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Ql.

Q2.

Q3.

Q4.

Q5.

Chapter 1 (Lorentz Transformation)
Worksheet

In a system of units in which the velocity of light ¢ =1, which of the following is a Lorentz
transformation?
(@) X'=4x, y=)', z'=z t'=025¢
(b) x'=x-0.57, y=y',z'=z,t'=t+x
(¢c) x'=125x-0.75t, y' =y, z'=z,1'=0.75t-1.25x
(d) xX'=1.25x-0.75¢, y'=y, z' =z, 1'=1.251-0.75x
If u(x,y,z,t)=f(x+iBy—vt)+g(x—ify—vt), where / and g are arbitrary and twice
differentiable functions, is a solution of the wave equation
O'u 0w _ 1 d'u

P + > Y ,then [ is

(@) [1 —Kj (b) [1 —Kj () [1 —v—] ) [1 —v—]
C C C C

Two events in § frame is separated by space coordinate x, —x; =L and by time coordinate

t, —t; =T . What will be difference in space coordinate measured from S’ which is moving with

speed v with respectto S frame

2
v L—T L+vT
(a) L (b) L,/l——z () — (d) ——
C . V2 . V2
V2 V c?
The equation of circle in rest frame of any inertial frame is given by x* + y* =a” (in some units).

The circle will appear ellipse to an observer O moving with a velocity i with respect to S
along the plane of the ellipse. The coordinate of centre of the ellipse is measured in the rest

frame of the observer O after time / is (¢ is the speed of light in vacuum)

(a) 0,0 (b) (ut,0) (c) (-ut,0) (d) (ut,ur)
A relativistic particle moves with a constant velocity gc with respect to the laboratory frame. In

time 7, measured in the rest frame of the particle, the distance that it travels in the laboratory
frame is arc so value of « is

(a) 0.25 (b) 0.75 (c) 125 (d) 1.75
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Q6.

Q7.

Q8.

Q.

Q10.

The space-time diagram of figure shows three events 4, B, which occurred on the x- axis of

some inertial reference frame.
ct,m

A

O = N W A W

1 23 4 5 6 7 x,m
The time interval between the events 4 and B in the reference frame where the two events
occurred at the same point.
(@) 0 (b) 1.3x107%s (c) 13x107%5 (d) 25x107%s
A relativistic particle moves with a constant velocity v with respect to the laboratory frame. In

time 7, measured in the rest frame of the particle, the distance that it travels in the laboratory

frame 1s

(a) v (b) ——— (©) vr, /1—@ (d) —
v ¢ {1 na
CZ

1-—
CZ

Two events £, and E, take place in an inertial frame S with respective time space coordinates
(in ST units): £, (4, =0,% =0) and E, (1, =0,x, =10%,y, =0,z, = 0). Another inertial frame S’ is

moving with respect to S with a velocity v =0.8¢i . The time difference (t; —t ) as observed in
S is

(a) Os (b) 0.22s (c) 0.33s (d) 0.44s

A relativistic particle moves with a constant velocity 0.8s with respect to the laboratory frame.
In time Ssec, measured in the rest frame of the particle, the distance that it travels in the
laboratory frame is

(a) 12x10°m (b) 19.8x10* m (c) 7.2x108m (d) 6.2x10°m

An 1inertial observer sees two events £, and £, happening at the same location but 6,5 apart in

time. Another observer moving with a constant velocity v (with respect to the first one) sees the

2

same events to be 9us apart. Then find value of ,[1— v_2
¢

2 1 5 2
(@) E (b) g (©) 6 (d) 3

H.N. 28 A/1, Jia Sarai, Near lIT-Delhi, Hauz Khas, New Delhi-110016

#: +91-89207-59559
Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com




PraVegarl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

Ql1.

Q12.

Q13.

Ql4.

Q15.

In an inertial frame of reference 5, an observer finds two events occurring at the same position

at time 7, =0 and 7, =¢,. A different inertial frame S’ moves with velocity v with respect to S

along the positive x -axis. An observer in S’ also notices these two events and finds them to

occur at times ¢, and ¢, and at positions x| and x) respectively. If Ar" =1, —t/,Ax" =x}, —x] and

Y= 1
WY
o2

, which of the following statements is true?

