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About the book

Electrodynamics is a cornerstone of modern physics, serving as a bridge

between theoretical understanding and practical application. David J.

Griffiths' "Introduction to Electrodynamics" offers a masterfully crafted

journey into the heart of this intriguing field, unlocking the mysteries of

charged particles and electromagnetic fields with clarity and precision. Far

from being a mere textbook, it presents a refreshing perspective on daunting

concepts, with intuitive explanations and a hands-on approach that caters to

both fresh learners and seasoned scholars. Emphasizing conceptual insights

and problem-solving skills, Griffiths skillfully intertwines theory with a rich

tapestry of applications, making electrodynamics not just a subject to study,

but an adventure to experience. If you've ever felt the spark of curiosity

about how our universe knits together light, magnets, and electricity, this

book is your essential guide to explore the elegant symphony of nature's

forces.
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About the author

David J. Griffiths, born in 1942, is a highly regarded physicist and educator

renowned for his profound contributions to the field of physics education,

particularly through his widely acclaimed textbooks. With a Ph.D. in physics

from Harvard University, Griffiths has spent a significant portion of his

academic career at Reed College in Portland, Oregon, where he served as a

faculty member from 1978 until his retirement in 2009. Highly respected by

both students and colleagues, Griffiths has a knack for distilling complex

concepts into clear, accessible explanations—a skill brilliantly showcased in

works like "Introduction to Electrodynamics" and "Introduction to Quantum

Mechanics," which have become staples in undergraduate physics education

around the world. Beyond the classroom, Griffiths has made valuable

contributions to theoretical and particle physics. His dedication to teaching

and expertise in effectively conveying scientific principles continue to

influence and inspire generations of students and educators alike.
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Chapter 1 Summary: Contents

This book serves as a comprehensive guide to vector calculus, electrostatics,

 magnetostatics, electrodynamics, and their applications in physics,

particularly within the realm of electromagnetism. Through its exploration,

it covers foundational to advanced topics, helping readers gain a deeper

understanding of how electromagnetic fields and forces operate in various

media and circumstances.

Chapter 1: Vector Analysis 

This chapter introduces vector analysis as a fundamental tool in physics,

particularly in expressing physical laws succinctly and analyzing

multidimensional vector spaces. It begins with vector algebra, discussing

operations such as addition, subtraction, and multiplication, emphasizing

component forms and transformations. Triple products and vectors related to

position and displacement are considered, leading into how vectors

transform under coordinate transformations. Differential calculus is then

introduced to explore concepts such as the gradient, divergence, and curl

using the Del operator, along with several related theorems in vector

calculus, including integral calculus applications like line integrals and the

fundamental theorem of calculus. The discussion also covers curvilinear

coordinate systems (spherical and cylindrical) and the Dirac delta function,

essential for handling point charges and distributions. Finally, the theory of
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vector fields is discussed with the Helmholtz Theorem and potentials.

Chapter 2: Electrostatics 

This chapter delves into electrostatics, emphasizing the electric field's nature

and behavior. Starting with Coulomb’s Law as the foundation, it examines

continuous charge distributions and the resultant electric fields. Divergence

and curl concepts applied to electrostatic fields are explored, with Gauss’s

Law providing a vital tool for understanding field flux. The chapter then

moves to electric potential concepts, introducing Poisson’s and Laplace’s

equations for potential calculations, including boundary conditions. Work,

energy in electrostatics, and the behavior of conductors, including induced

charges and capacitors, are discussed, offering insights into electrical

phenomena.

Chapter 3: Potentials

Focusing on potentials, this chapter expands on Laplace’s equation in one,

two, and three dimensions with insights into boundary conditions and

uniqueness theorems relevant to electric fields. The method of images

introduces classic problems in electrostatics, involving induced charges and

resulting forces and energy considerations. Separation of variables technique

is applied in different coordinate systems to solve potential problems,

alongside multipole expansion, which simplifies the analysis of complex
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charge distributions at large distances.

Chapter 4: Electric Fields in Matter

This chapter examines the behavior of electric fields in different materials. It

introduces polarization concepts, emphasizing dielectrics and the alignment

of polar molecules. The discussion progresses to fields of polarized objects,

exploring bound charges and their physical interpretations. Gauss’s Law is

extended to dielectric materials, leading into concepts of electric

displacement. Linear dielectrics and associated parameters like

susceptibility, permittivity, and dielectric constant are also covered,

facilitating an understanding of energy and forces in capacitors and electric

systems.

Chapter 5: Magnetostatics

Magnetostatics addresses magnetic fields in steady-state scenarios.

Beginning with the Lorentz Force Law, it connects magnetic fields to

currents and forces, explaining Biot-Savart's Law and its applications in

calculating magnetic fields from current distributions. Key equations like

Ampère’s Law are developed, drawing parallels with electrostatics for a

comprehensive view. Concepts of magnetic vector potential and related

boundary conditions are explored, alongside their applications in multipole

expansion.
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Chapter 6: Magnetic Fields in Matter

Exploring magnetization, this chapter investigates materials' magnetic

properties, including diamagnets, paramagnets, and ferromagnets. It

elaborates on torques, forces on magnetic dipoles, and the atomic basis of

magnetism. Discussion includes bound currents and their physical

interpretations, and how magnetized materials influence the magnetic field,

using Ampère's Law in magnetized materials. Differences between linear

and nonlinear media are considered, emphasizing magnetic susceptibility

and permeability.

Chapter 7: Electrodynamics

The dynamic aspects of electromagnetic fields are unfolded here, beginning

with electromotive force and Ohm’s Law as foundational concepts.

Electromagnetic induction covers Faraday’s Law and the induced electric

field, alongside practical aspects like inductance and energy in magnetic

fields. Maxwell’s Equations are presented as a synthesis of electrodynamics

concepts, with a historical note on their development and impact,

particularly emphasizing changes made to Ampère’s Law. Concepts extend

into examining electromagnetic waves and their behavior both in vacuum

and matter, covering fundamental properties like reflection, transmission,

and dispersion.
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Chapter 8: Conservation Laws

Conservation laws form the backbone of physical understanding, dealing

with charge and energy conservation via the continuity equation and

Poynting’s Theorem. Momentum conservation tackles Newton’s Third Law

in electrodynamics, with repercussions in momentum and angular

momentum conservation. Understanding that magnetic forces do no work

helps clarify energy conservation.

Chapter 9: Electromagnetic Waves

Focusing on waves, this chapter elaborates on wave equations, sinusoidal

behavior, and boundary conditions in various media. Electromagnetic waves

in vacuum versus matter highlight unique behaviors like polarization,

absorption, and dispersion. Practical concepts such as guided waves in

waveguides and coaxial lines are introduced.

Chapter 10: Potentials and Fields

This chapter revisits potentials, underlining the potential formulation in

electrodynamics using scalar and vector potentials. Gauge transformations,

together with Coulomb and Lorenz gauges, are explained. Jefimenko’s

equations elucidate retarded potentials' roles in dynamic fields, while
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Liénard-Wiechert potentials cover moving charges.

Chapter 11: Radiation

Radiation concepts are tackled through dipole radiation and point charges.

The chapter gives insight into how charges radiate energy and considers

radiation reaction forces. The implications of electric and magnetic dipole

radiation are included for a full understanding of radiation phenomena.

Chapter 12: Electrodynamics and Relativity

Capping off the discourse, relativity's role in electrodynamics is

investigated. Einstein’s Postulates integrate with the geometry of spacetime

and Lorentz transformations, explaining the relativistic nature of magnetism.

The interplay of relativistic energy, momentum, and electrodynamics is

treated using tensor notation for complete understanding.

Appendices:

Additional resources and mathematical tools, including vector calculus in

curvilinear coordinates, the Helmholtz Theorem, and unit systems, are

provided to reinforce key concepts discussed throughout the text.

This summarized content provides a structured understanding of pivotal
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concepts in electromagnetism, bridging theoretical insights with their

practical applications, making it ideal for students and professionals seeking

to grasp the complexities of electromagnetic fields and forces.
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Chapter 2 Summary: 1 Vector Analysis

Chapter 1: Vector Analysis

1.1 Vector Algebra

Vectors, unlike simply added quantities (scalars), have both magnitude and

direction. This feature distinguishes operations performed with them. To

represent vectors: boldface letters denote vectors (e.g., A, B) and ordinary

type denotes scalars (e.g., mass, charge). The vector magnitude is often

shown as |A|, and diagrams depict vectors as arrows, with the arrowhead

indicating direction.

There are four main vector operations:

- Addition: Add two vectors by placing the tail of the second at the head

 of the first. The resultant vector stretches from the tail of the first to the

head of the second. Vector addition is both commutative and associative.

