
(b) If an electromagnetic field is purely magnetic in

an inertial frame S, then descnbe the field in
incrtial framcs S'. 4

tl. (p) ObtaiD the aaNformarion for clectric and rnagnaic

fietd strengths. 5

(q) Defile electromagnetic ficld tcnsor Fr. Express

the compoDents of Fij in terms of thc electdc aDd

EagDetic field suengths. 5

AQ-742

B.Sc. (Prrt-UD SeDqtGr-Vl ErrDimtioD

MATIIEMATICS
Pspcr-XII

(Speclrl Thcory of Rehtivlty) '
Time-Threc Hours] [Maximum Marks--60

Notc :-(l) Qucstion are is compulsory and a(tcmpt it
at once oDly.

(2) Solve o,', quostioD &om esch unit.

l. Choose corIect altematives :

(i) Principlc of relstivity mean6 I

(a) Some inertial &ames arE equivalcnt

(b) AU inenisl frames arc cquivalcot

(c) inertial framcs are lot equiyaleDt

(d) Nooe of thesc

(ii) lf dsr = 0 thcn the iDtcrval 'ds' is said to be :

I

(a) Lisht likc

@) Space like

(c) Time like

(d) None of these

EUBs--489 l4(RG) 400 U BS-489 | 4(R!) (Contd)
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(iii) Length contraction meaas 

-. 

1

(a) Moving rod measues looger

(b) Moving rod measues shorter

(c) Rest rod measwes shorter

(d) Rest rod measurcs longer

(iv) F6rce F = mass , acceleratiotr; where mass: 

-is longitudinal mass of the particle. I

mo
(a) (l-\r2 lcz)tt2

mo

<l-u2 lc2)3t2

tn6
(c)

I'NIT_IV

8. (a) Prove that L = -moc')
2/\/,
/c

for rclativistic

. la$atrgian 5

(b) Show that E = mc2, where E is th€ energy of the

particle. 5

9. (p) kove that the four vetocity in componeat form

can be exPressed as

ui

(,r)
t:--l
[c-,/r -u'/"'' .,!r-"' I "' )(b)

(d) None of thes€

(v) If 0 is a s$lar potefitial a.Ed A is the vector poteutial

then thi electric held is given by : I

laI
G) E=crad0-;a

laA
(b) E=gradQ+ -;-

taA
(c) E=-gradQ-;7

where u = (u,, uy, u) = ordinary tbree dimensional

velocity of the particle. 3

E2
Show th6t lhe quantity P! - --; is an invariant

whose numerical value is - rqc2. 4

A particle is given a kinotic energy equa[ to tr times

i1s rest energl/ moc!. What are (i) its speed aDd (ii)

momentum 2 3.

UNIT_V

Define electric Eand magnetic E field strengths

in lerms of scalar and vector potential. Show

that E and E remain invariant under Cauge

transformation. 2+4

G-u2 /c2)-,2

laA
(d) E=-sadO t--

(c)

G)

10. (a)

7

U BS--{ 89 l4(Re) 2
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ill the

direction of rclative motion. 5

I'NIT_ITI

6. (a) Show that the interval or metdc ds2 bctween two

events is given by :

ds2 = - dx2 - df - dzr + Cdr'?.

Prove that ds2 is invariant utrd€r Lorentz

tra[sforrDations. 2+3

(b) Dehne four vectors :

Sbow thar AI= _Ar, f = _4, AJ = _f: Erd A. - A.
t+4

7. (p) Deftne :

(i) Cont'avari8trt tEDsor of rank two

(ii) Kronecker delta

(iii) Covariant tensor of rank ta,o

(iv) Conjugate metdc tensor. 4

(q) Obuin the traosformations of the compotrents

T'l] and T.3. 6

UBS--48914(Re) 6 (Contd.)

/ ,, )"'
is contracred bv rhe factor [ - 7J

(q) Prcve olat ifthe body rnoves with rmiform velocity

v relative to the observer then its apparetrt length

(vi) Nuinbq of components of a Lersor T, in four
dimensions is: l
(a) l0
(b) 6

(c) 16

(d) None of thcse

(vii) When u, v << c thcn thc transformation of
accelerEtioo is : I
(a) e'= d
G) a'< r
(c) E'> f,
(d) Nouc of these

(viii) Inedial system mcms the rcfercncc system where
is valid. I

(a) NcMon's lirst law of motioo

(b) Newton's sccond law of motion
(c) Newto!'s thid law ofmotion
(d) None of these

(ix) Maxwell tcnsor F. is

(a)
AA, 

- OA,

dra' dt

o)
aA) _a!.i
a(i axj

.. aAi. aAi(c) -l-;+-:--r

(d) None of these

UBS---4t914(R.) l (contd.)
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mtx, lhe mass of lanicle m = ffi ; wlere

the particle is moving with velocity u relalive ro
inertial frame is called as _-
(a) Equivalent ma:s of a particle

(b) Relotivistic mass of a particle

(c) Rest mass of a panicle

(d) NoDe of these

IJNIT_I

(a) Show lhar the elccEomagEetic wave equation

a'f a'f dt I df
ax2 dr2 &2 c2 Ai -"

is not inyarisnt under the Galilean uansformation

equatioru- 4

(b) Define iDenial system. Provc that in an inenial
Aame a body, without inlluence of any forces,

rrioves in a straidt line wilh coDsta.Dt velocity.

4

(c) Show tllat xl + y, + z, - cl, is lorpntz invaria.ot.

Discuss the geomet ical interprelation oflorentz
tra.Dsformations. 4

Prove that Newton's kinematical equations of
motior are iuvarianl under the Galilean
trarsformations. 3

Show that the thtee dimcnsiooal volume element

dxdydz is not Lorenlz invadant but the four
dimensiona.l volume el€ment dxdydzdt is Loteflz
ilvsriant. 3

UNIT_II

Dcduce the transformatiorc of paniclc velocities

and hencc obtair relativistic addilio! lsw for
velociti€s. 6

Therc are lbree galaxies G,, G, and Gr.
Ohervatiom in G, show ftal Gr and G] are Eoving
in opposite directions each with a speed of 0.5 c.
Wbat is tbe speed of G, oh8erved ir G, ? Whar
is the speed of G, measured iu G, ? 

4

Show that in natur no signsl can move with a

velocity greatet thao the velocity of light rElativc
to any inertia.l systerE. 5

I

3. (p)

(q)

(r)

4. (a)

(b)

5. (P)

2

4
5
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