UNIT 1 (Relativity)



Syllabus (U~t T)

Relativistic Mechanics: Frame of reference, Inertial & non-inertial frames,
Galilean transformations, Michelson- Morley experiment, Postulates of
special theory of relativity, Lorentz transformations, Length contraction,
Time dilation, Velocity addition theorem, Variation of mass with velocity,
Einstein”s mass energy relation, Relativistic relation between energy and
momentum, Massless particle.



Reference Books
2] WV

%ancepts of Modern Physics — Aurthur Beiser (McGraw Hill) (5"6' d Z’)

2.
3.
4.
5.
s

Introduction to Special Theory of Relativity- Robert Resnick (Wiley)

Optics — Brijlal & Subramanian (S. Chand )

Engineering Physics: Theory and Practical- Katiyar and Pandey (Wiley India)
Applied Physics for Engineers- Neeraj Mehta (PHI Learning, New)

Engmeering Physics-Malik HK and Singh AK (McGrawHill)
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See you in next class
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SOLVAY CONFERENCE (BRUSSELS 1927)
‘ | ﬁl"l-?p?_,f-"z prr
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d

. " s fEE e

A.Piccard | E. Henriot | P.Ehrenfest | E. Herzen | Th. de Donder | E. Schrddinger
J.E.Verschaffelt | W. Pauli | W. Heisenberg | R.H. Fowler | L. Brillouin

-~

P. Debye | M. Knudsen | W.L. Bragg | H.A. Kramers | P.A.M. Dirac
A.H. Compton | L. de Broglie | M. Born | N. Bohr
. Langmuir | M. Planck | M. Curie | H.A. Lorentz | A. Einstein
P. Langevin | Ch.-E. Guye | C.T.R. Wilson | 0.W. Richardson
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Maxwell’'s equations are nice and the speed of light is ¢ was called the frame

of the ether.
Maxwell’'s equations were non-invariance under the Galilean transformations)

<. 2= o0 o j@‘dz S~
There were therefore two possibilities.

« Either something was wrong with Maxwell’'s equations,

or

« Something was wrong with the Galilean transformations.

Einstein finally showed that the trouble was in fact with Galilean
transformations.

More precisely, in e showed that the Galilean transformations are valid
only when the speed involved is much less than the speed of light.s



MIRACLE YEAR 1905

Four papers of Albert Einstein published in the in 1905.

e

1

- Photoelectric effect — n~Naxus

. Brownian motion —e ®5c

3

4

. Special relativity

. Mass—energy equivalence (£:=w
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1.

SO‘ . to

The average lifetime of a p1 meson in its own frame of reference 1s 26.0 ns. (a) If the p1 meson moves with
speed 0.95¢ with respect to the Earth, what 1s its lifetime as measured by an observer at rest on Earth?
(b) What 1s the average distance it travels before decaying as measured by an observer at rest on Earth?

M

26 ns

= 3.2 ],’U':O"’IS'C.

0 . 965¢c X R2.2 2254
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Two spaceships approach each other, each moving with the same speed as
measured by a stationary observer on the Earth. Their relative speed 1s 0.70c.
Determine the velocities of each spaceship as measured by the stationary
observer on Earth.
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POYNTING’S THEOREM
( W o< - e)/\l/\g?« Aheonvem)

In electrodynamics Poynting’s theorem is a statement of conservation of energy for the electromagnetic
field.

Poynting’s theorem is analogous to the work-energy theorem in classical mechanics and mathematically
similar to the continuity equation.




Pesih
——

Suppose we have some charge and current configuration which., at time t. produces field E and B. In the
next mstant dt, the charge move around a bit.

