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PART - B

1. The homogeneous integral equation

() -2 j:(sx _2)tp(t)dt =0, has

1. One characteristic number

2. Three characteristic numbers
3. Two characteristic numbers
4. No characteristic number

PART -C

Let A4,,A, be the characteristic numbers and

f1,f, the corresponding eigen functions for the
homogeneous integral equation

P(X)— A jol(xt+ 2x2)g(t)dt = 0. Then

1. 4, =-18-6410,1, =—18+6+/10
2. 2 =-36-12410,4, = -36+12+10
3. jolfl(x) f,(x)dx =1

4. [ £,()1,(9dx=0

If y:[0,00) >[0,0) is a continuously
differentiable function satisfying

y(t) = y(0) - j. y(s)ds for t >0, then

V' 0=y ©+([ v | -2y ye)as
Y2 =y2(0) +2[ y*(s)ds
Y2 =y*(©0)- [ y(s)ds
Y20 =y*(0) -2 y*(s)ds
DEC - 2014

Let y:[0,0) > R be twice continuously
differentiable and satisfy

yO)+ [ “(x—s)y(s)ds = x* /6. Then
1. y(x)= %J‘OX s®sin( x—s)ds

2. y(x)= %'[OX s® cos(x —s)ds

3. y(x)= Lxssin( X—S)ds
4. y(x)= J: scos(x —s)ds

5. Letu eCZ([O, ]) satisfy for some A =0 and

a=0
A d b
U(X)+EIO|X_S|U(S) s=ax+h.

Then u also satisfies

2
d—l,j+/1u=0
dx

" XT3 (s)ds=a
20| x—s]|

Al X=5§

= u(s)ds=a
20| x—s]| ©)

JUNE-2015

The integral equation

y(x) =1 j (3x—2)ty(t)dt, with 1 asa

parameter, has

1. only one characteristic number

2. two characteristic numbers

3. more than two characteristic numbers
4. no characteristic number

For the integral equation
X

y(x) =1+ x° +JK(X,t)y(t)dt with kernel
0

K(x,t) = 2°", the iterated kernel Ky(x,t) is

1. 2°'(x - ©)? 2. 2% (x - 1)°
3. 2N (x - 1)’ 4.2 (x - 1)°

DEC-2015
The resolvent kernel R (X, t, A) for the Volterra

integral equation @(X) = X+ /1J‘X¢)(S) ds, is
a

1. 2. MY
3. e% 4. ™

Let y : [0, ©) —> [0, ©) be a continuously
differentiable function satisfying
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y(t) = y(0)+j;y(s)ds for t > 0. Then
V0= Y20 + [y (s)ds.
YO =y (0)+2] y*(s)ds.

Y O=y©@+[y(s)ds.

Y O=y'0+([y06s) 290y

. Let A4, A, be the characteristic numbers and

f;, f, be the corresponding eigen functions for
the homogenous integral equation

1
9 (x)— 2 [ (2xt+4x*) p(t)dt = 0. Then
0

1L.a#A
2. M=

3. jol £, f,(x)dx =0

a, j: £.00f,(x)dx=1
JUNE - 2016

PART - B

. Consider the integral equation

y(x) = x° + jOXSin(x —t)y(t)dt, x € [0, z].

Then the value of y(1) is
1.19/20 2.1
3.17/20 4. 21/20

PART-C

The curve y = y(x), passing through the point

(\/§,1 and defined by the following property
(Voltera integral equation of the first kind)

J-yf(v)dV:4 y,where f(y)= /1+%,is
o Jy—-v y

the part of a
1.Straight line.
3. Parabola.

2. Circle
4. Cycloid.

DEC-2016

13. Let ¢ satisfy ¢(x) = f (x)+ [ sin (x—t)p(t)dt.

2

Then ¢ is given by
1. g(x) = (x)+ on(x —t) f(t)dt

2. g() =T ()= [ (x=t) f ()
3. 90 =1 ()~ cos(x—t) f(t)dt
4. ¢(x) = f(x) - j:sin (x—t) f(t)dt

. Which of the following are the characteristic

numbers and the corresponding eigen-
functions for the Fredholm homogeneous
equation whose kernel is

x+Dt, 0<x<t

K(x,t)= (x+1) ?
(t+x, t<x<1

1.1,¢e"

2 .

2. — 7T, 7T SiN 7T X+COS 7T X

3. —47z?, rsinTx +7cos 2 Tx
2 .