  

- Scalar Multiplication: Scaling a vector changes its length without

 affecting its direction; if the scalar is negative, the direction reverses.
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- Dot Product�:� �T�h�e� �d�o�t� �p�r�o�d�u�c�t� �o�f� �v�e�c�t�o�r�s� �A� �a�n�d� �B�,� �A� �·� �B� �=� �A�B� �c�o�s� �¸�,

� �w�h�e�r�e� �¸� �i�s� �t�h�e�i�r� �a�n�g�l�e�.� �T�h�i�s� �s�c�a�l�a�r� �p�r�o�d�u�c�t� �d�i�s�t�r�i�b�u�t�e�s� �o�v�e�r� �a�d�d�i�t�i�o�n�.

- Cross Product�:� �D�e�f�i�n�e�d� �a�s� �A� �×� �B� �=� �A�B� �s�i�n� �¸� �n���,� �w�h�e�r�e� �n��� �i�s� �a� �u�n�i�t

 vector perpendicular to the plane containing A and B, determined by the

right-hand rule. It is distributive but non-commutative.

Component-wise representation in Cartesian coordinates clarifies these

operations. A vector A can be expressed as A = Ax ˆx + Ay ˆy + Az ˆz with

components Ax, Ay, Az. Operations transform into simple arithmetic in

these coordinates.

1.2 Differential Calculus

Ordinary Derivatives enable understanding how one-variable functions

 change with x. When generalized to multivariate functions (like temperature

�i�n� �a� �r�o�o�m�)�,� �t�h�e� �g�r�a�d�i�e�n�t� �("��T�)� �d�e�s�c�r�i�b�e�s� �t�h�e� �v�a�r�i�a�t�i�o�n� �r�a�t�e� �a�n�d� �d�i�r�e�c�t�i�o�n� �i�n

maximal increase. It points in the direction of steepest ascent and follows the

�e�q�u�a�t�i�o�n� �d�T� �=� �("��T�)� �·� �d�l�.� 

�U�s�i�n�g� �t�h�e� �d�e�l� �o�p�e�r�a�t�o�r� �("��)� �e�x�t�e�n�d�s� �v�e�c�t�o�r� �d�i�s�t�i�n�c�t�i�o�n�s� �t�o� �i�n�c�l�u�d�e� �d�i�v�e�r�g�e�n�c�e

�("�� �·� �v�)� �a�n�d� �c�u�r�l� �("�� �×� �v�)�.� �D�i�v�e�r�g�e�n�c�e� �m�e�a�s�u�r�e�s� �h�o�w� �a� �v�e�c�t�o�r� �f�i�e�l�d� �(�v�)

converges or diverges from a point, while the curl signifies local rotation or
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swirling.

Product Rules translating familiar arithmetic derivatives extend to

 vector calculus, with distinct rules accounting for scalar-vector and

vector-vector interactions.

Second Derivatives examine operations combining basic vector

 derivatives. Importantly, some always result in zero, conveying crucial

characteristics of fields, such as no curl of gradients or divergence of curls.

1.3 Integral Calculus

Vector analysis involves different types of integrals:

- Line Integrals: Compute the cumulative effect of a vector field along a

 path, notably in determining work done by a force.

- Surface Integrals: Evaluate flux through a surface, highlighting how

 fields traverse boundaries, crucial to fields like fluid dynamics.

- Volume Integrals: Aggregate quantities (like mass) over a volume,

 useful in understanding density distributions.

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


Fundamental Calculus Theorems link integrals of field derivatives over

 regions to values on boundaries. For instance:

- Theorem for Gradients: Integral of a gradient gives the scalar

 difference between end points. 

- Theorem for Divergences (Gauss’s Theorem): Integrating a divergence

 over a volume relates to the flux through the encompassing surface. It

visualizes how divergences (like sources in fluid flow) equate to the field

escape from boundaries.

- Theorem for Curls (Stokes’ Theorem): A curl's surface integral is

 equal to the boundary's circulation, linking local field rotations to perimeter

traversals.

1.4 Curvilinear Coordinates

Translating vector calculus into curvilinear coordinates like spherical and

cylindrical systems adapts the vector operations to suit problems with

specific symmetries, such as spherical or cylindrical ones. These systems

redefine position (and consequently operations) in terms of angles and radial

distances—helping model physical scenarios like fields around charged

spheres or within cylinders.

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


Vector derivatives in these systems (gradient, divergence, curl, and

Laplacian) make use of angle and distance-based terms, distinguished from

Cartesian coordinates fundamentally. Their proper application demonstrates

physical laws (e.g., Maxwell’s equations) in these adapted coordinate

systems.

1.5 The Dirac Delta Function

A mathematical concept appearing frequently in physics, the Dirac delta

function models infinite spikes at specific points with finite integral areas. In

�m�u�l�t�i�p�l�e� �d�i�m�e�n�s�i�o�n�s�,� �l�i�k�e� �´�^�3�(�r�)�,� �i�t� �i�s� �e�s�p�e�c�i�a�l�l�y� �u�s�e�f�u�l� �i�n� �c�h�a�r�a�c�t�e�r�i�z�i�n�g

point charges or masses—the origin is the spike's location, delivering finite

integrals representing values (total charge/mass, etc.) concentrated at that

point.

1.6 The Theory of Vector Fields

The mathematics governing vector fields, demonstrated by Helmholtz's

theorem, confirms that divergence and curl, alongside boundary conditions,

uniquely define a field. Divergence-less fields (solenoidal) relate to vector

�p�o�t�e�n�t�i�a�l�s� �(�F� �=� "��×�A�)�,� �w�h�i�l�e� �c�u�r�l�-�l�e�s�s� �f�i�e�l�d�s� �c�o�r�r�e�l�a�t�e� �w�i�t�h� �s�c�a�l�a�r� �p�o�t�e�n�t�i�a�l�s� �(�F
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�=� "�"��V�)�.� �T�h�i�s� �d�u�a�l�i�t�y� �m�i�r�r�o�r�s� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�s�m�’�s� �v�e�c�t�o�r� �p�o�t�e�n�t�i�a�l�s� �a�n�d� �s�c�a�l�a�r

potential energy frameworks.

---

This summary distills complex subjects into intuitive exploration, linking

algebraic, differential, and integral vector operations in Cartesian and

curvilinear frames, underscoring their implications for physics, especially

electromagnetism.
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Chapter 3 Summary: 2 Electrostatics

Chapter 2: Electrostatics

2.1 The Electric Field

*2.1.1 Introduction*

Electrodynamics addresses the interaction between electric charges, such as

source charges q1, q2, q3, and a test charge Q. The goal is to compute the

force on Q due to these charges, assuming their positions change with time,

utilizing the principle of superposition. This principle indicates the

independence of interactions among pairs of charges. The calculations

involve the sum of forces from individual charges, given each charge affects

Q equally and independently. The factors affecting the force include

separation r, velocities, and accelerations of the charges, with the "news" of

these configurations traveling at light speed. Initially, electrostatics focuses

on stationary source charges with potentially moving test charges.

*2.1.2 Coulomb’s Law*

Coulomb’s Law defines the force on a test charge Q exerted by a stationary
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point charge q at a distance r: \( F = \frac{1}{4\pi \epsilon_0}

\frac{qQ}{r^2} \hat{r} \). This force is proportional to the product of the

charges and inversely proportional to the square of their separation, acting

along the vector between the two charges. If q and Q share the same sign,

the force is repulsive; otherwise, it's attractive.

*2.1.3 The Electric Field*

Considering several point charges, the electric field E at a point in space is

defined, reflecting the force experienced by a unit test charge located there.

E is given by: \( E(r) = \frac{1}{4\pi \epsilon_0} \sum\limits_{i=1}^{n}

\frac{q_i}{r_i^2} \hat{r_i} \). It acts as a vector field generated by source

charges, independent of the test charge Q.

*2.1.4 Continuous Charge Distributions*

For continuous charge distributions, the electric field involves integrating

�o�v�e�r� �l�i�n�e� �(�›�)�,� �s�u�r�f�a�c�e� �(�£�)�,� �o�r� �v�o�l�u�m�e� �(�¡�)� �c�h�a�r�g�e� �d�e�n�s�i�t�i�e�s�,� �r�e�p�l�a�c�i�n�g� �d�i�s�c�r�e�t�e

sums with integrals. The equations reflect the influence of these distributions

on the space surrounding them, maintaining the integral form for practical

applications, especially for symmetrical charge distributions.

---
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2.2 Divergence and Curl of Electrostatic Fields

*2.2.1 Field Lines, Flux, and Gauss’s Law*

Electric fields can be represented using field lines, which describe the

direction and intensity of the field through density. Gauss's Law states that

the flux through a closed surface is proportional to the enclosed charge: \(

\oint E \cdot da = \frac{1}{\epsilon_0} Q_{\text{enc}} \). The divergence of

E underpins this idea, showing the field due to symmetric charge

configurations like spheres, cylinders, and planes.

