over [0, 1], but | f| € R [0, 1]. 5

UNW-—27445(Re) 2 (Conid.)



X
3. (a) Iff e Rla, b], then prove that F : [a, b] = R defined by F(x)= If(t) dt is continuous
a

on [a, b]. If f is continuous at x_ € [a, b], then prove that F is differentiable at x with

Fi(x) = f(x,). - 5
(b) Prove that every continuous function is integrable. 5
UNIT—II

4. (a) Let f(x), g(x) € C,a<x <o and 0 < f(x) < g(x), » x 2 a. Then prove that :

(i) Jg(x)dx <= If(x)dx <o and

a a
(ii) Iﬂx)dx=m:> Ig(x)dx=oo, "
a a
? 2
(b) Show that - dx is convergent. 3
5> VX' +1
 sin X
(¢) Show that 5—-dx converges absolutely. 3
X

i
5. (a) Prove that :

[1/2=+x. ¢

(b) Evaluate :

B B 6
-
I - _xzr)dx 3
Joa+x® '
(¢) Show that :
2
B(m, n) = 2 Isinzm'lﬁcoszn' '0dx . 3

0
UNW--27445(Re) 3 (Contd.)



(b)

{a)

(b}
{c)

14 (a)

(b)

11. (a)

L§

UNIT—III
Prove that a necessary condition that f(z) = u + iv be analytic in a region D is that
u =v and M, SV 5
Show that the function w = ¢ is analytic function and find %E. 5
L
If the function () = u + iv is analytic in D then prove that families of curves
ulx, y) = ¢, and v(x, y) = ¢, form an orthogonal system, where ¢, and ¢, are constants.

73

4
If f(z) and f(z) are analytic functions then prove that f(z) is constant. 3
Show that w=c¢” is not analytic function for any z. 3

UNIT—IV

Prove that the bilinear transformation is a combination of translation, rotation, stretching
an inversion transiormation. 5
Consider the transformation w = ze'=* and determine the region in the w-plane corresponding
to the triangular region bounded by the lines x =0,y = 0 and x + y = | in the z-plane.

5
Prove at cvery bilinear tansfour ation w ith single non-nfinite fixed point @ can be

I l

sut in the normal form — e +k, where k is constant. 5
W -0 =10

Find the bilinear transformation which maps the points z = 1, i, ~1 into the points

w=20,1, o 5

UNIT—V

1
Let the mapping d : ¢[0, 1] x ¢|D, 1] = R be defined by d(f,g)= jlf(x)-—g(x)idx.
0

Show that d is metric on ¢[0, 1]. 5
Let X be a metric space. If {x } and {y } arec sequences in X such that x — x and
¥, = ¥ then show that d(x, y) — d(x, y). 5

Define neighbourhood of a point in a metric space X and prove that every neighbourhood
of a point is open set. 5
Prove that every convergent sequence i1s Cauchy sequence and give an example of
sequence which is Cauchy sequence but not convergent. 5

FINW—27445(Re) 4 400
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B.Sc. Part—I1I Semester—V Examination
MATHEMATICS (NEW)
(Mathematical Analysis)

Paper—IX

Time : Three Hours] [Maximum Marks : 60

N.B. :— (1) Question No. 1 is compulsory.
(2) Attempt ONE question from cach Unit.

1. Choose the correct alternatives :(—

(i) IfP,=(1,2,4)and P,= (1, 3, 4) be two partitions of [1, 4] then common refincment of

P| and l’2 is : ]
@ (1,2, 4) () (1,3, 4)
() (1,4) (d (1,2,3,4)

(i) Let F be bounded function defined on [a, b] and P be any partition of |a, b], if « < 0 is
any real number then U(P, a ) is : I

@ alL®1) (b) a U, 1)
(c) U, I) (d) None of these
b _
(i) An improper integral _[ dx is divergent if : 1
S (x—a)
(@ p=2l (b) p<1
() p='4 (d) None of these
(iv) B(m,n)is: 1
i . B
@) min () Im+n
fmin _
— - min
(c) el (d) 'min
(Contd.)

