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AW-t762

B.Sc. Part-IU (Semester-Vl) EramiortioD

MATHEMATICS

(Special Theory of Relativity)

Papcr-XII

Timc : Thrcc Hours] [Maximum Marks : 60

Note :-(1) Question No. I is compulsory attempt once.

(2) Attempt ONE question from each unit.

1. Choosc the correct alternative :

(i) The inteNal ,1.: = {dx): - (dx)r - (dxrf + (dxr)'}is said to be space like if: I

(a) dsr > 0 (b) dsr < 0

(c) ds? : 0 (d) None of these

(ii) The electric and magnetic field strengths E and H arc invariant under : I

(a)CalileanTransformations (b)LaplaceTransfoftnations

(c) Fourier Transformations (d) Cuage Transformations

(iii) Ai =(A.0)=(Ax,Ay,Az,O) is a four potenrial then : I

(a) A -(A.Or {br A, -{4.- O)

(c) A,-(-A.O) {d) Ai =( I. Q)

(iv) A' = (Ar, Ar, Ar, A1) is a four vector or four dimensional vector where A? < 0 thcn A'

is: I

(a) Time like (b) Null or light like

(c) Space like (d) Nofle ol thesc

(v) Covariant tensor of rank onc'[', is dcfined as : I

T
ax''

J&

ax5 ax5(") Ti = &, r. (d) r: = 
ax,, 

r.

(vi)'Ihe special Lorenu tansformations will reduce to simplc Galilea, transformations

when : I

(a) v=c (t) c<<v
(c) V.<C (d) Nore ofthcse
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(vii)'lhe electromagnelic licld lcnsor (or N{axNell tcnsor) F, is 1efined as

(,1) - "'ii -_L

.\i
(b) r

'r c1' dtl

(dJ Nonc ol thes:

a\

(b) n=cu;ir
(d) None of thes,:

(c) tir

(viii) The transformations i'-r I't tnd t' = t are I

(a) Laplace transtbrnr.ttions (b) Lorentz transformations

(c) Calilean translbnnations (d) None ofthesr

(ix) If A is a vcctor potential rhen the magnetic field is :

(a) H = div.I
(c) H = div.(CurlA)

(x) Four lelocity of a panicle is

(a) a unit space-like vector

(c) a unit lightJike vcctor

a unit timc-li.cc vector

None of thesr

(b)

(d)

(a) Obtain Galileaf

motion.

UNIT-I

transformation cquations for two inerlial

(b) Show that simullancit) is r,rlative in special relatiyity.

(c) Show lhal the elcclrourapnelj( lrave equation :

a:tt a2f a2l I ?2f

.)\:' d\' t ' c- (t'

i, not inr".iunt undcr the Calilean translbrmations.

(p) Discuss lhe geonletrical interpretation of Lorentz transformat.ons

lrames in rolativc

l

I
I

{

- I 
^-'(q) Prove that V' ." 1 is in\.irriaflt uldcr special I-orentz transformations. 4

c' ('t _

(r) Sho$'that x1 + yr t zr - crf is Lorenlz invariant. 2

UNIT-II

(a) Obtain the translbrmarions lor the \clocity of a particle under special Lorentz

transformations. 5
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(b) If I and u' be rh€ velocitics of a particle in two iflertial systems s and s' rcspectively

where s'is moving with velocity v relative to s along thc XX'axis then show lhat :

sin 0(, 5)
l)

(an 0'-
coso-I

u

and

(D T'I

,fr-zr"o.o*{-
L u u-

u sin2 o
2

c

[.r - *"o.e]
?

u'2

c_
1

u
2.

c

c

1+u'v
c

6

where s'is moving with velocity v relative to s along XX'axis. 5

(q) Show that in nature no signal can move with a velocity greater lhan the velocity of
light rclative to any inertial system. 5

UNIT-III
(a) Define time-like. space-like and light-like inten'als for the space time geometry of

special relativity. 3

(b) Detine a four tensor of the second order. Prove that :

{,
2 ll_vTl4_vT4l

cc
u2+, T44 and

(ii) t'ra = cr

7. (p) Define a four vector A'. Show that :

A' = -A, Al = -Az, Ar = -A' A. = An.

Irrl +Tl{ +
c

7Llrt _1rrr | +3+3

t+3

3YBC r5130 (Conld.)

rvherc 0 and 0' are the angles made by u and u'with the X-axis respectively. 5

5. (p) If u and u ' bc the velocities of a particle i[ two inertial systems s and s' respeclivcly

(hen prove that :
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(q)

(r)

Prove that there e\ist\ an rnertial s-yslem s'in which thc tw.) cvents occur at onc and

the same time if the inrerYal between lrvo events is space-like. 4

Write the Lorentz transt'ornrations in index fbrm. 2

UNIT-IV
Deduce Einstein's m.rss erergv equil,alence relation. i
Define : Four velooity. Prove that the iour velocily in comporent form can be expressed

as:

IJ (a)

(h)

n
J

where [ = (u_, u,. u ) - \elocity of the particle. l+.{

(p) Defire : Four momenlu r vector p'. Prove that the squarc ofthe magnitude ofthc lbur

momintum vector p' is ,n2 o cl . I 14

(q) A panicle is given a l(incl c energy cqual to n times ils rcst energy mo c2. linrl spced

I -. ul /cl Ji ul.,c2

L2

and rnomentum ol thc patticle Kinetic energy= T = n1. s2 )
'lll-y2 lc2

UNIT-V
10. (a) Sho\\'that the llarniloniao lbr a charged particle moving i[ an electromagnetic field

is:

H= n1 +eo"nn"'In

(b) Delir,e : Currenl four vecror Show that c:p: - Jl is invariar l and its value is pl o.l
t..t

ll. (p) Prorc that rhe ser ofMaxuell s equaticns rJir'.ti =0,url lj- Ifl 
"- b. r*ri,r.n

^ *-t- 
^+=0. 

where !u is the electro-magnetic field tensor 5

G) Defir,e electromagnetic litld tensor F. Ilxpress the componcnts of F,, in terms ofthe
elechic and ntagneric tlcl(l strcngths

.1

Ir{
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