=~ The work done on an element of charge dq m time dt 1s

dw = Fﬁ={lq [E + (¥ xﬁ]-ﬁdt
=F-vdqdt [Since (VX B) -v = 0]
So the total work done on all charges m some volume V per sec 1s given by:

dw - .
_:f (E-ﬁ)dq:f (B %) pdV
i~ ), I

Since dq = charge density X volume element = pdV

"

—
L - v
pv = J = Current Density Vector ( ' ]O

. dw—

p dt

JL
e (L) [ — (1) =P
dL 4¢
s{éls: T



Now from Maxwell’s 4™ equations we have,
= = = aD = dE
?xB—p(]—l—a)—(u]-l—uEE)

pn = permeability and £ = permittivity of the medium

iiiiiiiiiiiiiiiii

E
. —t —f
A)V\Ce l(&.g) = 6. __-F . ’g -



- ; . - = dB
Now from Maxwell’s 3'¢ equations we have, V X E

at
“E-(VxB)= -B-Z _ V- (ExB)
From eqn (2) we get,
Ej=1[-B -2 -V (ExB) - <E -2
Since B - g = % %(gz) and E -g = % %(EE), therefore
[, E-Jdv= —%%fv (eE? + Bf)dv —ifv Vi (ExB)OV | e 3)

Putting eqn (3) in eqn (1) and applying the divergence theorem to the second term, we have

—

—

dw T 1. 5  B: 0N\ 1, = = o=
\@ —@V 5 (eE* + —) v —;fv ;-(ExB) dV




Lince

S.?(lf'x L)
S

cda = [ F-(ExB) dy

aw _  d

dt  dt’V 2

2 —_— — =
L el? 4 f_:) dv_igsA (EXB)-da | ... 4)

(Where A is the Surface Bounding volume V) Equation (4) gives Poynting’s theorem.

From eqn

This term

volume V.

(3) we have

L ICEE

B2 = 1 o Rl = _
T)dV:fv E'IdVJf;fv V(ExB)AV |ossoinss (5)

L] (sE® + i)dv

represents the rate decreasing of total electromagnetic energy in




The second term (R.H.S.) in equation (5) represents the rate at which energy is carried out of the volume

. . . B e S F ot
V., across its boundary surface by e.m. fields. Therefore, we write: —ﬁA (E X B) - d@= EﬁA S-da
l‘l -——

Where, S - da is electromagnetic energy per unit time passing through the infinitesimal surface da that is

the directional energy flux. Therefore

g W S 7 5 e = o S : x . " 5
S =; (E X B)=(E X H )| is the directional energy flux density or Poynting’s Vector.

It gives the ainmlut of electromagnetic energy crossing out normally per unit area per unit time.
e Poynting’s vector is a quantity describing the magnitude and direction of the flow of energy in
electromagnetic waves. It 1s named after English physicist John Henry Poynting, who introduced
it in 1884.

e The SI unit of the Poynting’s vector 1s watt per square metre (W/m?).
—y

— 3 T -‘]
H = 7:) [%—/"‘H
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Calculate de-Broglie wavelength of an alpha particle accelerated through a potential difference of
200 V.

A proton is moving with a speed of 2 X 10% m/s. Find the wavelength of the matter wave associated
with it.

Calculate the wavelength of an electron that has been accelerated in a particle accelerator through a
potential difference of 100 V. h

Calculate de-Broglie wﬁgth of neutron of energy 12.8 MeV.

Calculate the kinetic energy of an electron if its de-Broglie wavelength equals the wavelength of the

—

yellow line of sodium (5796 A).
The kinetic energy of an electron is 4.55 x 1072° J. Calculate velocity, momentum and wavelength of

electron. \
"y 4 = 2e » V= 200V Tthe A= —
N T LFV\A.lo JQMGV\/
l - I ot
- vr oaxitel | VEam—p i Mer ™y
-2 J'.__V_?'
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POYNTING’S THEOREM
( W o< - e)/\l/\g?« Aheonvem)

In electrodynamics Poynting’s theorem is a statement of conservation of energy for the electromagnetic
field.

Poynting’s theorem is analogous to the work-energy theorem in classical mechanics and mathematically
similar to the continuity equation.