VOX 35304 1



(v) A function u(x, y) is harmonic in D if : . 1

(@ u, tu, = 0 (b) u,~u =0
(¢) u ,+tu =0 (d) u_- u =0

(vi) Let u, v be feal valued function defined on IR? and f(z) =u + iv: f(z)=u iv. If ['is an
analytic function and f'is not constant, then : 1
(a) T is always analytic (b) [ may or may not be analytic
(c) T is never analytic (d) f+ [ isanalytic

(vil) A bilincar transformation w = :z:: is conformal if : 1
(@ ad —bc=0 (b)) a#0,b=0
(¢) ad ~bc#0 (d ¢c#0,d=0

(vii)) A bilinear transformation with two non-infinite fixed points a &  having Normal form
o Y Z_u} is Hyperbolic if : |
w-p Lz-p P
(@ |K| =1 (b) K| =1, K is real
(¢) K| # 1, K is not real (d) None of these

(ix) Let (X, d) be metric space and AcX. Ais nonempty the diameter of A is d(A) if A is
unbounded then : 1
(@) d(A) <= (b) d(A) = -~
) d(A)=o d) d(A) =1

(x) Let A be a nonempty closed subset of metric space (X, d) then A is : ]
(a) open (b) closed
() ¢ (d) None of these.

UNIT—I
2. (a) Prove that if f(x) is monotonic function in.|a, b] then it is integrable on [a, b]. 4
b b
(b) Iff, g eRJa, b] and f(x) < g(x), ¥ x €|a, b, then prove that If(x)dx < Ig(x)dx. 3
(c) Show that any constant function defined on [a, b] is integrable on [a, b]. 3

VOX—35304 2 (Contd.)



(a)

L2

(b)

(c)

(b)

()

(b)

(©)

(b)

If a function F(x) is continuous on [a, b] and F(x) is continuous and differentiable on |a, b|
b

with F'(x) = F(x), x € [a, b], then prove that ! F(x)dx = F(b)—F(a). ' 4
Let f(x) be a bounded function defined on [a, b] with bounds m and M. Then prove that :
m(b —a) < L(P, f) < U(P, f) < M(b — a) for any partition P of [a, b]. 3

Define Darboux Upper and Lowers sums for bounded function f(x) defined on [a, b| and
find them for function f(x) with bounds m =1, m,= 2, m,=3, m,=4 and M = 2,

M, =3, M, =4, M, =5 for the partition P = {1, 3, 4, 5, 6} of [1, 6]. 3
UNIT—II |

Prove that j Lpdx converges if p> | and diverges if p< 1 and a> 0. 4

a X :

o 3
Show that J —— dx is divergent. 3

Vx' +1

Show that i dx is Absolutely convergent. 3

J'_J. Vi+x? '
Prove that B(m, n) = fmin 4

m+n
| .

Show that [x(I-x) dx=/8. 3

0

1 | n-1
Prove that M = I(log;)- dx, 3
0
UNIT—III
If f(z) = u(r, 0) +iv (r, 0) is analytic function in D, then prove that y_ =lv0 and v, = —luO,
r r

CR equations in polar coordinates. 5
Using Milne-Thomson method construct analytic function f(z), whose real part is
¢*(x cosy + y siny). 5

VOX—35304 3 (Contd.)



