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MATEMATICAL PHYSICS SOLUTIONS
NET/JRF (JUNE-2011)

Q1.  The value of the integraljdz z°e’ , where C is an open contour in the complex z -plane as
C

Imz
shown in the figure below, is: /:\
|
5 5
(a) >+e (b) e—> 1(0,1)
e € T
|
|
@ e @ -2 | ©
e e !
o Fo-—--------> Rez
Ans: (c) - (1’0) | (1,0)
|
Solution: If we complete the contour, then by Cauchy integral theorem
1 1
[dzz’et +[dzze’ =0= [dzze’ =—[dzz’e’ =-[z%e? —2ze7 + 2e?] = 2 e
-1 C C -1 e
Q2.  Which of the following matrices is an element of the group SU (2)?
1+i -1
» BB
@ o) OIS
NN
INE)
2+i0 5 5
c 4l 2 2
(©) ( 3 - J D5
2 2
Ans: (b)
. . . a —p 2 2
Solution: SU (2) is a group defined as following: SU (2): {(,3 = j:a,ﬂ eC; a| +|,6’| = 1}
a
clearly (b) hold the property of SU (2) o= =i P = L and a = 1= B = L
I EVE) NEIMER
Note: SU (2) has wide applications in electroweak interaction covered in standard model
of particle physics.
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Q3.

Ans:

Let 4 and b be two distinct three dimensional vectors. Then the component of b that is

perpendicular to & is given by

(a) L (b) M (C)Ki—?b (d) QT?E

a’
(a)
Solution: @ xb = absin @A where A is perpendicular to plane containing
d and b and pointing upwards. b ! blsin 0K
— — o . — A 2 . ~ 0 :
ax(axb)=abs1n6'(a><n)=—a bsin &k ! >
. a
bsinHR—M = bsin Ok —ﬂbz—a).
a’ a

Q4.

Ans:

Let pn(x) (where n=0,1,2,...... ) be a polynomial of degree n with real coefficients,

4
defined in the interval 2<n<4. If.[ P (X)Pin(X)dX = G , then
2

(@) p()(x):% and i (x) = @(—3— X) () po<x>=% and pi(x) =3 (3+)

@ =1 adp (=260 @ b= p0= 261
(d)

Solution: For n not equal to m kroneker delta become zero. One positive and one negative term

can make integral zero. So answer may be (c) or (d). Now take n=m =0 so p, (X)= %

and then integrate. (d) is correct option because it satisfies the equation Check by

integration and by orthogonal property of Legendre polynomial also.
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Q5. Which of the following is an analytic function of the complex variable z = X+1y in the

domain|z| <27

(@) (3+x—iy) ) (1+x+iy) (7 -x—iy)’
© (1-x—iy)" (7-x+iy)’ (d) (x+iy-1)"
Ans: (b)

Solution: Put z =x+1iy. If Z=Xx—1ly appears in any of the expressions then that expression is
non-analytic. For option (d) we have a branch point singularity as the power is Y which

is fractional. Hence only option (b) is analytic.

111
Q6.  Consider the matrix M =[1 1 1]
111

A. The eigenvalues of M are

(a)0,1,2 (b)0,0,3 (©1,1,1 (d-1,1,3
Ans: (b)
-4 1 1
Solution: Foreigenvalues| 1 1-4 1 |=0
1 1 1-4

(1= AN1=2F =1)-(1-2-1)+1(1-(1-2))=0

(= AN+ 2 =2A=1)+ A+ A=0=2 24— 2 + 24 +21=0

P32 =0=>2(1-3)=0=1=0,0,3

For any nxn matrix having all elements unity eigenvalues are 0,0,0,...,n.

B. The exponential of M simplifies to (I is the 3 x 3 identity matrix)

3 _1 M 2
@e" =1+ 1|m (b) ™ = 1 + M +—
3 2!
) e" =1+3'M (d) e" =(e~1)M
Ans: (a)
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Solution: For e" let us try to diagonalize matrix M using similarity transformation.

-2 1 1 |x 0
ForA=3,, 1 -2 1 |x,[|=]0
11 =2]x 0

= =2%+X%+X =0, X, =2X, +X; =0, X, +X, =2%; =0

= -3X,+3X;, =0 or X, =X, =X, =X, =X, =K.

1
Eigen vector is 13 {1} wherek =1.
1
ForA =0,
1 1 1]x (0
1 1 1|X [0|=X+X,+X;,=0
1 1 1% (0
K, 1
Let x, =k;,x, =k,andx; =k, +k,. Eigen vector is k, |= 1/4/2| =1| where
(ki+k, ) 1
k, =k, =1
1
Let x, =k,X,=k, andx,=—(k, +k,). Other Eigen vector 1/+/2| 0 | where
-1
k, =Lk, =-1

0 1 1 1 -2 1
S=[-1 0 1|=S"=|2 -1 -1|=D=S"MS,M =SDS™".
1 -1 1

0

1

0
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Q7.  An unbiased dice is thrown three times successively. The probability that the numbers of

dots on the uppermost surface add up to 16 is

1 1 1 1
(a) 16 (b) 36 (c) 108 (d) 216
Ans: (b)
Solution: We can get sum of dice as 16 in total six ways i.e. three ways (6, 5, 5) and three ways
(6, 6,4).
Total number of ways for 3 dice having six faces = 6x6x6
__ 6 _1
6x6x6 36

Q8. The generating function F(X,t) = i P

n
n=0

(x)t" for the Legendre polynomials P,(x)

isF(x,t)=(1-2xt+12) . The value of P,(=1) is
(@) 5/2 (b) 3/2 (©) +1 () ~1
Ans: (d)

Solution: P, =%(5x3 ~3x)= P3(—1):%(5(—1)3 —3(—1)):%[—5 +3]=-1

Q9.  The equation of the plane that is tangent to the surface xyz =8 at the point (1, 2, 4)is

(a) x+2y+4z=12 (b) 4x+2y+z2=12
(c) x+4y+2=0 (d) x+y+z=7
Ans: (b)

Solution: To get a normal at the surface lets take the gradient

V(xyx)= yzi +2x] + kxy =81 + 4] + 2K

. . L= (8T 4]+ 2k
We want a plane perpendicular to this so: (r -, ) g—) =0
N64+16+4

[(x—l)f+(y—2)j°+(z—4)I2J-[8f+4]+2I2J:0:> 4X+2y+2=12.
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Q10. A 3x3 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 ?
(@) {I,1,4} () {-1,0,7} (¢) (13,4 (d) {2,2,2}

Ans: (c)

Solution: Tr[M?]= (=1 +(3)* + (4) alsoTe[M*]= (= 1) + (37 +(4)’ =90.

Q11. Let x(t) and x,(t)be two linearly independent solutions of the differential equation

X 2% t(i=0 and teru)=x 02 )25 1e wfo)= 1 hen wiis
given by
(a) 1 (b) e () 1/e d) 1/¢2

Ans: (d)

Solution: W (t) is Wronskian of D.E.
W=el™ —e S w(1)=e?sinceP = 2.

