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CSIR-NET ODE-PDE Practice Questions

ODE and PDE Practice Questions

Consider a boundary value problem (BVP)
2

% = f(x) with boundary conditions y(0) =
y(1) =y'(1), where f is a real-valued
continuous function on [0,1]. Then which of
the following are true?

1. the given BVP has a unique solution for

every f

2. the given BVP does not have a unique
solution for some f

3. y00) = [xtf@®)de+ [ (t—x+xO)f(t)dt
is a solution of the given BVP

4. y(x) = [[x—t+xO)f(O)dt + [ xtf(dt
is a solution of the given BVP

Consider the ODE on R y'(x) = f(y (x)).
If £is an even function and y is an odd
function, then

1. —y (—x) is also a solution.

2. y (—x) is also a solution.

3. —y (x) is also a solution.

4. y (x) y (—x) is also a solution.

262

Consider the Lagrange equation x o

y? 2_32, = (x + y)z. Then the general solution

of the given equation is

1. F (%, % = 0 for an arbitrary
differentiable function F
x—y
2. F(X
differentiable function F
1 1 .
3 z=F (; — ;) for an arbitrary
differentiable function f
11 :
4. z=xy f (; = ;) for an arbitrary
differentiable function f

1 1 )
, —— —) = O for an arbitrary
x Yy

4.

6.

Consider the system of ODE in

R, Y = av,v(0) = ((1)),t>0

where A = [_(} _11] and

0= (). T

1. y1(¢) and y,(¢) are monotonically increasing
for ¢ > 0.

2. y1(?) and y,(¢) are monotonically increasing
for¢>1.

3. y1(?) and y,(¢) are monotonically decreasing
for > 0.

4. y(t) and y,(¢) are monotonically decreasing
forz>1.

. The PDE
0%u 0%u  0%u
ﬁ-l_ Zaxay+ W—x,has

1. only one particular integral.

2. aparticular integral which is linear in x and y.

3. aparticular integral which is a quadratic
polynomial in x and y.

4. more than one particular integral.

Let y :[0,00) — [0,00) be a continuously
differentiable function satisfying

y(@®) = y(0) + [, y(s)ds for >0,
Then

L y2(0) = y2(0) + [; y*(s)ds.

2. y2(t) = y2(0) + 2 [ y*(s)ds.

3. 20 = y*(0) + [, y(s)ds.

4 720 = 20 + ([ y()ds) +
2y(0) f; y(s)ds.

#1p, Kalika & K. Munesh
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CSIR-NET ODE-PDE Practice Questions

10.

Leta,b € R be such that a + b2 # 0. Then
the Cauchy problem

du du
@ thbs;=Lxy€R

u(x,y) =xonax+by =1

I has more than one solution if either a or
b is zero

has no solution

has a unique solution

has infinitely many solutions

.
_J:‘nl.—)!‘-_)

Let y :[0,00) — [0,00) be a continuously
differentiable function satisfying

Sl = Wl 2 Matade om0
]\b/ ]\U/ 1 JOJ\OIWJ AVL I = V.

Then

L y2(0) = y*(0) + [, y*(s)ds.
2. y2(6) = y2(0) + 2 [ y*(s)ds.
3. y2(8) = y2(0) + [ y(s)ds.

t 2
4. y2(0) = y2(0) + ([ y(s)ds) +

2y(0) [, y(s)ds. 12

. Consider the boundary value problem
—u" (x)=7u(x); x € (0, 1)
u(0)=u(l)=0.

If u and ' are continuous on [0, 1], then
1. u(x) + mu?(x) = u’?(0)

2. folu’z(x)dx — 2 f01 u?(x)dx =0
3. u?(x) +m?ut(x) = 0
4, folu’z(x)dx — 2 fol u?(x)dx = u’?(0)

11.

. The solution of the initial value problem

)6u+( )6u_
(x yax y X uay_u)

u(x,0) = 1, satisfies

L uw*(x—y+uw)+ (y—x—u)= 0.
2. u(x+y+u)+ (y—x—-u)= 0.
3. ut(x—y+u)— (x+y+u) =0,
4ut(y—x+u)+ (x+y-u) = 0.