(b)
(c)

(b)

9. (a)

(b)

10. (a)

(b)

(c)

11. (a)

(b)
()

Let f(z) = u+ iv be analytic in the region D, where u and v have continuous partial derivatives

upto the second order. Then prove that u and v are harmonic functions. 9
T - F i i 5 s ("(U\) =1 &
If w=u + ivis analytic function in the region R, then prove that — ) =) . 3
o(x,y !
B3 o g, dw  ow
If w = u+ iv is analytic function in D, then prove that i v 2
z O
UNIT—IV
Prove that the cross-ratio remains invariant under bilinear transformation. 5

Find the image of the rectangle bounded by x = 0,y = 0. x =2 and y — 3 under the

transformation y —e™4 /2 . 5
Prove that every bilinear transformation with single non-infinite fixed point a can be put in

) 1 1 ;
the normal form = + K, where K is a constant. 5
w-Q Z—

Find the bilinear transformation which maps the points z = 1, i. -1 into points
w =1, 0, -1 5
UNIT—V
(0 if x=y
[.et X be an arbitrary non-empty set. Define d by d(x, y) = * e show that *d’ is
metric on X. 5
Let (X, d) be a metric space and x, v, x', y' € X. Show that
[d(x, y) = d(x', ¥)] £ d(x, x") + d(y, ¥").

Define -—

ol

() Limit point

[~

(1) Interior point of a set A.

wi

Let Y be a subspace of a complete metric space X. Then prove that Y is complete <> Y i

closed. 5
Prove that every neighborhood of a point is open set. 3
Define :—

(1) Cauchy sequence

(i) Complete metric space. ' ' 2

VOX—35304 4 75



AV-1782

B.Sc. (Part—III) Semester—V Examination
MATHEMATICS (NEW)
Paper—IX
(Mathematical Analysis)

Time : Three Hours] [(Maximum Marks : 60

Note :— (1) Question No. 1 is compulsory and attempt it once only.

(2) Attempt ONE question from each unit.

1. Choose the correct alternative :

O]

(i)

(iii)

(iv)

)

Let P = (1, 3, 4, 5, 6) be a partition of [1, 6] and if M, =2, M, = 3, M, = 4,

M, = 5 are lub’s of F then U(P, F) is : - 1
(a) 11 (b) 10
(c) 12 (d) 16
Let f be a bounded function defined on [a, b] and P be any partition of [a, b}, P* be
refinement of P. Then L(P, f) and L(P*, f) satisfy : 1
(a) L(P, f) < L(P*, D (b) L(P, f) = U(P*, f)
(c) L(P, f) 2 L(P*, f) (d) None of these
®
An improper integral I : dx converges to : 1
i 1+x?
@) x (b) —x
() x d o0
©
An integral J‘e_kx x"dx s 1
0
@ k'[n (b) kT
(c) k" (d) f:
If a function f(z) = u(x, y) ¥ iv(x, y) is Analyt'ic in a region D, then : I
(@ u=uandu =v, (b) u =-u and u = -v,
() u = vy'and i, = =¥ (d) None of these

WPZ—8279 | (Contd.)



dw

(vi) If w = u + iv is analytic function in D, then dz is : 1
(a) ‘%:; (b) %%
ow ow
(c) T8y @ =
(vii) A Mobius transformation w = az, a is real number, is : 1
(a) Rotation transformation (b) Magnification transformation
(¢) Translation transformation (d) None of these
(viii) A bilinear transformation with only one fixed point is : 1
(a) Loxodromic (b) Parabolic
(¢) Elliptic (d) Hyperbolic
(ix) For any collection of {A } open sets, U A s 1
«
(a) Closed (b) Open
(c) Semi-open (d) None of these
(x) A metric space (X, d) is complete if every Cauchy sequence in X is : 1
(a) Bounded (b) Unbounded
(¢) Convergent (d) Divergent
UNIT—I

(g

(a) Prove that a bounded function f defined on [a, b] is integrable on [a, b] iff for any
€ > 0 there exist a & > 0 such that for every partition P of [a, b] with p(P) < g,
UP, ) - L(P, f) < €. 5

(b) If fis function defined by f(x) = x on [0, 2], then show that f is integrable in Riemann