1 for2n<x<2n+1

12. The graph of the function f(x)=
Q T ! ) {0 for2n+1<x<2n+2

where n = (0,1,2.......) is shown below. Its Laplace transform fN(S)is

, _ f(x)
l+e’° l1-e®
(a) (b)
S 1
(©) —— (d) - — X
s(l+e) s(i—e™) o 1 2 3 4 5
Ans: (c)
© 1 2 3
Solution: L(f(x))= .[e*SX f(x)dx = je’sx 1dx +| e~ - 0dx + _[e’sx AdX + ...
0 0 1 2
—SX 1 —SX 3
:{e } +0+[ } S et m1fr e —e ]+
) S
0 2
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:_LS[—H-e‘S_e—Zs e ]:l[l_e—s+e_25

a 1
Since S =—— wherer=—e"and a=1 = S_ =—
* -t " s{iue‘si

—e™ +]

|

Q13. The first few terms in the Taylor series expansion of the function f(X)= sin X around

T
X =—are:

Ans: (c)

Solution: f (X) =sin X
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Q14. A vector perpendicular to any vector that lies on the plane defined by x+y+z =35, is

(@ i+] (b) j+K )1 +]+kK () 21 +3] +5K
Ans: (c)
Solution: Let ¢=X+y+2-5 = Vg = i\i-i-ji-i-k\i (x+y+z-5)=i+j+k

' X "oy oz

1 2 3
Q15. The eigen values of the matrix A=|{2 4 6 |are
36 9

(a) (1,4,9) (b) (0,7,7) () (0,1,13) (d) (0,0,14)
Ans: (d)

Solution: For eigenvalues |A—/1I|:O:> 2 4-4 6 |=0
3 6 9-1
(1-A)N(4-2)9-2)=36]-2[2(9-2)-18]+3[12-3(4—-2)]=0
(1-2)4-2)9-4)-36(1-2)-4(9-1)+36+91=0

P =142 =0= 1(1-14)=0=1=0,0, 14.
Q16. The first few terms in the Laurent series for m in the region 1< |Z| <2 and
z-1\z-

around z =1 is

(a)l[1+z+zz+ A A (b)L+z—(l—z)2+(1—z)3+
5 Sttt 3
(c) %[1+l+i2+...}{1 +2+i2+___} (d) 2(z-1)+5(z=1F +7(z=1) +....
Z 7 1z 7 1z
Ans:
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1 1 1 1

Solution: ! = - = + L (1+01-2))"

(z-1)z-2) z-2 z-1 1-z (z-1)-1 1-z

11—z

=i—[z+(l—z)2 ~(1-z) +]

L R = L

Q17. Let u(x,y)= X+%(X2 - yz) be the real part of analytic function f(z) of the complex

variable Z = X +1Y . The imaginary part of f (Z) is

(@) y+xy (b) xy ©y
Ans: (a)

Solution: u(x,y)= x +%(x2 —y?) v(x,y)=?

ou ov ou ov

Check —=— and—=—-—.
oX oy oy OX
LU L v=y+xy+ f(x)
ox oy’ oy
8_u__@:>@_+y v=yx+ f(y)
oy ox  OX

y+xy+ f(x)=yx+ f(y)

f(x)=0 f(y)=y
V=Xxy+y

(d) y?-x*

QI8. Let y(x)be a continuous real function in the range 0 and2xz, satisfying the

inhomogeneous differential equation: sin XzTZZ + cos X% = 5(X - %J
The value of dyldx at the point X = 7z /2

(a) is continuous (b) has a discontinuity of 3
(c) has a discontinuity of 1/3 (d) has a discontinuity of 1
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Ans:

(d)

2

2

Solution: After dividing bysin X , (; y + cot Xﬂ = COsec 25(X - %)
X

dx

Integrating both sides, y + Icot X(ﬂjdx = J.cosec Xo (X - Zde
dx dx 2

ﬂ+cotx-y—jcosecx-ydx=1
dx

Using Dirac delta property: j f(x)5(x—Xo) = f(xo) (it lies with the limit).

L7 +y- CPS X + I ysin® xdx =1, at X = z;sin X = 0. So this is point of discontinuity.
dx sin X
Q19. 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?
(a) 34/70 (b) 41/70 (c) 36/70 (d) 29/70
Ans: (b)
Solution: Probability of picking white ball
2B 3W 3B 4W
From box | = 3 and from box Il = 3
5 7 I I
e _y . g . 113 4] 41
Probability of picking a white ball from either of the two boxes is = 515 + 7 = 20
Q20. The eigenvalues of the antisymmetric matrix,
0 -n n
A=| n; 0 -
- N, Ny 0
where n;,n, and n; are the components of a unit vector, are
(a) 0,i,—1 (b) 0,1,—-1
(c) 0,1+1,—1,—i (d) 0,0,0
Ans: (a)
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0 -n; n, 0 -n; n,
Solution: A=| n, 0 -n|=>-A"=| n, 0 -n,
-n, n 0 -n, n 0

0 -n, n

n, 0 -n,

-n, n 0

=2,=0 = 1, =—/-n’-n}-n} = A =-N-n-n;
but \/n/ +n; +n; =1

SO, A4 =0,4,=L,A4=-L

A = —AT (Antisymmetric). Eigenvalues are either zero or purely imaginary.

Q21. Which of the following limits exists?

(a) m(iﬁﬂn Nj (b) lim(i%—lan

m=1 N\ ol
N1 N
(©) lim[ ———In Nj (d) im » —
N—o0 ; /m N‘)OO; m
Ans: (b)

Q22. 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

2N +1 N N +1 N(N +1)
a b) — c d —=
(a) 3 (b) 5 (c) 5 (d) 5
Ans: (a)
Solution: Total number of balls 1+2+3+4+.....+ N = N (l\; * 1)
The probability for choosing a k" ball at random = K
N(N +li
2
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2
Average of it is given by <k> =%k-P = 22k = 2N (N i 1)(2N il 1)
N(N+1) N(N+1) 6
_ANHL Zkz:N(N +1)2N +1).
6
Q23. Consider a sinusoidal waveform of amplitude 1V and frequency f,. Starting from an
arbitrary initial time, the waveform is sampled at intervals of L If the corresponding
0
Fourier spectrum peaks at a frequency f and an amplitude A , them
(a) f =2f,and A =1V (b) f =2f,and0<A<1A
(c) f =0andA =1V (d)?—ﬂandﬁ—iv
2 V2
Ans: (b)
Solution: y = 1sin(27 fot). y
A
The fourier transform is:
1 v
F(y)=5[5(f+fo)]—5[f"f0]
I ! ! : | >t
. N 0 LT
In Fourier domain f = fo, A = 5 I
NET/JRF (DEC-2012)
Q24. The unit normal vector of the point {i b L} on the surface of the ellipsoid
' NERRVERNE]
x>y 2 .
? + b_2 + C_2 =1is
bei +caj + abk ai +bj +ck
(a) (b)
Ja’+b’+c va’+b*+c?
bi +¢j +ak i+ j+k
© @
a’+b°+c V3
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Ans:  All the options given are incorrect.
2 y2 22
Solution: Here ¢ = a—2+b—2+c—2—1.
Unit normal vector is Y,—¢
¥
. . 2 2 2 o o n
So, Vg = ii+ j£+ kﬁ [EAHIES S 2x + 2Y) + 22K
ox "oy oz)la* b* c? a’  bE ot
= 2 a 2 2 2 ~
Vol oy = I+ ]+
[*3%*3) a\/g b\/g C\/g
‘%5 _\/ 4 4 4 _i\/bzc%razc2+a2c2
3a> 3b* 3¢ 43 a’b?c?
2 742 J+ 2 K
V¢ a3 b3 3 Dbcl+caj+abk
‘%ﬁ ... 2 4b*i+cia’+ath’  Wbic’ +c’a’+ah?
(ﬁ’ﬁ’ﬁj 3 abc
Q25. Given a 2x2unitary matrix U satisfying U'U =UU' =1 with detU =¢'’, one can
construct a unitary matrix V(V 'V =wW'= 1) with detV =1 from it by
(a) multiplying U by e "2
(b) multiplying any single element of U by e
(c) multiplying any row or column of U by e™*'?
(d) multiplying U by e ¢
Ans: (a)
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Q26. The graph of the function f(x)shown below is best described by