Let y(x) be a continuous solution of the initial
value problem
y'+2y=f(x), y(0)=0o,
1, 0<x<1
where 2% w3
f() [0, x>1

Then y(-z-) Is equal to

el " o3
e L

Consider a system of first order differential
equations
d x()] _ [x(t) + ()
dt Ly(t) —y(t)
The solution space is spanned by
1 0 and [et ]
P 0

. t -
2. |€ ]and _Cgf?t

sinh t
et

4, [et] and " - %e‘tl

_ and[

#1p, Kalika & K. Munesh
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CSIR-NET ODE-PDE Practice Questions

13. 16.
The initial value problem y =2 y, y(0) = Let u(x y) be the solution of the equation
: 92u .
a, has ez + — = 0, which tends to zero as y — o
. a unique solution ifa < 0 and has the value sin x when y = 0. Then
2. no solutionifa > 0 Lou= ), _ ansin(nx+ bye™,
3. infinitely many solutions if @ = 0 where a, are arbitrary and b, are
4. auni que s olution if a >0 non-zero constants.

2. u= Z a, sin(nx + bn)e‘"zy,
n=1

14 where a; = 1and a, (n > 1), b, are non-
Zero constants.

' o usk =,y ; -ny
Consider the initial value problem 3. u= 2, ansin(nx + by)e™™,

du du where a; =1, a, = 0 for n > 1 and
a+25=0’ u(0,y) = 4e~%, b,=0forn> 1.
® . _n2
[hen the value of u(1,1) is LU= anlan sin(nx + bp)e ™7,
. 4e -2 ) 482 where b,= 0 for n > 0 and a,, are all
3. 28_4 4' 484 nonzero.
17.
15.

Consider the differential equation

da*y dy
Let u(x, t) satisfy the wave equation Tz 2wanx o —y =0
2 _E T
0%u ou_ 6 12L, X € (O 27_[) £>0 define(.1 on ( > 2). Which among the
at dx following are true?
_ iwx 1. there is exactly one solution y = y(x)
u,0)=e with y(0) = y'(0) = 1 and
Vs i

for some @ €R. Then , ;’(E)._z(lﬁ'E) - -

— lwx ia)t . there 1s exactly one solution y = y(x
Lou(xt)=e & . with y(0) = 1,y'(0) = —1 and
2. u(x,t) = el@¥ g=tet, ™ —2(14%

. ela)t+ e—la)t y( 3) ( 3) .
3. u(x,t) = el@x ( ) 3. any solution y = y(x) satisfies
2 y"'(0) = y(0)

_ x_ 4. if y; and y, are any two solutions then

4. ulxt)=t+ 2 (ax + b)y, = (cx + d)y, for some
a,b,c,d e R
#0Pp, Kalika & K. Munesh
, E-mail: maths.whisperer@gmail.com
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(16)

CSIR-NET ODE-PDE Practice Questions

18. 21.

For f € C[O,i] ilndn > 1, L Let X = {u € C1[0,1] |u(0) = 0} and let
let T(f)= Z[Ef(o) +-f(D) + X5 (;)] I: X > R be defined as

be an approximation of the integral , 1 o o
I(f) = f01 f(x)dx. For which of the (u) = fo W' (®)* — u(®)*)dt

following functions f is T(f) = I1(f)? Which of the following are correct?

1. 1+ sin2mnx 1. I is bounded below

2. 1+ cos2nnx 2. I is not bounded below

3. sin® 2mnx 3. I attains its infimum

4. cos?2m(n+ 1)x 4. I does not attain its infimum
19.

Let B = {(x;,x;) € R? | x2 4+ x2 < 1}, and let
C2(B; R?) = {u € C3(B;R?) | u(xy, x,) =
(x1:x2)l for (xltxz) € aB}

Letu = (uy,uy) and define ] : C2,(B; R?) - Practice Questions of ODE & PDE
R by for CSIR-NET Mathematics

_ [ (w1 0uz 0Juydu, -: P. Kalika & K. Munesh
Jen= J <6x1 0x, 0x, axl) dx; dx;

Then,

L. infJ(w):u € C4(B;RH)} =0
2. J(uw) >0, forallu € C3(B:R?)
3. J(u) = 1, for infinitely many

u € C4(B; R?)
4. J(w) =m, forallu € C3(B;R?)

