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Section I

@i
Y=+ =N, (- »u. =0, is‘ u(x,y,z)=f(x+y+z,xy z) (7 %)
(b) Selve the Cauchy problem .
(3= P +u(x=y)u, =x° =y withthe Cauchy datau =0 on y =2 x. (7 }é)
(&) Apply the method of separation of variable_s to solve the equation #r=fesnbs
goosuivestheproblem w +u=u,, u (\, 0)=4exp(-3x). ( 7 %) k:\‘ S
~ | Section II -
by \

~ v . ~ .
2. Atempt any ore girestien out of the following:

.

s

(2) Show that the equation of motion of a long string is ¥« =% &> where g is the -

gravitational acceleration.

©

() Reduce the equation, +xu, =y to canonical form, and obtain the general solution. (6)
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ARY

N

[lowing:

3. Al(cmpt any}w‘; qwdﬁs out of the fo

(2) Obtain the general solution of the equation

el =20, = 3u, 64, =9(2x- ») o
+u=()
: . Ju. +7U y+2uy),+ u, o
() Transform the equation T i - |
Yer =CV,¢ = constant by introducing the new variablc Wherg o n
undetermined coefficients. 6
(¢) Obtain the general solution of the equation iy, * 2ty +u,,, =0, o

p W Section III
4 Attempt any r/:rea(c‘)u( of the following:

(a) Oi)tain the solution of the following Cauchy problem

Uy = gttt

with initial conditions

w(x0)=x, wlx0)= Sina

(b) State and derive celebrated L'Alembert solution of the Cauchy problem for
' I the

one dimensional wave equation.

(c) Solve the initial value problem:

U = iy O v emtn
wlr O =sinvyu,x == ax, oc¢
w0 =u(z ) =0, £,

(d) Solve the problem:

w(w )= flojony 4 x

'
i

—
ey
O"m
=]
i

LN

-

wlx ) = gfvlony

where f{0) = g(4)

3l Section IV
5. Attempt any three qfesﬁ'ens outof the following;

(a) A string of constant tension T' and density

from 0 to / and is fixed at its en

released. Determine the equation of the displacement of this plucked stri
string,

% 2T .
pwith ¢?=T f stretched along the x-axis

d points. The string is raised o a height h at x = a and then



ve the uniqueness of the solution of the problem:

IS LIBRARY
| A
DL O<x<l, 150, y L 7
U t!{ . 0< < \4_ “._
u(x, 0=/ (%); £x<d, . \’/_/,_-_}j/ iy 7
u(0,1)=0, u(£.1) =0, 120 “lew =~
© Determine the solution of the initial value problem
u,=c’u,+x, O<x<l, 1>0,
u(x,0)=x, 0<x<]
u,(x,0)=0, 0<x<l, (T

u(0,0)=0, u(i,r)=] 1z0.
(d) By using the method of separaticn of variables, solve the telegraph equaricy

u,+au +bu=c'u_, O<x<l, t>0,
u(x,0)=f(x),0<x<],
u,(x,0)=0,0<x<],
u(0,£)=0,4(L,)=0,

M

v

1>0.
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IN

‘ . (a) Define Upper and Lower Darboux sums of a bounded function / on [a,h]. Show that a
bl iff for cach & » 0 there exists a partition 7 such that

[} .y
pounded function / on [a,b]is integra

u(/s P)- L(/: P)<e . (6)

(b) Find the upper and lower Darboux mtu_mls for /(x)=x"on the interval [0,6],5 -0 (6)

(0)

(c) Show that every monotonic function / on[a,b] is integrable.
2. (a) Let /bea function on[a,0]Jf a<c<band fis integrable on [a,¢]and on [e,b] then ,1/)/\/,./.’/‘1%/*/'
(6)

f is integrable: on [a,b andf jﬂ'fj

y

(hat is not integrable for which |/] is integrable.

| (b) Give an example of a function f on [0,1]

‘ Justify your answer. ' (6)
h b
(c) Suppose f and g are continuous functions on [a,b] such that J' S = J ¢ . Prove that there
exists x in [a,b]such that S(x)=g(x). (6)
3.(a) Discuss the convergence of the following improper integrals:
) T——:i[-d/ (i) Tsinldz | (343)
3+t L