‘ 1.00
(a) The Bessel function Jo(x) 025 |
(b) cosx 050 1
- < 025 T
(c) e cosx < 0.00 T
] -0.25 I
(d) —cosx ~0.50 T
-0.75 + T+t
Ans: (a) R e TS R
01 23456728910
X

Q27. In aseries 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
(a) 1/8 (b) 5/8 (c) 3/16 (d) 5/16
Ans: (d)
1 1 5! 1

Solution: P = (J (1 _EJH G318 (E]Z-M

_i 5x4x3!_§_ 5 i
32 3Ix2! 32 8x2 16

The probability of getting exactlyk successes in n trials is given by probability mass
n!

m p* (1= p)"™ , k =successes, n = trials.

function=

Q28. The Taylor expansion of the function ln(cosh X), where X is real, about the point x =0

starts with the following terms:

1, 1 ., 1, 1 4
a) —— X" +—X" +.... b) — X" ——Xx" +....
@ 2 12 ®) 2 12

1, 1., 1 , 1,
C) —— X" +—=X"+.... d) — X" +—=Xx"+....
() 6 (d 5 p

Ans: (b)

Solution: cosh X = “Tailor’s series expansion of f(x)aboutx = a
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"

f(x)= f(a)jtw(x—a)jtf%(!a)(x—a)2 ++?(x—a)3 +....Here a=0.

I!
e*+e™” , _ 1 ef-e ef-et 3
f(X)ZIOg[ > lzozoa f(XX)(:O_eX-‘reX 5 —ex+e_x—tanhx_0
2
F1(x) = (eX +e‘XXeX +e‘x)—(exz—e‘XXeX —e‘x) _ (eX +e‘x)2 —(exz—e‘x)2 - tanh? x
(eX +e‘*) (ex+e’x)

At x=0, f"(x)=1,f"(x)=-2

2 dz
2

, whereCis a closed contour defined by the
Z°—-52+6

Q29. The value of the integral .[
C

equation 2|Z| —5=0, traversed in the anti-clockwise direction, is

(a) —1l6ri (b) 1671 (c) 8ri (d) 27i
Ans: (a)
Solution: 2> =52+6=0=>2>-22-32+6=0=2(z-2)-3(z-2)=0=2=3,2

2|z| =0 > |z| = 2.5, only 2 will be inside.

3 3
Residue = (z-2) £ | __8 =—8:>J‘zzi=27ri(—8)=—167ri
(z-3)z-2)|,,, 2-3 °2* —52+6
NET/JRF (JUNE-2013)
Q30. Given that z H, (X)t—' —e U
n=0 n
the value of H,(0) is
(a) 12 (b) o6 (c) 24 (d)-6
Ans: (a)
Head office Branch office
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tl’l 0 2 t4 t6
Solution: z H,( gt z =1-t*4+———
=0 n' o 21 3

4
Ha(0)s _t 4(o)=£=12.

= = H
4 2! 2!

Q31. A unit vector i on the Xy-plane is at an angle of 120°with respect tol . The angle

between the vectors G = ai +bA and V =an+bi will be 60°if

(a) b=+3a/2 (b) b=2a/+/3 (c)b=a/2 (db=a
Ans: (c)
Solution: U =ai +bA, v=an +bi

TR (a|+bn)( bf )= [u[V|cos 60 = a*i - A+ ab+ba + b

(\/a2 +b? +2abcos120 )z -c0os60 =a’ cos120 +2ab +b? cos120

(az+b2—2abxl)-cos60:—l(a2+b )+2ab_ (a2 +b?)- a_ l(a2+b2)+2ab
2 2 2 2

=a’+Db? :@ —~p=2.
2 2

Q32. With z=x+Iiy, which of the following functions f(X, y) is NOT a (complex) analytic

function of'z ?

() f(x,y)=(x+iy-8) (4+ Xk +2ixy)7

(®) Fxy)=(x+iy) (1-x~iy)

() f(x,y)= (x2 —y? +2ixy — 3)

(d) f(x,y)=0-x+iy) 2+x+iy)°
Ans: (d)

Solution: f(x,y)=(1-x+iy)'(2+x+iy)°

={1-(x=iy)' 2+ x+iy)°
Due to present of Z = (x —iy)

Head office Branch office
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Q33. The solution of the partial differential equation
62 82

—u(x,t)-—u(x,t)=0

ot? OX

satisfying the boundary conditions u(0,t)=0=u(L,t)

u(x,0) = sin(/ L) and %u(x,t)t_o _sin(2m/ L) is

(a) sin(z x/L)cos(zt/ L)+2Lsin(27zx/ L)cos(2zt/L)
7

(b) 2sin(zx/L)cos(zt/L)—sin(zx/L)cos(2zt/L)

(c) sin(zx/L)cos(27t/ L)+£sin(2m</ L)sin(zt/L)
T

(d) sin(zx/L)cos(zt/L)+ Lsin(znx/ L)sin(27t/L)

2
Ans: (d)
: 2 2 e x B 7 x
Solution: a—l; —a—lj =0, u(X,O) = smﬂ— andﬁ—u = smL
ot ox L ot I
This is a wave equation
n .
So solution is given by u(x,t)= Z(An cos 2 ddl + B, sin

L L
with A, =%J. f(x)sin%dx, B. = g(n)sin%dx

anrzt

and initial conditions

J

. anr
o’u  o°u T X 27 X
Comparinga’ —- =———, We have a =1and f(x)=sin—, g(n)=sin ,
paringa’ = == (x) = o) i
1—-cos ™
L L - -
Anzz sin ——sin n”de—z smzﬁdX:EI L dX:2~£:1(let n=1)
L L L L Ly 2 L 2
Putting n=2
Head office Branch office
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1—cos 4
L L L - -
Bn= J‘sinzﬂx-sinnﬂxdx:ij‘sinzz—ﬂde:i L2t L
anr L L 27y, L 2y, 2 2r 2 2&m
Q34. The solution of the differential equation
dt
with the initial condition x(0) =1 will blow up as t tends to
(a)1 (b)2 (c) 7 (d)
Ans: (a)
—2+1
Solution:%=xzz>jd—)2(=jdt:> X =t+C:>—1=t+C
dt X -2@ X