20.
A solution of the PDE
ou N ou N <6u>2 - <6u>2 o0
Yax Y dy \0x dy v
represents

1. an ellipse in the x-y plane.

2. an ellipsoid in the xyu space.
3. aparabola in the u-x plane.
4. a hyperbola in the u-y plane.

#p, Kalika & K. Munesh
, E-mail: maths.whisperer@gmail.com

Download NET, GATE, SET, JAM study Materials & Solution at https://pkalika.in
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P. Kalika & K. Munesh Dynamical System for NET & SET

Practice Problems

1. The critical point of the system

2(t)=—4x —y

y'(t)=2—2y (NET-June 2015)
Asymptotically stable Node
b

(c
(d

Unstable node

(a
(

Asymptotically stable spiral

~—_— ~— ~—  —

Unstable spiral Answer: (a)

2. Consider the system of differential equations
' (t) =2z — Ty
'(t) = 3z — 8y (NET-June 2018)

Y
Then critical point (0,0) of the system is an

Asymptotically stable spiral

Unstable spiral Answer: (a)
3. Then critical point (0,0) for the system
2'(t) = x — 2y + y*Sin(z)
Y (t) = 2z — 2y — 3yCos(y?) (NET-Dec 2018)
(a) is a Stable spiral point
(b
(c

(d) is a Stable node Answer: (c)

is a Unstable spiral point

)
)
) is a Saddle point

)

4. Consider the system of differential equations [1]

2'(t) =z + 4y — 2

y'(t) = 6z —y + 2xy (Practice Que.)

Then critical point (0,0) of the system is an

For study materials & Solution 3
Visit: https://pkalika.wordpress.com/
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P. Kalika & K. Munesh Dynamical System for NET & SET

Unstable saddle point
Asymptotically stable spiral
Unstable spiral Answer: (b)

5. Then critical point (0,0) for the system
2'(t) = Sin(z) — 4y
y'(t) = Sin(2x) — by (Practice Que.)
(a) is a Stable spiral point
(b

)
)
()
(d) is a Stable node Answer: (b)

is a Asymptotically stable Node
is a Saddle point

6. Consider the system of differential equations [1]

7' (t) = 8z — o

Y (t) = —6y + 627 (Practice Que.)
Then critical point (0,0) of the system is an

(a) Asymptotically stable Node
(b

(c

(d) Unstable spiral Answer: (c)

)
) Asymptotically stable spiral

) Unstable saddle point

)

Hint: There are critical points (0,0) & (2,4)
At (0,0): Unstable saddle point

At (2,4): Unstable spiral point

7. Consider the systems of differential equations [1]

7' (t) = —y — 2?

y(t) =

and

?'(t) =~y —a’

y(t)=ux (Practice Que.)
For study materials & Solution 4

Visit: https://pkalika.wordpress.com/
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P. Kalika & K. Munesh Dynamical System for NET & SET

Find all the critical point and nature of system on the each critical points.
Hint: Nature- Centre or Spiral Point
References

[1] S. Ross, DIFFERENTIAL EQUATIONS, SRD ED. Wiley India Pvt. Limited,
2007.

2] A. Jeffrey, Advanced engineering mathematics. Elsevier, 2001.

[3] E. Kreyszig, “Advanced engineering mathematics, 8-th edition,” 1999.

Note: Full Notes of dynamical system with non-linear will we available soon.