*2.2.3 Applications of Gauss’s Law*

By exploiting symmetry, Gauss’s Law offers a streamlined method for

calculating electric fields in specific cases. Examples include fields outside

charged spheres, within cylinders, or between infinite charged planes,

offering elegant solutions typically intractable by other means. These

applications highlight the power of integral calculus in resolving physical

scenarios with high degrees of symmetry.

---

2.3 Electric Potential
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*2.3.1 Introduction to Potential*

Electric potential V relates to E as a scalar field indicating the work needed

to move a unit charge within the field. Defined by \( V(r) =

-\int\limits_{O}^{r} E \cdot dl \), this scalar satisfies the condition \( E =

-\nabla V \), allowing for an easier computation of E from known potentials.

*2.3.3 Poisson’s and Laplace’s Equations*

These equations express V in terms of charge density, where Poisson's

equation relates directly to nonzero charge densities and Laplace's equation

pertains to vacant regions, simplifying field calculations in electrostatic

environments. They enhance theoretical formulations of how potential

contours in space dictate field behaviors.

*2.3.4 The Potential of a Localized Charge Distribution*

For localized distributions, the potential V can be determined by integration

across the distribution, allowing an indirect computation of E, often

streamlining the problem-solving process.

---
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2.4 Work and Energy in Electrostatics

*2.4.1 The Work It Takes to Move a Charge*

The work done W to move a charge Q in an electric field is directly

connected to the change in potential experienced, \( W = Q [V(b) - V(a)] \).

This perspective frames potential as an energy repository related to charge

configurations.

*2.4.2 The Energy of a Point Charge Distribution*

The work to assemble multiple charges hinges on mutual interactions,

encapsulated in formulas summing individual contributions based on charge

products over distances. The energy stored signifies potential energy,

portraying the mechanical work invested in generating the system.

*2.4.3 The Energy of a Continuous Charge Distribution*

The energy in such distributions links directly to the electric field via

integral formulations, bridging the mathematical and physical aspects of the

field’s energy density. Multiple interpretations (in terms of field or charge

density) allow flexible computation approaches.
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---

2.5 Conductors

Conductors possess unique attributes: fields inside them vanish, charges

reside on surfaces, and equipotential status defines these conductors.

Induced charges occur in reaction to external fields, and conducting surfaces

reveal specifics through boundary conditions that determine charge

distribution. Capacitance quantifies a system's ability to hold charge relative

to potential, showcasing physical constraints and properties of conductor

arrangements.

This overview captures the core principles and computational tools in

electrostatics, addressing theoretical and practical facets, ensuring robust

problem-solving frameworks in electric fields and potentials.
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Chapter 4: 3 Potentials

Chapter 3: Potentials

---

3.1 Laplace’s Equation

In electrostatics, the central problem is determining the electric field from a

given stationary charge distribution. Coulomb’s law provides a way, but

solving it analytically can be challenging unless the charge configuration is

simple. An alternative is to first calculate the electric potential, \( V \), which

is often easier. However, even finding \( V \) analytically can be complex,

especially when dealing with conductors where the charge distribution is not

initially known.

To handle these difficulties, it is useful to express the problem in differential

form using Poisson's equation, which relates the Laplacian of the potential to

the charge density. In regions where there is no charge (\( \rho = 0 \)),

Poisson’s equation reduces to Laplace’s equation: \( \nabla^2 V = 0 \). This

equation is fundamental across various branches of physics, reflecting the

nature of systems where there are no charges in the region of interest.
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3.1.1 Laplace’s Equation in One Dimension

If the potential \( V \) depends only on one spatial variable, say \( x \),

Laplace’s equation simplifies to a second-order ordinary differential

equation: \( \frac{d^2V}{dx^2} = 0 \). The general solution is a linear

function, \( V(x) = mx + b \), determined uniquely by boundary conditions.

Interestingly, Laplace’s equation in one dimension behaves as an averaging

instruction—no local maxima or minima other than at endpoints can exist, a

concept that extends to higher dimensions.

3.1.2 Laplace’s Equation in Two Dimensions

In two dimensions, \( \nabla^2 V = 0 \) becomes a partial differential

equation. While a general solution cannot be easily written, harmonic

functions sharing properties like averaging behavior can be deduced. A

physical analogy is a rubber sheet stretched over some support. For these

harmonic functions:

1. \( V(x,y) \) at any point equals the average potential of a surrounding

circle's perimeter.

2. Extreme values occur only at boundaries, indicating a smooth surface with

no local maxima or minima beyond the edges.
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3.1.3 Laplace’s Equation in Three Dimensions

In three dimensions, the equation and results become more abstract.

However, the two essential properties remain:

1. The value at a point is the average over a spherical surface.

2. No local maxima or minima occur inside the domain, ensuring that all

extremal values are located on the boundary.

A formal proof uses the divergence theorem, revealing that for charge-free

regions, the potential equals its surrounding spherical surface's mean value.

3.1.5 Boundary Conditions and Uniqueness Theorems

Solving Laplace's equation requires appropriate boundary conditions. For

instance, if \( V \) is specified on a volume's boundary, the potential inside is

uniquely determined—a notion encapsulated in the first uniqueness theorem.

In more complex scenarios, like a known charge distribution within and

specified potentials on boundaries, the potential remains uniquely

determinable.

---
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3.2 The Method of Images

This method simplifies solving electrostatic boundary value problems by

replacing complex boundary conditions with a problem involving

hypothetical charges, known as image charges. The classic example involves

a charge above a grounded infinite plane, where an imaginary charge below

the plane replicates the boundary's effect.

3.2.2 Induced Surface Charge

The method allows calculating the induced charge on a conductor's surface.

Surface charge is derived from the normal derivative of the potential at the

conductor surface, offering insights into charge distribution without directly

solving for the charges.

3.2.3 Force and Energy

The force between a charge and its image can be calculated using potentials

and the field expressions derived from images, but the system’s energy

requires careful consideration as it's half the interaction energy of two point
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charges due to symmetry.

3.2.4 Other Image Problems

This technique extends to other geometries like spheres, allowing solutions

for previously intractable configurations.

---

3.3 Separation of Variables

Separation of variables is powerful for solving Laplace’s equation given

specific boundary conditions. The process involves expressing \( V \) as a

product of functions, each dependent on a single coordinate, reducing the

problem to the solution of ordinary differential equations. This method

adapts to different coordinate systems (Cartesian, cylindrical, spherical)

based on geometry.

3.3.1 Cartesian Coordinates

In Cartesian systems, harmonics like sine and cosine are used owing to

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


linear geometries. Boundary conditions dictate which terms prevail.

3.3.2 Spherical Coordinates

For spherical symmetry, Legendre polynomials become relevant, with

separation separating radial and angular dependencies. Examples illustrate

its application in various symmetries and boundary conditions.

---

3.4 Multipole Expansion

The multipole expansion approximates potentials at large distances:

monopole, dipole, quadrupole, etc. The terms fall off progressively faster,

with the monopole contributing when there is a net charge and the dipole

becoming relevant if the total charge is zero.

3.4.2 The Monopole and Dipole Terms

The monopole term simplifies the potential to that of a point charge, while

the dipole term becomes dominant if the total charge is zero. The potential
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of an ideal dipole (point dipole) becomes exact in the limit of zero separation

and infinite charge product.

3.4.4 The Electric Field of a Dipole

Using potential expressions, the electric field of a dipole is derived,

revealing it diminishes with the cube of distance, exhibiting a more rapid

decline than fields of isolated charges. 

This chapter effectively outlines key methods and applications in potential

theory, dealing with electrostatics, through separation techniques and unique

cases involving multipole expansions and method of images, paving the way

for addressing complex charge distributions and boundary conditions.
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Chapter 5 Summary: 4 Electric Fields in Matter

Chapter 4: Electric Fields in Matter

This chapter discusses the interaction of electric fields with various types of

materials, focusing on the effects of polarization and the concept of electric

displacement in materials, particularly dielectrics.

4.1 Polarization

4.1.1 Dielectrics

Matter can be broadly divided into conductors and insulators (dielectrics),

each responding differently to electric fields. In conductors, free electrons

move under the influence of an electric field, but in dielectrics, charges are

fixed to atoms, and only minor displacements occur. These displacements,

while small, accumulate to affect the material's behavior under an electric

field. Electric fields can stretch or rotate atoms or molecules, impacting

dielectric materials.