(O) Let pog e Rop =0, 0. Show that

(0}

(&
Bp.g) =2 '{(sinu)"' '(cm‘u)"’ Vi

0'

(¢) Define Gamma function. Show that

(1) () >0 for al $>0,

DT +1) = 5T forall 550,
(O)

() = (n=1)! forall neN.
f > converges only pointwise

4. (@) Let J,(%) = = for x > 0. Show that the sequence
+X"
(7

on [0,1] and converges uniformly on [0,b], 0 <b <1,

~l s | " <y el s

__(b) Show-that -thc'scc{&énwf,,(.\'y X+ forxeR NnéNa Shoaw I M
‘ 5 n converges uniformly on R but the

4 (‘]w‘/
(7

HrC A an
)/1/ oy 2.(‘ ¢
<\‘ﬁ’/\ﬁ\ Yy )
sequence - _f)l > does not converge uniformly on R,
A\l

(¢) Let<f>beq sequence of functions on R[a,h] and suppose that </,> converges
h h
(N

J

uniformly on [a,b] to f; Then show that JeRla.b] and J‘f !in)ff

5.(a) Let <> bea sequence of bounded functions such that lim /, (x) = /(x), x ¢ [a,b] and let
Ao Wk £ £
)= f(x)]. Then fy converges to funiformly on [a,h] if and only if

I/, = 1= suwp | £,(x
N
(6.5 )

i xelah)
- If,,—f||—)0asn-)oo.
(b) Show that the series Z,;,
no+x

is uniformly convergent on R, (6.5)

(¢) Define Exponential function Eon R. Further show that
(i) E is strictly increasing on R.
(0.5)

(i) E(x+y)=E(x) E(y) forallx, y c R.

_ v &
b P o
/ \‘n_ Lo O v ’\ N AN -
' ) S oan K

Z £, 7 Comvenyps W
? v AN
Apes nodf  tevitn A ¢ \ ¥

j
L=
s



S0P that f(x) = ZO a,x"  has radius of convergence R> (. Then prove that
u n=
@

I fde=). ;%x"*' for [{<R. ©

0 n=0

Jogll—x)=—3~x" for x| <1 and hence establih the identiy
Sllo“' tha - asl 1

=1——’];'-+——-‘+'5——g+ ........ (6)

E‘,chl\i.-‘“_t\./c-'l,
X =
ate
no—2 _ for |x]<1 andEvaluat

© e (—1)"n ]
0 Z’"‘ (i) Y~ ©)

b) n=l
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and W.; r:-.'.pt-,/,fi'mly,

06, (a)letV and Wb
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(b Let 7?7 ¢ and 1’ J¢* e the linear lr:xn';frnnmtirmf, defined by
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oy
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o ane, cxplain? (6.5,6.5,6.5)

What i y(2,4) "1 T one
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nstructions for candidates:

(write your Roll No. on the top immediately on receipt of this question paper.)
Attempt five questions in all.
Question number 1 is compulsory.

1. Attemptany five questions . 5X3

a) Whatisthe peak inverse voltage (PIV) of a diode ina rectifier? Why is full-
wave bridge rectifier preferred over a centre-tapped full wave rectifier?

b) Define current gain & and current gain p of a transistor. Derive the
relation between them. \ "

¢) Define DCload line of a transistor, How is it obtained?

d) Discuss Barkhausen criterion for self-sustaining oscillations in transistor
psciHators. )

e) Whatare polar and non-polar molecules?

f) Distinguish between dia, para- and ferro- magnetic materials.

g) Derive the equation of continuity V.J + %ﬁ ~0 from the Maxwell’s
- ¢

equation, where the symbols have their usual meaning.
h) State De- Morgan's theorems and simplify the following expression:

