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MATRIX ALGEBRA
1. Which of the following matrices is an element of the group SU(2)? [CSIR-JUNE-2011]
1+ -1
11 3 V3
@ (5 7) O NN
V3 V3
1 V3
2+i i 2 2
@@ 4 @D = 3>
2 2
111
2. Consider the matrix M = (1 1 1).
111

[CSIR-JUNE-2011]
A. The eigenvalues of M are

@)0,1,2 (b) 0,0, 3 (@)L d-113
B. The exponential of M simplifies to (I is the 3 x 3 identity matrix)
@eM=1+(H)M (b) eM =1+M+"
(c)eM =1+ 33M (dyeM=(e—1)M
3. A 3 x 3 matrix M has Tr[M] = 6, Tr [M?]=26 and Tr [M®]=90. Which of the following can be

a possible set of eigenvalues of M?
[CSIR- DEC-2011]

(a) {1.1, 4} (b) {1,0,7} (c) {-13, 4} (d) {2.2, 2}

123
4. The eigen values of the matrix A = (2 4 6) are [CSIR- JUNE-2012]
3609
(a) (1, 4,9) (b) (0, 7,7)
(c) (0,1,13) (d) (0,0,14)
5. The eigen values of the anti symmetric matrix, [CSIR- JUNE-2012]

0 - Tl3 le
_nz Tll 0

When n; and n, and n; are the components of a unit vector, are.
@a0o,i, -i (b) 0,1,-1 (c) 0,1+i,-1,-i (d) 0,0,0

6. Given a 2x2 unitary matrix U satisfying UTU = UUT = 1 with det U = ', one can construct
a unitary matrix V(VTV = vV = 1)with det V =1 from it by.
[CSIR-DEC-2012]
(a) Multiplying U by e~i#/2
(b) Multiplying any single element of U by e~
(c) Multiplying any row or column of U by e ~¢/2
(d) Multiplying U by e~*
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10.

11.

12.

13.

The approximation cosé = 1 is valid up to 3 decimal places as long as |6| is less than:
(take180%m ~ 57.29°). [CSIR- JUNE-2013]
(a) 1.28° (b) 1.81° (c) 3.28° (d) 4.01°

Consider an n x n(n > 1) matrix A , in which Ajj is the product of the indices i and j (namely
Aij=ij). The matrix A. [CSIR-DEC-2013]
(a) Has one degenerate eigevalue with degeneracy (n-1).

(b) Has two degenerate eigenvalues with degeneracies 2 and (n-2)

(c) Has one degenerate eigenvalue with degeneracy n

(d) Does not have any degenerate eigenvalue

Consider the matrix. [CSIR- JUNE-2014]

0 21 3i
M=1|-2i 0 61
-3i —6i 0

The eigenvalues of M are.

@) -5,-2,7 (b) -7,0,7 (c) -4i, 2i, 2i (d)2,3,6
a 001 011
The column vector (b) is a simultaneous eigenvector of A = <0 1 0) and B = <1 0 1) if.
a 100 110
[CSIR-DEC-2014]
(@b=0o0ra=0 (b)) b=aorb=-2a
(c)b=2aorb=-a (d)b=a/20rb=-a/2
1 3 2
The matrix M = (3 -1 0) satisfies the equation. [CSIR-DEC-2016]
0 0 1
(@) M®—M? - 10M +121 =0 (b) M3 + M? - 12M +101 =0
(c) M®*-M? -10M +101 =0 (d) M3+ M? - 10M +101 =0

Which of the following can not be the eigen values of a real 3x3 matrix:
[CSIR- JUNE-2017]
(@) 2i,0,-2i (b) 1,1,1 (c)e'?, e 9,1 (di,1,0

oy
] 2
z0,] exp (- %), [CSIR- DEC-2016]
Then the coordinates are related as follows.

x' cosf —sinf 0\ /x
@) (y’) = (sin 6 cos 6 0) <y>
7z 0 0 1/ ‘\z
cos 6 sin @ 0 X
(—sin 6 cosfH 0) <y>
0 0 1 z

xl
(b) (y>
ZI
, 6 in? 0
x, cos sin - x
© (¥']= —sing cosg 0 <y>
1 2 2 Z

d 0 0 1

Let oy, 0y, 0, be the Pauli matrices and x'o, + y'oy, + z'0, = exp( ) X [xo, + yo, +
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14.

15.

16.

17.

18.

19.

20.

0 )
x' cos- —sin- 0\ «x
(d) (y') =\ sin2  cos? 0 (y)
Z’ 2 2 VA
0 0 1

Let A be a non-singular 3x3 matrix, the columns of which are denoted by the vectors d, b and
¢, respectively. Similarly, 1, v and w denote the vectors that form the corresponding columns
of (AT)~1. Which of the following is true?