For study materials & Solution )
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LPP Practice Set - 1

(1). Consider the following Linear Programming (5). Suppose that the LP problem - - °
5 . T
Problem. Max x; + >x; subject to maximise c'x ‘
5x; +3x,< 15 ~subject to__
g
—X1+X2S1 Ax—.b_.——-— : BRI 3 it
x>0 .
2x; + 5x, < 10. _ - S Lt .
admits a feasible solution and the'dual minimize-by.
X1, %2 2 0. : : AL S e
subject to CAlyzc -
The problem SN Y20 T

1. has no feasible solution.
2. has infinitely many optimal solutions. (1) the dual adshits a1 Sptimal schifion.
3. has a unique optimal solution. Tl s A L g
4. has an unbounded solution. (2) suyfusivle solation #g Sty RmplanaY,. ¢

admits a feasible solution y,. Then ..~

~ of the dual satisfies bTy,<c’x,. : o

(2). Suppose ABC is a triangle on the xy-plane () the dual problerd is uabounded . -
with centroid D. Which of the following
points can NEVER be a minimizer of the

function 7x — 10y + 1 as (x,y) runs over

4 P.Kalika

the triangle ABC?
1. A 2. B
3. C | 4. D

(3). Consider the variables x 20 and x,20 saltisf)'(ing the
constraints x, + x, 215, 4x, —x, <15 and 4x; ==l
Which of the following statements is/are correct?

(1) The maximum value of 3%, +2x, is 25
(2) The minimum value of 3x, + 2, is 11 ‘
(3) 3x, +2x, has no finite maximuin _ *

@) 3x +2x, has no finite minimum

(4). Considerthe LP problem m axin izex;+ x, subject to
X, 25,510
Xy~ le <10
13X, 20
Then

(1) The LP.problem admits an optimal solution

X

(?) The LP problem is unbounded
(3) The LP problem admits no fe_asible solution

(4) The LP problemadmits a unique feasible; selution

Ans... 1. 2.D
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Probability Practice Set- 2

(1). Five numbers 10, 7, 5, 4 and 2 are to be arranged in a sequence from left to right following
the directions given below:

1. No two odd or even numbers are next to each other.

2. The second number from the left is exactly half of the left-most number.

3. The middle number is exactly twice the right-most number.

{ GATE 2019

Which is the second number from the right?

(A) 2 (B) 4 ) 7 (D) 10

(2).Forty students watched films A, B and C over a week. Each student watched either only
one film or all three. Thirteen students watched film A, sixteen students watched film B
and nineteen students watched film C. How many students watched all three films?

ﬁ[ GATE 2018

(A)0 (B) 2 (C&r4 (D) 8

(3)Let X and Y have joint probability density function given by
2, 0<x<1-y 0<y<l1

fX,Y(x= y) = { 0

, otherwise.
If fy denotes the marginal probability density function of Y, then fy (1/2) = ? .

(4) Let the cumulative distribution function of the random variable X be given by

( "y
0, B 0, ®
X
T, 0<8<1/2 Q
FX(I) = 4
(1 fuw)f2, 1/2< w=l,
i g

1,
e, \
Then P(X = 1/2) = Pt L(

(5)Let { X} be a sequence of independent Bernoulli random variables with P(X; = 1) = 1/4
1 n 2 . sy
andlet Y, = oy o3 i1 5. 4 Then Y,, converges, in probability, to | ’

e



Probability Practice Set- 2 (e

(6).
. Let X be the number of heads in 4 tosses of a fair coin by Person 1 and let Y be the number of
heads in 4 tosses of a fair coin by Person 2. Assume that all the tosses are independent. Then

the value of P(X = YY) correct up to three decimal places is i !"é

(7).

- Let Xy and X, be independent geometric random variables with the same probability

mass function given by P(X = k) = p(1 — p)¥ 1, k = 1,2,‘.... Then the value of

P(X, = 2| X, + X2 = 4) correct up to three decimal places is 4 .

(8).

An urn contains four balls, each ball having equal probability of being white or black. Three

black ball:;;?ded to the urn. The probability that five balls in the urn are black is
3

(A) 2/7 (B 3/8 (C)1/2 (D) 5/7 %GATEZO'IS

(9).