—__——‘—-:7
(ABC).(ABC)
2.
a) Whatisan electric dipole, Deduce the expressions for its electric field at
an axial point and an equatorial point. Obtain the ratio of these fields. 11
b) State ag_. W Gauss law in electrostatics. 4
3, ! )

a) Explain hysteresis in magnetic materials. Obtain an expression for energy
loss during the magnetising cycle. 8



lain the laws of electromagnetic induction, Explain howr Lens’s lan

Exp
gives direction of the induced emf in the circuit, /
)

i pescribe the path of a charged particle moving in a uniforen agnetie
fleld and also0 show that there is no gain in enargy in the process, %

b) Ghow that the force per unit length between Ywe parallel vires Carefing,
AN

[ and 1, separated by distance d isgirenty /
s

currents /i

6 ) praw the circuit diagram of a half-wave rectifier, £ zplain its Horving
praw the corresponding input and the output wiavetorme, Wit is the
frequency of ripple in its output? Derive the e/pression for the ripple
factor of @ half wave rectifier, C i 10

b why do we need filters in a power supply? U’r’mu@s :’rﬁz deperndenice of
|oad resistance on ripple factor in the case of shunt capacitor, series

inductor, LC section and 7 filter, '3

WH Uiodeuged-arayultage repulaloid . Y

B a) What do you understand by negative and positive feedback in an
amplifier? Discuss the importance of negative feedback in an
amplifier. =+
h) Discuss the hybrid equivalent circuit of a transistor in a two port netwon,
i wpressions for various hybrid parameters 2
Write the exp : a 0. y ’rld parameters. % %
C)W-gmm%fitfﬁdﬂlrdﬂrfﬁffhmTW&MIF?‘TW}G’,
Derjyeap€xpre ssiomfor-the-stapility factat, -l
7.
a) Draw AND, OR and NOT logic gates in terms of universal gate. L ﬁ C‘]
_m_gmpmythefoiiowingﬁoaleanfxpmMn: — @
¢) Convert 1110111.0111 into its decimal, octal and hexa-decimal &
equivalent. =
_y{;t)---»Represernt'-"o*EﬂﬁtO'its 2's complementform, -3
oesa—haﬁaddefdrcmrﬂﬁfefemﬁomzwuadde%yﬁ%me
their-respective-truthtables.™ 7 T ~2-
SOHU S
SN
I ©
1 %
- RY %}
i &/
P ~',
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SECTION - |

Attempt any two parts out of the following.

1. (a) Obtain the general solution of the equation

(z* —-2yz —y:)p+x(y+ Z)g=x(y-2).
Find the integral surfaces of this equation passing throggh (1)

the x-axis, (ii) the y-axis, (iii) the z-axis.

(b) Solve the following initial value_: system:

U tuu . =e'v. v, —av_=0

“with #(x,0)=x and v(x,0)=e".

o | —
\ A

N

tJI——I

P.T.O.
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NSECTon 1

Attempi any one part out of the following,

) . . : ; . .
= (8) Show that the cquation ot motion of w one-dimensional wave

cquation s W, = v’uu where ¢ !/;“ ((')

(b) Derive the Laplace equation of motion, (0)
- Attempy B Iwo parts out of the following.

3. () Find the chnmclcristics. characteristic coordinates and reduce

low to the canonical form:
ot (sech' o, =0, (0)
(b) Transform the following equations to the

the equation given be

form:
Vep =€V, € =constant, W=t 3u -~ u Lru=(
by introducing the new variable v = ye ")

. where a, b
are undetermined coefficients.

(6)
(¢) Determine the general solution of the equation given below:
Ju  + l()un_ +u,, =0 (())

SECTION ~ 11
Atrempt any three parts out of the following.

4. (a) Determine the solution of the equation:
Llul=u  +au +bu, +cu= f(x.y)



3

where a,b,c and f ¢ diffe}entiable
some domain D* under the boy

. ndary Conditjey,,,
u, are prescribed along g, Curve ('

Nthe xy plane, Wy
(b) Solve the Goursat Problem

VU, ~xyy

unctjgy,,, of (, V)it

H ”Hﬂ " BT

w YV, +x3uy =0, x40,
u(x, %)= £(x) o Yi4xt o Jor G-, .
u(x,y)=g(y) on x = Jor ()5};?4,

where f (0)=g(4 ).

(7)
(d) Solve the Cauchy problem for the non-homogeneous wave
equation -

4, = czu,,_, +e',
with the initial conditions:

u(x,0)= 5, u, (x,O): xz-

SECTION = [V

Attempt any three parts out of the Jollowing.

(a) Solve using the method of separation of variables:
a
> U =hku,,0<x<l, t>0.

U 0.,[):0 2 [20
u([,[_):l .20

(7)
i 7 x<I/.
ux,O)zsmzl.- 0<x

P.'T. 0.