[CSIR-DEC-2016]

(@ #.d=0ub=0uc=1 (b)%.d=0ub=14¢=0
©#d=14b=0uc=0 (d)@.d=0ub=074¢=0
Consider the matrix equation [CSIR-DEC-2017]

111 X 0
123 <y> =10
N _ 2 b 2¢/ N2/ \0 | |
The condition for existence of a non-trivial solution and the corresponding normalized

solution (upto a sign) is
(@) b = 2c and (x,y,Z) = %(1, ~2,1)

(b) ¢ = 2b and (x,y,2) = % (1,1,-2)
(c)c=b+1and(Xy,2)= \/ig(z, -1,-1)
(d)b=c+1and(xyz2) = %(1, ~2,1)

Which of the following statements is true for a 3x3 real orthogonal matrix with determinant
+1? [CSIR- JUNE-2017]
(a) The modulus of each of its eigenvalues need not be 1, but their product must be 1

(b) At least one of its eigenvalues is +1

(c) All of its eigenvalues must be real

(d) None of its eigenvalues must be real

a00
One of the eigenvalues of the matrix e4 is e%, where A = ( 00 a). The product of the other
0ao
two eigenvalues of e is. [CSIR- DEC-2018]
(a) e* (b) e® (c) e (d)1

A 4x4 complex matrix A satisfies the relation ATA = 41, where | is the 4x4 identity matrix.
The number of independent real parameters of A is.
[CSIR-DEC-2018]

(@) 32 (b) 10 (c) 12 (d) 16

The element of a 3 X 3 matrix Aare the product if its row and column indices A;;= ij (where
i,j=1,2,3,.....). The eigenvalues of A are. [CSIR-JUNE-2019]
(a) (7.7,0) (b) (7.43) (c) (14,0,0) @G53

If the rank of n X n matrix A is m, where m and n are positive integers with 1 <m <n, then
the rank of matrix A is. [CSIR-DEC-2019]
(@ m (b) m-1 (c) 2m (d) m-2
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a2 ab ac
21. The eigenvalues of the 3 x 3 matrix M = <ab b2 bc) are. [CSIR-NOV-2020]
ac bc c?
(@) a? + b?+c%,0,0 (b) b2+c?,a%,0
(c)a% +b?%c?,0 (d) a®+c? ,b%,0
VECTOR ANALYSIS
1. Let @ and b be two distinct three dimensional vectors. Then the component of b that is
perpendicular to @ is given by. [CSIR-JUNE-2011]
3x(bxa) bx(@xb)
(@) = (6) >3
b)b b3)a
© 5 Ohe
2. The equation of the plane that is tangent to the surface xyz = 8 at the point (1, 2, 4)is
[CSIR- DEC-2011]
(a) x +2y + 4z=12 (b) 4x +2y +z =12
(c) x+4y +2 =0 (d)yx+y+z=7
3. A vector perpendicular to any vector that lies on the plane defined by x + y+z =5, is.
[CSIR-JUNE-2012]
@1i+] (b)j+k ) i+j+k (d) 21+ 37 + 5k
4. Which of the following limits exists? [CSIR-JUNE-2012]
. 1 L 1
@ lim (Shoiy+InN) (b) Jim (Zh-1;, ~InN)
. 1 . 1
(©) @ Jim (Zhes g~ InN) (@ Jim S
5 The unit normal vector of the point [i L i]on the surface of the ellipsoid x + v + z 1
. p V3’3’3 P a?  bZ = (2
is. [CSIR-DEC-2012]
(a) bci+caj+abk (b) ai+bj+ck
VaZ+bZ+c? VaZ+bZ+c?
(C) bi+cj+ak (d) i+j+k
VaZibZ+c? V3
6. A unit vector A on the xy -plane is at an angle of 120° with respect to i. The angle between the
vectors i = ai + bfi and ¥ = afi + bt will be 60° if. [CSIR- JUNE-2013]
(a) b=v3a/2 (b) b= 2a/+/3
(c)b=a/2 (db=a
7. IfA = iyz + jxz + kxy, then the integral 9SC A df(where C is along the perimeter of a
rectangular area bounded by x =0, x =aandy=0,y=b) is. [CSIR-DEC-2013]
(8)5 (a® + b*) (b) w(ab? + a?b)
(c) m(a® + b*) do
8. Let # denote the position vector of any point in three-dimensional space, and r = | # | Then.
[CSIR-DEC-2014]
(@ V.7=0andV x 7 = 7#/r (b) V.7 =0 and V2r = 0
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() V.7=0and V2 x 7 = 7/r? (dV.7=3andVx#=0

9. Consider the three vectors o, = 21 + 3k, ¥, = i + 2j + 2k and ¥; = 51 + 2] + ak where i, ]
and k are the standard unit vectors in a three-dimensional Euclidean space. These vectors will
be linearly dependent if the value of a is. [CSIR- JUNE-2018]
(a) 31/4 (b) 23/4 (c) 27/4 o