, , ' oot
(a) Ax =0,A1 =p, (b) Ax =0,Ar =2
/4
(C) At = yty, Ax = —pvi, (d) Af = yt, Ax = pvi,

An electron is moving with a velocity of 0.85¢ in the same direction as that of a moving photon.
The relative velocity of the electron with respect to photon is
(a) c (b) —c (c) 0.15¢ (d) —0.15¢

In the laboratory frame, a particle P of rest mass m, is moving in the positive x - direction with

a speed of Ec. It approaches an identical particle (0, moving in the negative x - direction with

2 ) ) ) )
a speed of gc . The speed of the particle P in the rest frame of the particle Q is
7 13 3 63
a) —c b) —c c) —c d) —c
()95 ()85 ()5 ()95
A relativistic particle of mass m and velocity %2 is moving towards a wall. The wall is moving

: . C . : : : : A
with a VGlOCl‘[yEZ. The velocity of the particle after it suffers an elastic collision is v z with v

equal to
(a) ¢/2 (b) ¢/5 (©) c/7 (d) ¢/15

(All the velocities refer to the laboratory frame of reference.)

: L : . c
Consider three inertial frames of reference 4,B and C. the frame B moves with a velocity )

with respect to 4, and C' moves with a velocity m with respect to B in the opposite direction.

The velocity of C as measured in 4 is

3c 4c c 8
(a) 7 (b) 7 (©) 7 (d) EC
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Q16.

Q17.

Q18.

Q109.

Q20.

Q21.

: : : L : . Cn
Reference frame B is moving with respect to inertial frame 4 with velocity Ei and Reference

frame C is moving with respect to inertial frame B with velocity %f . Velocity of C with
respect to 4 is given by
4c A

@ 0 () ¢ (@%i @ -5

: : . : .. C»
Reference frame B moving with respect to inertial frame 4 with velocity Ei and Reference

frame C moving with respect to inertial frame B with velocity —%f . Velocity of C with

respect to 4 is given by

@ 0 () ¢ (@%i my%i

: : : . : . Cax
Reference frame B is moving with respect to inertial frame 4 with velocity Ei and Reference

: : : L : .. Cx : :
frame C is moving with respect to inertial frame B with velocity El’ . What is the velocity of C

with respect to A4 ?
@) 0 (b) ¢ (@%2 my%i

Two particles 4 and B are moving with velocity 0.8¢i and —0.4ci with respect to some inertial
frame. The velocity of 4 from rest frame of B is

(a) 091c (b) —0.91c (c) 0.3¢ (d) —0.3c

A light beam is propagating through a block of glass with index of refraction ». If the glass is
moving at constant velocity v in the same direction as the beam, the velocity of the light in the

glass block as measured by an observer in the laboratory is approximately

(a)u:£+v(1—i2j (b) uzﬁ_v(l_izj
n n n n
<®”=£+VO+%J (d) u=2

n n n

If fluid is moving with velocity v with respect to stationary narrow tube. If light pulse enter into
fluid in the direction of flow. What is speed of light pulse measured by observer who is

stationary with respect to tube?

nv \4

¢ ¢ I+— ¢ I+—

(@ ¢ (b) — © —|— () —| —2¢
n 1+ — 1+ =

nc C
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Q22.

Q23.

Q24.

Q25.

A light beam is emitted at an angle 6, with respect to the x" in §’ frame which is moving with

velocity ui .Then the angle 0 the beam makes with respect to x axisin S frame

(2) 6=0, (b) cos 0 = %%
cos 6, +2 1+ 1%5% cos b,
(c) cosd Zu—c (d) cos@ :—cu
1+—cos 6, cos b, +—
c c

A light beam is emitted at an angle &, with respect to the x" in S’ frame which is moving with

velocity ui . Then the angle 0 the beam makes with respect to x axisin S frame is given by

2 2

sin 6 . sin @ 1+

(a) tanezu—y:# (b) tangzu_y:#
u, u

ucos 6, ucos@
L0 S Wit
¢ c

u’ 6,
. csing 1_0_2 1+%
(c) tmf=-2r=— 1 = (d) tanf=—EC—
u, ccos@, +u cost90+£
c

A light beam is emitted at an angle 6, with respect to the x - axis in S frame which is moving

with velocity ui . Then the angle O0the beam makes with respect to x- axisin S’ frame is

2
sint901fl—u—2
(a) sinf=—3 <

2
sint90,/l—u—2
(b) sinf=——F+ €

1+—cos 6, 1+—sin6,
c c
6,
cost90+z 1+ 2695%
(c) sinf=——FC (d) sinf=——FC—
u u
1+—cos 6, cosf, +—
c c

A light beam is emitted at an angle 6, with respect to the )'- axis in S’ frame which is moving

with velocityui . Then the angle 6 the beam makes with respect to y - axis in S frame is

2
sin 6, l_u_2 005904/1—u—2
(a) sinf=— (b) cosf=——F <
1+—cos 6, 1+—sin6,
c c
cost90+z 1+ucost90
(c) sinf=—— (d) sinf=—FC—
u u
1+—cos 6, cosf, +—
c c
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Q26.

