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CHAPTER

SPECIAL THEORY OF

RELATIVITY

STUDENT LEARNING OBJECTIVES

- -

T After ~tud\m" this ch.iph:‘r the students will be able to:

I
Vo Distinguish between inertial and non-inertial frames af reference 1
: - uhicance of Fmnstein s assumption of the constancy of the speed of hight '
. ,cu. nstant then space and time become relative :
1* State the postulates of Speaial theory of relatvity |
1= Fxplam qualitstively and quanttatvely the consequences of speaal relativity Speaihically in the case of |
' a The relativity of simultaneity 1
' k I}._- equivalence between mass and energy ? [
! ¢ Length contraction !
' d Time dilabon '
' e — I
' < “IdSS INCTrease i
p o State that space time 15 a mathemabcal model m relativity that treats tme as a fourth dimension of thl
i tradibonal three dimensions of space '
t+ (It can be thought of as a metaphorical sheet of paper that can bend, and when 1t bends it can cause
L stk ol msirihing i onapranion st whengeevintion] nove pans tuough SRR )

INTRODLUCTION

Thus chapter explores Albert Finstein s Special Theory of Relativity, which revolutionized our understanding of
space, bme. and motion, espeaally at very hugh veloabes

Failure of Classical Physics

At the beginrung of the 20th century, classical physics (based on Newton's laws) couldn't explain phenomena
ving extremely small particles or very high velocities. This led to the development of relativistc
mechamcs, whach fundamentally changed our view of the uruverse

Albert Linstein’s theory

Ubert Einstean's Specual Theony of Relabaty, introduced in 1905, resolved these 1ssues by proposing that the
laws of Phy<cs are the same for all observers and that the speed ot light is constant, regardless of the observers
motion

? 11.1° RELCATIVEMOTION

What is meant by relative motion and how will you give the concept of rest, molwn and

direction. Explain with example.

(o=

RELATIVE MOTION:

The change in position of a body with respect to another body is called relative motions.

Concept of rest and motion

Rest and motion cannot be defined absolutely they are relative terms. The state of rest and motion of an cbyect
are not same for different observers. If an object is at rest with respect to some observer, it may be m state of
motion with respect to some other observer
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tor mmpll: l]ll \nl“s of a MOVING train seem staliomany to passengers insid

moving to someone standing, on the ground Thus. we cannot definitively sy

<hether an object is absolutely at rest or in motion. all motions are relative o the | (O ) |

hserver of Lo the reference frame being used

Concep! of direction in motion .

fhe direction of motion of an object is not absolute, it is also relative ferm

Consider if someone is throwing a ball facing vowto your right but for bum. th

Jirechion appuars to hus left. This illustrates that direction s a relative come rt

bplmahum

\lotion 1s alwavs ro lative, meaning 1t depends on the observer or the frame of

reference being used There 1s no absolute state of rest or motion

mmple' Dropping a Ball in a Train

Col’lﬁldt—l‘ an observer inside a closed train compartment

dropping a ball

Case (a): Stationary Train:

o The observer inside the train sees the hall fall straight
down, landing directly below where it was dropped

the train but appear b b

Tra sgmad of s ¢ e by "o
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a An observer outside the tram also seves the ball fall \er‘-.'_hl down

9

Both observers agree on the ball's motion
c,“g (b): Train Moving with Uniform Veclocity:
The observer inside the tram shll sees the ball fall stropht doswn, landing directly below wh
.Jruppul This 1s because both the ball and the obscever move horizontally with the same
velocity as the train
5 An observer outside the train sees the ball follow »

a projectile path (a curve), as the ball has an
¥

initial honzontal velocity from the tramn's moton
Olaerver n the vt

while also falling vertically
L3 ¥
g ol O:ruﬁv Cutite “-mn-m'; i

el was

unilorm

s _ Conclusion: Observers in difterent frames of

/. reference, moving with uniform veloaty relative
to each other, will percerve moton differently,
but the laws of physics desenbing the motion
remain the same for both

MULTIPLE CHOICE QUESTIONS

|* If an observer inside a u;f:mnly mnvmp_ g train drops a ball, lhcy see it fall straight down. An observer |
outside the train sees the ball follow a parabolic path. This demonstrates that

- — - — i —-

' 0
‘ (a) The laws of physics are different for different observers |
| (b) Motion 1s always relative to the observer's frame of reference .
| (¢) The ball is subject to different forces in different frames |
! (d) One observer's view ts correct, and the other's Is incorrect '
| Answer: (b) Motion 1s always relatrve to the observer's framwe of reference |
! Explanation: The ball's path appears different because the observers are in different states of motion relative to
I each other, lughlighting that motion is not absolute but always depends on the viewpoint of the observer l'
[ . According lo the concept of relative motion, there is no absolute state of: \
s (a) posibon (b) velacity fc) acceleration (d} rest or motion .
|

| Answer: (d) rest or motion
! Explan:ltionr Relative motion implies that whether something, s consudered “al nst” or “in motion” depends 4

| entirely on the chosen frame of reference; there 1s no universal, fived point to determme absolute rest |
bin Consider a person walking on a moving bus. Relative to a stationary observer on the ground, the person’s ¢
| velocity is the sum of their walking velocity and the bus’s velocity. This concept is an example of

o (a) Constant velocity Eradm {b) Absolute motion () Relative n-lon_r: (J) Accelerated mobon

—-—
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[ Answer: (o) Relative velocity
! I\pl.\n.\linn'. Relative velo ity describes how the velocity of an obgxt is measunsd ditterently by obsery gy in
E ditterent trames of retercnoe. otten by vestor addition of velecties
. I two observers are moving with unitorm velocily relative to each other, how do the Laws of Physicy

apply to them?

{a) The laws Py sics are ditterent tor each observer

(B) Ehe Laws o phivsics are the same for both abservers

(O Only one observer can apply the laws of physics cornes tly
' (1) The Lvws of physies apply differently depending on thei
| Answers (I Hhe Liws ol phvsics are the same for both observers
' Eaplanation: his s accone sdea leading to Finsteim's fist postulate the Taws of physies hold troe regandlis, ol
the comstant velos ity moetion of the observer's frame of reference
. Which statement accurately describes the essence ot relative motion?

() AlEmotion can be precisely measured agamst a tised, v rsal background

(1) The perception of motion depends on the observer's trame of reference, but the underlying Physical

law s remanin consistent

() Only observers at rest can accurately measure motion

() Motion s an illusion created by varying perspectives
| Answer: (1) The percepion of motion depends on the observer's frame of reference, but the underlying Physical |
UL s ennain consistent \
| Explanation: This captures the wdea that while perceptions of motion ditfer, the fundamental Taws govermng |
' motion do not tll.ll_z_t acrosy ineriial frames, '
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SLO BASED SHORT QUESTIONS & ANSWERS .

