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Do five questions in all. All questions carry equal marks. Question No. 1 is compulsory.

Q1. Do any five :

a) Fourier Transform of a Gaussian function is a Gaussian function.
b) Find L(F(t)) where

F(t) = cos (t - %’-'-) u (t —35’5)
u (t - 2?") is the unit step function.

¢) Find L{(t™) for n as a positive integer.
where &(t) is the Dirac Delta function.

d) Show that L (6()) =1
e) Show that div(curl F) =0
f) Show that velocity and acceleration are contravariant vectors.

g) Show that A x B transforms like tensor of rank one.

Q2.

Q3

using tensors.

Section A

a) Find the Fourier sine transform of

f) = e7**

p>0 and

Evaluate the integral

.

o0

J‘ ‘W Sinwt

e ()
w?tp?

0

b) Show that [, f(x)8'(x)dx = =£'(0).

a) Prove that

b) Using convolution theorem for Laplace transforms, find

¢) Show that the derivative of unit step function is Dirac Dell

L (2£®) = 7 fs)as

1
1 (
s (s? + a?)

Do twn questions from each Section,

and

’-’ . r l.:ﬁr -
Function.
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(10+5)

(5+5+5)




2

8420 C
Q4. : : . : 5 (1243) 4
a) Solve the given coupled differential equations using Laplace Transforms y
ax: > 3
T
y
N =D
dt i
subject to initial conditions x(0) =8, y(0) = 3.
b) Find out
t
sinu
()
u
0
Section B
Qs. (5+10)
a) Given vector
U=(x X+, X+y+2z)
Find the second order anti-symmetric tensor associated with it.
b) Show that
6i Oim Oin
Eijk Etmn= |Ot Gm Opn
Okt Oxm  Okn
Hence prove
Eijk Eijk= 6
= (10+5)

Q6. ;
a) Define the Pure Strain Tensor e;; . Establish that it is a symmetric tensor of order 2.

Also give the physical signiﬁcanc_;c_ of its components e;; and e;, .

b) Define Quotient Law.
Let A(i, j, k) be a set of N* functions whose inner product with an arbitrary tensor
Bk yields a tensor C! . What can you conclude about A(i,j, %) ?

Q7. E : (1243)
a) The length ds of a line element in a 2-dimensional suface 8, @ is given by '

ds* = R? d6* + R%sin?0d@? with R = constant. |

Find all the components of the metric tensor Guv and the Christoffel symbols of fi

kind for this surface. |

b) Show that 4 B, is invariant.
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2 (¢) - Using Convolution theorem, evaluate :

s ‘ | et
LI e e
R R _

*
»,

L{t f(t)} : _df;is) S i :

iheLaplace transformof ).

mﬁangn?t_?‘:;of the ggsoa ated seg,ond
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(@)

(h)

(b)

GEI%)

Using Laplace transform, solve he fo]
owing

;?
(&) _]‘ ‘1‘_-
d{z dr 2y = S5sin/s

where,
y(0) = y’(0) = 0
Find the Fourier transform of :
f(x) =1-x* for|x| <1

F(x) =20 forslac]s>"1

Show that :

e - 33
using Laplace tranSfoﬁn.
Giveﬁ z

'f(.x)'; 1 for |x| < a

and f(p;) 0 for |x| > a
evaluate the following integral using Parseval s identity :

I sin ka dk

differential equation !

925

9.6

8,7
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6. (a)
(b)
7. =1a)
(b)
”35 925

Section B ‘
1

Prove that the Moment of Inertia is a second order symmetric tensor and express it in g,

|

matrix form.
Given that :
ds* = 5(459)2 + .3(d.x2)2+ l4(dx3)2 _ 6dldd® + 4dxrdy’
determine the metric tensorA &pq and §Xpress it as a matrix. | 105

Prove the following identity using tensors :

V(A B =B V'jA + (A.-_V_)B_l + BX(Vx A) +AX(VXB) |
Show that the ﬁonecker dt;lta is an isotropic second order symmetric tensor. 87
‘Show that the covaf‘iarit derivative of a c;)variant veétor is a covariant tensor of rank two.
Define alternating tensor and show that :

(/) It is an anti-symmetric tensor of order three °

(if) It is an isotropic tensor, ‘ 105




-

This question paper contains 2 printed pages.

| Your Roll Ny stasssoviseviiivives
§l. No. of Ques. Paper . 5767 4 2
Unique Paper Code . 222'50 1
Name of Paper

* Mathematical Physics - V (PHHT-515)

Name of Course : B.Sc. (Hons.) Physics
Semester : 'V

Duration :3 hours

Maxi!num Ma)’kf H 7’5

(Write your Roll No. on the lop immediately on receipt of this question paper.)