FOURIER SERIES, FOURIER & LAPLACE TRANSFROMATION

1 for2n<x<2n+1

1. The graph of the function f()f) = {0 for 2n+ 1< x < 2n + 2 wheren=(0, 1,2,........... )
is shown below, Its Laplace f(s) is. [CSIR-DEC-2011]
FAEYIN
|
> A

0 1 2 3 4 5

1+e”S 1-e”S 1 1
(a) s (b) s (a) s(1+e™%) (d) s(1—e™%)
2. Consider a sinusoidal waveform of amplitude 1V and frequency fo Starting from an arbitrary
initial time, the waveform is sampled at intervals of % If the corresponding Fourier spectrum
— _ 0
peaks at a frequency f and an amplitude A , them. [CSIR-JUNE-2012]
@@ f =2f,and A =1V (b)f=2ff <A< 1V
f = | = F_fo =21
(c)f=0andA =1V (d)f—zandA—ﬁV
3. The inverse Laplace transforms of = (;1) IS. [CSIR-JUNE-2013]
(a) 5 t2et (b)st2+1—e™
©t—1+et (d)st2(1—e™®)
4. The Fourier transform of the derivative of the Dirac & - function, namely &' (x), is
proportional to. [CSIR-DEC-2013]
@~o (b) 1 (c) sink (d) ik
5. The graph of a real periodic function f (x)for the range [-oo, co]is shown in the figure. Which
of the following graphs represents the real part of its Fourier transform?
F(x) [CSIR-JUNE-2014]

AN
VAVAVAN
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10.

11.

Re f(k a
@) |( ) ®) Re f(k)
| ¢ k
r:( J'rf'
© /S ) @  |Re/WH)
k I
The Laplace transform of 6t + 3sin 4t is. [CSIR-JUNE-2015]
(a) s +16 (b) 52 16
(c) Sz 3 (d)() 2+16

The Fourier transform of f(x) is f (k) = f:: dxe™™ f(x).
If f(x) = ad(x) + B’ (x) + y&"(x), where §(x) is the Dirac delta-function (and prime

denotes derivative), what is f(k)? [CSIR-DEC-2015]
(@) a + ifk + iyk? (b) @ + Bk — yk?

(€) a — ik — yk? (d) ia + Bk — iyk?

What is the Fourier transform [ dxe™* f (x) of. [CSIR-JUNE-2016]

£ =600+ Y ()

What &(x) is the Dirac delta function?

1 1

@ () 7 ©) i CQlpar

t
The Laplace transform of f(t) = {F' 0<t<T is [CSIR-DEC-2016]

1 t>T

-(1—e~sT) (1-e=ST) (1+e=sT) (1-e5T)
@)~ (b) =7 ©) =7 Ol
The Fourier transform [~ dxf (x)e™* of the function f(x) = 2+2 is.
[CSIR-DEC-2016]

(a) V2meV2Ikl (b) VZme V2K (0) (@) 5e™v2 (d) (2) eV?IH

Consider the differential equation % + ay = e~P* with the initial condition y(0) = 0. Then the
Laplace transform Y(s) of the solution y(t) is. [CSIR-DEC-2016]
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( ) (s+a)(s+b) ( ) b(s+a) ( ) a(s+b) (d) b-
12. The Fourier transform [°._dxf (x)e™* of the function f(x) = eI,

[CSIR-JUNE-2018]

1 2 2
(@) - 1+k2 ®) =@ ©) Ol
COMPLEX ANALYSIS
1. The value of the integral fc dz z2e?, where C is an open contour in the complex z -plane as
shown in the figure below, is: lm 7 [CSIR-JUNE-2011]
H
I
I
o i(oy)
S
|
1 C
I
e — — — — > Rez
(-1,0) | (1.0)
5 5 5 5
(a);+e (b)e-; (C);—e (d)-;—e
2. Which of the following is an analytic function of the complex variable z =x+iy in the domain
|z|< 2? [CSIR-JUNE-2011]
(a) (3+x-iy)’ (b) (1x+iy)* (7-x-iy)*
() (1-x-iy)* (T-x+iy)® (d) (x+iy-1)"
3. The first few terms in the Laurent series for m in the region 1 < |z| < 2 and around z
=1is. [CSIR-JUNE-2012]

(a)%[1+z+zz+~~][1+§+Z4—2+§+-~]
b)) =-z-(1-22+1-2)°+
©S[1+i+5+][1+2+5+]
d2z-1D)+5-1D)*+7(z-1)3%+

4, Let u(x,y) = x + % (x? — y?)be the real part of analytic function f(z) of the complex variable
z = x+iy The imaginary part of f (2) is: [CSIR-JUNE-2012]
(@) y +xy (b) xy ©y (d) y*-x?

5. The Taylor expansion of the function In(cosh x)where X is real, about the point x = 0, starts
with the foIIowing terms: [CSIR -DEC-2012]
(@) —Zx% + —xt 4+ - (b) Sx2 — —x* 4 -
(©) —-x2 +-x4+--- (d)x2 +2x% + -

2 6 2 6

14, RAIPUR ROAD, NEAR SURVEY CHOWK, DEHRADUN
CONTACT:- +9045460409, +919870827730 website:- www.careerspectra.in
Page | 8




Career Spectra u

10.