- — . — e e e e —

- —————— o — =————
! . What does it mean to say that “motion h.\h\.l)\ relative®? '
| Ans: Ttmeans that the descoption of an object’s motion (its position, veloaty, or acceleration) depends entirel I}
' on the chosen trame of reference or the observer from which the motion is being observed. There is no
absolute state ot rest or motion
s Give an everyday example of relative motion where the same event appears differently 1o two
observers, |

A person walking towards the font of a moving bus: An observer inside the bus sees the person walking +
slow v (relative 1o the bus), while an observer on the ground sces the person moving much faster (u'l-ill\'v'
to the pround) as the sum of their walking speed and the bus's spead
. Does the concept of relative motion imply that the laws of physics change for different observers? l
No, the concept ot relative motion, particalarly for observers m uniform motion (inertial frames), llll]'lll')i
that the laws of physics remain the same, even though the description of events might appear different to i
cach observer |
- If a ball is thrown upwards inside a smoothly moving car, how dovs its observed path differ for a
passenger inside the car versus someone standing by the road? |
The passenger inside the car sees the ball go straght up and steaight down The person standing by the s
toad sees the ball tollow a parabolic trajestory because it retams the car's forward motion while moving |
vertically s
. Why the Earth is often treated as an inertial frame of reference despite its rotation and revolution? l
The Earthis often treated as an inertial frame for most everyday purposes because its acceleration due Iui
rotation and revolution ks relatively small and neghgible compared to the accelerations typically observed |
In egrestrial experiments_ l

- — . — i —— i — i — - — - — e — e — - — - —
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112 FRAMES OF REFERENCE

—
What is meant by the “frame of reference”? Distinguish between Inertial frame of reference and
non-inertial trame of reference by piving examples,

——
==

JRAME OF REFERENCT

wordinate system e Intive o which measurements are taken, s known as [rame ol

T |

Aa Halatvty i T yhatly of the

pelerenes way I whuch clservens from

lor k"-““l““"‘" maran) hama of reteeence

(i 1 position of the table dn the roonn is Tocated relative to walls of the room, then 878t you perceptaon of the
world

powon s e frame o relerence
y 1 mwasurements are aken fna moving train, then the teain becomes the frame
ol e lerenoy
The posttion ot a spaceship can be described relative (o the posttions of distant stars. A coondinate

(v 2
oy stem asedbon these stars s then the rame of refe

e

e 1o ol peterence bs classilied imto two classes:

Pt tial frame of relerence

| Soncanerbal trame ol reler
INFRITAL FRAME OF REFERENCE:
Aframe of reterence inowhich the Taw of inertia is applicable is knownas fnertial frame ot reference

oR

Aframe of reterence, which is at rest or moving, with uniform velocity, Is known as inertial trame of reterence

e

I inertial framwe, the other Laws of nature are also valid

Examples:

1) Consider an object Ty g on carth surface, which remains at rest unless an unbalance torce bs applied
upon it Thus, carth may be considered as aninertial frame of reference

(1) Now consider an object placed ina v slhuchos moving with wmiform yelocity with respect to carth
The object remains at restin the car uidess anesternal force ss applied on it or brakes are applicd on the
car, Thus, a moving car is also considercd as inertial frame of reference

NON- INERTIAL FRAME OF REVERENCE:

Aframe of reference in which the Law of imertia s notapplicable is known as noncinertial frame of reference

OR

Anaccelerated frame is o noncnertial frame of relerence

tor example:

(1) Consider a body placed in a car moving, with a unbform veloaty When the moving car is suddenly
stopped, the body does not remaim at rest So the accelerated car s a nonsinertial frame of reference

() A carth s rotating and revolving and hence the Earth s not ancmertial frame: Because of very small
acceleration, Larth can be treated as an mertal feame

MULTIPLE CHOICE QUESTIONS

v
- — i — i — i — i — i — — i — — i — —

i —— N
' * An Inertlal frame of reference s defined as a frame where: 1
| () Objects are always at rest (b)) Newton's Law of inertia s valul |
[ (¢) Objects always accelerate (d) Al forces are ficibous [
| Answer: (1) Newton's L of inerbia is valid |
b I:\’\].‘ln.\liun: A anertal frame s one where an objocl at rest stavs ab rest amd an elypect i uniform motnm stas s '
mauniform motion unless acted upon by a netforee, swithout the need Tor Betitons torees |
; . Which of the following scenarios deseribes a non-inertial frame of reference? 'l
' (a) A spaceship dnfting at constant velocity m deep space :
Voo SO A train moving abe stowdy 100 kin/Non AMEMBLIACK. | o il e e e & e il
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(€} An elevator accelerating upwards ‘-]

' (d) A stabonary laboratory on Earth (for most experiments) '
| Answer: () An clevator accelerating upwards .

Explanation: A non-mertial frame 1s an accelerating trame  An accelerating elevator w ould make objects nsige !
appear to have a hicibous force acting on them

L]

|* In which type of frame of reference might you observe an object accelerate without any appage, !
' external force acting on it? '
1 (a) Inertial frame (b) Non-inertial frame  (c) Rest frame (d) Stationary frame i
1 Answer: (b) Non-inertial frame ' '
| Explanation: In an accelerating (non-inertial) frame, objacts appear to accelerate due to fictitious forces that ap, I
! from the acceleration of the frame itself, not from real external interactions '
1 . A frame of reference moving with uniform velocity relative to an inertial frame is: |
I (a) Always a non-inertial frame (b) Also an inertial frame '
. () A special type of non-inertial frame (d) Not a valid frame for physics expeniments |
| Answer: (b) Also an irertial trame i
» Explanation: Any frame moving at a constant veloaity with respect to an inertial frame 15 also considered an,
| mertial frame, as Newton's laws still hold |
1e If you are standing on a merry-go-round that is spinning, you are in a: '
| (2) Stationary frame (b) Inertial frame (c) Non-inertial frame (d)Uniform velocity frame |

' Answer: (¢) Non-tnertial rame '

I Explanation: A rotating frame is an accelerating frame (due to constant change i direction of velocity), and thy, |

L] - .

LS non-inertial You would feel a ‘centrifugal lorce” ushmj vou oulwards, which is a ictitious lorce '
e 0 e e e B L R o e e o o

SLO BASED SHORT QUESTIONS & ANSWERS

————

[ 7 Whatis the Ferencet

What is the defining characteristic of an inertial frame of reference? 1
Ans:  The defining characteristic of an inertial frame of reference is that Newton's First Law of Motion (the law !
of inertia) 15 vahid within at, meaning an object at rest stays at rest, and an object in motion stays unl
untform motion unless acted upon by a net force i
. Provide an example of a non-inertial frame of reference. s
Ans:  An example of a non-wertial frame of reference ts a car taking a sharp turn or an elevalor acu-lomtmgl
upwards or downwards '
. Why “fictitious forces” are sometimes introduced in non-inertial frames? |
Ans:  Ficttious forces are introduced in non-ineruial frames to account for the apparent accelerations of obpcts *
that are not caused by actual interactions but by the acceleration of the reference frame itself
. If you are in a closed train compartment moving at a constant velocity, can you perform any!
experiment to delermine if the train is moving or at rest? Explain briefly. |
Ans:  No, you cannot According to the principle of relativity, all laws of physics are the same in all mertial
frames Any experiment performed insude the closed compartment would yield the same results whether
the train 1s moving at a constant velocity or 1s at rest.
. Is the surface of the Earth a perfect inertial frame? Justify your answer. '
Ans:  No, the surtace of the Earth 1s not a perfect inertial frame because the Earth rotates and revolves around |
the Sun, resulting in centripetal accelerations. However, for most everyday physics experiments, these 1

113 SPECTAL THEORY OF REL

What is special theory of relativity? Write down ils postulates. Also summarize the results of

special theory of relativity.