2
sense over [0, 2] and J‘f(x)dx=2‘ 5
0

b
3. (a) Prove thatif fis continuous and integrable on [a. b], then If(x) dx =f(c) (b —a) where
d

¢ is some point in [a. b]. 5

_ o ‘ 1 . xisrational
(b) Let the function f be defined as f(x)= . Show that f is not
—1, xisirrational

R-integrable on [0, 1]. But | f| € R [0, 1]. 5

WPZ—8279
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(b)

(©)

(b)

(c)

6. (a)

(b)

(b)

(®)

UNIT—II

b
Prove that I

a+

> dx converges if p < 1 and diverges if p = 1. 4
(x —a) ;

1

a0
Test the convergence of I

dx . 3
3 x2 -1
® X
Show that I erx is convergent. 3
|
Prove that :
= m-1 @ n-1
Bom,m)= [ Z——ax= [ . 4
’ (l & x)m+n 3 (l+ x)m+n
Evaluate :
I\& e—y; dx . ' 3
0
Prove that :

v &

ferxmtax=[n/ke 3

0

UNIT—III
Prove that if {(z) = u(x, y) + iv(x, y) is analytic function in region D, then u = v, and
u = -v_in D. 3
Prove that u = y* — 3x%y is a harmonic function. Find iis conjugate and the corresponding
analytic function {(z) in terms of z. 5
If the function f(z) = u + iv is analytic in the domain D, then prove that family of
curves u(x, y) = ¢, and v(x, y) = ¢, form an orthogonal system, where ¢, and c, are
constants. 5
Show that the function f(z)=,/|xy| is not analytic at the origin, although C-R equations
are satisfied at origin. 5
UNIT—I1V
Prove that cross-ratio remains invariant under a bilinear transformation. 5

Let D be a region in z-plane is bounded by x =0, y =0, x = 2 and y = 1. Find the
region in w-plane into which D is mapped under the transformation w = z + (1 — 2i).
5
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9, (a)

(b)

10. (a)

(b)
(©)

11. (a)

(c)

WPZ—8279

Prove that every bilinear transformation with two non-infinite fixed points p, q can be

put in the normal form where k is constant. 5

W _.p:k(z—p\
W-q \Z-4,

Find the fixed points of the transformation w = = 1 . state whether it is elliptic, hyperbolic

z+1
or Loxodromic. Find also its normal form. 5
UNIT—V

If p is a limit point of a set A, then prove that every neighbourhood of p contains
infinitely many points of A. 4
Show that d(x, y) = | x —y |, ¥ X. v € R defines a metric on R. 4
Define :

(1) Open set

(ii) Closed set. 2
Detine a Cauchy sequence in a metric space and prove that every convergent sequence
in a metric space is a Cauchy sequence. 4

n

Prove that for any finite collection A, ....., A of open sets ﬂ A, is open set. 4

i=1

Define a metric d on a space X.

ta



AT-375

B.Sc. (Part-III) Semester-V Examination
MATHEMATICS (NEW)

(Mathematical Methods)

Paper—X
Time : Three Hours] [Maximum Marks : 60
Note :— Question No. 1 is compulsory and attempt it once and solve ONE question from
each unit.
1. Choose correct alternative (1 mark each) : 10
(1) The value of P!(1) is :
(8 n (b) n+1
1
(¢) n(n+1) (d) '2:“(“”)
(2) If P (x) = x, then the value of n is :
(a) 0 (b) -1
(¢) 1 (d) None
(3) The value of [J;2(01 +[J1p())” is :
& | iy 2=
@ — (®) -
T
© 3 (d) Zero
(4) Each eigen function y (x) corresponding to the cigen values A (n = 1, 2, .......) has
exactly zeros in (a, b).
() n—1 (b) n
(¢) n+1 (d) One
UNW-—27447(Re) 1 (Contd.)