11.

12.

13.

14.

The value of the integral f where C is a closed contour defined by the equation

€ (z%-5z
2|z| -5=0, traversed in the anti- clockW|se direction, is [CSIR -DEC-2012]
(a) —16mi (b) 16mi (c) 8mi (d) 2mi

With z = x + iy, which of the following functions f(x,y) is NOT a (complex) analytic function
ofz? [CSIR-JUNE-2013]
(@) f(x,y) = (x + iy — 8)3(4 + x* — y* + 2ixy)’

() fGoy) = (x +iy) (1 —x = iy)®

(©) fx,y) = (x* —y? + 2ixy)®

@) fGy)=QQ-x+i)*2+x+iy)°

Which of the following functions cannot be the real part of a complex analytic function of z=

X+iy ? [CSIR-DEC-2013]
@xy (b) x*- y* (c) x*- 3xy? (d) 3x?y-y- y?

. . o dx i
Given that the integral [ ) the value of fo m is.

[CSIR-DEC-2013]
OF= 0) 1 ©) 1= (@) 3

If C is the contour defined by |z| = % the value of the i

[CSIR -JUNE-2014]

(@) o (b) 2mi ()0 (d) mi
The principal value of the integral ffoooSir;(—fx)dx is. [CSIR-DEC-2014]
(@) -2n (b) —= (c)m (2=

The Laurent series expansion of the function f(z) = e? + e'/# about z = 0 is given by.
[CSIR-DEC-2014]

(8) B oo - forall | 2| < o0

(b) Z,?=0(Z” +Zin)$only ifo<|z|<1
(©) Z,"{;o(z” +Zin)%only if0<|z|<oo
(d) Zr-—o = only if 0< |z | <1

Consider the function f(z) = iln(l — z) of a complex variable z=re® (r = 0,—c0 < 8 <

o). The singularities of f(z) are as follows: [CSIR-DEC-2014]
(a) Branch pointsat z=1and z=oo;and apoleatz=0only for 0 < 6 < 27

(b) Branch points at z= 1 and z = o0; and a pole at z = 0 for all 6 other than 0 < 6 < 27
(c) Branch points at z=1and z= co; and apole at z=0 for all 6

(d) Branch pointsatz=1,z=1and z= o0

The value of integral ffooo 1i§4' [CSIR-JUNE-2015]

(a) % (b) g (€)V2r d)2m
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15.

16.

17.

18.

19.

20.

21.

22.

The radius of convergence of the Taylor series expansion of the function COS:}(X) around x =0,

is. [CSIR-JUNE-2016]
(@) (b) (c) % (d)1

47 _ . . .
The value of the contour integral i,gﬁ ¢ - dz around the unit circle Ctraversed in
2mi Y C cosh(z)—2sin h(z2)

the anti-clockwise direction, is [CSIR-JUNE-2016]
-8 1
(@) 0 (b)2 ©% (d) -tanh(3)

The Gauss hypergeometric function F(a,b,c,z), defined by the Taylor series expansion around
z=0as F(ab,cz) = Yo, 2t atn-DbOD.(04n-1) )n satisfies the recursion relation.
c(c+1)..(c+n—-1)n!
[CSIR-JUNE-2016]

(@ =Flabcz)==Fla—1b-1c—1;z)
(b) =F(ab,c;2)==F(a+1,b+1,c+1;2)
(© =Flabcz)=2Fla—1b-1c—1;z)
() SF(ab,c2)=2F(a+1,b+1,c+1;2)

Let u(x,y) = e**cos(by) be the real part of a function f(z) = u(x,y) + iv(x,y) of the
complex variable z = x + iy, where a,b are real constants and a # 0. The function f(z) is
complex analytic everywhere in the complex plane if and only if. [CSIR-DEC-2016]
@b=0 (b) b = ta (¢)b = +2ma (db=ax2n

ZelT[Z
z2

/2 : . .
dz along the clgsed contour I shown in the figure is.

The integral §.—— N [CSIR- DEC-2016]

@0~o (b) 27 (b) -2m (d) 4mi

Consider the real function f(x) = 1/(x? + 4). The Taylor expansion of f(x) about x =0
converges. [CSIR-DEC-2016]
(a) For all values of x (b) For all values of x except x = +2

(c) Inthe region -2 < x <2 (d) For x>2 and x < -2

What is the value of a for which f(x,y) = 2x + 3(x? — y?) + 2i(3xy + ay) is an analytic
function of complex variable z = x+ iy. [CSIR-JUNE-2018]
(@1 (0o (c)3 (d)2

In the function Px (x)e™*" of a real variable x, Pn(x) is polynomial of degree n . The
maximum number of extrema that this function can have is.

[CSIR-JUNE-2018]
(@n+2 (b) n-1 (c) n+1 (d)n
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23.