:>X(0)=1:>_T1=O+C:>C=—1:>_—1=t—lz>x=ﬁ as t > 1 x blows up
X —

Q35. The inverse Laplace transforms of is

s?(s+1)
(a) %tze‘t (b) %tz +1-e™
) t—l+e™ () %tz(l—e‘t)
Ans: (c)
- _L _at -1 1 :t—t :_—tt:_—t
Solution: f(s)—s+1:>f(t) e =L {—S(S+l)} J;e dt ( e )0 ( e +1)

= L‘{ : }:j-(—e“ F1)dt=(e" +t)i=e +t—1.

s’(s+1)] 1

Q36. The approximation cosd =1 is valid up to 3 decimal places as long as |9| is less than:

(take180° / 7 =~ 57.29°)

(a) 1.28° (b) 1.81° (c) 3.28° (d)4.01°
Ans: (b)
Head office Branch office
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0> 0’ 0’

Solution: cos@=1-—+——...... "1 ——

Q37.

Ans:

Q38.

Ans:

204 2!

cosf ~1 when 0 =1.81° ~2— = 0314
100

JRE/NET-(DEC-2013)

If A= 1yz + Xz + ﬁxy , then the integral §§_A' di (where C is along the perimeter of a
C

rectangular area bounded by x=0,x=aand y=0, y=b)is
() %(a3 +b?) (b) z{ab> +a’)  (c) z(a’+b?) ) 0

(d)
it;ﬂdizj-(%xﬂ)da:Osince VxA=0.
C S

If A, B and C are non-zero Hermitian operators, which of the following relations must
be false?

(a) [A, B]=C (b) AB+BA=C (c) ABA=C (d) A+B=C

(a)

Solution: [A, B]=C = AB-BA=C = (AB-BA)' =C’

((AB)' —(BAY)=C" = (B'A")-(A'B")=C"
Hence A,B and C are hermitian then

BA-AB=C = [A B]=C

Q39. Which of the following functions cannot be the real part of a complex analytic function

ofz=x+1y?

(a) X7y (b) x> —y? (c) x* =3xy’ (d) 3x’y—y-y’
Ans: (a)
Head office Branch office
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Solution: Let x*ybe real part of a complex function. Use Milne Thomson’s method to write

analytic complex function. The real part of that function should be (1) but that is not the

case. So this cannot be real part of an analytic function. Also,
2> =(x+1iy)’ = x> — y? + 2ixy, Real part option (2)
2 = (x+iy) = x* —iy® + 3ixy(x +iy)

= x’ —iy’ +3ix*y —3xy’ , Real part option (3)

Q40. The expression

(az+a2+az+azJ 1
ot ¢ o ) e xd+x?)

is proportional to

(a) 5()(1 Xy + X+ X, ) (b) 5()(1 )5()(2 )5()(3 )5()(4)
(c) (xf +X X+ X )_3/2 (d) (xf X+ XS+ X )_2
Ans: (b)

. 0 1 —2X,
Solution: | —| 5—————— || = |
X (X[ + X, +X5 +X (X12+X2-|-X32+Xj)2

2
o’ A ) (xf+x22+x32+xj) -1—2-2x1-x1(xf+x§+x§+xj)
OX;

4
(xf + X5 +X; +xj)

2 2 2 2\ 2 2 2 2 2 2
__zl(xl + X5 + X5 +x4) —4x; }_égx1 —2(x1 + X5 + X +x4)
2 2 2 2\
(xl + X5+ X; +x4)

2 2 2 2\
(X1 +X2+X3+X4)

Now similarly solving all and add up then we get

[62 NN J(i+i+i+ij
oX; oxs oxi ox; \xI X X2 X;

8(xf+x§+x§+x§)—8(xf+x§+x§+xj)

3
(xf+x§+x§+x§)

also if all Xi» %y, X5, X, becomes zero it should be infinity.
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or o8 o8 ¢ 1 —5(x)-5(x.)-5(x.)- 5(x
SO( AN j(z ) o000 )l

OX;  ox;  oxi ox; )X+ X)X +X;

Q41. Given that the 1ntegralj = —, the value of d—2 is
AR S 2y 2 (y> +x?)
Vs T

a) — c) —

( ) y3 ( ) 8y3
Ans: (b)
Solution: J.Lz = 1 I Lz, pole is of 2™ order at x =iy, residue = 1/(4iy3)

2 (y? +x7) 25 (y*+x)

Integral =1/2*27i*1/(4iy’) =7/ (4y)
Q42. The Fourier transform of the derivative of the Dirac &- function, namely5'(x), is
proportional to
(@0 (b) 1 (c) sink (d) ik
Ans: (d)
Solution: Fourier transform of &"(x)
H(K)={" &'(x)e™dx = ike“ =ik
Q43. Consider an nxn(n>1) matrix A, in which A; is the product of the indices i and ]
(namely A; =1j). The matrix A
(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

Ans: (a)

1 2
Solution: If matrix is 2x2 let (2 4j then eigen value is given by

Head office Branch office
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(1—1 2 j
=0=>(1-1)4-1)-4=0=>1=0,5

2 4-2
1 2 3
If If matrix is 3x3 let |2 4 6 | then eigen value is given by
369
-4 2 3
2 4-12 6 |=0
3 6 9-41

(1-2)(4-2Y9-1)-36]+2[18—2(9—A)]+3[12-3(4 — )]
(1- A2 —134+36-36+2[18-18+24]+3[12-12+34]=0
A =1B3A-2+1327 +134=0= 2" -142 =0= 1=0,0,1=14
i.e. has one degenerate eigenvalue with degeneracy 2.
Thus one can generalized that for n dimensional matrix has one degenerate eigevalue
with degeneracy (n — 1) .
Q44. Three sets of data A, B and C from an experiment, represented by x, [J andO, are

plotted on a log-log scale. Each of these are fitted with straight lines as shown in the

ﬁgure. 1000

100f-=----

10f------
s

I [

01677717 10 100 1000

The functional dependence y(x) for the sets A, B and C are respectively

(a) \/;, X and X (b) —1, X and 2x  (c) Lz, x and X’ (d) L, x and X’
2 X Jx
Ans: (d)
Head office Branch office
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JRE/NET-(JUNE-2014)
Q45. Consider the differential equation

2
d X+2%+x=0
dt? dt

with the initial conditions x(0)=0 and X(0)=1. The solution x(t) attains its maximum

value when t is

(a) 172 (b) 1 (c)2 (d) o
Ans: (b)
2
Solution: %+2%+x:0:>m2+2m+1=0:>(m+1)2 —0=>m=-1,1

= x=(c, +c,t)e™ since X(0)=0=>0=c, = x=C,te"' 0

= X=c,[-te +e |

Since X(0)=1=1=c¢, = x=te”'

For maxima or minima x=0=> x=-te'+e'=0=> x=¢" (1_t)

=e'=0,1-t=0=>t=0m, t=1
x=e' (-1)+(1-t)e" (=1) =—e" +(t—1)e"
= X(I)=—e" +0e™" <0

Q46. Consider the matrix

0 2i 3i
M=|-2i 0 6i
-3 -6 0

The eigenvalues of M are

(a) -5,-2,7 (b) -7,0,7 (c) —4i, 2i, 2i (d) 2,3,6
Ans: (b)
0 2 3i 0 2 3i
Solution: M =|-2i 0 6i|, M"=|=2i 0 6i
=31 -6i O =31 -6i O
Head office Branch office
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M =M
Matrix is Hermitian so roots are real and trace = 0.