4.1.2 Induced Dipoles
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A neutral atom in an electric field can become an induced dipole due to the

separation of its nucleus and electron cloud. The result is a dipole moment, \(

p = \alpha E \), where \( \alpha \) is the atomic polarizability, varying by

atom. The atomic polarizability is influenced by the electric field's strength

and the atom's structure. For complex molecules, like CO2, induced dipoles

may align differently depending on the electric field direction.

4.1.3 Alignment of Polar Molecules

Some molecules, like water, have intrinsic dipoles due to their structure. An

applied electric field exerts a torque on such molecules, aligning them with

the field. In non-uniform fields, polar molecules experience both torque and

net force. The internal energy of a dipole in an electric field is given by \( U

= -p \cdot E \).

4.1.4 Polarization

Dielectrics become polarized when aligned dipoles form under an electric

field. This is quantified by the polarization \( P = \) dipole moment per unit

volume. Both induced and permanent dipole contributions may polarize a
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material. Studying dielectric polarization involves understanding the field it

generates, influenced by the distribution of bound charges, different from

free charges.

4.2 The Field of a Polarized Object

4.2.1 Bound Charges

A polarized object has bound charges arising from the alignment of

microscopic dipoles. The potential field of a polarized body comprises these

bound surface (\( \sigma_b \)) and volume (\( \rho_b \)) charges. These

charges can be understood as cumulative effects of individual atomic

dipoles, simplifying complex charge arrangements to integrated cumulative

fields.

4.2.2 Physical Interpretation of Bound Charges

Bound charges result from dipoles’ alignment within a material. When the

polarization is uniform, bound charges reside at the material's surface. In

non-uniform polarization, bound charges also accumulate inside the

material. Understanding bound charges involves recognizing surface
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orientations and their interactions with polarization vectors.

4.2.3 The Field Inside a Dielectric

At a microscopic level, electric fields in dielectrics are complex due to

molecular interactions. The macroscopic field, a smooth average over many

atoms, simplifies this complexity using an averaging process. This approach,

reducing microscopic irregularities, allows workable solutions to field

equations inside dielectrics.

4.3 The Electric Displacement

4.3.1 Gauss's Law in the Presence of Dielectrics

An object's total charge density consists of free and bound charges. The

electric displacement \( D \) is defined as \( D = \epsilon_0E + P \). Gauss's

law for dielectrics uses \( D \), facilitating computation because \( D \)

relates directly to free charge. In symmetrical arrangements, \( D \)

simplifies analysis significantly.

4.3.2 A Deceptive Parallel
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While \( D \) parallels \( E \), its curl may differ due to bound charge

distributions. Unlike \( E \), \( D \) isn’t always zero in its curl or expressible

as a gradient since it depends on a medium's material properties and

configuration.

4.3.3 Boundary Conditions

Boundary conditions for dielectrics involve continuity across interfaces:

perpendicular components of \( D \) relate directly via free charge, and

tangential \( D \) components relate through \( P \).

4.4 Linear Dielectrics

4.4.1 Susceptibility, Permittivity, Dielectric Constant

Dielectrics often polarize linearly with the electric field, defined by

susceptibility \( \chi_e \). This yields linear relationships among polarization

\( P \), displacement \( D \), and the electric field \( E \). The dielectric

constant, derived from susceptibility, quantifies a material's ability to
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polarize.

4.4.2 Boundary Value Problems with Linear Dielectrics

In linear dielectrics, bound charges are proportional to free charges, allowing

the use of Laplace's equation for potential. Boundary conditions maintain

continuity for normal and tangential fields across dielectric interfaces,

enabling solution strategies combining fields and potentials.

4.4.3 Energy in Dielectric Systems

Energy stored in dielectric systems can be computed through combined

effects of free and bounded charges using expressions such as \( W =

\frac{1}{2} \int D \cdot E \, d\tau \).

4.4.4 Forces on Dielectrics

Dielectrics in electric fields experience forces pulling them into regions of

higher field strength due to polarization's induced dipoles, mirroring forces

on conductors but tailored to dielectrics' unique internal charge moments.
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Overall, understanding polarization and electric displacement in dielectrics

involves complex interplays of induced dipoles, material susceptibility, field

interactions, and resulting energies and forces. This framework underpins

practical uses, from capacitors to material science applications, crucial in

field-responsive technology.
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Critical Thinking

Key Point: Polarization

Critical Interpretation: In Chapter 4 of 'Introduction to

Electrodynamics,' you delve into the transformative concept of

polarization in dielectrics. Picture yourself as an entity in the vast field

of life, just like the molecules in a dielectric subject to an electric

field. You may feel stationary and rooted, much like a dielectric

molecule initially appears. However, the minute an external force—or

in your life, a catalyst of change—interfaces with your world,

possibilities expand. You harness potential through subtle shifts and

internal alignments, invigorating your core and altering the energies

surrounding you. Drawing inspiration from how polarization enhances

the capacity and energy utilization of dielectrics, let this principle

guide you to adapt and grow in response to life's various 'electric

fields.' Through these adaptations, your acquired resilience shapes not

just your inner perception but also projects your unique influence

outward, akin to how polarized dielectrics adapt and thrive in an

electric field. Remember, even minimal internal shifts can magnify

your impact, acting as a catalyst for your life's momentum, much like

dielectrics in the realm of physics.
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Chapter 6 Summary: 5 Magnetostatics

Chapter 5: Magnetostatics

5.1 The Lorentz Force Law

The core problem in classical electrodynamics involves determining the

force exerted by a collection of charges on a test charge. Historically, this

was simplified by focusing on electrostatics, where source charges remain at

rest. The Lorentz force law expands this by accounting for the movement of

charges, introducing magnetic fields resulting from moving charges which

co-exist with electric fields. A magnetic field is generated by a moving

charge, and its practical detection is easier than an electric field, for a simple

compass can reveal the presence and direction of a magnetic field.

Magnetostatics becomes vital when analyzing forces in systems involving

currents, such as parallel wires, which attract or repel depending on the

direction of the current—a phenomenon not explained by electrostatics.

Lorentz forces emerge from the cross product of charge velocity and

magnetic field, making their directions peculiar yet consistent with observed

behaviors in parallel currents. 

The chapter also explores examples like cyclotron and cycloid motions,

revealing the distinct trajectory behaviors of charged particles under
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magnetic fields. Cyclotron motion occurs when a charged particle moves in

a circular path, whereas cycloid motion arises in a combined electric and

magnetic field setup.

The force acting on a current-carrying wire segment is defined, presenting

how magnetic forces ensure systems like electric motors function. Despite

the kinetic interactions, magnetic forces do no work—shifting energy via

electrical currents to produce physical work, a fundamental notion clarified

with practical examples.

5.2 The Biot-Savart Law

Here, magnetostatics is paralleled to electrostatics but applied to the realm of

constant magnetic fields generated by steady currents. A stable and historical

flow creates consistent magnetic fields interpreted via the Biot-Savart law,

similar to electrostatics’ Coulomb's law. This law calculates the magnetic

field produced by a current distribution by integrating across the entire

distribution.

Calculations based on the Biot-Savart law describe the magnetic field due to

various configurations like straight wires or circular loops. However, the

integral form represents complex cases that lead to integral equations

solvable analytically for specific symmetries.

For example, infinite straight wires generate magnetic fields circling the

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


wire, demonstrating the principle of current flows and reciprocity between

parallel currents—one of the most critical symbiotic laws in nature.

5.3 The Divergence and Curl of B

This section quantifies the magnetostatic behavior with Maxwell's equations

adapted to steady currents. Key results reveal that unlike electric fields,

magnetic fields circulate without divergence, leading to the practical

construction of magnetic solenoids producing uniform fields, analogous to

the Gauss's law application in electrostatics.

Ampère’s law is introduced in both integral and differential forms,

facilitating its utilization in assessing symmetrical current distributions’

magnetic fields, such as inside solenoids or toroids. Examples illustrate

Ampère’s law efficiency compared to its complexity while calculating

varied magnetic fields.

5.4 Magnetic Vector Potential

The magnetic vector potential, analogous to electric potential, relates to the

magnetic field through a curl operation. This section discusses the

introduction of this potential, its gauge invariance, and utility in solving

magnetostatic problems. While vector potential is less intuitive than its

electric counterpart—mostly due to its elusive physical interpretation—it’s

essential for certain theoretical developments. Exercises clarify its

advantages in complex integrations over extended current systems.
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Boundary conditions for magnetic fields involving vector potentials are

expounded, providing necessary time details and continuity requirements

across current-induced boundaries. The magnetic dipole and multipole

expansions are presented as tools for estimating fields when distances extend

beyond current distributions’ dimensions, showcasing a comparison to

electric multipole expansions in electrostatics.

