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My Background

My name is Achint Kumar. I am a 5th year PhD candidate in
Physics Department.

I have an undergraduate degree in physics and electrical
engineering

My research is in machine learning and computational
neuroscience. My advisor is Prof.John Pearson(ECE) and
Prof. Richard Mooney(Neurobiology)

In my research, I am trying to understand how the brain forms
a representation of nature by integrating information from
various senses
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Structure of the recitation

20-25 minutes: Overview of lecture, introducing new concepts

1 hour: Solving discussion problems

20 minutes: Quiz. With prior permission you can get extra
time.

Please feel free to contact me at: achint.kumar@duke.edu.

The slides will be available on my website:
achintzeus1994@github.io
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Climbing Mount Electromagnetism

Fields

Electrostatics

Magnetostatics

Electrodynamics

Wave Optics
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Motivation

I KEEP six honest serving-men
(They taught me all I knew);
Their names are What and Why and When
And How and Where and Who.

—Rudyard Kipling
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What?

What would it mean to climb Mt. Electromagnetism?

Understand the physical content of Maxwell’s equations:∮
~E · d ~A =

qenc
ε0∮

~B · d ~A = 0∮
~E · d~l = −dΦB

dt∮
~B · d~l = µ0ε0

dΦE

dt
+ µ0ienc
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Why?

Why climb Mt. Electromagnetism?

ALL of electromagnetic phenomena results from Maxwell’s
equations.

Idea of field is pervasive throughout physics and engineering.
You’ll encounter this idea again in fluid mechanics,
thermodynamics, etc

The view from the top is stunning. You will appreciate the
unification of three disparate phenomena: electric, magnetic,
optical. The nature of light will be revealed to
electromagnetic.
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How?

How to climb Mt. Electromagnetism?

Electromagnetism is a highly visual subject. Think in pictures

Be curious. Try to connect what you learn to your everyday
experience. Ask questions!

Solve variety of problems!
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Coulomb’s law

Magnitude of force between two charges q1 and q2 separated
by a distance r (in vacuum) is given by,

F =
1

4πε0

q1q2
r2

Like charges repel, unlike charges attract

Electrostatic force is 1036 times stronger than gravity

This ”action at a distance” approach works only for static
charges. A more abstract framework based on fields works
even for moving charges.
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Field

Instead of direct interaction, we say a charge creates a field
around it which is experienced by other charges in its vicinity.
This field leads to the force. Mathematically, a field is a
function of space and time.

~F = q ~E (~x , t)

Static electric charge creates electric field(a vector field)
around it . It is the force felt by unit charge when it is
brought near it.

Equivalent representation of electric field
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Static electric fields are radial

Electric field lines go radially outward for positive charge and
go radially inward for negative charge

Higher density of field lines imply greater strength

Field lines for positive charge and negative charges of different magnitude
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Electric fields obeys superposition principle

Electric field obeys superposition principle. This means, if
electric field of a collection of charges is the sum of electric
field due to isolated charges.

~E = ~E1 + ~E2

So, does magnetic field. Not all fields obey superposition. Eg:
velocity field of fluids

Field lines for positive charge and negative charges of different magnitude
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Problem 1
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Problem 2
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Achint Kumar Discussion Section 04 19 / 22



Introduction
Overview

Field

Properties
Problems
Food for thought

Problem 3e-f
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Food for thought

Why is Coulomb’s law and Newton’s gravitational law both
inverse squared in distance?

Why are there negative charges but no negative mass?

Why does the proton charge have exactly the same magnitude
as electron’s charge?

Why is electric charge quantized but mass is not quantized?
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Bumble bee pollination

Bumble bees use electric field to decide the flower to visit for
pollination
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