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g concept iIn NM
ee laws of motion
ame of References

2rtial System (Frame)
n — Inertial System




In an inertial frame a body, not under the influence

of any force, moves in a straight line with constant
Speed.

Since no force acts on a body,

.
ik a=ma =
e f;; = 0 where + Is the p. v. of a moving body at a time t.
G dv s . 4
= O R .
dc? — a7 U = cons
D Ea=a 7 = at+ b which is a straight line.



an Transformation

sider two inertial frames S and S
s moving with uniform speed v w.

& O’ Observers at origins of S & S’ 0bsée
he same event at any point p.

YI




of addition,

ions are Galilean Transformati




>’ moves along xx’ direction,

= (v,0,0)

. (1)&(2) ﬁ(X',y’Z’)=(X,y,Z)—(V,0,0)t

= X' =x-vt
y =y
= 7
= t
= Galilean Inverse Transformations are
| r = ' + Pt , t=di
x=x"+vt, y=y, z=2",t=t".




; tivity

Iransformations are
=T - pt, t=t
2rentiating w. r. to t.

ie =g -V
EF = ﬁ

is the acceleration of the particle in S.
mass does not depend upon the motion




that Newton’s kinematical
invariant under GT




§'=S-vt
= Ut+%At?- vt
=(U-v)t +% ATt

S=U't +%At'> where t' =t

- U?%2=(V-v)?-(U=-v)?

= V?-U’-2v(V-U)
=2AS -2vAt
=2A(S—-vt)
=2AS
V2 =U?2+2A¢8
yematical equations of motion are invariant




tromagnetic Theory

S equations in vacuum are

0F
ESoH , divH=0, CurlH-= = , divE
C at <N
S&equations have non-zero solutions and leads toith
gequation in the form

se equations remain invariant under GT then we s
R is valid for electromagnetic theory. But mathe
ons gives negative result.




e wave equation V4f
emain invariant under GT
ider two inertial frames, S & S’.

are x'=x-vt, vy =y, Z = t =k
rom the Calculus, we have

of of ax’+ of ay'+ of az'+af ot’
dx 0x ox 0y ox 0z 0z Ot ot

6f 1+0+0+0 by GT
~ 9x’

of _ 9*f _ 0%f

~ ox 0x2  0x'?

LU

rly we have —=
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Otherwise v=0
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velocity of light
= velocity of the earth / apparatus. |
, = time for a beam to travel from A to B & ba
t, = time for a beam to travel from A to C & bac

Let, AB=|, &AC=1,
From the fig. 1e. Triangle AOB’

AB’? =0B’? + OA?
AB’? = AB? + BB’?> [where OA=BB’ & OB’=Al

where AB’=ct, BB’=vt, AB =




where BISS

he path AC the relative velocity of the beam is
&c+v.
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A= 21, =1, +1,p%—1

C




paratus is turned through an &
d is perpendicular to AC. In this case,
fference,

AF i tfz i tfl

1,-21,

B2 .

A, =%(12_11)+(

The relation between N, the no. interference fringes anc
change of time difference is, c(A— A"

d 7

Nhere A Is the wavelength of light.
0m equations (1) & (2) we have

N= 2 (1~ 1) + (2 )p2- [ (2= 1) +(

| el — 21 ""-'-. p .:.If..:;if:-:- 3




In MM Expt. I;+1,=22m. Taking A =5.5x10"7

i 4
and B=E=10_

We get N =0.4
le. Fringe shift exists.

But Michelson and Morley did no
Ind any fringe shift ie. N = 0.
IS result implies that3 = 0 ie.v =10




orentz contraction hypott

a real contraction along the direction of mo
1

factor, (

hypothesis implies that N=0.
and I° are the lengths of the body in motion and the

lyatrestthen =10 /1 _p2




cial theory of relativity

ody will agree that the laws of physics should not
e from one frame to another frame.ie. All frames are
alent (PR). But Maxwell’s equations of electromagneti
ry do not remain invariant under GT.

ernatives

applies to mechanics and not to electromagnetic theory
applies to NM & electromagnetic theory but electro-
netic theory need some modification

applies to NM & electromagnetic theory but NM need
on

In accepted the last alternatives & laid to the found
IAL RELATIVITY (SR) THEORY in 1905.



clal theory of Relativity

rinciple of Relativity (EPR)

fundamental laws of physics are same in all in
gs. ie. PR.

stancy of speed of light
he speed of light in the free space Is same for

tial observer and is independent of the rela
Ity of source of light and the observer.



ansformation

der two inertial frames S and S’
s moving with uniform speed V' w. r.t0 S.

& O’ the observers at origins of S & S’ observing th
ent at any point p.




is at rest w. r. to S’ will mo
in XX’ direction. 1e. The point x* = (
= vt sothat

SO,
where o & [3 are functions of v.
juation of spherical wavefront is,

B X2+ y2+72=t?
In S’
X',y ,z, &t in equation (5)




VE +y2vete+y2+z2=cta’t?+ 20
72 — 2xt (v2 v + o B c?) = (At
(4) & (6) represents the same wavefront. On cc

Icients, we get,

—Vv.Eq.(7) >
afc+p2cdv=-v




BRC- 0 < - c- + o P

1 — o ] 1 — a2\
+ vic + 1| =0
av av
o
1—1[:1{2 1—1[12
- cz( - ) +v=0
VvV a=v

2o (1l —a®)+c?(1—a®)? + a?ve =0

lLe.c?a?-c?a*+c?(l-2a?+a%)+

c’-c?a’+a?v:=0 =>102=a2 (c
1




CZ

: c2 —y2y? = (2
— Vv

Putting a 2 in Eq. (9) we get, (Cz

l.e. ¢*-vy?v3(c?- v?) = c?(c?- v?)

. y 2 _ _¢c” _
B E(C-v)=c? > Y = 22 Y= T =
1=
i -
.8 01 T Y —n Vz
1=z
2
. —o? 1"z ?-v?—¢?
| oy oV av(c? — v?)
. —v? —vV — 04
. av(c? —v2) (c2—v¥)a  (c?—v2)a?
—v o v
R (62 - VZ) C2 o C2







Inverse Transfc

erse Transformations are,

where a =
v2




v value of v the LT reduc
z transformation equations are

(X—-vt)

F (t V X ) .
= o t— — where a =
7

<c then vic<<1l

T reduces to

hich are GT.
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