Pesih
——

Suppose we have some charge and current configuration which., at time t. produces field E and B. In the
next mstant dt, the charge move around a bit.

=~ The work done on an element of charge dq m time dt 1s

dw = Fﬁ={lq [E + (¥ xﬁ]-ﬁdt
=F-vdqdt [Since (VX B) -v = 0]
So the total work done on all charges m some volume V per sec 1s given by:

dw - .
_:f (E-ﬁ)dq:f (B %) pdV
i~ ), I

Since dq = charge density X volume element = pdV

"

—
L - v
pv = J = Current Density Vector ( ' ]O

. dw—

p dt

JL
e (L) [ — (1) =P
dL 4¢
s{éls: T



Now from Maxwell’s 4™ equations we have,
= = = aD = dE
?xB—p(]—l—a)—(u]-l—uEE)

pn = permeability and £ = permittivity of the medium

iiiiiiiiiiiiiiiii

E
. —t —f
A)V\Ce l(&.g) = 6. __-F . ’g -



- ; . - = dB
Now from Maxwell’s 3'¢ equations we have, V X E

at
“E-(VxB)= -B-Z _ V- (ExB)
From eqn (2) we get,
Ej=1[-B -2 -V (ExB) - <E -2
Since B - g = % %(gz) and E -g = % %(EE), therefore
[, E-Jdv= —%%fv (eE? + Bf)dv —ifv Vi (ExB)OV | e 3)

Putting eqn (3) in eqn (1) and applying the divergence theorem to the second term, we have

—

—

dw T 1. 5  B: 0N\ 1, = = o=
\@ —@V 5 (eE* + —) v —;fv ;-(ExB) dV
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cda = [ F-(ExB) dy

aw _  d

dt  dt’V 2

2 —_— — =
L el? 4 f_:) dv_igsA (EXB)-da | ... 4)

(Where A is the Surface Bounding volume V) Equation (4) gives Poynting’s theorem.

From eqn

This term

volume V.

(3) we have

L ICEE

B2 = 1 o Rl = _
T)dV:fv E'IdVJf;fv V(ExB)AV |ossoinss (5)

L] (sE® + i)dv

represents the rate decreasing of total electromagnetic energy in




The second term (R.H.S.) in equation (5) represents the rate at which energy is carried out of the volume

. . . B e S F ot
V., across its boundary surface by e.m. fields. Therefore, we write: —ﬁA (E X B) - d@= EﬁA S-da
l‘l -——

Where, S - da is electromagnetic energy per unit time passing through the infinitesimal surface da that is

the directional energy flux. Therefore

g W S 7 5 e = o S : x . " 5
S =; (E X B)=(E X H )| is the directional energy flux density or Poynting’s Vector.

It gives the ainmlut of electromagnetic energy crossing out normally per unit area per unit time.
e Poynting’s vector is a quantity describing the magnitude and direction of the flow of energy in
electromagnetic waves. It 1s named after English physicist John Henry Poynting, who introduced
it in 1884.

e The SI unit of the Poynting’s vector 1s watt per square metre (W/m?).
—y
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Calculate de-Broglie wavelength of an alpha particle accelerated through a potential difference of
200 V.

A proton is moving with a speed of 2 X 10% m/s. Find the wavelength of the matter wave associated
with it.

Calculate the wavelength of an electron that has been accelerated in a particle accelerator through a
potential difference of 100 V. h

Calculate de-Broglie wﬁgth of neutron of energy 12.8 MeV.

Calculate the kinetic energy of an electron if its de-Broglie wavelength equals the wavelength of the

—

yellow line of sodium (5796 A).
The kinetic energy of an electron is 4.55 x 1072° J. Calculate velocity, momentum and wavelength of

electron. \
"y 4 = 2e » V= 200V Tthe A= —
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m, = 929 Me,V/Cz/

Ep = 128 MeV
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