SPECIAL THEORY OF RELATIVITY:

m Physics 11 (Subjective, Objective and Conceptual Questions) 431

-1" 1905, Einstein prPU‘tL‘Ll the L'Ill.'ur}- of relotiy iy, which is concerned. the way in whach observers are i a state

of relative motion and desenbe physical phenomena OR

[he theor of relativity deals with how observers in different states of relative motion describe phvsical

hcngrnc‘l‘l‘l

The theory of relativity is classified into two classes

Spc\’-‘i-'l] Theory of Relativity: Which deals the problems involving inertial or non-accelerating frames ol
reference

. General Theory of Rl:l-‘l.ti\'ily: Which deals the problems iny olving non-inertial or acceleraung trame of

reference =

[inslcin's Postulate of Special Theory of Relativity:

[he special theory of relativity 1s based upon two postulates, wluch can be stated as follows

postulate 1 (Principle of relativity) The law of physics (Newlton's laws of motion as well as Maxwell's

uations) are the same 1n all inertial frames

postulate 2: (prinaiple of constancy of light) The speed of light in free space has the same value for all

ohservers, regardless of their state of motion

faplanation:

. The hirst postulate is the generalization of the fact that all physical laws are same an frames of reference at
rest or moving with umform velocity with respect to each other 1f the laws af physics differed tor
observers in relative motion, those observers could determine which was stationany and whuch was
moving However, such a distinction does not exat, implyving that there s no way to detect Absolut unilorm
motion

+ The second postulate states an experimental fact that speed of hight in tree space is the universal constant ¢
(c =3 = 10* ms'!). For example, if you are sitting in a train moving at the speed of light afd you hold up a
mircor in front of you at armv's length, you will still see your reflection in the mirror This s because,
according, to the principle of relativity, no experiment can detect the constant motion of the tramn relative to

the person Inside it

What is the concept of simultancily in case of relativity? Faplain

THE RELATIVITY OF SIMULTANEITY
If two events i different locatons ane observed by one observer to be simultaneous Lu.‘-_.\._m. atinm 'l

they will generally not be observed as simultancous by another observer v a ditferent 'youarenaframe of reference
; ? mov constant
frame of reterence that is moving relative to the hirst observer Whother two events are e .'I‘W aIant velachy

seen as simultancous depends on the observer's trame of reference

Example: Light-Operated Doors on a Train:

e Atraveler in the middle of a train compartment (moving at half the spesd of
light) turns on a light switche The hight travels te both doors at the some speed
The traveler sees both doors opening simultaneously

*  An observer outside the tram will see the back door open before the front door Thus s vvause the back
door is moving towards the light waves, while the front door 15 moving away from them Light stull travels
at 'c’ relative to all observers

For your information:

If you are in a frame of relerence moving at constant velocity from which yvou cannot see any other frame of

relerence, there is no wav 1o know if vou are moving or at rest

other lrame of relerence . here
s no way o know 1 you am
maowng of at rest

Summarize the results of special theory of relativity.

Result Obtained From Special Theory Of Relativity:

Some interesting results of the special theory of relabvity can bo summarnized as follows, without going mto
theirr mathematical details.

TIME DiLaTiON

Acwvording to the special theory of relativity, time 1s notan absolute quantite, it depends on the rolative motion
of the observer and the teame of relerence where events ocour Moving, Jocks appear to run stows
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Proper Time (L): This is the time interval between two events measured by an observer who is at rest elatiy,

1o where the events occur. Itis the shortest possible ime mterval
Dilated Time (t): 1t an observer is moving with a relativistic velocity 'v' with respect o the frame of events, |,
tme 't measured by this moving observer will be greater than the proper tme to

L
1 o m—y
L)
l-=
S
Explanation:
f
\
o e torm \il -l ™ 1> s alwavs less than one (sinee veg)
9

e Theretore, U alwavs preater than & 1This means tine has “dilated” or “stretched” due to relative motiog

o This ettectapplios toall physical, chemical, and biological processes, including aging,

Example: It an event takes 1 second for a traveler on a plane moving at 08¢, it takes 1.7 seconds for a pergn
outside the plane

LENGTH CONTRACTION

The length of an object or the distance between two points appears shorter when measured by an observer why
15 in relative motion with respect o the object or pomts. This contraction occurs only along the direction of
motion.

Proper Length (¢ ): The length of an obyect or the distance between two points measured by an observer wh
is al rest relative to them: [t is the longest possible length

Contracted Length (7 ): If an object and an observer are in relative motion with speed ‘v, the contracted length

I'1s given by
(=t 1= ‘—
\‘ P

As

o The term ,]'I
.

o Therclore, 1" is always smaller than ¢

o (<l

is always less than one (since v<c)

S0 1<,

This means length has "contracted” or "compressed” due o
relative motion :
®  This etfectapplies to all lengths i the direction of motion only

Example: A train measured Lo be 100 m long, at rosl will be observed as only 60 m long by a person standing by
the track it the tram travels at 0.8 ¢

MASS VARIATION (RELATIVISTIC MASS)

The mass of an object i1s not a constant quantity; itis a vaniable that depends on the object's speed. As an olyut’s
speed approaches the speed of Light, its mass increases.

Rest Mass (m.): The mass of an object measured when it is at rest.

Relativastic Mass (m): When an object is observed to be moving at speed 'v', its mass 'm’ is given by

Explanation:
®  Tlus increase in mass indicates an increase in the object's inertia (resistance to changes in motion) at high
speeds.

P
e Consequently, the relativistic mass 'm’ approaches mfinity (m—x).

An anfinite mass would require an mbiite force to accelerate it further, Since infiite forces are mol
available, 1t is impossible for any matenal object to be aceelerated to the speed of hight ‘¢ in free space Ihe

]
e Aswapproaches ' (the speed ot light), the denominator \I — <1, approaches zero, Som>m,

mm Physics H (Subjective, Objective and Conceptual Questions) amn
—_—

spwad ot It an altimate speed imit i the univers
l\""‘l'“l 1 ife vs. Relativistic Ffects:
TRRTEE dav hives, spevds are extremely small compared to the speed of Bight (© g Larthis orbital speed -
W0 kin/s comp: arcd o 300000 km/s) s s why Newton s laws of moton are valid and acourate for most
Comnon situations However, when dealing with subatomic particles moving at velicitios approaching the
wadd ol Tyt (e g2 i parti le accelerators), relativistic eieots boeconme very prominent, and expenimental results
lmmq be explamed without conside Ting Linstein s auations

MULTIPLE CHOICE QUESTIONS

- - — e — e e S e S e e — e —

s “The first postulate of special relativity states that:

| (a) The speed of bght s constant for all observers

" (1) The Laws of physics are the same in all inertial trames of reference
| (<) Al motion is relative
!

|

() Mass and encrgy are equivalent

Answer (b) The lases of phvsics are the same inall mertol trames of reterence

|\|,|‘m,|l|u||. Hhis is known as the Panaple of Relativity. sshichoos the st postulate The constaney ot light
pape i the second
| v According o the second postulate of special relativity, the speed of light In free space (¢)
' (a) Vanes depending on the observer's speed
| (1) Is the same tor all observers, regardless of ther motion
' () Is faster when the source is moving towards the observer
| () Is slower when the source s moving away from the observer
' Answer: (D) Is the same for all observers, regardless of ther motion

l \pl.\ll.\lll‘lil This is the core of the second postulate the invanance of the speead of light
‘ . A clock moving at a relativistic speed relative to an observer will appear to the observer to run

(a) Laster (B) Slower (¢) At the same rate (d) Only in reverse
| Answen (1) Slower
' |-\|1]Jl'l.ltill|“l: [RITEY phcn-\mu-nnn s called time dilation, where o movang clock s observed to g show or than a
| stationary one
‘e As an object's speed approaches the speed of light, its relativistic mass
() Decreases () Remaans constant (<) Approaches zero

Answers () Approaches infinty
, Explanation: According 1o the relativistic mass formula, as v approaches ¢ the denominator approaches zero
| causing the mass e approach infinity
v The length of an object measured by an observer moving relative to it will appear
| (a) Longer () Shorter in the direcon of motion
' {c) Shorter perpendicular to the direction of motion (d) Unchanged
I Answers (1) Shorter i the dires tion of motion
' Explanation: This s Tength contraction, which only occurs along the dimension of relative motion
I The special theory of relativity ks applicable to the object moving with maximum velocity equal to.