Do five questions in all. Question No. 1 is compulsory.

Do two questions from each Section.
1. Do any five questions :

(E}) If F(k) is the Fourier transtorm of f(x), find the Fourier transform of
f(x) sin ax. ;
(b)  Find the Fourier transform of the Dirac-Delta functiond (x;a), where
: ~ a is positive real éonsfant.
©  If ZFQ) = £(s), find L{F(ar)).
(d)  Find the Laplace transform of unit step function U(r-a), where a is
positive real constant. :

(6)  Provethatxs (x)=0.

i

63) ~ Show that 4, = a,,a, where'lh‘e symbols have their usual meaning.

(g) Show that every s;eccmd order’ tensor can be expressed as the sum of a
: symmetric and skew-symmetric tensar. .’
(h) If A,-J-Bi is a vector, where Bj is any arbitrary vector. then prove that Aj;
is ateﬁsor of order wo., (3 x5=15)
Section A
2. (a)  Find Fourier transform of the function:
il
A 1 064 I‘\ll >a

and hence evaluate the integrals

D - 0
SINAdXx Cos@x inx 5
— dx and IS_"_.- x (8) :
X : Xer i ;
O “_‘. | 537 ' Turn over



(b

3 (a)
(b)

4 (a)
(b)
\i/(a)
(b)

(c)

6 (a)
(b)

i (a)

(b)

2-

Show that Fourier transform of

TR 1 Y L ) (7
J(x)=e"? isgiven by g(p) = e """ )
ol )_ﬁf' S+b (5)
e L) O h
Show that L{———I } n (—‘“‘HaJ
Using Laplace transform, solve the differential equation:
G IR S (10)
dr’ di
Given ¥(0) = ¥(0) =0
Using Convolution theorem for Laplace transforms, find
Lt ‘?—1—"7 ‘ &)
_ S (..-; + l) e :
Find £(x) if its Fourier cosine transform is i (7
A
Section Bos
Prove that
(i') -6.'3: €ikm = 0
(ii) ; e.ukxemi.‘\ =2 5uu 7 : (3s S)
If 7, is a skew-symmetric tensor of rank two, then prove that:
(0‘!!()}1\"{-5:!6;&)7:& =0 (3)
Show that the gradient of a vector is a tensor of rank 2. 4)

What c.lo you unmdf:rstand by an isotropic tensor? Show that the only
1sotropic tensor of order 3 is the scalar multiple of alternating tensor

E:k.m 2 ( l » 7)
Using tensors, prove the following identities: . -

Q) - @(@;ﬁ_):(hﬁ)-b(h&)-ﬁ
(Ill) Vx(AxB)=3(§o§)~§(§-3)+ (E-?)ﬁ—(io@)ﬁ

| (3, 4)
l.f ds'=s (d"')z +4 (d-t!)z = 6.dx'dx?| find the matrices
Qelnile ),
(i) (g"), and
- (i) the product of (g,,) and (gt :
i ght), oo
Prove that; 3 ) &40

D= mgl+ly m p] = -—a-(gpq),

ax'f

E— [ q-?]?gr.-! R : . -

8
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(Write your Roll No. on the top immediately on réceipt of this question paper-)
Do five questions in all.
Question No¢ 1 is compulsory.

Do 2 questions from each Section.

Do any five questions :

(@) If F(k) is the Fourier transform of f(x), find the Fourier transform of flax).
() Find the Fourier transform of ¢7'l. -

© If

find L{F[—Z—)}

9 Find the Laplace

L{F(")} = f(5)

sform of the .Dirac delta function 8(t - a), where a is positive real

~ constant,

RO}




(2) B
(¢) Show that : /
R XY, e
o' wirez kesitncir o
e o
(N Show that gradient of a scalar function is a tensor of order one.
; {g)‘ Find the second order anti-symmetric tensor associated with the vector : :
% 2i =3j+k- : R LA

~

(k) Prove that product of tensors of rank one is a tensor of rank two.