&)

(6)

(7)

(8)

(9)

The function cos x has period :
(a) 2m (b)

(d)

y X
© 3

n

None

If the Fourier series correspond to an odd function f(x) in [-L, L], then its expansion

contains only :
(a) constant terms (b)
(¢) sine terms (d)

If L[f(’t)}=—~3—9 for s > 0, then f{t) is :

2

s+
(a) sint (b)
(c) sin 3t (d)
e - .
I'he inverse Laplace transform of ———— is:
§”+a
(a) sin at (b)
:
(c) 5 Sin t (d)

Shifting property of the Fourier transform is :

(a) F[f(x —a)] = F(») (b)

(¢) F[f(x — a)] = ¢ F(a) (d)

(10) The Fourier transform of f(x) . cos ax is :

(a) F(A + a) + F(A —a) (b)

1
(© 5 [F.+a) - F: -a)] (d)

UNW-—27447(Re) 2

cosine terms
All above

sin 2t

None

— sin at
a

sin t

i
Ffix - a)] = F[;‘J

Ff(x — a)] = e~ F(&)

% [F(A + a) + F(A —a)]

None

(Contd.)



2. (a)
(b)
3. (p)
(@)
4. (a)
(b)
5. (p)

(@)

(b)
7. (p)

(Q)

UNIT—I

Prove that :

1
2
J.[pn(?f)]2 dx =- if m = n.
" 2n+1
Use Rodrigues formula to find P (x), n =0, 1, 2, 3, 4.
Prove that :
(Zn+ 1) xP, = (n+ P, + 0P
Prove that :
‘ n(n +1
for-np Py ax=—202)
i 2n+1)(2n+3)
UNIT—II
Prove that E
d 1
a [Jp(x)] = 5 [Jp—l(x) = Jp+|(x)] 3
Prove that :
XJp=—plp+xJg .
Express J(x) in terms of J (x) and J (x).

Prove that the eigen values of SL problem are real.
UNIT—III

Obtain the Fourier series for f(x) = | x | in (—m, n). Hence show that :

Expand f(x) = 2x — x* in the range (0, 3) as a Fourier series with period 3.

Obtain the Fourier cosine series for f{x) = x> in 0 < x < 2.

. $ ; , I
Obtain the Fourier series for f(x) = cos = in-nt<x<mn

UNW —27447(Re) 3

o Lh wh

(Contd.)



(b)

©)

Q)

(r)

10. (a)
(b)
1. (p)

(q)

UNIT—IV
Find :
L[cosh* t].
Use the transformations of derivatives to find the Laplace transform of cos at. 3

If L{f(t)] = F(s), then prove that I{ v ]: J.F(s) ds, provided the integral exists. 4

' S
Find the inverse Laplace transform of 5 —— . 3
s —a

: ; 1
Find the inverse Laplace transform of ————— by convolution theorem. 3

(s- 2)(b+2)

Use Laplace transform to solve the equation :

d2y dy
—+2—=+y=3tc ' y(0) = 4, y'(0) = 2.
o ¢, y(0) y(0) =2 %

UNIT—V

Find the [inite Fourier sine and cosine transforms of f{(x) = x?, 0 < x < [.
Find the Fourier sine and cosine transforms of x™', n > 0. 5

Find Fourier sine transform of f{x) = e ™, x 2 0. Hence show that :

wn

oo

X

I sinm =lem,nt>0_
1 5 2

0

Show that finite Fourier sine and cosine transforms and their inverses are all Linear
transformations. 5

UNW—27447(Re) k! 400



AU-130

B.Sc. Part—III (Semester—V) Examination
5S : MATHEMATICS (New)
(Mathematical Methods)

Paper—X

Time : Three Hours] [Maximum Marks : 60

1.

Note :(— Question No. 1 is compulsory and attempt it once and solve one question

from each unit.

Choose the correct alternative (1 mark each) :

@

(ii)

(iif)

()

V)

(vi)

If P (x) = (-1)", then what is the value of x ?