4.-7T", 7T COS /T X+SIN 7T X

. The integral equation

sx)—2 [ cos(x+t)g(t)dt = f (x)
T 20

has infinitely many solutions if

1. f(X) = cosx 2. f(x) = cos 3x

3. f(x) = sin x 4. f(x) = sin 3x

JUNE — 2017

Let ¢(X) be the solution of
[epdt=x x>0

Then ¢(1) equals
1.-1 2.0
3.1 4.2
Let y(xX) be the solution of the integral
X
equation Y(X) = X—J.Xt2 y(t)dt,x > 0.
0

Then the value of the function y(x) at
X=4/2 is equal to

1.

The solutions for A = -1 and A = 3 of the
integral equation

y(x) =1+ /ljl. K(x,t)y(t)dt, where
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K(x,t)z{

X2

coshxsinht, 0<x<t

coshtsinh t, t<x<1
respectively,

are,

1. ——+§—tanh1 and
2 2

3c0s2X

1
- - +1
4(c052—25|n 2tanh1 j

2

) —X—+§—tanh1 and
2 2

1

X2

3c0s2x 1]

= +
4 (cosh 2—2sinh 2tanh1

. —+§—tanh1 and
2 2

3c0s2x 1)

1
Z[cosh 2—2sinh 2tanh1

2

: X—+§—tanh1 and
2 2

3c0s2X

1 1
4\ cos2—-2sin 2tanh 1

JUNE - 2018

The

resolvent kernel

PART - B

for the integral

equation @(X) = x> + je”w(t)dt is
0

1. et

x—t

The values

2.1
4. x> +e*t

PART - C

of A for which the following

equation has a non-trivial solution

#(X) =2tI: K (x,t)(t)dt,0 <x <,

where K(x,t) ={

1 2
1.|n+—
»+2)

.n“—1,neN

. %(n+1)2

1

sin xcost, 0 <x<t
] are
cosxsint, t<x<rx

-1, neN

—-1neN

. =(2n+1 -1LneN
(2n+1)

Consider the integral equation
#(x)=1 '[0” [cos xcost — 2sin xsin t]¢(t) dt

+cos7x,0<x<rx

Which of the following statements are
true?

1. For every A € R, a solution exists

2. There exists A € R such that solution
does not exist

3. There exists A € R such that there are
more than one but finitely many solutions

4. There exists A € R such that there are
infinitely many solutions

DECEMBER - 2018

PART -B

If @ is the solution of

X X2

[ (1—x2+t2)¢)(t)dt=? then ¢[v2) is
0
equal to

1. J2e"?
2. /262

3. 72622
4. 2¢*

PART-C

If ¢ is the solution of @(x) = 1 — 2x — 4x° +
X
L [3+6(Xx—1t) -4 (x—1)7 o) dt, then ¢

(log2) is equal to
1.2

A characteristic  number and the
corresponding  eigenfunction of the
homogenous Fredholm integral equation

X(t—1),0<x<t
with kernel K(x,t)=
t(x-1),t<x<1

are
1. & - -n%, @(X) = sinnx

2. % = -27%, o(X) = sin2nx
3.4 =-37%, 9(x) = sin3nx
4. ) = -4n’, ¢(X) = sin2nx
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JUNE -19

PART - B

If y is a solution of
y(X) _JOX (x—t) y(t)dt =1, then which of the
following is true?

1.yis bounded but not periodic in R
2.yis periodic in R

3. _IFR y (x)dx <o

dx =
r 8
4 v@

PART -C

26. Consider the integral equation

?(X) —% [, xe' ptydt =  (x). Then

1. there exists a continuous function
f:[1, 1] — (0, «) for which solution
exists
there exists a continuous function
f:[-1, 1] — (-, 0) for which solution
exists
for f(x) = ™ (1 — 3x%), a solution exists
for f(x) = € (x + x* + x°), a solution

If the given interval equation has a
solution for some f € C([a, b]), then

b b

[f®a.md=0=]f®g,tdt
The given integral equation has a
unique solution for every f € C([a,
b]) if A is not a characteristic number
of the corresponding homogeneous
equation.

Then

1. Both S; and S, are true

2. S;is true but S, is false

3. S; is false but S, is true

4. Both S; and S, are false

The integral equation
$00=1+2 [ (cos® ) p(t) dt
72' 0

has

1. no solution

2. unique solution

3. more than one but finitely many
solutions

4. infinitely many solutions

JUNE - 20

PART -B

exists 30. The solution of the Fredholm integral equation

DECEMBER - 2019

PART - B
27. Let ¢ be the solution of
P(x) =1-2x — 4x*
+j0* [3+6(x—t) — 4(x —t)2] 4(t) dt.