A+AL+4=0,4-4,-4=0=>41=-7,0,7

Q47. If C is the contour defined by | z | = %, the value of the integral

i; dz
¢sin® z
is
(a) (b) 27i ()0
Ans: (c)
Solution: f(z)=— 12 (|Z| =lj
sin” z 2
sinZ:Z——3+i....:> ! = .
3B sin’ 2 (2—23+ZS....J2
B 1[5
, o
- sin12 z :Z%[l_ZE_FZ_SW} :950 si:i z =0

(d) zi

Q48. Given 3~ P,(x)t" =(1-2xt+t>]"" for |t| <1, the value of P,(~1) is

(a) 0.26 (b) 1 (¢)0.5
Ans: (d)
P

n

(-1)=-1if nisodd = P,(-1)=-1

(d) -1
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Q49. The graph of a real periodic function f(x)for the range [ oo, o] is shown below
f(x)
VERVARVARY
Which of the following graphs represents the real part of its Fourier transform?
a b
@) Re f (k) ®) Re f (k)
| 1 N
| ‘
©) Re f (k) (&) Re (k)
k k
Ans: (b)

Solution: This is cosine function

f(x): Acos X = F(k)

g[a(k —ky )+ (k+k,) ]

NET/JRF (DEC-2014)

Q50. Let r denote the position vector of any point in three-dimensional space, and r = | r |

Then

(@) V-F=0 and VxF=F/r

(c) V-F=3 and V’F=r/r>
Ans: (d)

Solution: r = XX+ yy + 72

Head office

fiziks, H.No. 40 D, G.F, Jia Sarai,

Near lIT, Hauz Khas, New Delhi-16
Phone: 011-26865455/+91-9871145498

Website: www.physicsbyfiziks.com
Email: fiziks.physics@gmail.com

Branch office

Anand Institute of Mathematics,
28-B/6, Jia Sarai, Near IIT

Hauz Khas, New Delhi-16

25



fiziks

fiziks

Institute for NET/JRF, GATE, IIT-JAM, JEST, TIFR and GRE in PHYSICAL SCIENCES

-F:=ax+ay+gzl+l+1=3

Vv 2.
OX oy oz
X y 4
Vxr=|o/ox 0/oy o/oz] =% a_y +y(%—@)+2 Y_X_y
oy oz 0z OX OX oy
X y z
a 0 0 1
Q51. The column vector |b| is a simultaneous eigenvector of A=|{0 1 0| and
a 1 00
0 1 1
B=(1 0 1]if
1 1 0
(a)b=0ora=0 (b) b=a or b=-2a
(c)b=2a orb=-a (d)b=a/2 orb=-a/2
Ans: (b)
Solution: Let b=a
0 0 1)a a 0 1 1)a a a
0 1 Ofjaf=la| and |1 O 1| a|=|la|=|a
1 0 O0)la a 1 1 0)la a a
Let b=-2a
0 0 1) a a 0 1 1) a —-a a
0 1 Of—2a|=|-2a| and |1 0 1] -2a|=|2a|=-1|-2a
1 0 O){ a a 1 1 0){ a —-a a
For other combination above relation is not possible.
Q52. The principal value of the integral J.OO m32)()dx is
o x
(a) —27 (b) —n (o)« (d) 27
Ans: (a)
Head office Branch office
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ei22

z

Solution: Let f(z)=

3

i22

lim, , (z—0)" f(z)=lim, ,(z~ 0) > =1( finiteand # 0) = z = 0 is pole of order 3.

3 eiz
?

271 = Im. Part =27 = jw

2

o)

-0 UZ

-2

Residue R = ilim

=[1

- f(x)dx=-

x)dx = 7iZR = 7zi (-2)

Q53. The Laurent series expansion of the function f(z) =e’ +e"* about z =0 is given by
(a)z —forall|z|<oo (b)zno( +—J# 0nly1f0<|z|<1
(©) z:;o(z” +ZLJ# forall 0<|[z|<o  (d) Z:’zwzn—n! only if | 2| <1

Ans: (c)

Solution: e’ =[1+Z+;—2!+....j:z:_oi—: and €"* =1+ i +%ZL+"":Z:=0 ann!
= f(z)=e"+e" :z:_o(z%%j % forall 0<|z| <o

Q54. Two independent random variables m and n, which can take the integer values
0,1,2,..,0, follow the Poisson distribution, with distinct mean values x# and v
respectively. Then
(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+n is equal to z+v
(d) the mean value of the random variable r = m—n is equal to 0.
Ans: (c)

Solution: 6 =c> +0. = u+v
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Q55. Consider  the  function f(z)= lln(l ~z) of a  complex variable
z

re'’(r >0, —oo <@ < ). The singularities of f(z) are as follows:
(a) branch pointsat z=1 and z=o0;and apole at z=0 only for 06 <2x

(b) branch points at z=1 and z=o00; and a pole at z =0 for all 8 other than 0 <6 <27
(c) branch points at z=1 and z=o0; and a pole at z =0 for all &
(d) branch pointsat z=0,z=1 and z=o

Ans:  None of the above is correct

2 3 2
Solution: For f (Z):%In(l—z):%(—z—z——z—— ..... ]:—I—E—Z— ......