(@ 1 ®) -1
() O (d) None
All roots of P (x) = 0 are : '

(a) Distinct (b) Equal
(c) Complex (d) None

What is the value of J_,,z[gj ?

(@ -1 ® 1
() 0 @ =
Eigen functions corresponding to different eigen values are :
(a) Linearly dependent (b) Linearly independent
(¢) Real (d) None
The fundamental period of tan X is :
(@ = (b) 2n
T
© 3 ' (d) None

Fourier series are associated with :

(a) Algebraic functions

(b) Special functions

(c) Periodic functions defined on some interval [
(d) Linear functions

VOX—35306 1 (Contd.)



(vii) The inverse Laplace transform of is :

s—a
(a) 1 : , (b) t
(c) e d)
(viii) The Laplace transform of cost is :
1 S
@ ¢ _ ® ¢
1 ]
(©) ghl () £t =1
(ix) IfF[f(x)] = F(X), then the Fourier transform of f(ax) is :
A X p(A) .
(a) F[;J (b) |alr[a}a 0
L & 1 (A
(c) i?‘l‘(?\.),a #0 (d) mk[;],a;:o
(x) The Fourier transform of convolution of f(x) and g(x) for —oo <x <0 is:
(a) F[f * g] = F[f(x)] - F[g(x)] (b) F[f * g] = F[f(x)] + F[g(x)]
(c) F[f * g] = F[f(x)] - F[g(x)] (d) F[f*g] =F[f(x)] / F[g(x)]
UNIT—I

1
2. (a) Find P,(x) by Rodrigues formula and show that Ix3P3(x)dx = %

(b) Show that [[P{(x)]dx =n(n +1).

dP
3. (p) Prove that nP, = xP, — P,_,, where P, = dxn L

1
(@ Show that jx P (x)dx =0 if m <n.

VOX—35306 2
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2+3
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(b)

5. (p)
@

(b)

@

(b)

©

G))
™

UNIT—II

Prove that xJ|, =—pJ, +xJ,_,.

Prove that .c_ldx. [XPJP(X)]= x"J, 1 (x).

Prove that JF(~x) = (—I)PJp(x), if p is an integer.

Prove that the eigen values of the SL problem are real.
UNIT—III

Obtain the Fourier series for f(x) = x cos x in [-7, 7).

Obtain the Fourier sine series for f(x) = x*in 0 <x <2,

Express the function f(x) = nx — x? as Fourier sine series in 0 < x < n. Deduce that :

| S T R R

Fy iy Pty
Express f(x) = x as a half range sine series in 0 < x < 2.
UNIT—IV
Find L[t"], where n is a positive integer.
Using transformations of derivatives find L[t sin at].
e' sin t
t

t
Find the Laplace transform of dt.
0

3

2
Find L"[S - 3s + 4}
S

Find the inverse Laplace transform of s(s* + 4) by the convolution theorem.

Use Laplace transform to find the solution of the equation :

2
d—? + 9x =cos 2t, x(0) =1, X[E] =—]
dt 2

VOX—35306 3
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UNIT—V

10. (a) Find the finite Fourier sine and cosine transforms of f(x) = e in (0, ). 5

(b) Find F[c"‘] and hence show that :

F[C—'h]=4+—;6'. | 5

11. (p) Find the Fouricr sine transform of f(x) = e—, a > 0. Hence evaluate Itan“‘i ‘sin x dx.
X

0 a

5
(q) Find the Fourier sine and cosine transforms of f(x) = x"e >, n > 0. 5

VOX-—35306 4 775



AV-1783

B.Sc. (Part—III) Semester—V Examination
5S : MATHEMATICS (New)
(Mathematical Methods)

Paper—X

Time : Three Hours]

Note :— Question No. 1 is compulsory and attempt it once and solve ONE question from

1.