Then ¢(1) is equal to
1.et
3.e

e
e’

PART -C

28. Assume that hy, h,, g; and g, € C ([a, b]).
Let

¢(x) = f(x)
+ 2 [ [ (0, () +h, (09, (0] #(t) i

be an integral domain. Consider the
following statements:

4

y(s)=s+ 2.|‘Ol(st2 +s%t) y(t)dtis

1. y(s) = -(50s + 40s?)
2. y(s) = (30s + 15322
3. y(s) =-(30s + 40s)
4. y(s) = (60s + 50s7)

PART -C

For the Fredholm integral equation

y(s) =1 Llesety(t)dt

Which of the following statements are
true?
1. It has a non-trivial solution satisfying

[le'yydt=0
2. Only the trivial solution satisfies
Lle‘y(t)dt -0

3. It has non-trivial solution for all A = 0
4. 1t has non-trivial solutions only if

2 1
A= and Le‘y(t)dt £0
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Consider the integral equation
J.OX (x—=t)u(t)dt =x;x>0for continuous

functions u defined on [0, «). The equation
has
A unique bounded solution
No solution
More than one solution u such that
[u(x)] < C(1 + |x]) for some constant C
A unique solution u such that Ju(x)| <
C(1 + |x|) for some constant C

PART -C

Let K(x, y) be a kernel in [0, 1] x [0, 1],
defined as K(x, y) = sin(2nx) sin(2mny).
Consider the integral operator

K (U) (x) = j:u(y) K(x, y) dy where u e

C (0, 1]). Which of the following
assertions on K are true?
The null space of K is infinite
dimensional

[V K(U) () dx = [ K(v) (x)u(x dx for
all u,v e C([0, 1])
K has no negative eigenvalue
K has an eigenvalue greater than 3/4
JUNE - 22
PART — B

For any two continuous functions
f,g: R — R define

f xg(t) j; f(s)g(t—s)ds. Which of the

following is the value of f x g(t) when f(t) =
exp (-t) and g(t) = sin (t).

| %[exp (=t) + sin(t)  cos(t)]
| %[— exp (~t) +sin(t) — cos(t)]
| %[exp (—t) —sin(t) — cos(t)]

| %[exp (=t) +sin(t) + cos)t)]

Dedicated To Disseminating Mathematical Knowledge

PART -C

Let g be the solution of the Volterra type
integral equation

9(s) :1+j;(s—t)g(t)dt; for all s>0.

What are the possible values of g(1)?

1
1. 2e 2. e——

e

1
3. e+— 4.

2
€ e

Consider the following system of Integral

@, (X) =sin X+ '[OX @, (t)dt

@,(X) =1-cosx— IOX @, (t)dt

Which of the following statements are true

. @1 vanishes atmost countably many
points

. @1 vanishes at uncountably many
points

. @, vanishes at atmost countably many
points

. @2 Vvanishes at uncountably many
points

JUNE - 23

PART - B

For the unknown y: [0, 1] — R, consider
the following two-point boundary value
problem:

{y"(x) +2y(x)=0 for x € (0,2),
y(0)=y@)=0.

It is given that the above boundary value
problem corresponds to the following
integral equation:

y()=2[ K(x)y@®dt for xe[01]
Which of the following is the kernel K(x, t)?

1 K(xt) = t(1—x) fort<x
T Ix@-t) fort>x

t*(1-x) fort<x
x*(1-t)  fort>x
Jt(1-x) fort<x
Jx(@-t) fort>x

2. K(x,t):{

3. K(x,t)={
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6

4 K(x1) = \/t_3(1—x) fort<x
| | \/F(l—t) fort>x

PART-C

Let A, < A, be two real characteristic
numbers for the following homogeneous
integral equation:

o(X) = joz”sin (x+t) p(t)dt:

and let u; < p, be two real characteristic
numbers for the following homogeneous
integral equation:

w(X) = 1 jo”cos(x +)p () dt.

Which of the following statements are
true?

Lm<hMm<i<p

2. M <m<p<iy

3. | - Ml = [p2 - g

4. |ug - Ml = 2|pz - Aol

DECEMBER - 23

PART - B

The value of A for which the integral
equation

y(x)=A j x2e*ty(t) dt

has a non-zero solution, is

Consider the following Fredholm integral
equation

Y() -3[ txy() dt = £ (),

where f(x) is a continuous function defined
on the interval [0, 1]. Which of the
following choices for f(x) have the property
that the above integral equation admits at
least one solution?