This chapter wraps up with real-life problem applications and extensions,

linking the fundamental principles dominate the behavior of charges and

currents in magnetic contexts, offering insights essential for electrical

engineering, physics research, and technological applications. The elegance

of these laws reflects both simplicity and profound utility in predicting and

manipulating electromagnetism in practical scenarios.

Section Topic Summary

5.1 The Lorentz Force
Law

Core problem in electrodynamics: Force on test
charge by moving charges.
Lorentz force law includes the effects of moving
charges.
Magnetic fields generated by moving charges are
often easier to detect.
Magnetostatics important for analyzing currents and
forces between parallel wires.
Charges in magnetic fields display unique motions
like cyclotron and cycloid.
Magnetic forces don't do work directly; they move
energy through currents.
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Section Topic Summary

5.2 The Biot-Savart
Law

Parallels with electrostatics, applied to constant
magnetic fields.
Biot-Savart law calculates magnetic fields from
current distributions.
Results for configurations: straight wires, circular
loops, etc.
Demonstrates principle of current flows and parallel
currents reciprocity.

5.3 The Divergence
and Curl of B

Maxwell's equations for steady currents reveal no
divergence in B fields.
Construction of solenoids producing uniform fields
discussed.
Ampère’s law in integral and differential forms for
symmetry assessment.
Efficient at calculating fields inside solenoids or
toroids.

5.4 Magnetic Vector
Potential

Analogy to electric potential, related to magnetic
fields via curl operation.
Discusses gauge invariance and complex
problem-solving utility.
Details boundary conditions and magnetic
dipole/multipole expansions.
Real-life applications and problem-solving insights
extend understanding.
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Chapter 7 Summary: 6 Magnetic Fields in Matter

Chapter 6: Magnetic Fields in Matter

6.1 Magnetization

*Diamagnets, Paramagnets, and Ferromagnets*

Magnetism, often thought of in terms of fridge magnets and compass

needles, is fundamentally due to moving electric charges, resulting in

magnetic dipoles at the atomic level. In many materials, these dipoles are

randomly oriented and cancel out. However, when exposed to an external

magnetic field, they align, causing the material to become magnetized.

Diamagnets acquire a magnetization opposite to the external field, while

paramagnets align with it. Ferromagnets, like iron, retain their magnetization

even after the external field is removed due to their magnetic history.

*Torques and Forces on Magnetic Dipoles*

Magnetic dipoles in a magnetic field experience torques that align them

parallel to the field. A magnetic dipole can be visualized as a tiny spinning

charge, experiencing a torque described mathematically by the equation \(
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\mathbf{N} = \mathbf{m} \times \mathbf{B} \). Even electrons in orbitals

contribute to magnetism; however, quantum mechanics often causes their

effects to cancel unless unpaired electrons are present.

*Effect of a Magnetic Field on Atomic Orbits*

Electrons also orbit nuclei, and this motion can be treated as a circular

current producing a magnetic dipole moment. In a magnetic field, this orbital

motion is modified, resulting in diamagnetism where induced dipole

moments are opposite to the magnetic field.

*Magnetization*

Materials become magnetized due to the alignment of atomic dipoles. The

degree of magnetization, denoted by the vector \( \mathbf{M} \), represents

the magnetic dipole moment per unit volume. This magnetization is

responsible for producing additional magnetic fields due to both bound

currents inside the material and surface currents.

6.2 The Field of a Magnetized Object

*Bound Currents*
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Magnetized materials create fields like those from free current distributions.

Bound currents, \( \mathbf{J}_b = \nabla \times \mathbf{M} \), exist

throughout the material, while surface bound currents, \( \mathbf{K}_b =

\mathbf{M} \times \hat{n} \), appear at boundaries. These bound currents

contribute to the magnetic field in a manner similar to that of free currents.

*Physical Interpretation of Bound Currents*

Imagining a magnetized material as a series of tiny loops reveals that bound

currents arise due to the lack of neighboring loops at surfaces. Nonuniform

magnetization within a material creates volume currents.

*The Magnetic Field Inside Matter*

In macroscopic terms, the magnetic field inside materials is an average over

many atomic dipoles, smoothing out local fluctuations. This is the field

measured and discussed in terms of magnetization effects.

6.3 The Auxiliary Field \( \mathbf{H} \)

*Ampère’s Law in Magnetized Materials*

Ampère’s law involves total current, but it is useful to separate it into free
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current and bound current contributions. The auxiliary field \( \mathbf{H} \)

is introduced as \( \mathbf{H} = \frac{1}{\mu_0} \mathbf{B} - \mathbf{M}

\), leading to the law \( \nabla \times \mathbf{H} = \mathbf{J}_f \), where \(

\mathbf{J}_f \) is the free current density.

*A Deceptive Parallel and Boundary Conditions*

While \( \mathbf{H} \) resembles \( \mathbf{B} \), important differences,

such as the divergence of \( \mathbf{H} \) typically not vanishing, are noted.

Boundary conditions link changes in \( \mathbf{H} \) and magnetization

across material boundaries.

6.4 Linear and Nonlinear Media

*Magnetic Susceptibility and Permeability*

For many materials, magnetization \( \mathbf{M} \) is proportional to \(

\mathbf{H} \), characterized by magnetic susceptibility \( \chi_m \). Such

media are linear, described by \( \mathbf{B} = \mu \mathbf{H} \), where \(

\mu \) is the material's permeability.

*Ferromagnetism*
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Ferromagnets exhibit strong interactions between atomic dipoles, leading to

domain formation where alignment is strong, even without external fields.

Domains can be manipulated with external fields, explained by hysteresis

loops which show that ferromagnets retain magnetization due to their

history.

These concepts pave the way for understanding magnetic materials and the

fields they produce, crucial for technological applications and fundamental

physical chemistry insights.

Section Description

6.1
Magnetization

        
          Diamagnets, Paramagnets, and Ferromagnets: Magnetic
dipoles are caused by moving charges. Diamagnets exhibit
magnetization opposite to an external field, paramagnets align with it,
and ferromagnets retain magnetization due to magnetic history.
          Torques and Forces on Magnetic Dipoles: Magnetic dipoles
experience torque in magnetic fields. This torque aligns dipoles parallel
to the fields.
          Effect of a Magnetic Field on Atomic Orbits: Orbital electron
motion induces dipoles, resulting in diamagnetism opposing the
applied field.
          Magnetization: Alignment of atomic dipoles contributes to
magnetization, producing additional magnetic fields.
        
      

6.2 The Field
of a
Magnetized
Object

        
          Bound Currents: Magnetized materials exhibit bound currents
within and on surfaces, similar to free current magnetization.
          Physical Interpretation of Bound Currents: Nonuniform
magnetization results in volume and surface bound currents due to
adjacent loop interactions.
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Section Description

          The Magnetic Field Inside Matter: Inside materials, magnetic
fields are macroscopic averages smoothing local fluctuations.
        
      

6.3 The
Auxiliary Field
\( \mathbf{H}
\)

        
          Ampère’s Law in Magnetized Materials: Distinguishes between
free and bound current contributions with the auxiliary field \(
\mathbf{H} \).
          A Deceptive Parallel and Boundary Conditions: Differences
between \( \mathbf{B} \) and \( \mathbf{H} \), with boundary conditions
across material interfaces.
        
      

6.4 Linear
and Nonlinear
Media

        
          Magnetic Susceptibility and Permeability: Describes linear
media with \( \mathbf{B} = \mu \mathbf{H} \), where susceptibility and
permeability relate \( \mathbf{M} \) to \( \mathbf{H} \).
          Ferromagnetism: Ferromagnets show strong dipole interactions
and domain formation, with hysteresis loops demonstrating retained
magnetization.
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Critical Thinking

Key Point: Magnetization through Alignment

Critical Interpretation: Just as magnetic dipoles align under the

influence of an external magnetic field, you can align your personal

goals and actions with external influences and inspirations in your life.