T

Sl ~ 4k i £4g -~ ¥5

| .. (@) Find Founer sine transfonn of

10
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(@) For the function . 852

(b)

©)

@

()

(a)

of ¢(r)
6
If F(® is a periad; e :
(9) s a periodic function of periog T, find its Laplace transform. s
Prove that : |
S(Qx) 5 S(x)
la|

where g > (. . i : | o

Section B -

Derive an expression",for the Moment of Inertia tensor. Prove that it is a symmetric

tensor and if transforms like a second order tensor. 523
, 3
Show that :
Eiks Emps =9, akp i Sfp O -
12,2

De;ﬁne_. Kfénéckéf—DeIta function. Show that it is :

(/) an isotropic tensor

nsor of order 2.

(i) a symmetric f€




(4)

(®)  Using tensors, prove the following identities : ~ ¥

e ' -

-\ - -
4= VxA|+(Vo|xa

12
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B Atempt five questions in all taking at least one question from each section
|

All guestions carry ogual marks

Section A |
| (@) Prove that the set Q.; of all rational numbers other than - | with the binary operat- |
1on * defined by 4
a *bea+btab
form a group.
OR
Detormine whother or not W is a subspace of R* where W consists of all vestors |
(o, b, ¢)in R* such that |
bea'. n |
(b) Find @ basis and the dunension of solution space W of the fllowing
homogeneous system:
X4y 4225430 s

KtdytBzesen=0
IxtbytBzest =0




y 3 . e [y = e oF . >
) (a) Linear Transformation T on R of all ordered triples of real numbers is define( (b)
by
i 0 3 0 2 (c)
Tlol =|2l; TIL|{=H and-=-T10|=|1
0 3 0 2 1 3
ﬂ
Compute T'| 0 | (5) :
5| )

(b) Linear transformation T on R’ is defined as

X 2x -3y +4z
T|y|=|5x=-2y+2x|.
z 4x+ Ty
(®)
Find the matrix representation of T relative to
1 0
(1) the standard basis <e, =01, e;=|1 |, e;=|0
0 0
5 (a)
1 1 1
(i1)  thebasis o, =|1|, a,=| 1|, a;=|0 ;. =3 (10)
1 0 0
(b
Section B
3. (a) Verify Cayley — Hamilton theorem for the matrix
3 -4
A= : 6.
fc
Hence find A-I. (5) !
e g s o B

14



(b)

(@)

(b)

If A and B are Hermitian matrices, show that

anand AB — g s skew-
atrix and | is Identity m
(I= i H) (1 + ; gy

is a Unitary matrix.

(here = J—-‘l J

AB 4 BA is Hermit Hermitian, (5)
IfH is a Hermitian ;m atrix, show that

(5)

Find the eigenvalues and e; genvectors of the matrix -

el |
ASIOT o
05052

Can A be diagonalized ? If yes, find a diagonalizing matrix P and verify that P
diagonalizes A. (10)

Determine 2° if

[3 -1] )
tlels

Solve the coupled differential equations

y==5y+2z
Z=2y-2z . ¢
where, y(0)=1, z(0)=2, y(0)=2, z(0)=1. . ‘ (
Write the symiﬁetric coefficient matrix of the following quadratic form: S
—3x1% — %% — 5%3% + 6x 1%z + 4% X3
Section C

rite dow i d solve it
w 1 i olar coordinates an b
. i i e equation In plane P ; e
i lar membrane of radius « SpCleYll‘lg the relevant
for a circu nt bou da? and initia

(15)

conditions.

P.T.0.

15
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4
;
Solve one = dimensional heat equation
2
“u
Qﬂ='2—a——, Ofsry s Bt 20

af (u Loat
under the boundary conditions:

h
ad initial condition: #(x, 0)==x.
and initial condition: u(x, 0) T (15)

w(0,1)=0 and u(L,t)=0

(here, ¢ and h are constants)

Write down three dimensional Laplace’s equation in cylindrical (p, ¢, z) as well
3 a

in spherical (r, 0, ¢ ) coordinates. Obtain the solution of Laplace’s equation j
i

cylindrical coordinates which are independent of z. ‘ (15)

(2200)

16