24,

25.

26.

217.

The value of the integral §,— dz @nh 2% \where C is a circle of radius ~
counter-clockwise, with centre at z O IS [CSIR-JUNE-2018]
(@) 4 (b) 4i (c) 2i do
The contour C of the following integral [CSIR-DEC-2018]
NE—DE-3)
B (z2 — 25)3

in the complex z plane is shown in the figure below.

The value of the definite integral fo m is.

(a) = (b) = ©n (d)3

[CSIR JUNE-2019]

Let C be the circle of radius /4, centered at z = 1 in the complex z-plane that is

traversed counter-clockwise. The value of the contour integral gﬁ ~dz Is.
[CSIR DEC- -2019]

in? in? in
()0 (b) = ©= OE: 2
A function of a complex variable ‘z’ is defined by the integral f(z) = gﬁr (Z)—__Zz dw

Where T is a circular contour of radius 3, centred at origin running counter-
clockwise in the w-plane.
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The value of the functionat z = (2 - 1) is.
[CSIR-NOV-2020]

(@) 0 (b) 1 —4i (c) 8w + 2mi d)—-2-L

T 2T

DIFFERENTIAL EQUATION

1. Let pn(X) (where n=0,1,2,...... ) be a polynomial of degree n with real coefficients, defined in
the interval 2 < n < 4. If f; Pn(X)pmx)dx = 8, then . [CSIR-JUNE-2011]

(@ po® = % and p;(x) = \E(_g —%)
(b) po(x) = 5 and p; () = V3(3 +x)

€) pox) = % and p; (x) = \E (5 =%
(d) po®) = % and p; (x) = \E(g - x)

2. The generating function F(x,t) = Y0, P, (x)t" for the Legendre polynomials P, (x) is F(x,t) =
(1 — 2xt + t2)~1/2, The value of P3(-1) is. [CSIR-DEC-2011]
(@5/2 (b) 3/ 2 (c) +1 (d) -1

3. Let x1(t) and x2(t) be two linearly independent solutions of the differential equation % +

dxa(V) _

dx | _
2+ f(t)x = 0 and let w(t)= x1 (t) —a

X, (t) dxd;t(t). If w(0) = 1, then w(1) is given by,
[CSIR-DEC-2011]

(@)1 (b) €? (c)1/e (d) 1/ €?
4. Let y(x) be a continuous real function in the range 0 and 2, satisfying the inhomogeneous
. . 0 - dzy dy L T
differential equation: sin x —z T Cosx —= é (x 3 | 5).
The value of dyldx at the point x= 7/ 2. [CSIR-JUNE-2012]
(a) is continuous (b) has a discontinuity of 3
(c) has a discontinuity of 1/3 (d) has a discontinuity of 1
5. The graph of the function f (x) shown below is best described by:
1.00 [CSIR-DEC-2012]
0.25
0.50
— 0.25
< 0.00
-0.25
-0.50
-0.75

—-1.00
0
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10.

11.

12.

(a) The Bessel function Jo(X) (b) cos x

(c) e*cos x (d) 1/x cos x

Given that Yo Hy (x) S = e~*+2%% the value of Hy(0) is. [CSIR-JUNE-2013]

(@) 12 (b) 6 (c) 24 (d)-6

The solution of the partial differential equation [CSIR-JUNE-2013]
02 02

3¢z —u(x,t) — Tu(x t)=0
satisfying the boundary conditions u(0,t) =0 = u(L,t) and initial conditions u(x,0) =
sin(mx /L) and u(x t)|=0 = sm( ) is.

(a) sin ( ) cos ( ) + —sm ( 7sz) cos (%)
(b) 2sin ( ) cos ( t) — sin ( - ) cos (Zm)
(c) sm( )cos(zm)+— i ( ) ( )
(d)sm( )cos( )+—1n( )cos(%t)

The solution of the differential equation. [CSIR-JUNE-2013]
dx 5
22—y

with the initial condition x(0) = 1 will blow up as t tends to

@1 (b) 2 (c) 1/2 (d) o

Consider the differential equation [CSIR-JUNE-2014]

with the initial conditions x(0) = 0 and x(0) = 1. The solution x(t) attains its maximum value
when t is
(@ 1/2 (b) 1 (c) 2 (d) o

Given X%_, P, (x)t"™ = (1 — 2xt + t%)~1/2, for | t | < 1, the value of Ps (-1) is.
[CSIR-JUNE-2014]
() 0.26 (b) 1 () 0.5 (d) -1

(- [x\?"t1 L . . .
The function f(x) = Yo 0 s D] (—) , satisfies the differential equation.
[CSIR-DEC-2014]

(a)xZ]; %+(x2+1)f=0
(b) x2g+2x%+(x2—1)f=0
(c) x2%+x%+(x2—1)f=0
(d) ng—x%+(x2—1)f=0

Consider the differential equation ZZT’; -3 Z—’; +2x =0.Ifx=0att=0and x=1 at t=1, the
value of xatt =2 is: [CSIR-JUNE-2015]
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13.

