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Bachelor of Science (B.Sc.) Semester—V| Examination

M, : SPECIAL THEORY OF RELATIVITY
Optional Paper—2
(Mathematics)
Time : Three Hours| [Maximum Marks : 60

Note :—(1) Solvedl the FIVE questions.
(2) All questions carry equal marks.

(3) Quedtion Nos. 1 to 4 have an dternative. Solve each question in full or its dternative
infull.

UNIT—I

1. (A) A paticle of mass mpmoving with velocity u mekes a head on callison with a particle of mass
m, initidly & rest, so thet their find velodities v, and v, are dong the sameline: I the collison is dastic,

2
show thet : V, =———. 6
1+—=2
m;
(B) Show that :
X2+ P+ Z— Ct? is Lorentz invaiant. 6

OR
(C) Prove that :
(i)  Newtonian fundamenta equations of Mation and
() Lengthof arod

are invariant under Gdlilean trandformetions. 6

(D) Give geomeric interpretetion of Lorentz transformations, 6
UNIT—II

2. (A) BExplainthephenomenon of *‘ Timedilation” in gpedd theory of rdaivity. Also find at what spesd should

aclock be moved so thet it may appear to lose 1 minute in each hour. 6

V2

(B) Show thatif | isthe rest volume of a cube, then ¢3,/1- poa is the volume viewed from a reference

frame moving in a direction pardld to an edge of the cube. 6
OR
(C) Let gand g betheveoditiesof aparticleintwo inertid sysems Sand Srespectivey. Initidly sysems
are coincident and S has velocity v rddive to S in X-direction. Show thet :

q?+v’ + 2q'vcosq- a% ano

o= - 6
gi+ —q' cosq ks

(D) A patideingantaneoudy at rest in frame of reference S, experiences an accderdtion in it represented

by avector f'=3i +4] +12k. What isthe acoderation measured from the frame of reference S; given
that S moves with velocity 0.98C rdative to S dong pogitive x-axis ? 6
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UNIT—I1I
For the symmetric tensor A¥, prove that :
(i) Symmetric property for A® remains unchanged under tensor law of transformetion, and

(i) Aw has 10 independent components in 4-dimension. 6
If g, is a symmetric tensor, then define its conjugate g and prove that ¢/ is a tensor. 6
OR

Trandform ds° = dx? + dy? + dZ2in sphericd coordinates. 6

If A* and B' are contravariant vectors and G A* BY is an invariant then prove that C, is a tensor

of the second order. 6

UNIT—IV
Derive transformation equetions for momentum and energy under Lorentz transformations. 6
Explain the formulation of energy momentum four vector p to obtain p= (p,, p,, P,, %). 6
OR
Derive component form of Maxwel’s equetions of dectromagnetic theory in vacuum. 6
Derive trandformation equation for mass of the partide. 6
Quedion—V

Explain, how did Eingein rule out the concept of absolute time. 1%

Let Sand S beinertid framesand S ismoving with veocity v = (o, \, 0) dong Y-axis Then write

the form of Lorentz trandformation equations. 1%

An dectron ismoving with aspeed of 0.8c in adirection oppodte to that of amoving photon. Cdculae

the rdaive veocity of dectron and photon. 1%

The length of arocketship is 100 meters on the ground. When it isin flight its length observed on the

ground is 81 meters, caculate its speed in terms of speed of light c. 1%

Write transformation law for the tensor quantity .Ai..jabg and find its rank when o = i. 1v%

Minkowskian metric is ds'=(dx?)? «(dx")* {(dx?)>— (dx’)?, so find g = [ g |. 1v2

2

usng - E—Z: -M2c?, prove that a partide of zero rest mass travels with the speed of light c.

1v2

Derive Newtonian Kinetic energy of the partide from its expresson of rddividic kindtic energy. 12
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