@ f(x)=x? —% (2) f(x) = &*

(3) f(x) =2 —3x @ fx)=x-1

Let y be the solution to the Volterra
integral equation

y(x) =e*+ j = y(t)dt

Then which of the followmg statements are
true?

@ y) = (1+ %)e
@ y(@ =(1+%je

3 y(V/3) :(1+ %)eﬁ
@) y(¥3) =(1+ %jeﬁ

JUNE - 24

PART - B

Let u be the solution of the Voleterra
integral equation

J.;[%+sin(t—r)}u(r)dr —sint.

Then the value of u(1) is
@o @21
3)2 (4) 2™

PART -C

5
For & € R such that | 4 |< 32’ let R(X, t, )

and u denote the resolvent kernel and the
solution, respectively, of the Fredholm
integral equation

u(x) = x+%J‘_22(xt+ x*t*)u(t) dt.

Then which of the following statements are
true?
3xt  5x%?
3-841 5 324
3xt 5x t?
3—- 82, 5-324

5
3) u() =—
(3) u@ YY)

(1) R(x,t,A) =

2 R(x,t,A) =

HN=—>_
@ ul)=-—0
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44,

For ¢ e R, consider the following
Fredholm integral equation

y(X) =1+ x+0x* + 2_|j(1—3xt) y(t)dt.

Then the values of ¢ for which the integral
equation admits a solution are

(1)-8 (2) -6

(32 (4)6

DECEMBER - 24

PART - B

Let A€k and K:[0,1]%x[01] > E be a

function such that every solution of the
boundary value problem

g(x) +AU(X) = O;d—u(o) =u(0),
dx dx

du

a;a)zo

satisfies the integral equation

U(x)+A[ K(x o(t)dt =0.Then
L+x)(1-t), 0<x<t<]y,
(L+t)1-x), 0<t<x<1
(-1-x), 0<x<t<],
(-1-t), 0<t<x<1
(1-x%), 0<x<t<l,
(1-t%), 0<t<x<1
@+x)(t-1), 0<x<t<],
@+t)(x-1), 0<t<x<1

1) K(x,t) ={

(2) K(x,t) ={

@) K(x,t) = {

@) K(x,t) :{

PART -C

46. The integral equation

u(x) = f(x)+55j”gn(x—¢)ua)dthasa
7 J0

unique solution if

(1) f(x) =cos x

(2) f(x) =cos 5x

(3) f(x)=sin x

(4) f(x) =sin 5x

47. |f y is the solution of the Volterra integral

equation

u(x) =3+sin x+'|.X3+S'_n X

0 3+sint
(1)u(%j = 4e?

@R)U(-z)=4e™" (4) u(— %) =4e”

u(t)dt, then

(2u(r)=3e”

JUNE - 25
PART - B

If y(x) is the solution of the integral
equation

y(X)=x*+ ZI: xty(t) dt,

then which of the following statements is
true?

® YO +y =3

@ y(-1)+y@1)=1

@ YO +y® -

@Yy +y(@)=3
PART - C

Let u(x) be the solution to the Volterra
integral equation

u(x) = x* + 4JX. (t —x)°u(t) dt

Then which of the following statements are
true?
1. u(0)=0

A 2r
2. U 2—”j:1 efB_g 3
J3) 6

50. Let f and K be such that the solution of the

initial value problem
y"—3y'+2y =4sin(x), y(0)=1y'(0) =-2

Satisfies the Volterra integral equation

7
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y(x) = f(X) + j K (x,t)y(t)dt.

Then which of the following statements are
true?

 f'(z)=3

)+ f'(n)=4-7

)+ fi(r)=2-7

. f(0)+ f'(0)=—4

8
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ANSWERS

1. (4) 2. (1,4) 3. (1,4)

4. (3) 5. (1,4) 6. (4)

7. (3) 8. (2) 9. (2,4)
10. (1,3) 11. (4) 12. (1)

13. (1) 14. (1,4) 15. (2,3,4)
16. (2) 17. (4) 18. (2)

19. (2) 20. (1) 21. (1,4)
22.(2) 23. (1) 24. (1,4)
25. (4) 26. (3,4) 27. (3)
28. (3) 29. (1) 30. (3)
31. (2,4) 32. (2) 33.(1,2,3)
34. (3) 35. 36.

37. (1) 38. (1,3) 39. (3)
40. (1,3) 41. (2,4) 42. (1)
43. (2,4) 44. (1) 45. (2)
46.(1,2,3,4) 47.(1,2) 48. (4)
49.(1,2,3)  50.(1,2,4)
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