14.

15.

16.

17.

18.

(a)e?+1 (b)e?+e (c)e+2 (d) 2e

Let f(x,t) be a solution of the wave equation o f 2 o f in 1 -dimension. Ifatt=0, f(x, 0)

= e and (x 0) = 0 for all x, then f(x,t) for all future times t > 0 is described by.
[CSIR-JUNE-2015]

(a) e~ (x?-v%t?) (b) e~ (x—vt)?

() ie—(x—vt)2 + ze—(x+vt)2 (d) i(e—(x—vt)2 + e—(x+vt)2)

The solution of the differential equation Z—’; = 2V 1 — x?2, with initial conditionx =0 att =0 is.
[CSIR-DEC-2015]

sin 2t, OStS% ; sin 2t, 03t<§

a) x = X =

Q sinh 2t, tZ% (b) 1, tzf
sin 2t, OSt<%

(c)x = ol (dx=1-cos2t,t =0
1, tZZ

The Hermite polynomial Hn(X) satisfies the differential equation.

d?H, dH
—2x——42nH,(x) =0
dx? dx

The corresponding generating function G (t,x) = Ymp IH (x)t™, satisfies the equation:
[CSIR-DEC-2015]

(a)——2x—+2t—=0 (b)——2 2_22% =

(c)——2 —+2—=0 (d)——2x—+2%—0

Let f(x,t) be a solution of the heat equatlon —= D — |n one dimension. The initial condition

att=0is f(x,0) = e~*" for —0 < x < Then for aII t > 0, f(x,t) is given by.

[Useful integral: [ dxe=%" = 7] [CSIR-DEC-2016]
1 %2 1 %2

€)) me 1+Dt2 (b) \/TZZDte 1+2Dt

©) Jemee @ ¢

COSTTX

The function y(x) satisfies the differential equation x Z—z +2y = . 1T y(1)=1, the value of

y(2) is: [CSIR-JUNE-2017]
(a) (b) 1 (€) % (d) ¥
The Green’s function satisfying. [CSIR-JUNE-2017]
2
Eg(x,xo) = 6(x — xp)

with the boundary conditions g(—L, x,) = 0 = g(L, x,), is
@ — (g — L)(x + L), ~L < x < xg o) —(xo+L)(x+L),~L<x < xg
a

i(x0+L)(x—L), xoL <x <L i(xO—L)(x—L), xo<x<L
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19.

20.

21.

22.

23.

24,

— (L= x)(x + L), —L < x < xg )
1 (d);(x—Lx+L),-L<sx<L
Z(x0+L)(L—x), Xo<x<L

The number of linearly independent power series solutions, around x= 0, of the second order

linear differential equation x % + Z—i’ +xy=0,Is [CSIR-DEC-2017]
(a) O (this equation does not have a power series solution)
(b)1 (c)2 (d) 3
. . . . 1

The ger:leratlng function G(t,x) for t_he Legerldre rJonnomlaIs- B,(t) is. G(ti x) —xm =

o X™ B, (t), for [x|<1 If the function f(x) is defined by the integral equation fo fxdx' =
xG(1,x), it can be expressed as. [CSIR-JUNE-2017]
(8) Dm0 X By (1P (3) (b) Zizm—o X" By (1) Py (1)
(C) Zn,m:Oxn mpn(l)Pm(l) (d) an Oxn mpn(O)Pm(l)

Consider the following ordinary differential equation Z—Z = (Z—’t‘) — Z—’: = 0 with the

boundary conditions x(t = 0) = 0 and x(t = 1) = 1. The value of x(t) att =2 is.
[CSIR-JUNE-2018]
@+ve—1 (b) Ve + 1 (c)ve+1 (b) ve?z —1

The Green’s function G (x, x") for the equation ——= a’y (x)

+ y(x) = f(x), with the boundary
values y(0) = y (%) = 0, is [CSIR-JUNE-2018]

x(x’—E), 0<x<x’<§

" _ 2
(@ G(x,x") = o~ , -
(x—;)x, 0<x <x<;
( ) —cosx'sinx 0<x<x'<g
(b) G(x,x") =
—sinx’cosx, 0<x'<x<g
cosx’'sinx, 0<x<x'<g
©Gx,x") =1 7
sinx’ cosx, 0<x’<x<5
x(g—x’), 0<x<x’<g
(d) G(x,x") =

x’(g—x), 0<x’<x<g

The polynomial f(x) = 1 + 5x + 3x? written as linear combination of the Legendre
Polynomials. (Po(x) =1,P(x),P(x) = %(sz — 1)) as f(x) = X cnPy(x). The value of

Co IS. [CSIR-JUNE-2018]
(@ 1/4 (b) % (c) 2 (d) 4
In terms of arbitrary constants A and B, the general solution to the differential equation
+ 5x -+3y=0 is. [CSIR-DEC-2018]
- B
(a)y—;+Bx (b)y—Ax+x3
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(c) y = Ax + Bx3 (dy=2+=

