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preface and a disclaimer

These notes have been used to teach the Electromagnetism to the first

year BS-MS students at the School of Physics, IISER TVM, in the Vas-

ant semesters of 2011, 2012, 2013, 2021). They combine material from

standard books on the subject like Griffiths, Purcell, Feynman Lec-

tures and some selected material from Jackson, Panofsky & Phillips,

etc.. But this compilation is my take on teaching Electromagnetism

and thus different from each of these texts individually, in approach.

The PhET Interactive Simulations, made available by the University

of Colorado, Boulder at https://phet.colorado.edu were of immense

help while teaching this course online during the COVID-19 pan-

demic of 2020 - 2021. The simulations made a significant difference

to the way in which concepts could be visualised and communicated

to the audience. Snapshots from the simulations are also included in

the notes. As of now I do not have typed version of the notes but are

handwritten, which I hope to translate into a typed version sometime

in future.

These notes are likely riddled with multiple errors and typos - so be

forewarned! These notes are not a substitute for proper textbooks

and should be read in conjunction with them.

https://phet.colorado.edu




books

1. Introduction to Electrodynamics (4th Ed), David J. Griffiths

2. Electricity and Magnetism (Berkeley Physics Course Volume II),

Edward M. Purcell

3. Feynman Lectures (Millennium Ed.), Feynman, Leighton, Sands

4. Physics for Scientists and Engineers, Serway and Jewitt

5. Classical Electrodynamics, J D Jackson

6. Panofsky and Phillips





Chapter 0 Beyond
Mechanics



Beyond Mechanics

Laws of Nature

i. Gravity : F- =
- G-Might I G- = 6.67430×15

" m%Zkg
NmYkg'

2. Electrostatics :
F-
= -10m¥ I 1=9×109 NM4E
4KG 4ñ£o

NM4A-2SZ

3. Magnetism :
F- =

If P÷ I M4E =
10-7 HIM

All these laws are inverse Square

Involve fundamental constants G-
,

Go
, µo . . . . .

Why are they Yrz ? Why do the constants have

the values they have?

Are all the constants fundamental?
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Robert Boyle 
Benjamin Franklin
Michael Faraday
Fredrick Gauss
Biot Savart
Cavendish
Oersted
Ohm
Weber
Ampere
Poisson
Galvani
Volta
Coulomb
Maxwell

Classical Electrodynamics :
17 " -19" C

Wikipedia page on

Timeline of EM and classical optics

Intuition Us
.

Mathematical

Rigor (Proof)

=

Electric Field lines

Magnetic Field lines

:
1-

But what is the reality of
> S

these field lines ?
I
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Chapter 1 Vector Algebra
and Vector Calculus
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Gauss' Law or Green's Theorem

Integral Theorems : -

I . YL7Y , E) ← any scalar function

fdhf = ✗ (b) - ✗ (a) Now dy = TT4 . DIi.
⇒ f-JY.de = 4 (b) - Y la) ⇒ § -04 .

-dl = 0

a

line integrals of gradients are path independent

⇒ if § A-
.
d- =o ⇒ A- = ✗ ⇒ ⇒ ✗ A- ✗ try)=o

2
. § A-

.
dei =µ . A) DI : DIVERGENCE THEOREM

Uol

surface Integral of a vector field over a closed surface

is equal to the volume integral of I. of the field

integrated over the enclosed volume .
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Chapter 2 Electrostatics
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"PhET Interactive Simulations, University of Colorado Boulder, https://phet.colorado.edu."

How does the É field hires look in the 2 examples ?

% ^^

:
L v

V s

• +

=

The field lines denote the direction of Force

experienced by a unit positive test change at
that point .

Strength of the Force is denoted by the density
of the Field lines .

How do we calculate that density?
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the number of field lines per unit area passing through a small cross-sectional area 
perpendicular to the electric field.

Field line Density

The number of field lines

passing through both

surfaces S and S
'

are

the same
.

But s > s
'

⇒ density is higher at S
'
than at S

⇒ / Est > I Est

Even though the density changes as a function of position
what about [É .

d-a ?

/ É .

d-a = flux of the Electric field over a

s
surface 5 .
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Chapter 3 Special
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Application : Quadro pole Lensing of low Energy e- beam

Beam of charge particles travelling
along z direction

ny V4 , y) = ñ÷fVquad
. .

I
>a

what does the potential landscape along the rug
plane and É field look like ? (Homework)

show that Vln , y) focusses a tire coin beam along
x - direction and de- focusses along y - direction.
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Chapter 4 Dipoles and
Dielectrics: Electric fields in
Matter
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Vacuum
Air
Water vapour
Silicon
Mica

1
1.000536
1.00589
11
5

Hafnium Oxide
KTaNbO3
CaCuTiO

60
34,000
100,000

Benzene
Water
Ice

2.3
80
104

(Effect of external E- field on a Dielectric)

Linear Dielectrics

Dielectrics wi which the induced polarization
by an external field Éo is ;

I = C-o✗oÉ
✗• : electric susceptibility , É is not too strong !
✗0=0 for vacuum

Note : Here I is the local dipole www.fmit volume
and É is the total local field not Éo only .

I = toE- + I ⇒ D- = to (1+70) E- = EÉ D- = (1*1) Ñ✗ o

E : permittivity of media

c- = Go (11-70) E-
= Er = I +✗•

relative permittivity
to dielectric const

.

Er -_ 1 for vacuum and Er > 1 for material ⇒ c- > £.

Er of some materials
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