() Approaches intinity

i {(a) speed of light () more than specd of light
' (€) less than speed of light () double the speed of light
| (speed of body cannot be equal to or greater than speed ot light) .
. Al what speed would the mass of an electron become double of its rest mass?(1SD 2015) (LHIR 2016)
| () 0 5¢ (0707 (c) 0.866¢ (h) 0 9
' s ] : '
m n ) 25 1
| (m L) 1\_‘_>\FL1H > -‘—l\‘—- —- Y ‘:; 0 8ot )
' LY ¢ m ¢ 2m, ¢ 4 ¢ J A\
i
L% — _ _The mass of object will be double at speed. (SGD 2017 Gh = | W= L
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@ 25x10' = —
I s )]0 (©) 3.6x10° m o)
: . s 6x10"= (d) 0.6x10" = 1 ||
e 1, ) ]
(M=t |l - = ﬂ r 1 | 1
4 ¥ "_,':,—‘-'-"'l——:_:,_v_;é:}v_ 3 | '
| -F 2m, ¢ 1 P 49_055&]15110"" 1:
R (. P "‘l I Since mass is a form of encrgy, can l I
7 ' i vy » can we concl ’
- SN Wl W —— | I j'.\!mc simng when it is not compressed? clude that a compressed spring has more mass than th | {
— - — : “CO 1 " i
" SLO BASED SHORT == | Ans ccording to special theory of relativity, e |
e — QUEST|0NS & ANSWERS | e | |
. State the two postulates of Einstein's \ i . 1 a
Il Ans:  The laws of PI:I‘:::MH: ol: gy Spl.'cl..zl ﬂ‘mq;f_m‘:iar‘“-‘}— e o e e | ! b= E: : !
| —— L “l‘w"‘“’.\ the same n all inertial frames of reference. 2. The = | 1 vl = ¢ ! |
Pe Defi ers, regardless of the motion of the e speed of hight in free space L when spring is compressed, v = |
ine "proper time" and "proper | . the source or 1]1._. observer, pace s Hence mass of v =0, Then o = .
| Ans:  Proper time (L) is thvim proper length. | ¢ j ¢ mass of compressed spring will not chan r‘h |
: where the eve ¢ mterval between two events measure | with a veloaty approaching the velocity ge. The mass of object increases only if I
| : events occur. Proper length (L) is the length red by an observer who is at rest rel : e The length of a spacecraft 8 the velocity of light y it itis movmg } I
measured by an observer w w length of a : relative | craft might vani f : |
i —— s, ollsarver-wiiisatratiralative ko ey Thes (:I ::‘JIL:: ::: d:.-.l.mcc between two l‘ninl: ,[ ! Ans.  Acc widinyg to length rmxirrlchvnb h'm:}: i]}t:-ii‘ it moves with the speed of light. Explain? ! L |
: ) ¢ » shortest . ; . o v T dy moing w, . 4 ]
! ;\ S I time and longest length, | | m the direction of mohion ly mownng with lugh specd comparable to specd of ight decrea | ‘
| Ans:  Time dilation is a co ation, ' i = f hight decraases |
nsequence of s R =1, 1 =Sifv=cthe =
' moving relative to a clock will 5 ‘])t‘ﬂ.l] relativity where a time tnterval mves | ‘ | | P ){* cthenl=1, |1- o lovl - 1=0 | |
| polabive appear longer 1l sured by an observer | ' so the length of '
atwve to the same clock Mov ger than the ime interval measured b server e = — - = _a_sacccmﬂ mipht vanishes if | . ;
i , Explain why no material obj ing clocks run slower ed by an observer at rest SRt bt hes il movos Wi\ speed ol g I |
| ln‘l.mu:h‘h-l\"ﬂl object (with rest mass) approaches ti \or Hght. l . 11.4 THE EQUILANCE BETWEEN M R {
| y Accelerating an infinite he speed of light, its relativistic ASS AND ENERGY:
1 impossible to provide mass would require an infinite an ass would apposch l 24
| Z What is meant by lh:_- *relativi rount of energy, which is physically ¢ Describe the Einslein's mass-ener
L Ans: The "relatity of ‘mmlr‘euf:) Ify of simultancity"? lcl)fe? What are its significant cnnseﬁc‘:i::;ig'.; why cannot we observe its effects in evervd
b b aneity” means that two ev . ' r What do ive examples, vday
! el I:;‘llinr:-‘l‘:::) by :'nc abserver will g\‘“c“": l:;':l:h;:‘ are :l;scr\rvd as happening al the same tim | MAns you mean by equilance between mass and energy? I
t ative motion with res served as simultaneous by o
| Does the dilatl espect to the first cous by another observer | :
ot neans that Hine SCrVer Mass-Energy Equival
1 ass reall . . ' s y tquivalence
Yok tﬁ ll;‘:ﬂr: SIOM;?, y passes more slowly in moving system or that it only see : According to the special theory of relauvi
. . the tme dilation means tl ms to nterconve ! elativity, mass and
: 2 i Giseinbe | onverlible. Mass can be k4 nd energy are not sc |
motion « . erval of an eve 3 . converted in ey ; not separate
I iccording to relation | = —fo_ n event is really passes more slowly due to relabve [ _Enlnslem‘s Mass-Energy Equivalence Equ::i:r:rm' and energy can be converted mltr:md:s entities bul are |
s [y w total energy (E) and J |
Explanal LS ' y (E) and mass (m) of an object ,
! haipe“sh‘::;llmiume dilation (or running of clock slowly) 4 | Wi 4 E = mc? (Equation .:_? 9 are related by the famous expression -
observers X vly) is purely due to relativ were 'chis th : ipht | g
| chemical and | rs are in relative motion. The resul purely due to relative motion. It reall R Hhespesd of light Thus equation shows U ;
' high spe :.!I 1 iological Even aging process of th ]r sult is applied to the timing process phy { '[Ml Mass Energy (Eo): Wat mass 15 a form of energy |
ced. It should be ¢ human body s sl Sical he energy equiv ; ' |
I ) noted that we canno y is slowed down by motion at very gy equivalent of an object’s mass when it i ! |
' I'Fllovlng at speed comparable to the speed of ll: ‘:Lteﬂs such changes in a daily life because on at very I - Eo= muc? when itis at rest js called its rest mass energy (E.)
| onex-‘lmplt. pions created at rest, has life 4 o ‘ el l Kinetic Energy (K.E): oal [
wilh velecity 0 me about 26x10 s = | When e ol ¢ |
i s mo‘g 6¢, then they have lifetime about 31«10 ° ‘s =26 ns. But when pions are moving ! diffe .a.:\ object 15 in motion, its tolal energy (L=mc?) 1s gre |
L, e on. cor 31 s Lo, their lifebime increates.dne o] rence in energy 15 due to its motion and represents U Eu'“_"f than its rest mass energy (E=muc?). The !
| difft.'l‘n::(:;‘i’:ms i SIPJ(Q ship at a very high speed rel KE=E-E=mci-muc? he kinetic energy (K.E) of the mass . [ 2 II
your pulse rate (b) i s relative to the . E iy = y .
i Our Palse Rate (b) in the pulse rate of people on Earth? Earth, woeld. you- neticn X ! | Mass Change due to linﬂ;]("mchm“k- |
a. Ina fast movin . | FromE= o l
g space ship relative to e I | m E=mc?, a change inenergy (AE) §
; b ;::Ill ROt BbaeTYe ATy l."lmT‘l}'F:' in ‘Pu[ﬂv ‘::: -1:-|,|. we are at rest with respect to spaceship. 1 " . : Am = :515; ‘Sflf) isvelased to:a change in mass (Am) by |
>, Pulse Rate of Peopl e because there ence we | Why don’ :
' ple on Earth Becau is no change in the lime y don't we observe massch i
e Al se the s : : e interval of pulse. 1 . anges in everyday life?
| ve will observe that the pulse rate of pg-npioi’::t.\h]p 15 moving faster relative to the earth, l:unn.-l Because c? is a very large quantity (c= [3*1[?‘?—:9:16{': 2 !
: Since Pulse Ral Number of Pulses earth will decrease, ' equivalent to very large changes in energy. In our ¢ e 1;‘] this implies that even small changes inm
= O —— are > r everyda S ASS ATE
| d " Time and according to time dil | a Lfna small to product- measurable mass changes “D ay world, energy changes (e g . from burmung ‘I' wll 1
- ———— e e e — ! ¢ dilation relation, " fl e fission and fusion) are found to be exactly in l;'e"'"' energy and mass changes in nuclea & huel) I
- — e ——— . ACC > Car o
s i i or mass-energy equivalence y in accordance with these equations, providing strong, ::Lu(:\,
LG LIS LY
- ‘.
1
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SLO BASED SHORT QUESTIONS & ANSWERS
Pim e s — —  ——  ——  — — — - ———
v State Linstein's famous mass-energy equivalence equation and briefly explain what it means, =
| Ans: Ewstems equation s F=mc It means that mass and energy are interconverbible, mass can be converge i
' into energy and energy can be converted into mass .
| » What is the significance of the ¢* teem in the equation L=mc??
YAns The ¢ term, which s a very large oumber (95107 m® s 2} sigmifies that even a tiny amount of mags o 4
| ajuivalent to an enormous amount of energy |
‘e How is the kinctic energy of a relativistic particle defined in terms of its total energy and rest magg t
I encrgy?
i Ans:  The hinetic energy (K E) of a relativistic particle 1s the difierence between its total energy (E) and its rest !
; mass energy (B K17 = F-L,
i If a hypothetical process completely converts 1 kg of matter into energy, how much energy would py |
' released (in Joules)? I
] Ans. 101 kg of matter were completely  converted into energy. the energy  released  would I_K.i
s F=mei=(1 hy)> (3100 m 5 1)2=9« 10 | i
| Why the mass - energy equivalence is often demonstrated using nuclear reactions rather lh.mi
1 everyday processes? 3
| Ans: Nuclear reactions involve signiticantly larger energy changes per unit of mass than everyday pProcesses |
’ (ke chemical reactions) This leads to measurable changes i mass that can be observed and verifigg 1
! Spsiose R unitie the negligible sos chuiges in chemnoll Tncon o < !