An unbiased coin is tossed six times in a row and four different such trials are conducted.
One trial implies six tosses of the coin. If H stands for head and T stands for tail, the
following are the observations from the four trials:

(1) HTHTHT (2) TTHHHT (3) HTTHHT (4) HHHT__ __

Which statement describing the last two coin tosses of the fourth trial has the highest
probability of being correct?

P. Kalila

(A) Two T will occur. {
__(BYOne H and one T will occur. GATE 2018

(C) Two H will occur.
(D) One H will be followed by one T.

(
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Probability & Distribution Practice Set -3 “

P. Kalik

(1.).An urn has 3 red and 6 black balls. Balls are (6). Let S be the set of all 3 X 3 matrices having 3

drawn at random one by one without
replacement. The probability that second red
ball appears at the fifth draw is

entries equal to 1 and 6 entries equal to 0. A
matrix M is picked uniformly at random from
the set S. Then

: 2 1 1 — 1 —

L 2. 1. P{M is nonsingular} = — S

1 =

3. 4 (%) 4. % 2. P{M hasrank 1} = — G

3. P{M isidentity} = — a

i ¥
(2). From the six letters 4, B, C, D, E and F, three 4. P{trace(M) = 0} = ﬁ oy

letters are chosen at random with replacement.
What is the probability that either the word
BAD or the word CAD can be formed from the
chosen letters?

1 3
l. — 2, —
216 216
6 12
o =— 4. —
216 216

(3).Let X be a random variable which is symmetric
about 0. Let F be the cumulative distribution
function of X. Which of the following
statements is always true?

1. F(x)+ F(—x) =1 for all xeR.
2. F(x)— F(—x) =0 for all xeR.
3. F(x)+ F(—x)=1+ P(X=x) for all xeR.
4. F(x) + F(-x)=1-P(X=-x) forall xeR.

(4) Suppose X has density f(x|0) = %e"‘fﬁ’,x >

0 where 8 > 0 is unknown. Define Y as
follows:

Y=kifk<X<k+1, k=012
Then the distribution of Y is
l. normal. 2
3. Poisson. 4.

binomial.
geometric.

(5).Let X and Y be independent exponential
random variables. If E[X] =1 and E[Y] = %
then P(X > 2Y|X >Y) is
1. 2.

3. 4.

WIN N~
BRlw Wl
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Markov Chain Practice Set - 1
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Markov Chain Practice Set - 1
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(1). Let (Xn)ns0 be a Markov chain on the state

(52)

Markov Chain Practice Set -2

(4). Consider a Markov chain with five states

space S = {1, 2,---, 23} with transition
probability given by
Pii+1 = Pii-1 =§ V2<i<?22
P12 = P1,23 = %
P23,1 = P23,22 = %

Then, which of the following statements are

true?

1. (X;,)ns0 has a unique stationary
distribution.

2. (X;)nso 1s irreducible.

3. P(Xy = 1) —
4. (X;)ns>o 18 recurrent.

(2). Consider a Markov chain {X, | n > 0} with

state space {1, 2, 3} and transition matrix

g 2 2
2 2
1 1
P=[3 0 [ Then P(x;=1]X,=1)
11,
2 2
equals
1. 0 2, =
4
3 = 4. =
2 8

(3).C0nsider a Markov Chain with state space

§=1{0,1,2,3} and with transition probability
matrix P given by

0 1 2
0/2/3 0 1/3
P = if % 0 0

3
0
0
2l1/2 0 172 o
3\1/4 1/4 1/4 1/4

Then

1 is a recurrent state.
2. 0 is arecurrent state.
3. 3 isarecurrent state.
4. 2 is arecurrent state.

{1,2,3,4,5} and transition matrix

1 1 Y
/50050\ g
1 6 =
0 - 00 - S
1 1 1 1 1 :
=& & & & & o
P=15 5 5 5 5 q
00 20 —
3 3
\o 20 0 3/
8 8

Which of the following are true?

1. 3 and 1 are in the same communicating class
2. 1 and 4 are in the same communicating class
3. 4 and 2 are in the same communicating class
4. 2 and 5 are in the same communicating class

( For Notes Visit https:lIpkalika.wordpress.com/ )