4
(0 Using the method of separation of variables, discuss (he
problem of vibrating string:
m,=ctu =00 0<x<d . >0,
u(x.0)= £(). u,(v.0)= g(x). 0sxs/.
u(ﬂ.f)zu(/,r):o. (>0, (7)

(«©) Dctcrm.i’ne the solution of Initial Boundary Value problem:
u, =c“‘un +x7, O<x<l, 1>0,
u(x.0)=x, u,(x0)=0, 0<x<l.
u0.0)=0,  wle)=1. >0, (7)

(d) Find the solution of the plucked string of length / equa-
tion given by:

.
H” =-C lel_ = 0

u(.\‘.O)= 0,
W ex<a
a
u, (x,0)=< ;
l’l(——x)’ asx < ]
1 (=a)
u(0.t)=u(l.t)=0,  1>0. (7)
,,‘:'.I’\:ﬂ\"-- ;' :'*
A NN
S‘\b V{' \,
2) ﬂ\\
& e
|- LIZRARY M
‘.\;!'- *
\ = .
N\ -

3000
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Attempr any Iwo parts from each question,
All questions are compulsory,

Q.1 (@ Prove that a bounded function f on |a, b] is inteprable

if and only if for each € > 0. 3 apartition P of [a, b] such tha

U P) - L{EP)<e. (0)
(b) Show that if f is integrable on [a. b], then | f] is

integrable on [a. b]. and: .

I f

Hence. show that :

]

<[JIfl.

JIOL (6)

x*Sin®(e")dx
X 3

(c) Suppose f and g are continuous functions on [a, b],
and g(x)>0 V x e [a, b].Provethat, 3 x € [a, b] such that:

L F@®)g() de=fx) ], g(o) dt . ©)

Q.2 (a) (i) The Dirichlet function f: [0, 1] =R is defined by :
L xe[01]nQ

=10 rea

P.T.O.



Y
“

Is  Riemann Inte

grable? Justity. (3)
(11) Show that g decreasing function on [a. b] is inte-
grable, (3)

(M (i) State Fundamental Theorem of Calculus-I. ()

(D) Let f be an integrable function on (2, b]. Let P bea
vartition of [a,b] and p= be a refinement of P such that Pp* =
P {u). Show that 1f P) <L(f, P*). (4)

(€) (i) For a bounded function f on [a. b], define the
Riemann Sum associated with g partition
Riemann's definition ofintegrability.

P. Hence, give

3)

(i) Calculate l_ing-;— [ a 3)
1= 1 B

3.(@) Show that-

1

Ba= [ rq

0
(b) (i) Define Improper Int
converge? When is it said to g

—tY dt converges <>x>0,y>0 . (7

egral of Type-II. When does i
verge ? (

)

wh

(i) Determine if I

-

e dx is a convergent integral. Justify.

(2)

(¢) (i) Determine if the following integrals are Improper

Integrals. If so, what kind 9 Justify.
KT?_ 1

i (4)

—=dbx, x In(x)dx )
e |

0

2

A~~~

(i1) Prove that ]‘ﬂn—x.dx converges absolutely.
X

4. (a) State and prove Cauchy’s criterion for uniform con-
vergence for sequences of functions. (6)

(b) (i) Is the sequence { f, } where :



Jo= Sln(nx )

yniformly convergent on R ? JUStif‘y,

” o

(") SuppOs€ a s€quence !/ Z)
nf C()nVLrE(’ 0

ni orm |

on a set A and further SUppOS@ that each / is ho: ’
JUnde
Show that the limit function s boundeq o, A %

r"r {
;1
J

(4}

(c) Show that if a>0, then the Sequence { nZy2g-ns

verges uniformly on the interval [a, ), but tht i ¢ § con-
r e
converge uniformly on the interval [0, o), o8

(6)

5. (a) If £, is continuous on D c R, for each neN and if

Y f, converges to f uniformly on D, then /s continuoys
d

on D.
(6)

(b) Show that the series of functions >

LX>
(1+x ) x20,
converges uniformly on [0, a] for O<a<l1, but is not
uniformly convergent on [0, 1). (6)

(c) A sequence {f,} converges uniformly to f on 4,. if
for each g> Othere is a natural number K(¢), depending only
on &, such that if n2K(e), then:

Hence state a necessary and sufficient condition for a
sequence { £, } to fail to converge uniformly on 4, to f .