(@ 1 (b)
() 0 (d)
1
(1) The integral Ipn(x) P, (x)dx # 0 if :
-1

(@ m<n (b)

(c) m=n (d)
(iii) What is the value of JL.{%J ?

(@ 0 (b)

() m (d)

(iv) The eigen values of Strum-Liouville problem are :

(a) Real (b)

(c) Equal (d)
(v) Every Fourier series is a :

(a) Trigonometric series (b)

(¢) Exponential series (d)
(vi) The fundamental period of sin x is :

(@) (b)

u d

© 3 @

(vii) If L[f()] = '— (s > 0), then f(t) is :
S

(@ t° (b)

(¢) 1 (d)
(viit) Every bounded function is of exponential order :

(@ 1 (b)

() 0 (d)

WPZ7—8280

each unit.

Choose the correct alternative (1 mark each) :
(@ Ifp(x) =1, then what is the value of n ?

[Maximum Marks : 60

-1
None

o | A

Complex
None

Power series
None

2n

None

(Contd.)



(ix) I F[f(x)]=F(}%), then Fouricr transform of f(x —a) is :

(il) Cl"‘["(}-..) (b) eI“‘F(}‘)
{c] e™=F(A) (d) None
(x) The Fourier transform of e * is:
2 1
@ x ® 177
2 1
© 77 @ -7 10
UNIT—I
2. (a) Show that p (1) = 1 and p (-x) = (-1)"p,(x). Hence or otherwise¢ deduce that
p.=1)= =1 . 5
(b) Prove that 2n +1)xp =(n+ 1)p , +tnp_ . 5
3. (p) Provethat:
1
() Ipn(x) dx=0,n=0 4
-1
1
(i) [po(x)dx =2. 1
-1
1
(@) Show that J‘pm(.\()-pr (x)dx =0if m # n. 5
-l
UNIT—II
4. (a) Prove that x.l; = pJp - .xJP L 5
(b) Express J(x) in terms of J (x) and J (x). 5
5. (p) Provethat] TJ(x) = (- [)i’Jp(x), if p is a positive integer. 5
(q) Find all the eigen values and eigen functions of the SL problem y”+ Ay =0, y'(0) = y'(¢) = 0,
0<x<r.
UNIT—III
. .. C .. ) n’ | 1 1
6. (a) Obtain the Fourier serics for f{x) = x? in [-m, n|. Hence deduce that C =7 ¥ 57 + s Foieu
5
(b) Find the Fourier series for the function f(x) defined in -n <x < as :
f(x)z{—x ,—m<x<0
x Ozx<rn
Deduce that :
i + _l + — + — ﬂfl 5
1?3 T8
" WPZ- 8280 2 (Contd.)



7. (p)
(9)
8. (a)

Obtain the Fourier series for ﬁ_; cos x in (0, 2n). Hence deduce that 1 _

Obtain the cosine half range series for the function f(x) =x in 0 <x <2.
UNIT—IV
If L[f(t)] = F(s). then prove that L[e*f(t)] = F(s — a).

(b) Find the Laplace transform of t* sin at.

(c)

9. (p) Find the inverse Laplace transform of

. % cos 6t — cos 4t
Evaluate I —-—t—— dt.

o

6s -4
s? —4s+20

(@) Verify the convolution theorem for f (1) = t, f£(t) = cosh t.

)

Using Laplace transform method, solve the equation :

dly . dy ;
—Z +2L 4t y=3te™, y(0)=4, y(0)=2.
i ey e,y y'(0)

UNIT—V

10. (a) Find the finite Fourier sine and cosine transforms of mx, 0 < x < £.

(b) Show that Fourier cosine transform of f(x) = e ™ is 7%8

1. (p)
@

WPZ—8280

“Ad4

Find the Fourier sine and cosine transforms of x*~1, n > 0.

Find the finite Fourier sine and cosine transforms of f(x) = sin ax in (0, 7).

o

2

n=1

1
(@t )
5
5

525