There is no principal part and whenz -0, f (Z) =—1. So there is removable singularity

at Zz=0. Also z=1 andz = o« is Branch point.

n 2n+1
Q56.  The function f(x)= zw &[ij satisfies the differential equation

=ni(n+1)1 2
2d f _df 2dzf df 2
— 1)f =0 b 2X— -1)f =0
(a) X +xdx+(x +) (b) X + de (x )
d*f _df 3 ,d*f  _df 2 3
(c) X e +x&+(x —l)f (d) x 0C x&+(x l)f_O

Ans: (c)

n 2n+1
Solution: f(x): Z:ﬂ)%(g] is generating function (Bessel Function of first kind)

which satisfies ( ) f=0,put n=1.

dx
Q57. Let a and f be complex numbers. Which of the following sets of matrices forms a

group under matrix multiplication?

a p 1 «
(a) (b) , where aff #1
0 O g1
(c) [a a*j where af” is real (d) [ “ ﬂ] where |05|2 +|,B|2 =1
IB IB* ’ —ﬂ* a* >
Ans: (d)
Head office Branch office
fiziks, H.No. 40 D, G.F, Jia Sarai, Anand Institute of Mathematics,
Near IIT, Hauz Khas, New Delhi-16 28-B/6, Jia Sarai, Near IIT
Phone: 011-26865455/+91-9871145498 Hauz Khas, New Delhi-16

Website: www.physicsbyfiziks.com
Email: fiziks.physics@gmail.com 28




fiziks e

Institute for NET/JRF, GATE, IIT-JAM, JEST, TIFR and GRE in PHYSICAL SCIENCES

a
Solution: ‘ . ﬂ* :|05|2+|ﬁ|2 =1
- a
3 —
Q58. The expression Zei i {Xi,{p i» Ly }} (where €;;, is the Levi-Civita symbol, X, p,L are
i, k=1
the position, momentum and angular momentum respectively, and {A, B} represents the
Poisson Bracket of A and B ) simplifies to
()0 (b) 6 © % (pxL) (d) Xx P
Ans: (b)
NET/JRF (JUNE-2015)
. = dX
Q59. The value of integral 7
=1+ X
T T
a) —— b) — ¢) 27 d) 27
(a) 7 (b) 5 (c) (d)
Ans. (a)
= dz
Solution: zl=R
L@ 1+2z* 4
(2n+1)Z
Now pole = = e
=0, @z A - WL [, Bl 1
A Y A RN
i37
Nol=z=e® = L4i n=357 -+ i1
B RN NN
only z, and z, lies in contour
i.e., residue at z = e%[ —l(—i—iLJ
© IR
i3z
== 11 .1
residueat z=e 4 =—| ——1—
5%
» dx . T
now =2rmleRes=—=
< x*+1 V2
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2
Q60. Consider the differential equation ?:it;( —3%+2X:0. If x=0 at t=0 and x=1 at

t=1,the valueof X att=2 is

(a) &% +1 (b) €’ +e (c) e+2 (d) 2e
Ans. (b)
Solution: D*-3D+2=0

(D-1)(D-2)=0=D=1,2 = x=ce” +c,e'

using boundary condition X=0,t =0

c, =¢C,

again using boundary condition x=1,t =1

1 1 e 1,
2,C1= 3 =>X=
e—¢e e —e e —e e—¢e

C, =

again using t =2 then x =g’ +e
Q61. The Laplace transform of 6t” +3sin4t is
12 36 12
b) —+
s*+16 ®) st s*-16
18 12 36 12

c) —+ d) —+
© st s*-16 @ s s?+16

36
(@) 5+
S

Ans. (a)

]

Solution: L[6t3 +3sin 4t] = W

- Lsinat = —

s’ +a’

6xl4 3x4 36 12
T T3 =71t
S s +16 S s +16
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Q62. Let f(x,t) be a solution of the wave equation —-=V

Ans.

Solution: For

Q63.

Ans.:

in 1-dimension. If at

ot? ox*

t=0,f (X,O):e*X2 and %(X,O)zo for all x, then f(x,t) for all future times t>0 is

described by
(@) e (b) e O
1 —(x—vt)z 3 —(x+vt)2 1|: —(x—vt)z A(x+vt)2:|
—e +—e d) —|e +e
() 1 2 (d) 5
(d)
2f Lo f
> =V e

%(X,O):O and f(x,0)=¢e™

f :%[f (x+vt)+ f(x—vt)]

2 2
therefore, solutionis  f =%(e(x"t)) +e W)

NET/JRF (DEC-2015)

In the scattering of some elementary particles, the scattering cross-section o is found to

depend on the total energy E and the fundamental constants h (Planck’s constant) and ¢
(the speed of light in vacuum). Using dimensional analysis, the dependence of o on
these quantities is given by

hc hc he )’ hc
(a) E (b) 372 (©) (Ej (d) E

(©)

Solution: The dimension of o is dimension of “Area”

h = Joul —sec

c=m/sec
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E = Joul

2
(h_ECJ =m? dimension of area

Qo64. If y:;,then X is

tanh(X)
@ In (y”j (b) In (y 1)
y—1 y+1
(© In |X=1 (d m Y
y+1 y—-1
Ans.: (d)
Solution: y =
tanh X

_efte e+l
ef-e* e -1

ye —y=e?+1= ye¥ —e¥ =l+y = e” (y-1)=1+y

oy = (y+1j
y—1
1
-l
2 y—1 y—1

Q65. The function

5 of a complex variable z has

sin 7z
(a) asimple pole at 0 and poles of order 2 at +Jn for n=1,2,3...
(b) a simple pole at 0 and poles of order 2 at +Jn and +ivn for n=1,2,3...

(c) poles of order 2 at i\/ﬁ, n=0,1,2,3...
(d) poles of order 2 at £n, n=0,1,2,3...
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Ans. : (b)

. z Z
Solution: f(z)=—— = -
sin 7z , sin 7z
7z .

V24

. 2
: ) : . _sinzz
at z=0 these is a simple pole since lim —=1
-0 g7

. . . 2 Z
Also, sinzz* =sinnz llm(Z—\/ﬁ) — 5
z->n sin 7z

728 =+nr  z=+Jn,+ivn

exists so its pole of order 2.
Q66. The Fourier transform of f (x) is f(k) = J‘jw dxe™ f (x).
If f(x)=ad(x)+ B8 (x)+»5"(x), where §(X) is the Dirac delta-function (and prime

denotes derivative), what is  (k)?

(@) a+ipk+irk? (b) a+ Bk - yk*
(c) a—-ipk-yk? (d) ia+ gk —iyk®
Ans.: (c)

Solution: T (k) =Iodx " (a3 (X)+ 55 (X) + 16"(¥))

j as(x)e®dx =a

—o0

0

[ B (x)e™dx=p| e (x)" - T ike™ 5 (x)dx | = —i Bk

—o0

J‘ ]/éw(x)eikxdx _ _}/kz

—0
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Q67. The solution of the differential equation?j—)t(: 24/1- x>, with initial condition x=0 at

t=01is
sin2t, 0<t<— sin 2t, 0St<Z
(a) X = 4 (b) X = 2
sinh2t, t>2 t>2
2
sin 2t, 0St<£
(©) X= 4 (d) x=1-cos2t, t>0
1, t>%
4
Ans.: (c)
Solution: % =24/1-x?
ox =20t sin” x=2t+c
1-x?
x=0,t=0 so, c=0
X = sin 2t

X should not be greater than 1 at x =1

1=sin2t sinzzsinZt, t:Z
2 4
S0, X = sin 2t O£t<£
4
~1 4
4
Head office
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Q68. The Hermite polynomial H | (X) satisfies the differential equation

2
d |_2|” _ox 3 +2nH, (x)=0
dx dx

The corresponding generating function

G(t,x)= Z:O% H, (x)t" satisfies the equation

2 2
76 5 2% ) 28 2578 %
X OX ot OX OX ot

0

2 2 2
06 5,28 ,,8 g @ 885y, 00
OX OX ot OX OX oxot

(a)