25. The Green’s function G(x,x”) for the equation % = f(x) with the boundary values Y(0) = 0
and y(1) =0, is [CSIR-DEC-2018]
%x(l—x’), 0<x<x'<1

(@ Glrx) =% ,
Ex(l—x), 0<x'<x<1
N (x(x'—1), 0<x<x'<1
(b) GCx, x7) = {x’(l —x), 0<x'<x<1
—lx(l—x’), 0<x<x'<1
©) G(x,x") = 12
Ex’(l—x), 0<x'<x<1
N (x(x'—1), 0<x<x'<1
(&) GCxx) = {x’(x— 1), 0<x'<x<1
26.  The solution of the differential equation x% + (1 + x)y = e™* with the
boundary condition y(x=1) = 0, is [CSIR JUNE-2019]
(x-1) —-x (x-1) —x (1-x) —-x _ 2 —x
(a) e (b) “e () -e (d) (x — 1)%
i . . . dy\? d?y .
27.  The solution of the differential equation (E) - e”, with the boundary
conditions y(0) = 0 and y'(0) = —1.1is [CSIR NOV-2020]
x2
(a)—ln(2+x+1) (b) - xln(e + x)
(©) —xe ¥ d)-x(x+ 1)e™™
PROBABILITY
1. An unbiased dice is thrown three times successively. The probability that the numbers of dots
on the uppermost surface add up to 16 is. [CSIR-DEC-2011]
(@) 1/16 (b) 1/36 (c) 1/108 (d) 1/216
2. A ball is picked at random from one of two boxes that contain 2 black and 3 white and 3 black

and 4white balls respectively. What is the probability that it is white?
[CSIR-JUNE-2012]
(@ 34/70 (b) 41/ 70 (c)36/70 (d)29/70

3. A bag contains many balls, each with a number painted on it. There are exactly n balls which
have the number n (namely one ball with 1, two balls with 2, and so on until N on them). An
experiment consists of choosing a ball at random, noting the number on it and returning it to
the bag. If the experiment is repeated a large number of times, the average value the number
will tend to. [CSIR-JUNE-2012]
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2N+1 N N+1 N(N+1)
S(a) = (b) 5 (©)— (d)——=—
4. In a series of five Cricket matches, one of the captains calls “Heads” every time when the toss
is taken. The probability that he will win 3 times and lose 2 times is. [CSIR-DEC-2012]
(@1/8 (b)5/8 (c) 3/16 (d)5/16
OTHER QUESTIONS
1. The approximation cosé = 1 is valid up to 3 decimal places as long as |6] is less than:
(take180%m ~ 57.29°) [CSIR-JUNE-2013]
(a) 1.28° (b) 1.81° (c) 3.28° (d) 4.01°
. 2> 9% | 9% | o2 1 : .
2. The expression (a_xg + a2 + oz + a_xz) (Zrdeadend) is proportional to.
[CSIR- DEC-2013]
(@) 6(xq +x, + x3 + x4) (b) 8(Cx1)8(2)6(x3)8(xs)
(©) (xf + x5 + x5 + x§) 7/ (d) (ef + x5 + x5 + xi) 72
3. Three sets of data A, B and C from an experiment, represented by X, 0 and O , are plotted on a
log-log scale. Each of these are fitted with straight lines as shown in the figure.
1000 { .' : [CSIR- DEC-2013]
100f ="~ - B ARhY SERREE
| ( [ ]
: ' Bl
107------ S0 AERERL -
I N
: AL
01671 10 100 1000
The functional dependence y(x) for the sets A, B and C are respectively.
(@) vx, x and x? (b) =, x and 2x
L 2 1 2
(c) X and x (d) =X and x
4. Two independent random variables m and n , which can take the integer values 0, 1, 2, ...,c0 ,
follow the Poisson distribution, with distinct mean values p and v respectively. Then
[CSIR- DEC-2014]
(a) The probability distribution of the random variable | = m + n is a binomial distribution.
(b) The probability distribution of the random variable r = m - n is also a Poisson distribution.
(c) The variance of the random variable | =m + nisequal to u + v
(d) The mean value of the random variable r = m- n is equal to 0.
5. Let @ and 8 be complex numbers. Which of the following sets of matrices forms a group under
matrix multiplication? [CSIR- DEC-2014]
@ (% #) (b) (1 “) where af # 1
00 g 1)
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10.

11.

12.

(c) (% g ) where af* is real
@ (g b ) where a2 +1512 = 1

1
x2+5

The value of the integral f08 dx, valuated using Simpson’s é rule with h= 2 is.

[CSIR- DEC-2015]
(a) 0.565 (b) 0.620 (c) 0.698 (d) 0.736

Consider a random walker on a square lattice. At each step the walker moves to a nearest
neighbour site with equal probability for each of the four sites. The walker starts at the origin
and takes 3 steps. The probability that during this walk no site is visited more than one is.

