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Y the end of thay year, he had published papers of great importance of

Brownian mot;
ion . 4
» Photoelectric effect ang special theory of relativity, one of which he was
awarded the Nobel Prize in Physics : |

The speci ivi ind i
pecial theory of relativity has made wige-ranging changes regarding our understanding - 3

of nature, but Einstein based it on just two simple postulates. The first postulatg', principle

discussion in this chapter.

FRAME OF REFERENCE

L
2 ¢

The basic idea of motion is change of position with time. We say that an _obje_;ét is moving if it

_occupies different positions in space at different times. If an object does. not-}qhange itts

flows, we say that the object is at rest.

jon in space as time

3

— _ exists as i £

perception tells us that spacé =7& : a stationary, permaneﬁr‘\}ar_\g? absolute

¢ can be placed or moved without any interaction; and that time
: 4 W 43 o S

ound in which object ‘
o on without relatlon_ to the presence of any physicql_s;object or

) o absolute and flows

g to Newtoni2
f position in sPace as time evolves.
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Accordin n absolute Space and time, motion 70f ari“:‘_\j?objectt is

erized by a chang® ©
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of relativity, also called Galilean relativity or Galilean Invariance forms the basis of ‘°l
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system which travel qt constant ,, e in refﬂtlve, monon to

ram _
ve| orenceé fra Y
absolute space. In such a frame, ¢, Clocity 115 a T f , a fsi4p
€ ob; Celerate Dor R
Galilee Galil Fehdg s"at B S nednt
alilee Galileo first described this ;. " mpleofaship travelling 2* ey 1
Ciple he €X S LY e’ i
velocity, without rocking, on a smooth, usi g the, pe .—formmg experimentsib_giow the 4
SEa bserV i :
any (¢} 5

deck would not be able to
erthe ship W25 movV ving
wa

Among the axioms from Newton'’s the
ory ar

e There exi : : E’
exists an absolute spacq - ‘Newton's [aws are true.
whic :

e Allinertial frames share 3 Unive : 4
rsa| time

Galilean Transformation Equations

Suppose we know from experiment that these |aw5 of mechanics are t
es ;
pect to the ﬁrst ﬁame? To

reference, how do they look in another frame, _moving with res
n m one frame to

find out, we figure out how to get from position velocity and acceleratio

these quantities in the second frame.

Note: The two frames must have a constant relative velocity, otherwise the 1aw of inertia

e = f

Vo AR

would not hold in both of them.

: X X B
8 & 2 i

Suppose S’ is proceeding relative to Sata speed v along the x-axis:

Ya y i
......... >V ! ? s
S Bk .S
—— vt —t— X —® 0 " ‘
Stationary frame Moving frame
'_,x-

ame of reference

A

and §’ inertial fr
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We se : )
e from the diagram above that X ‘ X+ vt- Alsg
NO movements in these directions and il

frame corresponds to x,y,2,t)ins frame; Where

x' =X —pt "
r_ : ilean r
Y=y Galilean Transformation |
s - EQuations
r_ : 2 ! . ; I
i 3 i
:gf&
That is how position transforms and is k"OW" 3 Gahlean TranSformatmns i

Example 1: A boat that is initially stationary begms to move with a vel it

R e e

respect to x — bx:s in the positive direction. Let the ‘water on which rt: N p
frame 1 and the boat represents reference frame 2. Assume that reference fra i
stationary and at t = 0 seconds, the two fram§'5 coincide. If we are in ref er. 'nqe
an event takes place by the boat at point (Xzsi’.=59, Y2 =0, 2, =0) ofter the

120s, find the equivalent position of this event,jn reference frame 1.

Solution g 3 o

Y Y24 $15 .0 ‘ ‘h 4

Att=0s ; A

: ! v " ';l

g ; o it

i Vi ’|

X1, X2 : }

|

4}

Z, Z;

gincl = 0 seconds
" Initially, the origin of the two frames (S152) comuc}e att=0
4 : Ty

; 5 +ive x direction,
since the boat is travelling in the positive X gyect 'L

! .=t
= Z =Zzandt1 2
x1=x2+Vtr Y1 Yo 41 .

5 i g
HoweVer, att=1205, x, = 50, Y2 0,22 : I, o :

; :
Therefore, X1 = *2 tv

£
e !
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Xy = 1250/, ¥ 1200 s

Thus, point
= Point (y, - in frame 1
50, 0, 0) N,
Galilean Velocity Transformay; . ) i
ion 2 T

The velocity 1/, s .
(PR | b : d b
n as measure

ins’ i
S’ frame In the x directj
io

de’ dt (Since Y= t) .I
(x St) == 3

p .
Therefore, uy = u, — v nsformation)

(Galilean Ve‘OCitv t_ra
Example 2: At t = 0 seconds, two reference frames cons:stmg of xyz
the origin of one is found at the origin of the second However, 05 ti
second reference frame moves in the positive dtrectlon along x-axi

| = 10.s€
while the first frame of reference remains statlonary At a time of t = JQ ,

given by vector U'=

rst referenct’-f

within the second reference frame has a velocttV

the equivalent velocity U' of the particle with respect to the fi

Solution
) Ss’
Y, Y'A
Att=0s
| L X X

e ' ions are:
'Iiléan velocity transformatwn equat |
| U.+ v Uy U U,

U, =

. x’ | | | -l ‘ | . »‘
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—t ! b

= (49,0,0) m/s (Velocity of parﬂc'e wrs, Teforg
#Nce frame 1)

1 |
|

1

Galilean Acceleration Transformation ;

How does acceleration transform?

du} !
a; = —~de = Yix i
t dt i

r _ d dux dV,“‘ l‘ [ :
ax—.(;(ux_v)— dt dt s {

: : d
Since v is constant, ?z% =0

Therefore, a, = a, : S Y

in both frames is Galilean Invariant. Veloaty is n0t invariant because it duffers k;n both frames

by a constant factor i.e. the relative veIOCItV 07 bOth frames i

ation of momentum Newtoﬁ’s second |aw of |
We can also show that the law of conserv mentum ( e \

| , nsformatmn |
motion) F = ma, is invariant under Gahlean tra ‘ i

l

'
In the S’ frame of reference, F'=may | %
duy _ | ‘
Flr=m—"=M4at l
F' = m-— —(x Vt)l = l : l :
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Exercise R :

R "-""s‘l‘t'

| alght L
7.1 A girl is riding a bicycle along a S5 foag |

. Co nstant 5 ! 4
Me peed, ang passes a fnen
1). At a3iMe of g0 1 1\
standing at a bus stop (event £605 late | A
entS is 17.6m he friend catchg a bqs (event . &f

N the frame of the gnr\ 6n thé b‘WC‘E' it
what is the bicycle’s speed? R W‘g' 2 1omlS\

2). If the distance separating t

oad t a i A
7.2 A police car travelling on a straigh® f °°“Stant speed of 30m/s ’catches up with 2

20m
truck travelling at a constant speed Of Z9M/s. The pojice car reaches the truck 7_55 aﬂer

it is first sighted. How far ahead of the Do\lce car was the truck when \t was hrst

_ (Ans zSOm)
sighted? o AR
|net\c energy is Galilean |nvanant
ation of K
7.3 Show that the law of conserv \ bl g il
12 mzvz L
=Zm,vit3
pint: (Emuf +maud =3mavi 272 [
L
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