Aligning your internal motivations and external circumstances

maximizes the magnetic potential within you, attracting opportunities

and success just as magnetization strengthens the magnetic field

around a material. Consider how the ferromagnets sustain their

magnetization due to their historical interactions; similarly, your past

experiences shape your ability to retain motivation. By allowing

positive influences to align your path, like how ferromagnets retain

their magnetization without external fields, you develop resilience,

creating a lasting beacon of positivity and ambition.
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Chapter 8: 7 Electrodynamics

Chapter 7: Electrodynamics

7.1 Electromotive Force

Electrodynamics involves understanding how electric currents flow through

materials. To create a current flow, you need to exert a force on charges. The

�s�p�e�e�d� �a�t� �w�h�i�c�h� �t�h�e�s�e� �c�h�a�r�g�e�s� �m�o�v�e� �d�e�p�e�n�d�s� �o�n� �t�h�e� �c�o�n�d�u�c�t�i�v�i�t�y� �(�Ã�)� �o�f� �t�h�e

�m�a�t�e�r�i�a�l�,� �d�e�s�c�r�i�b�e�d� �b�y� �O�h�m�’�s� �L�a�w� �a�n�d� �i�t�s� �e�q�u�a�t�i�o�n� �J� �=� �Ã�E�,� �w�h�e�r�e� �J

represents the current density and E is the electric field. Conductivity varies

�b�e�t�w�e�e�n� �m�a�t�e�r�i�a�l�s�:� �m�e�t�a�l�s� �a�r�e� �g�r�e�a�t� �c�o�n�d�u�c�t�o�r�s� �(�h�i�g�h� �Ã�)�,� �w�h�i�l�e� �i�n�s�u�l�a�t�o�r�s

�h�a�v�e� �l�o�w� �c�o�n�d�u�c�t�i�v�i�t�y�.� �O�h�m�’�s� �l�a�w� �s�i�m�p�l�i�f�i�e�s� �t�o� �J� �=� �Ã�E�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �a

constant electric field in a conductor generates a steady current, with

�r�e�s�i�s�t�i�v�i�t�y� �(�Á� �=� �1�/�Ã�)� �s�h�o�w�i�n�g� �o�p�p�o�s�i�t�i�o�n� �t�o� �t�h�e� �f�l�o�w� �o�f� �c�u�r�r�e�n�t�.

Currents driven by forces can stem from various origins, but electromagnetic

forces typically cause the flow. For instance, in circuits involving conductors

and resistors, resistors are made of poorly conducting materials, while

metals are treated as perfect conductors due to their minimal resistance to

current flow. The resistance encountered by the current depends on the

geometry and material between terminals, captured by the familiar equation
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V = IR, where V denotes potential difference, I is the current, and R is

resistance.

Ohm's law remains a rule of thumb for many substances, yet it is intriguing

that currents remain constant, despite the potential for acceleration due to

continuous forces—this is because electrons constantly collide within the

material. This collision dissipates energy as heat, described by the Joule

heating law P = VI. A more sophisticated view involves considering the

thermal velocity of electrons already in motion that drift slightly to create

current flow.

The electromotive force (EMF) appears in circuits as the integral of the force

per charge along the path. This can be due to batteries or other forces

producing differences in potential across the circuit. The EMF sustains

voltage across components; while moving charges in magnetic fields, such

as in a generator, can induce an EMF.

7.2 Electromagnetic Induction

Faraday's experiments demonstrated that magnetic fields can induce electric

currents. There are different scenarios: moving a loop through a magnetic

field, moving the magnetic field itself, or changing the strength of the field.

Experimentally, these scenarios led to a uniform discovery: a time-varying
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magnetic flux generates an EMF in a loop, predicted by Faraday's law which

establishes that a changing magnetic field induces an electric field according

�t�o� "�� *	� �E� �=� �-"��B�/"��t�.� �M�o�r�e�o�v�e�r�,� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �t�h�i�s� �i�n�d�u�c�e�d� �c�u�r�r�e�n�t� �f�o�l�l�o�w�s

Lenz's law, which states that it will always oppose the change causing

it—nature's way of opposing change.

Inductance, representing this effect in circuits, manifests as self and mutual

inductance. Self-inductance L acts within a single loop, opposing any

change in current, whereas mutual inductance M occurs when a changing

current in one loop induces an EMF in a nearby loop. The concept of energy

stored in the magnetic field emerges with W = (1/2)LI², exhibiting how

energy needed to establish a current is temporarily stored in the magnetic

field.

7.3 Maxwell’s Equations

Maxwell’s equations comprise the core of electrodynamics, encapsulating

the laws of electricity and magnetism. They describe how charges create

�e�l�e�c�t�r�i�c� �f�i�e�l�d�s� �("��·�E� �=� �Á�/�µ €�)�,� �h�o�w� �t�h�e�r�e� �a�r�e� �n�o� �i�s�o�l�a�t�e�d� �m�a�g�n�e�t�i�c� �m�o�n�o�p�o�l�e�s

�("��·�B� �=� �0�)�,� �h�o�w� �c�h�a�n�g�i�n�g� �m�a�g�n�e�t�i�c� �f�i�e�l�d�s� �i�n�d�u�c�e� �e�l�e�c�t�r�i�c� �f�i�e�l�d�s� �("�� *	� �E� �=

�-"��B�/"��t�)�,� �a�n�d� �h�o�w� �c�u�r�r�e�n�t�s� �a�n�d� �c�h�a�n�g�i�n�g� �e�l�e�c�t�r�i�c� �f�i�e�l�d�s� �p�r�o�d�u�c�e� �m�a�g�n�e�t�i�c

�f�i�e�l�d�s� �("�� *	� �B� �=� �¼ €�J� �+� �¼ €�µ €"��E�/"��t�)�.� �M�a�x�w�e�l�l� �i�n�t�r�o�d�u�c�e�d� �t�h�e� �c�o�n�c�e�p�t� �o�f

displacement current to reconcile inconsistencies in Ampère’s law,
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especially noticeable in scenarios like charging a capacitor.

Maxwell's equations, coupled with the Lorentz force law (F = q(E + v × B)),

provide a comprehensive framework for understanding electromagnetic

phenomena. They also predict the wave nature of electromagnetic fields,

which led to the theoretical discovery of electromagnetic waves and laid the

foundational basis for optics.

Maxwell's equations beautifully summarize electric and magnetic fields’

dynamics, aligning theoretical predictions with experimental observations

and providing an elegant symmetry between electric and magnetic fields

(except for the absence of magnetic charges in nature). This revelation has

significantly expanded our understanding of the physical world, integrating

light, electricity, and magnetism into a unified framework.
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Chapter 9 Summary: 8 Conservation Laws

In Chapter 8 of the book, the author delves into the concept of conservation

 laws in electrodynamics, focusing on charge, energy, and momentum. The

chapter is structured into several sections, each exploring different aspects of

these conservation principles.

### 8.1 Charge and Energy

#### 8.1.1 The Continuity Equation

The chapter begins by revisiting the conservation of charge, which is a

fundamental principle underlying all conservation laws in physics. The

conservation of charge states that the total charge in the universe remains

constant, implying that any change in charge within a region must be due to

charge flowing through the boundary. This concept is mathematically

encapsulated in the continuity equation, which is derived from Maxwell's

equations. This equation ensures that sources of charge and current densities

respect this conservation law, acting as constraints.

#### 8.1.2 Poynting’s Theorem

The section progresses to discuss Poynting’s theorem, which emerges from

the energy conservation law in electrodynamics. Here, the concept of energy

storage in electromagnetic fields is illustrated, suggesting that

electromagnetic fields harbor energy density and flux. The work done by
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electromagnetic forces on charges, as expressed in the Poynting vector,

corresponds to energy transport across a region. This section confirms the

expression for total electromagnetic energy density and emphasizes that the

conservation of electromagnetic energy entails accounting both for the

matter and the fields.

### 8.2 Momentum

#### 8.2.1 Newton’s Third Law in Electrodynamics

Momentum, a cornerstone of physics, faces challenges in electrodynamics

due to its non-adherence to Newton’s third law. Here, the author presents a

scenario in which electromagnetic forces between moving charges do not

satisfy the third law. This apparent paradox is resolved by the understanding

that fields themselves carry momentum, a consideration essential in

restoring momentum conservation in electrodynamics.

#### 8.2.2 Maxwell’s Stress Tensor

Next, the text introduces Maxwell's stress tensor, a mathematical construct

that allows the detailed calculation of electromagnetic forces. This tensor

facilitates expressing forces in terms of fields alone, positing that the

mechanical momentum of particles within a volume changes in response to

momentum fluxes through boundary surfaces.

#### 8.2.3 Conservation of Momentum
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The principle of momentum conservation is described using integral

equations that involve field momentum density and flux. The relationship

between mechanical and field momentum highlights that energy and

momentum exchange between fields and particles upholds overall

conservation principles.

#### 8.2.4 Angular Momentum

Angular momentum within electromagnetic fields is addressed here,

showing that fields not only carry energy and linear momentum but also

angular momentum. Even static fields can exhibit momentum attributes,

providing a more comprehensive depiction of conserved quantities in

electromagnetism.

### 8.3 Magnetic Forces Do No Work

This section revisits the longstanding paradox that magnetic forces do no

work. Through illustrative examples, the author explains how the work done

in magnetic systems is attributed to the conversion and transmission of

energy via induced emfs and forces. The nature of magnetic forces is

clarified as purely conservative, transmitting energy without direct work.