[CSIR- DEC-2015]
(@) 12/ 27 (b) 27/ 64 (c) 3/8 (d)9/16

Let X and Y be two independent random variables, each of which follow a normal distribution
with the same standard deviation o , but with means +u and -u , respectively. Then the sum X
+Y follows a. [CSIR- JUNE-2016]

(a) Distribution with two peaks at +u and mean 0 and standard deviation ov/2.

(b) Normal distribution with mean 0 and standard deviation 2o

(c) Distribution with two peaks at +u and mean 0 and standard deviation 2o

(d) Normal distribution with mean 0 and standard deviation o/2.

In finding the roots of the polynomial f(x) = 3x3 — 4x — 5 using the iterative Newton-
Raphson method, the initial guess is taken to be x = 2. In the next iteration its value is nearest
to. [CSIR-JUNE-2016]
(@) 1.671 (b) 1.656 (c) 1.559 (d) 1.551

Given the values sin 45° = 0.7071, sin 50° =0.7660, sin 55° =0.8192and sin 60° = 0.8660 , the
approximate value of sin 52° , computed by Newton’s forward difference method, is.
[CSIR-DEC-2016]
(a) 0.804 (b) 0.776 (c) 0.788 (d) 0.798

The random variable x(—co0 < x < o0) is distributed according to the normal distribution

P(x) =

1

x2
o e 202, The probability density of the random variable y = x? is.

[CSIR-JUNE-2017]

1 ——27 1 _y_
< Z0<
(a)me 22,0 <y <o (b)ZZMZye 202, ) <y < oo
1 - 1 _y_
(C) ﬁe 202'0 < y <o (d) 217:02378 ZUZ’O = Y <®

Which of the following sets of 3x3 matrices (in which a and b are real numbers) forms a group
under matrix multiplication? [CSIR-JUNE-2017]

10a 1ao0
@) {(O 1 0);a,b ER (b) {(0 1 b);a,b ER}
b 01 001

1ao
@ {(b ; o);a,b ER}
001

14, RAIPUR ROAD, NEAR SURVEY CHOWK, DEHRADUN
CONTACT:- +9045460409, +919870827730 website:- www.careerspectra.in
Page | 18




Career Spectra u

13.  Arandom variable n obeys Poisson statistics. The probability of finding n= 0 is 10°. The
expectation value of n is nearest to. [CSIR-JUNE-2017]
(@) 14 (b) 10° (c)e (d) 10°

14.  Consider an element U (¢) of the group SU(2), where ¢ is any one of the parameters of the
group. Under an infinitesimal change ¢ — ¢ + &¢, it changes as U(¢) - U(p) +8U(p) =
(1 + X(8¢))U(gj). To order 8¢, the matrix X(8¢) should always be.
[CSIR- DEC-2016]
(a) positive definite (b) real symmetric
(c) hermitian (d) anti-hermitian

15.  The fractional error in estimating the integral fol xdx using Simpson’s § rule, using a step size

0.1, is nearest to. [CSIR-JUNE-2018]
(@) 107* (b) O (c) 1072 (d)3x10™*

16.  The number of distinct ways of placing four indistinguishable balls into five distinguishable
boxes is :

17.  The value of the integral |’ S dx [1 dy, 8(sin2x)8(x — ) is
[CSIR-JUNE-2018]

@~0 (b) ¥2 (c) 12 (d)1
ANSWER KEY
MATRIX ALGEBRA
1. B 2. A-B, B-A 3. C 4, D 5. A 6. A
7. B 8. A 9. B 10. B 11. C 12. D
13. B 14. C 15. D 16. B 17. D 18. D
19. C 20. A 21. A
VECTOR ANALYSIS
1. A 2. B 3. C 4, B 5. All 6. C
incorrect
7. D 8. D 9. A 10.
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FOURIER SERIES, FOURIER & LAPLACE TRANSFROMATION

1. C 2. B 3. C 4. D 5. B 6. A
7. C 8. B 9. B 10. D 11. A 12. C
COMPLEX ANALYSIS
1. C 2. B 3. B 4. A 5. B 6. A
7. D 8. A 9. B 10. C 11. A 12. C
13. All 14. A 15. C 16. C 17. D 18. B
incorrect

19. C 20. C 21. A 22. C 23. B 24. C
25. D 26. C 27. C

DIFFERENTIAL EQUATION

1. D 2. D 3. D 4, D 5, A 6. A
7. D 8. A 9. B 10. D 11. C 12. B
13. D 14, C 15. A 16. D 17. D 18. A
19. B 20. B 21. C 22. B 23. C 24, D
25. D 26. A 27. A
PROBABILITY

| 1. | B [ 22| B | 3 | A | 4 | D |

OTHER QUESTIONS
1. B 2, B 3. D 4, C 5. D 6 A
7. D 8. D 9. B 10. C 11. A 12 C
13. A 14. D 15. B 16. = 17. B
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