(©) 0

Ans.: (a)

Solution: G = H, (x)t"
n!

r_l ’ n
G —mHn(X)t

" 1 " n
G :n_!Hn (X)t

oG 1

—=—H "
ot n! ()

lets check the options one by one

LR A i<y
ox’ OX ot

1 1 1

n—!Hn"(x)tn _2Xn_! H (x)t" +2tn—! H,(x)n

H.(x)—2xH, (x)+2xH, (x) = 0, which is Hermite Differential Equation.
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Q69. The value of the integral J.:z;sdx , valuated using Simpson’s % rule with h=2 is
X"+
(a) 0.565 (b) 0.620 (c) 0.698 (d) 0.736
Ans.: (a)
Solution: | =3[y0+4(y1+y2)+2y2+y4] X y= !
3 X*+5
:g l+4(l+lj+2xL+L 0 &
3|5 9 4 21 69 D
_ 1
=— —+0.5734+0.09523+0.0145} 9
315 1
4 JE—
2 21
:—[0.2+0.5734+0.09523+0.0145] 1
3 6 —
5 31
==x0.8831=0.5887 8 s
3 69
Q70. 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
(a) 12/27 (b) 27/64 (c) 3/8 (d) 9/16
Ans.: (d)

Solution: Total number of ways =4x4x4

Number of preferred outcome =4x3x3

(" Any four option in step-1 and only 3 option in step 2&3 because he can not go to

previous position)

Website: www.physicsbyfiziks.com
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Q71. The radius of convergence of the Taylor series expansion of the function

cosh(x)
around X =0, is
Vs
(a) o (b)z (C)E (d)1
Ans:  (c)
. 1 et -1 L
Q72. The value of the contour integral — (]5 - dz around the unit circle C
271 cosh(z)—2sinh(z)
traversed in the anti-clockwise direction, is
(a) 0 ()2 (c)_—8 (d)—tanh (lj
D 2
Ans: (c)
4z 4z _ 4z o
Solution: f(z)= € 1. =— f ! = ? -
coshz—2sinhz e’ +e , . L,
—(e*—e) =—+"e
2
2e* (e“Z -1) 2(e” —ez)
= f(z)= =
( ) 3 _ eZZ 3 _ eZZ
_ |
For poleat z=2,,3-¢e’"" = ¢e’" =3=z, Y In3
It has simple pole at z,
. _ 2(e" —et)
a,=lim(z-z,)f(z)=lim(z-z)) e
77, 77, —e
z7—17,)x2(5¢" —e*)+2(e’* —e” )x1 52 _ak
:>a_1:1im( 0) ( 22) ( ) :_[e 22e J
72, -2e e
5
(V3) -3 fW3-3)_ 8
j— a—l = — = — = ——
3 3 NE)
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e f(z)dz :L><272|Z:R651due——i

2ri 2ri \/5

Q73. The Gauss hypergeometric function F (a,b,c, z), defined by the Taylor series expansion

around z=0 as F(a,b,c,z)=

a(a+l1). (a+n—l)b(b+1)...(b+n—1)Zn

nzz;‘ c(c+1)..(c+n-1)n!

satisfies the recursion relation

d
— F(a,b,c;z)=—
(@ (a,b,c;z)

F(a-1b-1c—1
" (a-1,b-1,c-1;2)

(b) %F(a,b,c;z)=iF(a+l,b+1,c+l;z)

d ab
—F(a,b,c;z)="=
© (a,b,c;z)

. F(a-1b-1,c-12)

aTbF(a+1,b+1,c+l;z)

d
(d) EF(a,b,c;z):
Ans: (d)
a(a+1)..(a+n-1)b(b+1)..(b+n-1)
c(c+1)..(c+n-1)n!

n-1

dF
Solution; — =
dz nzz;‘

Do a+1 a+n 1)b(b+1)...(b+n_1) -1
Z:;‘ (c+1) (c+n-1) n—1
_ab(a+1)..(a+n-1)(b+1)..(b+n-1) 2"
¢ (c+1)...(c+n-1) n—1

= (a+1)..[a+(n-1)-1](b+1)..[b+(n=1)-1] 2™

—72 (c+1)..[c+(n-1)-1]

OI—an—bF(aH b+1,c+1,2)
dz ¢
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Q74.

Ans:

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 +x and —u,
respectively. Then the sum X +Y follows a

(a) distribution with two peaks at £z and mean 0 and standard deviation o2

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

(c) distribution with two peaks at +x and mean 0 and standard deviation 2o

(d) normal distribution with mean 0 and standard deviation o2

(d)

Solution: g = g1, +p1, = p—p=0

12 2 2 2 2
oc'=0,+0,=0"+0

o' =20

Q75. Using dimensional analysis, Planck defined a characteristic temperature T, from powers
of the gravitational constantG, Planck’s constanth, Boltzmann constant k, and the
speed of light ¢ in vacuum. The expression for T, is proportional to

hk?
a b d) ,[—%
(a) G (b) (c) 4k2 (d) o
Ans:
20T -2
Solution: E=hv=h= £ _ ML T =MLT™!
v
2T 2
E=kT =k; :E: s =MLT T,
P
-2 2
FogMM g MT XL 5 _mopre
he MLT (LT MLT
2~ 2] 41 4T 2 312 = =NTp =Tp
ksG MLT T,"xM™LT ML'T T,
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Q76. What is the Fourier transform J‘dxe”‘x f(x) of

F(x)=6(x)+ X 25001

n=1

where O (X) 1s the Dirac delta-function?

1 1 1 1
@ ik ® Tk © D&
Ans: (b)
Solution: f (x)=8(x)+3 dxnn 5(x):i(;’x”n 5(x)=36 (x)

= E[ 1 (x)]= 3 (=ik)" =1-ik+(ik)* (k)" +... =— I

= I=(=ik) 1+

>

Q77. In finding the roots of the polynomial f (x)=3x’—4x—5 using the iterative Newton-

Raphson method, the initial guess is taken to bex =2. In the next iteration its value is
nearest to
(a) 1.671 (b) 1.656 (c) 1.559 (d) 1.551

Ans: (b)

Solution: f (X) =3X’ —4x=5; f’(x) =9x* -4

3%) —4x, -5 3%) —4%, -5
X =X~ AN =T
9x, —4 9x, —4
—4x2— 11
Let x, =2 x, =2 2874275, 1L\ ) 656
Ox4—-4 32
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1 3 2
Q22. Thematrix M =3 -1 0 | satisfies the equation
0 0 1
(@) M>=M?—10M +121 =0 (b) M*+M? ~12M +101 =0
(c) M*~M?*—10M +101 =0 (d) M’ +M?-10M +101 =0
Ans. 22: (¢)
Solution: The characteristic equation is
(1—/1) 3 2
3 (—1—/1) 0 |=0
0 0 (1—/1)