In summary, Chapter 8 intricately elucidates the conservation laws in

electromagnetism, extending these well-known principles to encompass

complexities introduced by electromagnetic fields. This overview

encapsulates key insights into how energy and momentum are managed
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within electromagnetic systems, providing essential context and bridging

equations for practical applications and further explorations in physics.
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Critical Thinking

Key Point: Poynting’s Theorem: Energy Conservation in

Electrodynamics

Critical Interpretation: Imagine the powerful symphony of energy that

surrounds us—the electromagnetic fields we barely notice yet are

alive with ceaseless activity. Poynting’s Theorem unveils this secret

dance, highlighting how these fields hold and convey energy, much

like rivers channeling their currents. In your life, embrace this hidden

energy, realizing that you too are a conductor of immense potential.

Reflect on how you distribute your energy daily—are you enhancing

the world around you, much like a Poynting vector propelling energy

across space? Just as electromagnetic fields show resilience and

continuity, allow your actions to perpetuate positivity and growth,

ensuring the energy you emit is not only potent but perpetually

conserved in the hearts and minds of those you touch.
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Chapter 10 Summary: 9 Electromagnetic Waves

Chapter 9: Electromagnetic Waves Overview

9.1 Waves in One Dimension

- Wave Concept: Waves are disturbances that propagate through a

 medium, generally maintaining a fixed shape at a constant speed. However,

factors like absorption and dispersion can alter a wave's amplitude and

speed.

  

- Mathematical Representation: A wave can be mathematically

 represented as \( f(z, t) = g(z - vt) \), where the shape moves to the right with

speed \( v \).

- Wave Equation Derivation: For a stretched string under tension, small

 disturbances follow the classical wave equation \( \frac{\partial^2 f}{\partial

z^2} = \frac{1}{v^2} \frac{\partial^2 f}{\partial t^2} \), with \( v =

\sqrt{\frac{T}{\mu}} \).

- Sinusoidal Waves: These are waves of the form \( f(z, t) = A \cos[k(z -

 vt) + \delta] \), defined by amplitude \( A \), wave number \( k \),
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wavelength \( \lambda \), frequency \( \nu \), angular frequency \( \omega \),

and phase \( \delta \).

- Complex Notation: Facilitates operations on sinusoidal waves. Using

 Euler's formula, waves are represented as \( f(z, t) =

\text{Re}[Ae^{i(kz-\omega t+\delta)}] \).

- Boundary Conditions: When waves encounter boundaries, reflection

 and transmission occur, with specific conditions determining the wave

behavior across interfaces.

9.2 Electromagnetic Waves in Vacuum

- Wave Equation for E and B: In regions devoid of charge and currents,

 Maxwell’s equations reduce to decoupled wave equations for electric (E)

and magnetic (B) fields, predicting propagation at the speed of light \( c =

\frac{1}{\sqrt{\varepsilon_0 \mu_0}} \).

- Monochromatic Plane Waves: Solutions are of the form \( \tilde{E}(z,

 t) = \tilde{E}_0 e^{i(kz-\omega t)} \), with wave characteristics such as

wavelength and frequency reflecting electromagnetic waves like light.

- Energy and Momentum: Energy density and the Poynting vector
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 describe the energy flow in electromagnetic waves, with average intensity \(

I = \frac{1}{2}c\varepsilon_0 E_0^2 \).

9.3 Electromagnetic Waves in Matter

- Linear Media: Maxwell's equations in linearly responding media show

 waves propagating slower than in a vacuum, with the speed \( v =

\frac{c}{n} \) where \( n = \sqrt{\varepsilon_r \mu_r} \) is the refractive

index.

- Boundary Behavior: At interfaces between different media, Fresnel’s

 equations describe reflection and transmission based on incident angles,

polarization, and refractive indices, maintaining continuity in E and B fields.

9.4 Absorption and Dispersion

- Waves in Conductors: Vector (\(\tilde{E}(z, t) = \tilde{E}_0

 e^{i(\tilde{k} z - \omega t)}\)) solutions accommodate both electromagnetic

attenuation and phase shifts, with skin depth quantifying penetration into

conductors.

- Frequency Dependence: The complex permittivity
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 (\(\tilde{\varepsilon}\)) explains how frequency affects n and absorption in

dispersive media, showcasing classical dispersion near atomic resonances.

9.5 Guided Waves

- Wave Guides: Electromagnetic waves confined within conductive

 boundaries exhibit cut-off frequencies, below which no propagation occurs.

Modes (TE, TM) depend on longitudinal field components.

- Rectangular and Coaxial Guides: Specific modes in wave guides reveal

 resonance characteristics, phase, and group velocities, tuning applications

like coaxial cables for transmitting RF signals.

This comprehensive exploration of electromagnetic waves interleaves

differential equations, resonance principles, and wave mechanics to illustrate

the dynamic and intricate nature of wave propagation across different media,

enveloping a wide array of applications from optics to communications.
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Chapter 11 Summary: 10 Potentials and Fields

Chapter 10 Summary: Potentials and Fields

10.1 The Potential Formulation

10.1.1 Scalar and Vector Potentials

The chapter commences by seeking a general solution to Maxwell's

equations which describe the behavior of electric and magnetic fields (E and

�B�)� �f�o�r� �a� �g�i�v�e�n� �c�h�a�r�g�e� �d�e�n�s�i�t�y� �(�Á�)� �a�n�d� �c�u�r�r�e�n�t� �d�e�n�s�i�t�y� �(�J�)�.� �I�n� �s�t�a�t�i�c

configurations, solutions are provided by Coulomb's and Biot-Savart laws.

For time-dependent situations, the complexity increases, making it

advantageous to express fields in terms of potentials: the scalar potential (V)

and vector potential (A). In electrostatics, a static configuration allows E to

be represented as the gradient of a scalar potential. However, in

electrodynamics, B remains divergence-free, allowing us to express B as the

curl of A. This formulation accommodates the homogeneous Maxwell

equations effortlessly and gives rise to new equations that adapt Poisson's

equation for scenarios where fields and potentials change over time.
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10.1.2 Gauge Transformations

The potential representation doesn't uniquely define V and A, allowing

gauge transformations that adjust potentials without affecting physical

fields. Gauge freedom simplifies equations significantly, despite their "ugly"

initial appearance, by choosing specific conditions to simplify the problem

at hand. Popular gauge choices include the Coulomb and Lorenz gauges,

each offering its own set of conveniences.

10.1.3 Coulomb Gauge and Lorenz Gauge

Within the Coulomb gauge, V is straightforward to compute but is based on

the instantaneous state of the charge distribution, seemingly contradicting

causality but actual field measurements include A, and their combined effect

adheres to causality. In contrast, the Lorenz gauge emphasizes symmetry

between V and A, making the equations more aesthetically pleasing and

naturally aligning with special relativity. The d'Alembertian operator

demonstrates how these formulations generalize electrostatics.

10.1.4 Lorentz Force Law in Potential Form
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The chapter revisits the Lorentz force law, expressing it via potentials,

introducing concepts like canonical momentum and revealing the role of

potentials in understanding the dynamics of charged particles.

10.2 Continuous Distributions

10.2.1 Retarded Potentials

Retarded potentials are introduced as a way to describe time-dependent

charge and current distributions, corresponding to the charges at an earlier

time when the fields were emitted (retarded time). Proving their validity

involves ensuring these potentials solve the inhomogeneous wave equations

and satisfy the Lorenz gauge condition, though their derivation is subtle and

sidelined by apparent ambiguity in results.

10.2.2 Jefimenko's Equations

Jefimenko's equations, derived from these retarded potentials, present the

real-time relationship between time-dependent distributions and the resultant

electric and magnetic fields, framing causality and electromagnetism in a

tangible manner. Despite limited practical application (simpler to work with
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potentials directly for computations), these equations wrap up the theoretical

groundwork by reinforcing the causal aspect of field behavior.

10.3 Point Charges

10.3.1 Liénard-Wiechert Potentials

By examining a moving point charge, the chapter delves into the subtleties

of deriving potentials for dynamic sources, overcoming naive attempts

through geometric corrections integral to the theory. The Liénard-Wiechert

potentials conclusively describe fields around a moving charge, accounting

for the retardation and direction of motion.

10.3.2 The Fields of a Moving Point Charge

Calculation of fields from Liénard-Wiechert potentials reveals two primary

components: the generalized Coulomb field falling off sharply (inverse

square of distance) and the radiation field characterized by its proportionality

to charge acceleration, which dominates at larger distances. Both fields

collectively solve the whole of electrodynamics given charge trajectories.

Lines of the electric field become distorted depending on velocity, exhibiting
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a pancake-like distribution as charges accelerate. Furthermore, these fields,

corroborated by the Lorentz force law yield a comprehensive framework for

interaction forces between charges.