—— e — = —

MULTIPLE CHOICE QUESTIONS _

‘e Linstein's famous equation E=mc2 primarily signifies: i
| (a) The relationship between kinelic energy and momentum |
! (b) The conservation of energy in isolated systems !
! () The antercony ertibility of mass and energy |
| {d) The vl it of the universe :
 Answer (o) The mterconvertbility of mass and energy Explanation: The equation reveals that mass 1s a forn of !
| enersy and can be converted mto energy, and vice-versa |
. The rest mass energy (L) of an object is given by: v
| {a) et (L) 1/ 2m.c* (€} m.c? (d) (m-m,jc* |
v Answer (o) moos Explanation: This s the definition of rest mass energy, where mo 1s the rest mass and ¢ 1s the s
I &F‘\'\‘Ll ot h::hl' '
L) If an object is in molion, its total energy (F) is related 1o its rest mass encrgy (Eo) and kinetic energy !
| (K.L.) by
: (a) E=F,-K (b) =K E./E, (¢) F=E +KF (d) E=L . xKE y
! Answer: (¢) [=1.+K T Explanation: The total energy of a moving objectis the sum of its rest mass enerpy and the I
I energy il posscesses due to ks motion (hinetic energy) !
i Why are mass changes due to energy transformations not noticeable in everyday chemical reactions? !
| {2} Chemical reactions do not involve energy changes |
: (b} The speed of hght squared (€2) 15 a very small number 1
| (c) The energy changes are too small to result in measurable mass changes . |
' (d) Mass 1s always conserved in chemacal reactions '
| Answer (¢) The energy changes are too small to result in measurable mass changes |
v Explanation: Because 2 15 an extremely Jarge number, even a large energy  change corresponds 1o an

| immeasurably tiny ¢ hange inmass i typical chemical reactions

e Which type of reaction provides the most compelling direct evidence for the mass-energy equivalence? !
| (a) Chemucal burming (b) Dissolving salt in water

[] s 5 1
o e AU IRV IO OCHBIIN) s o o TSI, s
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— . s
ver: () Nuclear fisslon or fuston Explanation: Nuclear reactions involve signthicantly larger encrpgy changes

£3)
!;‘II:"{I“-T“IHI reactions, resulting i measurable changes in mass that precisely match Linstein s prediction .
i 0.1 kg is equivalent to the energy of: (DGK 2015 G1I) I
: () 5 10°] (b) 6% 10 ) () 9% 10" {d) 9105 ;
= (bl L CE L) e 2 1 L S N

|splanation(t

11.5 SPACE-

IME IN RELATIVITY

State the Einstein’s concept about the space-time. Describe the view of gravity according to this
concepl. or

What do you mean by the concept of space time and also discuss the view of Newton’s and
Einstein’s on gravity?
._,_...--—-—-—

gﬁ.ﬂ!\!l} IN RELATIVITY
Wwhal is Space?
space is A three-dimensional extent in which all objects and events occur. It
Fm\-ides a framework to define the position and motion of vanous objects
what is Time in Relativity? .
|n the theory of relativity, ime is not absolute; it 1s considered the fourth
simension. Events happen not just at a location (x, v, 2) but also at a speailic
wne (). Time 1s also relative; 1t can pass more slowly for an observer
moving at extremely high speeds (ume dilation)
| What is Space-Time?
Space-lime is a mathematical model that unifes the tradibonal three
gimensions of space and the dimension of tme into a single, four-
Jimensional continuum. It is a concept used to describe all points of space
and time and their relationship to each other
Einstein's View of Gravity (General Relativity)
According to Linstein's theory (specifically General Relativity), space-time
| s curved, especially near massive bodies and for objects moving, at speeds
approaching the speed of hight.
o Visualization: Imagine space-time as a stretched fabric sheet If a heavy
ball (representing a massive object like Farth) as placed on thas sheet. il

causes the tabric to curve or indent

o Gravity as Curvature: Objects like stars and planets cause space-time 1o
curve around themselves. The more massive the object, the decper the
curve

