
B,Sc. (Part-III) Se mcater-Vl Ex.mln.tio!
MATHEMATICS (Old) (Upto WintGF-2018)

(Specirl Thcory of Rchtivity)
Prper-XII

Time ; Three Hoursl [Maximum Marks : 60

Note :- (l) Qucstion No. I is compulsory and adempt it once only.

(2) Solve ONf, question from each unit.

l. Choose the correct altematives :

(i) If ds? > 0, then th€ interval 'ds' is said to be :

(a) Light like (b) Space like

(c) Time like (d) None ofthese I

(ii) The electronngnetic ficld tensor F is antisymmetric if:
(a) Fii = l, G) r,=-F,
(c) F, = - Fr (d) None of these I

(iii) tfp is the magnitude of momertum ofa moving pafiicle and E is the energy. then the

numerical vatue of pl E,
c'

(a) mj cr (b) -rni c'

(c) mjc (d) mo c'z

(iv) lf A is a vector potertial, then the magnetic field is given by :

(a) E=vOxA (b; H=div.I

(c) E = curlA (d) None ofthes€

(v) Number of component of a tensot T,j in four dimensions is :

(a) l0 (b) 6

(c) 16 (d) None ofthese

(vi) l'he mass ofparricle m = wie.e the panicle is moving with \elocity u relatilc to
u

I
c

ircrtial frame is called as :

(a) Equivalent mass ofa panicle

(c) hcrtial mass of a particle

(b) Relativistic mass ofa particle

(d) None ofthese I
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(rii) Principle ofrclativity means i

(a) Some inertial liames are equivalent (b) All inertial fmmes are equivalent

(c) lrrrrial frarnes are not equivalent (d) None ofthese I

(viii) The timc recorded by a clock moving with a body is called as I

(a) Absolute time (b) Proper time

(c) tmproprr time (d) r.*one of these 1

(ix) lfan electromagnetic field is purely magoctic in an inenial frame, then thc field in s'is :

(a) Onlyelectric (b) Only magnetic

(c) Electric as wellas magnetic (d) None ofthese I

(x) M&\well's equations ofelcctromaSnetic thcory are invariant under:

(a) Galilean transl'ofiEtions (b) l,orentz translbrrutions

(c) Guagc tsansformations (d) None ofthesc I

UNIT_I

2. (a) Sho* that l-orentz transfomration forms a goup with respect to multiplication. 4

O) Show that the three dimcnsional volume element dxdydz is not l,oreolz invariart but tIrc four

dimensional volume element dxdydzdt is lr.entz invariant. 3

(c) Show *lat simultancity is rclative in special relativity. 3

3. (p) Prove thal in an inedial lirame a My without inlluence of any forces moves in a sraight line

with cdstant velocity. 3

(q) Show lhat x'+ y' t zt - c2e is lrrentz ilvariaflt. 3

(r) Discuss the Seometrical interpr€tation oflprentz trursformations. 4

UNIT-II

4. (a) Obtain lhe kanstbrmations for the velocities of particle under special Lorenu lra$fomations.

5

(b) Prove lhat if the body moves with uniform velocily v .elative to the obsorver, then its

u
apparert lengrh is coolracted b], the factor in the dircctiorr ofrelative motion

)
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5. (p) obtaio the transfonnation of the Lorentz contraction faclor f, - *; I 
"

\ c^/
5

(q) Let u and u'be the velocities ofa particle in two inertial system s and s'respectivcly, wherc
s'is moving with velocity v relative to s along xx'axis- Show that :

sin 0 I
c

tan 0' =
coso-I

u

t-2fcos0+
u

and u" =

(, -$ *"e)'

UNIT_ITI
Define :

0) Timelike intewal
(ii) SpaceJike ioterval

G) Four vector A'
(iv) Propertime. 4

Prove that there exists an inertial systcm s' in which the 1wo events occur at one and the
same time ifthe interval between two cvents is spacelike. 4
What do you mean by covariant and contravadant vector ? 2

Show that :

x' =_x,, x,=_x, x,= x,xn=x,
and henc€ xi = (-i, ct). 4

Show that the squarc ofthc lenglh ofa four vector is invariant uider Lor€ntz transfomations.
3

Obtain the met.ic ofthe space-time geometry of special relativiry 3

UNIT_IV
Define four force. Prove that the four force irl component form is expressed as :

F.U

Y
u

u Il) ''""1
5

6. (a)

7

(b)

(c)

(p)

(q)

(r)

8. (a)

F

, *h"," F={

_dE

dp

u r-{
c'

t+3
c I c

c'

(b) Prove that E = c pr +mjcl

(c) Define four velocity and four acceleration. Shoq that the four velocity ofa particle is a uoit
timelike vector l+l+l

3
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9. (p)

(q)

10. (a)

o)

ll. (p)

(q)

Obtain thc transformation equations for momentum and energy ofa particle. 5

Obtain the mass energy equivalence relation E = mC, where m is tie relativistic mass ofthe
particle. 5

UNIT_V

Define Four potential. Write the transformations ofthc electomagnetic lbul potential v€ctor

using l,I€nE transformations. l+4

Prove that the setofMaxwell's equations div.E =0 and "*tE =I* carbcw tten as

a[:,

# = u. *ha.. r,. is thc electromagnetic field tensor 5

Define electromagnetic field tensor F,r. Express the compoDents of F,j in terms ofthe elecric
and magnetic field strengths. l+4

D€fine Electric lield st ength E and Magnetic field st€ngth H in terms ofscalar and vector

pot€ntial. Show that E and E remain invariant under Guage transformations. l+l+3
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