= (1=2)(-1-2)(1-4)=33(1-2) =0
= (A -1)(2-1)-9(1-2)=0

= A —101-A>+10=0

thus the matrix M satisfies the equation

M’ —-M?—-10M +101 =0 then the correct option is (c)
Q23. The Laplace transform of

t
f(t): ?, O0<t<T
1 t>T
1S
—(l—e‘ST) (l—e‘ST) (1+e‘ST) (l—e“)
(@) 7 (b)sz—T (©) o (d T
Ans. 23: (b)

Solution: we can write

t

F(6) =L ()= (O] () =10 (O]t (6) == (O +ur (1)

Hence the transform of f (t) is
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e ot o] P s )

1 eST(L+Ij+eST _l_efsT

9T TS s s ST

I .
18

Q29. The Fourier transform J._w dxf (X)e"‘X of the function f (X) =

x> +2
(a) \27e K (b) N2re
T 2k T 2K
(c) —=e (d) ——=e
2 2
Ans. 29: (d)
Solution: Fourier transform of f (X) =———, a>01is
X" +a

ikx 4y, _ 70 o -al|
I ——edx=—e
X +a a

2

1 - y
Hence j—ze'kxdx = ize V2
X" +a

Q46. Given the values sin45° =0.7071, sin 50° = 0.7660, sin 55° = 0.8192 and

sin60° = 0.8660, the approximate value of sin52°, computed by Newton’s forward
difference method, is
(a) 0.804 (b) 0.776 (c) 0.788 (d) 0.798

Ans. : (¢)

Solution: Given -

x [ y=t(x) | af(x) | af(x) [ a'f(x)

45° 0-7071
50° 0-7660 0-0589 —-0-0057 —-0-0007
55° 0-8192 0-0532 —0-0064

60° 0-8660 0-0468
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h=5,52°=x,+uh=45"+uh

52745 _52-45 7
h 5 5

From table we have

y, =0-7071, Ay, =0-0589 , A’y, =—0-0057
A’y, =-0-0007 , A'y, =0,.....

2 3
w.sin(52%) =y, T +ﬂu(u—l)+ﬂu(u—1)(u—2)+---

1 12 13
~0-0057 —0-
:0-7071+(O-0589)1+gz(z—lj+(mjz(z—l)(z—2]+o
5 2 505 6 5(5 5
=0-7071+0-O825—0'0399+0'1(;(249

=0-7071+0-0825-0-0016+0-0000 =0-7880

2

ox*

conditionat t =0 is f(x,0) =e ™ for —o< X<oo. Then forall t >0, f (x,t) is given by

in one dimension. The initial

Q47. Let f (X,t) be a solution of the heat equation Z_ft =D

[Useful integral: .ro dxe ™ = Z]
o o
1 RS 1 RS
(a) e 1+ Dt (b) e 1+2Dt
v1+ Dt 1+ 2Dt
(c) 1 eil+)4(:Dt (d) e_lszt
1+ 4Dt
Ans. : (c)
2
Solution: 8—: Dq , t>0
ot OX
Let D =c?
of ,0° f
—=C >
ot OX
Initial condition f (x,0)= e =g (), —0<X<o0
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Now, ¢ (x +2cz4t ) = e"(“mmz

The solution f (X,t) is given as

f(x.t)= LTe_(”mﬁ)z e ’dz = Lf g Vil gy

V72, RS
—X* 40

e J‘ e—(410222t+40><z«/t_+z2 eix2 Te
NI NI
e* 7 2ox/t J{ 2exa/t Jz _( 2cx/t Jz

)dZ _ —{(1+4czt)zz+(4cxz\/f)} a4z

= exp| —(1+4c’t){z>+2-z-
[exp|~(1+4c7)

N (1+4ct) |1+4c’t 1+4ct
2 4w aof]] Aeix _2 QAR oo 2004k |
e ]e_(l+4czt){“l+4t8} el gy 28 e“c“g]e_(l+462t){z+l*4t°2} dz

Jr 2 Jr

—00

plHact 1 \/;

X2X—X

Jr 2 J1+4ct

pl+4Dt (CZ _ D)

1
f(x,t)=—
( ) V1+4Dt

Q55. A stable asymptotic solution of the equation X, =1+ is x=2. If we take

1+ X

n

€
: n+l
X,=2+¢€, and X, =2+¢,,,, where € and €, are both small, the ratio is

En
approximately
1 1 1 2

a) —— b) —— c) —— d) ——

(a) 5 (b) 1 (c) 3 (d) 3
Ans. (¢)
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Q56. The 2x2 identity matrix | and the Pauli matrices ¢*,5”,0° do not form a group under matrix multiplication. The minimum number
of 2x2 matrices, which includes these four matrices, and form a group (under matrix multiplication) is

(a) 20 (b) 8 (c) 12 (d) 16
Ans. (d)
X I -1 ixl | -ixl | o, -0, |lio, | -o, | o, -0, |io, |-o, | o, -o, | lio, —-io,
I [ -1 ixl | -ixl | o, -o, |lo, | o, | o, -0, |io, |-o, | o, -0, |lio, —io,
-1 -1 [ —ixl | ixl | -5 | o, -io, | o, | -0, | o, —io, |io, |-o, |oO, -io, | o,
ixI ixI —ix1 | - I io, -lo, | —o, | O, io, -lo, | —o, | o, Io, -lo, | —o, o,
—ix| | —ix] | ix] I —I —-lo, | lo, o, -0, | -io, | o, o, -o, | -lo, |lo, o, -0,
o, o, -0, |io, —io, | | -1 ixl | —ixl|ig, -io, | -0, | o, -io, |io, | o, -0,
-0, | -0, | o, -io, |io, |-l | —ixl | ixl | -ig, |io, o, -0, |lio, | -o, | -0, |o,
io, io, -io, | —o, | o, x| =ix] | —] | -0, | o, -io, | o, o, -0, |io, —io,
-io, | -lo, | io, o, —o, | —ixI |ixl | —I o, -0, | o, —io, | -0, | o, —io, | io,
o, o, -0, |io, —io, | —io, | o, o, -o, || —I Ixl | —ixl | io, -io, | —o, | o,
-0, | -0, |o, -io, |io, |lio, -io, | -0, | o, -1 | —ixl | ixl | -ig, |io, | o, —0,
io, |io, |-o, | -0, |o, o, -0, |lio, —io, | ixl | —ixl | -] | -0, | o, —io, | o,
-io, | o, | o, | o, -0, | -0, |o, -io, | o, —ix| | ixl |1 -1 o, -0, |lio, | -io,
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o, o, -0, | io, —io, | o, -io, | -0, | o, —io, | io, o, -o, || —I ixI —ix|

-0, | -0, | o, —io, | io, —io, | o, o, -o, | lo, —io, | —o, | o, —I I —ix| | ix]

io, io, -io, | -0, | o, -0, | o, -io, |io, | o, o, io, —io, | ixl | —ix] | -] I

-io, | —lo, | o, o, -0, | o, -0, |io, | -o, | o, @ -io, | io, —ix1 | ixl I 1
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