* Motion in Curved Space-Time: Consequently. we don't speak ot a “force
of gravity” pulling bodies. Instead, bodies and hight rays simply move
along, the “strarghtest possible paths” (called geodesics) m this curved

Bending of starfight by the Sun
Light from the star A s deflected
asipasses closelothe Sunonis
way lo Earth Wuo seo the slar

space-time A bodv at rest or moving sl ly near a massive object

" in the apparent direction B,
would naturally follow a geodesic towards that object. which we p

shifted by the angle ¢ Einstein

prodicted that ¢ = 1 745 seconds

of angle which was found 1o be

the same dunng th s solar ecipse
does’t explain win it works that way of 1919

¢ Einstein's theory explains gravity as the curvature of space-time caused by mass and enerpyv Tt viclds the
same rosults as Newton's theory i weak gravilational fields but provides more accurate productions i

percerve as being, "pulled” by gravity
Advancement over Newton's Theory of Gravity:
o Newton's law of gravity accurately describes the force of gravity but

strong, fields

* Verification:
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Bending of Starlight: The bending of starligh
solar &clipse i 1919 The results perfectly matched Finstein's predictions (an angle of ¢=1745 are
seconds), confirnung hus theory over Newton's
Gravitational Waves: Einstein's theory also pradicted the existence of gravitational waves, ripples
space-ime caused by accelerating massive objects (ke merging black holes). These waves werp firsy
drectiv detected n 2015 and announced in 2016
The special theory of relativity explains that space and time are related to each other. [t describes how Space
and time are influenced by gravity and speed. such as the bending of hight around massive objects like stars
Space-time is,an fact a mathematical model that unifies space-time into a single continuum It is a concept ugey
to desenbe all points of space and ime and their relation to each other.
NEWTON'S AND EINSTEIN'S VIEWS OF GRAVITATION:
Newton's view about gravitation
I Gravilabon s intrinsic property.
2 Gravitabon force obeys inverse square law
Fx L
o
3. No reason why gravitational force obeys in verse square law.
4 Gravitabonal force is directly proportional to product of masses.
F a mm,
5 Newton's idea of about gravitation is based upon the idea that light consist of tiny particles that deflected
by gravity .
Einstein’s idea about gravitation:
1. Space and time are curved just like rubber sheet.
2 Heavy planets produce geodesics in space and travel on it. Einstein’s theory gives a physical picture of how
gravity works.

3. Ittells why gravitahional force obeys inverse square law., .ﬁ’ or your information() .
4. Einstein view is much better than Newlon's view The laster you are moving or close
5. Light bends by gravity twice than as predicted by Newton. 1o a strong source of pravity, the
Bending of Starlight near the Sun: ' -

7 When a light from a distant star travels to Earth after first gazing the edge [Tiniereriing imformavienk ]

of the Sun, Its path is ent as it follows the most direct route through the
curved space as shown in the figure.

# The apparent position of the star viewed from the Earth is shifted
somewhat from its true position. For stars near the Sun to be visible, the
observations must be made during a solar eclipse.

» Another success of Einstein's theory was the detection of gravitational
waves, produced by some celestial events causing disturbances (squeezes and stretches) in the curvature of
space-time. These waves were detected in 2015 and announced in 2016.

Several measurements have been done, the earliest coming in 1919, just after Einstein proposed his theory

Here again theorv and experiment are in excellent agreement

Hypothetical Example of Space-Time (from text):

I 2 spaceship travels to a star at half the speed of light, and it takes 8 vears from Earth's perspective, the clocks

on the spaceship will move slower (lime dilation). From the spaceship's occupants' point of view, the length of

the journey has contracted, so they cover the distance in less time, perhaps 7 years instead of 8 years

Interesting information:

If you are on a spaceship moving extremely fast through space near a black hole (like In the movie

“Interstellar’), vou could miss 7 vears on Earth in every hour due to extreme time dilation caused by both high

speed and strong gravity.

M you are on some specaship
maving extremely fast Trough
space near a black hole ke In
movie, “Interstelles” then you
could misa 7 years on the Earth in
everyhour

FOR YOUR INFORMATION
Bending of star light by the sun. Light from the star A is deflected as it passes close to the Sun on its way
to Earth. We sce the staran the apparent direction B, shifted by the angle ¢ Einstein predicted that ¢=

———
t caused by the Sun's gravity was tirst measured \Il.lflng 2
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1745 weconds of angle which was found to be the same da nng, the solar echipse of 1919
Do You Know?
Gravity can bend light The gravity of a star could be used 1o focus light trom stars

MULTIPLE CHOICE QUESTIONS
= TnTlu_ conlext of relativity, Iim_v:'I: ;n;i;t;d_lh;:- -
| (a) First dimension (b) Second dimension (¢ Third dimension (
' Answer: (d) Fourth dimension

E\-planalinn: Space-ume 1s a mathematical model that unities the traditional three dimensions of space with time
L)

-— —— - — ———————————

d) Fourth dimension X

[ as @ fourth dimension, | BRI |
- Einstein's General Theory of Relativity explains gravity as: I you e 0n some apscetho
| (a) A fundamental force transmitted by gravitons moveg esvemely fas) Meough

% Spaim neal & Black hole Wi in
' (b) The curvature of space-time caused by mass and encegy savle, MaSAMALr Ten You
| (¢) An attractive force acing instantaneously between all masses conikd mas T yeany on the Carh n
' (d) A quantum field interaction in flat space i oo

I Answer: (b) The curvature of space-time caused by mass and energry
. Explanation: General Relativity describes gravity as the effect of massive objects warping the fabric of space-

me
i :‘ Objects and light rays in curved space-time move along paths known as:
' (a) Straaght lines (b) Parabolic arcs (¢) Geodesics
| Answer: () Geadesics
+ Explanation: Geodesics are the “straightest passible paths® in curved space-time that objects follow i the
| absence of other forces
‘e Which experimental observation provided carly and strong evidence for the curvature of space-time
predicted by General Relativity?
(a) The decay rate of muons,
(c) The increase in mass of high-speed particles.
Answer: (b) The bending of starhght around the Sun
1 Explanation: Observations during solar eclipses showed starlight bending by an amount consistent with
| Einstein's prediction of space-time curvature near a massive object like the

(d) Hyperbolas

|
i (b) The bending of starlight around the Sun
(d) The constant speed of light

! Sun . S her pour informatiae _'
|e The concept of space-time implies that: o=

’ (a) Space and time are completely independent. SSRANEYIni S Sating 0t AR
| (b) All events occur at absolule, fixed points in space and time i ok o
: # po : P sicwnr the wme goes for you

| (c) Measurements of space and ime are intertwined and relative to

i an observer's motion

| (d) Gravity is a direct force between masses

s Answer: (¢) Measurements of space and ime are intertwined and relative to an observer's motion

| Explanation: Space-time unifics space and time mto a single continuum where measurements of distances and
v durations are relative, challenging the classical notions of absolute space and time.

|e What did Einstein's theory of general relativity propose about gravity?

