Galilean transformation.

The law of nature look exacﬂy the same fov all observers in the inertial ﬁames, regard[ess Qf‘ their state of relative ve[ocity.

Ifthe S’ frame moving with a velocity Vg along X-axis then the transformation equation becomes

7 ) X=x-vt; y=y, Z=z t=t
Az A P g erentisting hoth ideui do _ax_dy_ay dw_ds
Qc.)” @ j Differentiating both side with respect to t we L Tl i e
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X Then transformation equation for acceleration becomes
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The transformation rule for partial derivatives operators for Galilean transformation.
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Show that LENGTH’ is invariant under Galilean transformation.
In the S frame the distance between two points (X1, Y1, 21) & (X3, V4, 25) is \/(xz — %)%+, —y1)? 4+ (2 — 21)?

Inthe S frame this distance transformed to \/(x’z x4+ @, -y )R+ (-2 )= \/(xz —vt —x; + V)2 + (Y, —y1)? + (2, — 21)?

= \/(xz - x1)2 + (yz y1)2 + (Zz - Zl)z ﬂ@péc?lstance between two points in Sﬁ'ame
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[Note that Hence the ‘AREA’ and ‘VOLUME' is Galilean invariant] \\“\ v g~
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Show that ) i ilean invari ' is Galil \}anant
For Galilean transformation x' =x—wvot; ¥y =y, z' =2z, t' =twehave a'y =a,; a’y =a, a';,=a,;

Hence @' = @ that means acceleration is Galilean invariant

We have ﬁ =md thenF' =m'd =mad= ﬁ' (proved) [as m is Galilean invariant]
Show that CHARGE DENSITY is Galilean invariant.

Charge density p = % as ( is invariant according to charge conservation theorem and volume is Galilean invariant then charge density Galilean invariant.

Show that CURRENT DENSITY is not Galilean invariant.
As curvent density]_) = pl_}asp is Galilean invariant but ¥ is not as V', =v,—vg; v’y =Vy; v,=v, e,V =V — 130 H’lenf' =p(W -1y = j— pTy
Cheek the invariance of ELECTRIC FIELD STRENGTH and MAGNETIC INDUCTION VECTOR from the pre-relativistic requirement of invariance of Lorentz force.

We have F = q{E+ (17 X §)}then?= q{E_;+ (?XE;)} = q{ﬁ+ ((13—1_7)0) XE_'))}

Henceﬁ+((f7’—1—7’0)xﬁ)=E+(5X§) or, ?+ﬁx(ﬁ—§)=§+ﬁox7

Then the only possible solution of equ i) not involving velocities in specific reference frame, and without restriction on the choice v is E =E + 1_7)0 XB" & B'=B




Show that MAGNETIC GAUSS'S 1AW is Galilean invariant

Herewe have V. B = V. B = 0 hence solenoidal character of B is invariant under Galilean transformation.

Show that FARADAY'S LAW is Galilea invaviant

VX E 42 =T (45 x ) + 2 4 (30, 9)5 = T x B+ L4 T x (5, x ) + (5, 9)5

Asvosacomtantvectorthenv X (Bo x B) = By(V.B) — B(V. %) + (B.V)%y — (3,.V)B=0-0+0 - (3,.V)B = —(3,.V)B
VXE +—B—V><E+——0 (proved)

Show that GAUSS'S LAW IN ELECTROSTATIC is not Galilean invariant

V.E-2- V.(f+17’0 xB') —ﬂ=V.§—£+V.(T}0 xB') =V.(T}0 xB') # V.E — £ (PrOVED)
€0 €0 €0 €0
Show that AMPERE’S LAW is not Galilean invariant
== 1 aE’ — 1 [9(E+VoxB -> N
V' XB =50 — pol =V xB— <¥+(uo V)(E+v0xB)>—u0(]—pv0)
=VxE— —2% — o] = 5V X [o + (3. V)1B = % (B0 V)E + popt # ¥ x B — 557 — o] (PROVED)

Show that THE CHARGE CONTINUITY EQUATION is invariant under Galilean transformation

?.j' +m = V.j—V.pv, + (:t—ﬁo.V)p = V.f—;—’t’(pmved)

THE MICHELSON-MORLEY EXPERIMENT

Note that - Sound waves need a medium though which to travel. 1n 1864 James Clerk Maxwell showed that light is an electromagnetic wave. Therefore it was assumed that
there is an ether which propagates light waves. This ether was assumed to be everywhere and unaffected by matter. This ether could be used to determine an absolute reference
frame (with the help of observing how light propagates through H'.le ;thev). Note. The Michelson-Morley experiment (circa 1885) was performed to detect the Earth’s motion
through the ether as follows: The viewer will see the two béams of light which have travelled along 1 different arms display some interference pattern. If the system is rotated, then
the influence of the “ether wind” should change the time the beams of light take to travel along the arms and therefore should change the interference pattern. The experiment
was peforme at different times of the day and oftheyear. NO CHANGE TN THE INTERFERENCE PATTERNAWAS OBSERVED!
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The beam of [ight ﬁ'om [aboratory source S is split by the partiaﬂy silvered mirror M into two coherent beam

Ry (reflected through M)& R, (transmitted through M). Ry veflected back to M by My mirvor and R reflected back to M by M,

mirror. Then this two beam intevfere at 0. The inte;ference pattern is constructive or destructive depending on the phase (path) dgffevence between the two

light. The half silvered mirror is inclined at 45° to the beam direction. My & Moare very nearly at right angle. We shall observe a fringe system in the

telescope.

Let compute the phase difference between two light beams Ry & R,

This phase difference arise due to (i) Different path length (L1 & L) travelled.

(if) Different speed of travel due to existence of either wind (let it’s velocity w.r.t laboratory is V)

. bty (e Y2 1
The time taken for beam Rq from M to Miand back to M ist; = v + P Ly (cz—vz) = <1_v2/cz>
-
2|12 +(%2) | oL 1
The time taken for beam Ry from M to Myand back to M ist, = fthen t, = Tz

1’1_1;2/62

Note that the calculation t, is made in either frame and t; in laboratory frame. In classical mechanics time is absolute.
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Now suppose the instrument is rotated by an angle 90° then At =ty =t = p

2
The difference in transit time is At = t, — t; = Z
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Hence the rotation changes the time diﬂ%rence foy At'-At == z > L 1z
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Therefore rotation should cause a shift in fringe pattern. Y\qﬁ‘Bo >!
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Let AN represent the number of fringes moving past the crosshairs a_s\_(l@e&}%em shift. Then AN = —— ( lcT 2) :—2 = ¢ 1/1 2) :—2
g

As earth rotating with a speed of 30km/s then if Michelson Morley take Ly = L, = 22m A= 5.5 X 107"m E =107

Then AN = 0.4 or shift of fourth tenths a fringe.
Experimental results: there was no fringe shift at all.