Apply this condition on sequence f, (x)— , forxeR to
H

examine for uniform convergence. ' (6)

P.T.O.
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6. (a) (i) Suppose that f(x) Z a,x" has radius of ¢oyer-

gence R (). Then show that j

fdt = Z “I x" forlx|<R

ns0 N
(ii) St ©)
1) State when is a power series differentiable term by
term. (1.5)
. (B) (i) Apply Abel’s Theorem to show
N
- log92=1—1+1—§... (3.5)
| (i) Given ——“Zx for x|<I Evaluate:
) ﬁ?ﬂ 2 5 ( 1y
16 i
L _ 3
n=| 5” ; 3" ( )

(©) (i) App/ly Ratio Test for series to show that radius of
convergence R of the power series Za x"

X" is given by
. |a .
i‘_{g a‘"“, whenever the limit exists. (3.5)
n+|
(ii) Find radius of convergence for :
B 1y’
()" Z(” G
n=2 n=0
7 I
,j‘
/J (N

3000
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Attempt any three parts from each question,

All questions are compulsory.

I.(a) Prove that the intersection of any collection of

subrings of a ring R is a subring of R. s union of two subrings
again a subring? Justify. 349=5

(b) Show that if an element a in Z, is a unit, then a and n
are relatively prime. -

4

Show that for every prime p, Z,, the ring of integers
modulo p, is a field if and only if p is a prime. 243=5

(c) Define characteristic of a ring. Show that the charac-
teristic of an integral domain is either 0 or a prime. " 1+4=3

(d) Show that the nilpotent elements of a commutative ring
R form a subring of R. Let a be a nilpotent element of R, prove
that 1 — a has a multiplicative inverse in R. 3+275

pP. T. O.



wamal ideal is a prime ideal by pol
b4 5

with unity 1 and ¢: R S be an onto
G a8 the umty of S where

Yousay it goas not onta? Justify J+2=3
X! % ring ho nomorphisms from 7, 0 Zy,,.
5
S00w that a field contains Lyor Q. where p is a prime.
5

2 Prove that

sum of two subspaces W, and W, of a vector
space V

. IS again a subspace of V. Further, show that Wi+ W,
11 smallest subspace of V containing both WiandW;. 3
(b) Show that for

any subset S of a vector space V, span($)
> the smallest subspace of Vcontaining S. S

() Check whether § = {(0,1,-2),(1,-1, .1z, 1}
forms a basis of R? or not. ’

(d) Let V be a vector space over a field F and let S1 S, be
"W subsets of Vsuch that §; €8, € V. Then prove that:

(1) If S, is linearly dependent. then 52 is also linearly

dependent

(1) If S, is linearly independent, then so is S,. 5

4. (a) LetV be a finite-dimensional vector space and if W be g

subspace of V, then prove that any basis for W can be extended
0 a basis for V. )

(b) Suppose that W be a subspace of a finite-dimensional
vector space V, then Wois finite-dimensional and dim(W) <
dim (V).



3

£ dim(W) = dim(V), then V = W,

purthe
) prove that the set of solutions to the system of i1z
(c
squation55
X, — 2X+x3=0

2x, — 3%z + X3 = 0
5 subspace of R3. Find a basis for this subspace. ~ §
is

(d) Extend the set s ={(1,0,0,0),(1,1,0,0),(0,0,1, 1)}

(o form 2 basis of R*: s
(a) Let v and W be vector spaces and T : V - W be a

5. @ -on. Then prove that N(T) and range R(T)

are subspaces of Vand W, respectively 5
(b)Let T : R? - R? be deﬁnefi by:
T(xy, X%z) = (2%1 — X2 3%, + 4%z X1)-
Let B be the standard ordered basis for R? and :
y={@, 1, 0), (0, 1 1) 2, 2, 3)}
| 5

Compute [T];

(c) Let V be a vector space and let T : V = V be a linear
transformation. Prove that T2 =Ty if and only if R(T) &
N(T), where To(v) = 0, forallv e V. 5

(d) Let:

b 3 D) O C)

P:T.O.
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Pe an ordered basis of R®. Then, find [Lalg and also fing an
Invertible matrix Q such that [Lalp = Q7AQ. where [, is a

left-multiplication transformation, 5
FON U AN
/ "3- . Uo(
Q
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