\ (a) Gravity 1s a force that pulls obyects together

| (b) Gravity is caused by the curvature of space-time

! (c) Grawvity is a result of electromagnetic radlation

! (d) Gravaty 1s a property of matter

| Answer: B

Plad According to general relativity, how does the mass of an object affect gravity?
| (a) The more massive an object, the stronger its gravity

' (b) The less massive an object, the stronger its gravily

| (c) The mass of an object does not aficct gravity

[ (d) Gravity 1s not related to mass

| Answer: A

|
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prean lassial mechanics tor objects moving
wilth
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B avioe ity gl Fsound maves
Y wwan ity rvadter Dhan sowmd waves

W velaity approachung that of light
1t an ebagover s moving in the same direction
as 2 seund wave the veloaity of the wave

a o be

\>! less

Y s of the bw o velocines

DA ety o the sound wave with

r s Ny
enmh . Suwe the obsenvet thie
wl? " as the sound wave thers veloan

e seu it wave s veloon trom

subtracts fre
oSt ive  [hepsbore g
perspechiveg Lheeehore.  Dw

e less thar s
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NN DY
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If the rest mass of 3 particle my, ingreases to m
due to s high speed then its kinetic energy

I

a) b 2ews ] e

ooy oS dP 12 (e VP

1 (KE) = the dufererxe
b ey amsd the rest enengy
RE=F -LE soKE=ex s o KE = (m=my
)

The speed of boam light of a car while
moving with high speed as compared to its
tesl position ix

\a Stwabes b less
1<} same (1) zeee
spved ot S A (onstart as per spevial

theory of relatvity
A photen s 2 particle of hight What s s

maas w e moves with (9 ¢™

)} Sl MlemxI0kg
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What s meant by inertial frame of reference

and 3 e

- 1 . e b gk v S
D=1 Tl Pramee of refegeny

W INERTIAL FRAME OF REFERENCE
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v apeioabic m Apown as et

v ow ich the Law of imerta
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113

which s 2t st

' m

A frame of reforemoy ving
wrtial frame

oiher Laws of

withuntorm seloon . s hnownas u

o roberenoe Inoanerhal trame th

st are alse valid
NON- INERTIAL FRAME OF REFIRENCE
A frame of ret the Law of inertia

ot appis able s hnown as T

ety 1n whak

o ortial frami

of ret
OR Ar accelerated frame s a nen-inethal frame
of peferency

What are the two postulates of special theory of
relativity™

he spevial theons of relativaty s based upon two
postulates. which can bu statead os follows
Postulate 1 e of relatiaty ) The law of

physxs (Newtor s laws

f mopon as well as
s b are the same i al! ;ertial

Mavwells oquat
frames
Postulate 2: (prinaiple of ¢

spovd of Light i free space

snstancy of bght) The

has the same value for

all observers. regandiess of thetr state of metion
Describe why it is impossible for 3 matenial
particle to move with speed of Light
Ihe increase in muass indicabtes the incrvase s
inerta at highspeed  Asy approach < then v2 /¢t
.

— approach 0
" .

approach 1 Thee Thus

m sz and t roquires an intoite toree to change

the spuwd obpxt Bovagse infim

oS are not
avariable. benge, an obpect cannot be acorierated
te the speed of light ¢ in tree space

Does theory of relativity contradict Newton's
laws of motion? Explain briefly.

[he theon  of
contradict Newton's lawns, rather, it supersedes
and expands upon them

Newtens Liws are an excellent approumation
Ior eveny Jday L \;\1‘\1\
gravitv} However atvery high speeds (near the
speed of hight) ¢r in strong gravitational fields
Wn

relattvity dowsnt  enturely

conditions weak

relativity provides a more accurate der
acuounting tor phe
{like e dilaben

omena Newton s laws dont

O spPace-time LUy abury)

Nowtonan phyvas s csseontully a limiting case

of relativ st physscs when spenads are mach bess

thar the and & woak

spowd of L EraL
What s meant by proper time, and proper
length®

Proper time
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Ans: The time interval between Lo events measure by
an observer which is at rest with respect to frame
ol event s called proper time and it s
represented by L
Proper length
The length or distance betwevn two points
measured by an observer who s at rest relanve
to them is called the proper length ¢,
11.6  What is meanlt by relativistic mass, length and
time?
Relativistic mas
Ans: The mass of an object moving with very high
+ speed measured by an observer at rest is called
relativistic mass If m, is the mass of an object at
rest in observer's frame of reference and m s its
mass when it 1s moving with veloaity v with
respect to observer,
then,
m,

ms=
=L
P
Relativistic length
The length measured by an observer which is in
relabve motion along the length is called
relanvistic length :
If an object and an observer are in relaive motion
with speed v, then length of the rod appears to
decrease along the direction of motion and
contracted length is given by,

“':

Relativistic time

The time interval between to events measure by
an observer which is in relative motion with
respect to frame of event Is called relabvistic
time. If the observer is moving with respect to
frame of events with veloaity v or if the frame of
events 1s moving with respect to observer with a
uniform veloaty v, then the time measured by
the observer will be;

11.7  Why mass of a moving object increases?

Ans: The “increase In mass” (relativistic mass) of a
moving object 15 due o its increased kinelic
energy As an object moves faster, it gains
energy, and according to Einstein's E=mc?, this
added energy is equivalent o an increase in ils
mass. Tlhis also means it becomes harder lo
accelerate (its iertia increases) as it approaches
the speed of hight However, its fundamental
“rest mass” remains conskant The physical mass
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of the object does not change

¥ All motion are relatives. Does space-time

absolute? Explain briefly.

Ans: No, space-time is not absolute In relatiyy,
space and time are unified into a single faby
called space-time. This fabric 15 not fined,
instead, it can be bent or curved by mass ang
encrgy  This means ats  geometry  change
depending on what's in it

Explain that speed of light is an ultimate limj;

for any object.

Ans: The speed of light Is the ultimate limit because a5
any object with mass approaches it, its energy
and effective mass increase infinitely, requiring
an impossible amount of energy lo accelerate
further, which is not possible. So speed of hight js
anultimate limit for anv object. If v=c thenm==
J=m E=wm,

11.10 Give examples where the results of spedal
theory of relativity have been verified.

Ans: Examples verifying Special Relativity are:

1. Muon Decay: Muons, unstable particles created
in the atmosphere, survive much longer than
expected due to time dilation as they travel near
the speed of light.

2 GPS Systems: Accurate GI'S navigation requires
constant correcions for lime dilation effects on
satelite clocks, proving relativaty's  prachical
impact

3 Particle Accelerators: Particles accelerated close
to the speed of light extubit the predictsd
increase in energy/mass and are unable to reach
the speed of bight itself, confirming the universal
speed limit

4.  Michelson-Morley Experiment: Showed that
the speed of light is constant regardless of the
observer's motion, a key postulate of special
relativity

CONSTRUCTED.RESPONSE
QUESTIONS

111 Speed of sound is affected by relative motlon
between the observer and the source. Does this
apply to speed of light as well? Describe
bricfly.

Ans: No, the principle that affects the speed of sound

(Doppler effect due to relabve motion) does not

apply to the speed of hight in the same way

The speed of light is a umversal constant

according to Linstein’s sccond  postulate of

special theory of relativity and 1t is not affected
by relative motion between the observer and the
source

Is it ever possible lo see a star moving away

from us at a uniform velocity equal to the

11.9
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Ans:

velocity of light?

No, it is never pmslblc o see a star moving away
from us at a uniform veloaity exactly equal to the

velocity of light,

].:\Pl.umtmn

Material Objects: Stars are massive objects. As
established by special relativity, no object with a
pon-zero rest mass can reach or exceed the speed
of hght Its mass would become infimte,
requiring inhnite energy

Observational Limit: Even if such a theorelical
scenario, were possible, as the star's speed
.1p}‘ﬂ'-ld"~'d 'c' relative to us, the red shaft ematted
pv star would be of infinite value That s, it
would disappear from the observable sight lipt
of our eyes due to the extreme relativistic effects
If the speed of light is just 50 m s, how would
every day evenls appear to?