Q27.

Q28.

Q29.

A light beam is emitted at an angle 9, with respect to the x - axis in S frame which is moving

with velocity ui . Then the angle 0the beam makes with respect to x- axis in S’ frame is

v : v
cos 6 +— sin 6, +—
(a) tanf=———— (b) tan 6 = " e
o u’ 4, u’
sin —— cos —
0 2 T2
cosﬁo—l sin@o—z
(¢c) tanf=———€ (d) tan@ = ¢

2
sin@,[1-— cos &4/1
c

The frame S’ is moving with respect to frame S with speed v in positive x direction. If a’. is

|

x component of acceleration of particle 4 with respect to S" frame then the acceleration of 4

with respect to frame §is given by

(2] (-5
C
(@) a, Ty () a, = [ j
2
C
i afrs]
a,|l-—
(©) ay = ——t d) a, =
(%) (-]
02 02

: . , : c L
Consider an inertial frame S° moving at speed > away from another inertial frame S along the

o

QN| <,

common x-x"axis, where c¢ is the speed of light. As observed from S’ a particle is moving with

speed % in the y" direction. The speed of the particle as seen from S is:

(a) % (b) % (c) ﬂ () ﬁ

A light signal travels from a point 4 to a point B, both within a glass slab that is moving with
uniform velocity (in the same direction as the light) with speed 0.6 ¢ with respect to an external
observer. If the refractive index of the slab is 1.5, then the observer will measure the speed of the
signal as

(a) 0.67¢ (b) 0.81c (c) 0.90¢ (d) 0.46¢
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Q30.

Q31.

Q32.

Q33.

Q34.

Q35.

A light signal travels from a point 4 to a point B, both within a glass slab that is moving with
uniform velocity (in the opposite direction as the light) with speed 0.3¢ with respect to an
external observer. If the refractive index of the slab is 1.5, then the observer will measure the

speed of the signal as

(a) 0.67c¢ (b) 0.81c (c) 0.97¢ (d) 0.46¢

A monochromatic wave propagates in a direction making an angle 60° with the x-axis in the
4c
reference frame of source. The source moves at speed VZ? towards the observer. The

direction of the (cosine of angle) wave as seen by the observer is
13 3 13
a) cosf' =— b) cosf' =— c) cosd' =— d) cos@' =—
(a) 7 (b) 7 (c) < (d)

A circle of radius 5m lies at rest in x-y plane in the laboratory. For an observer moving with a

uniform velocity v along the y direction, the circle appears to be an ellipse with an equation

259
The speed of the observer in terms of the velocity of light ¢ is,
9¢ 3c 4c 16¢
(a) > (b) 5 (c) 5 (d ) -
The area of a disc in its rest frame S is equal to 1 (in some units). The disc will appear distorted
to an observer O moving with a speedu with respect to .S along the plane of the disc. The area

of the disc measured in the rest frame of the observer O is (c is the speed of light in vacuum)

(a) (1——2j (b) (1——2j (c) (1——2j (d) (1——2j
c

It is found that pions are radioactive and their half life is measured to be 1.77x10° sec. A
collimated pion beam, leaving the accelerator target at speed of 0.99¢, then pion is found to drop
to half of its original intensity at a distance of

(a) 5.25m (b) 3.9m (c) 52.5m (d) 39m

Two spaceships 4 and B are moving with speed 0.6c with respect to earth. Both the spaceships
are moving in opposite directions. Space ship A emits light which will appear one year after to
an observer attached to the earth. Same light pulse will appear to an observer attached to space
ship B after a time

(a) 0.8year (b) lyear (¢) 1.7 years (d) 2.12years
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Q36. Itis found that pions are radioactive. The half life of the pions in their rest frame is measured to

be 1.77x10®sec. A collimated pion beam leaves the accelerator target at speed of 0.99¢, then
the distance travelled by pions when its intensity became half is equal to
(a) 5m (b) 10m (c) 39m (d) 78m

Q37. Two trains, 4 and B, each have proper length . and move in the same direction. A's speed is

4c/5,and B’ sspeedis 3c/5. A starts behind B (see Figure).

4c/5
[ ]==

C

As viewed by person on 4 , how long does it take for 4 to overtake B ?

(@) 2 (b) £ © = @ =
c c Sc Tc
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