W SpUcy ACTC ondy n L OVeTY U s
+ 1f the speed of light were only 50m s | lay

events would appear distorted due to extreme
relativistic eftects

Time Dilation: Clocks would run noticeably
slower tor anyone moving at typical speeds
(e.g., walking or driving), causing a significant
lag compared to stationary observers.

Length Contraction: Moving objects would
appear dramatically shorter and compressed in
their direction of motion !

Mass Increase: Even at low speeds, objects
would become much heavier and harder to
accelerate.

Light Delay: Light would travel incredibly
slowly, causing noticeable delays in seeing,
things across a room or streel, and making
communication very difficult

If the speed of light were infinite, what would
the equations of special theory of relativity
reduce to?

If the speed of light were infinite, no relatvity
effect will be observed according to theory of
relativity As we have, ¢ = @ (infinite) then no
relativistic phenomenon will be observed as
equations of special theory of relativity reduced
lo

! | |

TE- .\-' :-Jll-l):'"

c V=

t= L(Time becomes absolute.)

Similarly, I = [(Length I comes absolute )
And
m = my(Mass becomes constant, independent of
speed.)
It means there would be no change in physical

object due to relative motion

115 According to Einstein’s equation; | = mc?, is it
possible to create a single electron from
encrgy? Explain

Ans: While F=mc® conceptually allows energy to
become mass, creating a siigle electron from
enerpy is not possible i solation due to the strct
conservation laws of charge and momentum
Instead, converted into an
electron-positron pair through a process called
pair production. which fultills to all these
fundamental laws

. The creation of .a single electron from encrgy

charye

cnergy can be

alone  would  wviolate  the law  of
conservation

Electrons have a negative charge

. To conserve charge. a positron (anti-clection

with pasitive charge) must also be creatd

. Therefore, encegy cancreate an clictron-positron
parr, but nota single electron

COMPREHENSIVE QUESTIONS

11,1 What s meant by the “frame of reference’?
Distinguish - between  inertial  frame  of
reference and non inertial frame of reference
by giving examples

11.2 Describe the Einstein's mass-energy equation.
why cannot we observe its effects in everyday
life? What are its sigmibicant consequences?
Give examples

113 State the Einstien's concept about the space
time Describe the view of gravity according to
this concept

SOLVED EXAMPLES

111 The period of a pendulum is measured to be
3.0 s in the inertial reference frame of the
pendulum. What is its period measured by an
observer moving at a speed of 095 ¢ with
respect to the pendulum?

Solution:

Glven:

Proper time (L) = 30 s (ume measured i the

pendulum’s rest frame)

Speed of observer (v) = 095¢

We need to find the dilated tme (t)

Using the time dilation formula

=

=



44
e | Vg
\l' (095¢) J-(09s)’
d

1= = _—1—~ = 1 __._1__._.

Ji-no02s Jo 0475

. -

V00975 031224

L= 9608 s

Answer: The period measured by the moving observer

s approximately Y o s

112 A bar LOm in length and located along the x-
axis moves with a speed of 0.75 ¢ with respect
to a stationary observer, What is the length of
the bar as measured by the stationary
observer?

Solution:

Given:

Proper length ( .) = 1.0 m (length when at rest)

Speed (v) = 075¢

We need to find the contracted length (¢)

Using the length contraction formula

J_

75
b cl

‘.-

=066 m
Answers The length of the bar as measured by the
stationary observer is approximately 0 66 m
1.3 Find the mass m of a moving object with
speed 0.8 c.
Solution:
Given:
Speed (v) = 08¢
We need to find the relativistic mass (m) in terms of rest
mass (m,)
Using the mass variation formula
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m,

L. ...
J-061  Jo3e

m,

06
m= 167m,
Answer: The mass  of  the
approximately 167 times its rest mass

NUMERICAL PROBLEMS

111 An clectron is accelerated to a speed of 0.995
¢ which passes down an evacuated tube 500
m long. How long will the tube appear to the

moving - object g

clectron?
Solution:
fo=500m, v = 0995, f=?
(=t -5
&
0995¢)" YT
f=500x l‘(——:-;i =500 /1 - {09‘)5}1

(=499 m=50m

11.2 A neutron, being not a stable particle,
disintegrates in 20 minutes on the average.
How long will it seem lo exist if shoots out
from a nucleus with a speed of 0.8 ¢?
Solution:

= 20 min v = (8¢
t=?
20 min 20 min
1= = = =
J_ﬁ ’ wsu J1-(os8y
¢’ ¢

20min 20 min

'::;‘l—u.m - J0.36

t=3333min = 33 min

113 A spaceship is measured 100 m long while it
is at rest with respect to an observer, if this
spaceship now flies by the observer with a
speed of 0.99 ¢, what length will the observer
find for the spaceship?

Solution:
fo = 100 m, v = 099, f=3
=, Jl - -\—-.
Vo
0.99¢)" s
{ |ouw\ll O2%) . 100+ JU (099
¢

(= 100= 1 09801 - 100«

JU0199

E=82x=10")
g2 10"
) I 6 = 10
=051 = 1reV
I =051 MeV
115  Anelectron is accelerated to a speed v = 0.85
¢. Calculate its total energy and kinetic
encrgy in electron volt.
Given
Speed of electron = v = 085 ¢
Rest mass energry of electron = myc!
=051 MeV
m

-5125x10" eV

Relativistic mass of proton = m =
v
I=-—
¢!
m, m, m,

\j‘ (0.85¢) “Ji-oss' 053
c.'

Totalenergy =1L =7
Kinetic enerpy = KL =72

m
[ = mete —2 ¢!
H 53
9 IR
053

15469 « 10 .
s — - 0669 <10V =097 < 10r ¢V
1o« 10"

'L =097 MeV
KE=1F -mg?
KL =097 -051= 046 MeV
L6 At what speed, would the mass of a proton in
a particle accelerator be tripled?
Rest mass of proton = m,
Relativistic mass of proton = m = 3m,
Speed of proton = v =?
Solution:

(1 10°) =154.69410 ")
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f=1dm |
114 The rest mass of an electron is 9.11 x 10 " kg, 7 "—
Calculate the corresponding  rest mass \' )
<
e energy- Squaring both sides
v
GNER e =9T1x10 Mkg 9 = ¥ i
E=? =Y < 9
golution ¢
|=mua’ :
F=911x10 %= (3=]10% ‘_.:]-l = “.-chensoc'
E=911x10 % x9x100] ¢ 9
F=8199=10") v=10.943c

11.7  The period of pendulum is measured to be 3
s in an inertial frame of reference. What will
be the period measured by an observer in a
spaceship with a constant speed of 0.95 ¢ with
respect to the pendulum?

Solution:
L=3s
t=?

v = 095¢

3s 3s

J‘ (095) 1095
c!

N 3s _ 3s
VI-09025  Joo97s

1=96s

118 Hypothetically, if a ball of mass 05 kg is
projected with a velocity of 0.9 ¢, what will be
its mass in flight?
Rest mass of ball = m. = 05 hy
Veloaity of ball =09 ¢
Relativistic mass of ball = m =7

Solution
m‘
m= -
Bl
&
__D5ke  0Skg  0OS5ke
!I _(09¢)  Ji-09' 0436
\ ¢
m=115kg
GiGrUIGicGR