The craft of these conceptual frameworks demonstrates the elegance and

versatility of handling electromagnetic phenomena through potentials,

providing essential insights into field behavior without direct reliance on the

immediate configuration of sources.

Section Content Summary

10.1.1 Scalar
and Vector
Potentials

      Discusses expressing electric and magnetic fields (E and B) in
terms of scalar (V) and vector potentials (A) for static and dynamic
configurations, adapting Poisson's equation and seamlessly
addressing homogeneous Maxwell equations.
    

10.1.2 Gauge
Transformations

      Explores gauge transformations which provide freedom in
choosing potentials V and A without altering physical fields,
simplifying equations and providing the convenience of choices like
Coulomb and Lorenz gauges.
    

10.1.3 Coulomb
Gauge and
Lorenz Gauge

      Compares Coulomb gauge focusing on simplicity of V with
contradictions in causality, and Lorenz gauge's symmetry and
consistency with relativity, employing the d'Alembertian operator to
generalize electrostatics.
    

10.1.4 Lorentz
Force Law in
Potential Form

      Revisits the Lorentz force law through potentials, enhancing
understanding of charged particle dynamics and introducing
concepts such as canonical momentum.
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Section Content Summary

    

10.2 Continuous
Distributions

      Introduces retarded potentials to address time-dependent
charge distributions, navigating their derivation complications,
ensuring they satisfy wave equations and gauge conditions.
    

10.2.1 Retarded
Potentials

      Explains use of retarded potentials to describe charge
distributions at an earlier time, addressing subtleties in their
derivation and validity.
    

10.2.2
Jefimenko's
Equations

      Derives Jefimenko's equations from retarded potentials, forming
real-time relationships between distributions and resultant fields,
reinforcing causality while simplifying computational work.
    

10.3 Point
Charges

      Explores dynamic sources through Liénard-Wiechert potentials,
addressing motion-related field description challenges and
providing solutions aligned with charge trajectories.
    

10.3.1
Liénard-Wiechert
Potentials

      Details derivation for moving point charge potentials,
overcoming geometric complexities, to describe dynamic fields
considering charge motion direction and retardation.
    

10.3.2 The
Fields of a
Moving Point
Charge

      Analyzes fields derived from Liénard-Wiechert potentials,
distinguishing Coulomb fields and radiation fields, showing their
impact on force interactions and field distortion with charge velocity.
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Chapter 12: 11 Radiation

Chapter 11: Radiation

In Chapter 11, titled "Radiation," the concept of electromagnetic radiation is

explored, particularly focusing on the energy propagation from accelerating

charges. This chapter describes various radiation types, emphasizing dipole

radiation, and introduces key physical principles related to these phenomena.

11.1 Dipole Radiation

11.1.1 What is Radiation?

Radiation refers to the process by which accelerating charges emit energy

that is transported via electromagnetic fields to distant points. This energy

transportation is characterized by a non-zero Poynting vector, indicating

energy and momentum flow in the fields. When studying localized sources,

energy radiated at a certain time is calculated using the Poynting vector

integrated over a large spherical surface, assuming that electromagnetic

changes propagate at the speed of light.
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11.1.2 Electric Dipole Radiation

Electric dipole radiation occurs when charges, like those on two small metal

spheres connected by a wire, oscillate to form an oscillating electric dipole

with a moment \( p(t) \). The primary task is to determine the electric and

magnetic fields that radiate from these dipoles at substantial distances. In the

radiation zone, the fields are derived from the potentials and exhibit

behavior typical of electromagnetic waves: transverse, perpendicular, and

propagating at the speed of light. The total power radiated by such a dipole

reveals a characteristic donut-shaped intensity profile.

11.1.3 Magnetic Dipole Radiation

Similarly, a loop with an alternating current acts as an oscillating magnetic

dipole. The potential and resulting electric and magnetic fields are computed

under assumptions appropriate for perfect magnetic dipoles. This analysis

unveils that, while magnetic dipole radiation shares many structural

similarities with electric dipole radiation, the latter usually dominates unless

specifically contrived conditions favor magnetic dipole emission.

11.1.4 Radiation from an Arbitrary Source
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Beyond simple dipoles, radiation from arbitrary charge and current

distributions is considered. By expanding in terms of the dipole moment and

using Jefimenko's equations, the lowest-order terms are identified to signify

the predominant radiation components, particularly the electric dipole

contribution. Higher-order terms introduce magnetic dipole and quadrupole

radiation, adding complexity but adhering to similar principles.

11.2 Point Charges

11.2.1 Power Radiated by a Point Charge

The section extends the radiation analysis to isolated point charges in

arbitrary motion using the theory of electromagnetic fields. Distinguishing

between velocity and acceleration fields, it shows that the total power

radiated depends on the charge's acceleration (Larmor's formula). This

radiation's intensity exhibits a characteristic angular distribution based on

the charge’s motion and acceleration orientation.

11.2.2 Radiation Reaction
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Radiation reaction explains how the emission of radiation exerts a recoil

force on the charge, diminishing its kinetic energy. The Abraham-Lorentz

formula articulates this reaction force, grounded in energy conservation

principles. However, an inherent paradox arises, where continuously

accelerating charges seem to predict implausible scenarios, such as

pre-acceleration and runaway solutions, challenging the classical depiction

of point charges.

11.2.3 The Mechanism Responsible for the Radiation Reaction

Finally, the chapter explores the radiation reaction's mechanism, using a

simple model of charge distribution. By examining internal electromagnetic

forces, it illustrates how the electron’s fields act back upon it, validating the

previously derived Abraham-Lorentz formula for radiation reaction.

Throughout Chapter 11, the interplay between electromagnetic theory,

energy conservation, and the intricate dynamics of radiation unveil the

sophisticated nature of radiation physics, emphasizing its profound

implications for understanding electromagnetic interactions.
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Chapter 13 Summary: 12 Electrodynamics and Relativity

Chapter 12: Electrodynamics and Relativity

12.1 The Special Theory of Relativity

Einstein's special theory of relativity is built on two main postulates. The

first relates to the principle of relativity, arguing that the laws of physics are

identical in all inertial frames—frames in which an object either remains at

rest or moves at a constant velocity. This principle was initially formulated

by Galileo for classical mechanics. But when extended to electrodynamics, it

appears at first glance incompatible. For example, a moving charge

generates a magnetic field, whereas a charge at rest does not, suggesting a

unique stationary frame.

The second postulate concerns the constancy of the speed of light, asserting

it as a universal constant, irrespective of the observer's inertial frame or the

light source's motion. This was revolutionary, as traditionally, velocities

were additive. For instance, if a train moves forward at some speed and a

person walks within it, the ground observer perceives the person’s speed as a

combination. However, for light, this doesn't hold; the speed of light remains

constant.
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These principles produce intriguing results such as the relativity of

simultaneity, where events regarded as simultaneous in one frame may not

be so in another. Further, they introduce time dilation, where moving clocks

run slower compared to stationary ones, and Lorentz contraction, which

states moving objects shorten in the direction of motion.

To articulate these transformations between frames, Einstein introduced the

Lorentz transformations, revising Galilean ones to account for the effects of

relativity.

12.2 Relativistic Mechanics

Within this framework, proper time and proper velocity are key concepts.

Proper time is the time measured by a clock moving with the object, while

proper velocity is the displacement measured in one frame over the proper

time. Proper velocity transforms more simply between frames than ordinary

velocity and includes the time-dilation effects naturally.

Relativistic momentum and energy also need redefinition. Unlike classical

physics, where momentum is mass times velocity and energy changes are

�m�a�s�s� �t�i�m�e�s� �t�h�e� �s�p�e�e�d� �s�q�u�a�r�e�d�,� �r�e�l�a�t�i�v�i�t�y� �i�n�c�o�r�p�o�r�a�t�e�s� �³� �(�t�h�e� �L�o�r�e�n�t�z� �f�a�c�t�o�r�)

into these equations, leading to kinetic energy and momentum increasing
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without bound as speeds approach the speed of light. In relativity, energy

and momentum transform appropriately to preserve these conservation laws.

Relativistic mechanics explains phenomena such as particle decay over short

lifespans, particle scattering, and high-energy accelerators whereby energies

are vastly greater in colliding systems compared to stationary targets due to

relativistic effects.

12.3 Relativistic Electrodynamics

Electrodynamics intrinsically aligns with relativity, unlike Newtonian

mechanics. This is because electromagnetic phenomena transform naturally

under Lorentz transformations. For example, magnetism as a distinct force

emerges from relativity applied to electric forces between moving charges.

Electromagnetic fields themselves transform between frames in a nontrivial

way, often mixing electric and magnetic components, indicating their

interconnected nature as expressed in the field tensor, an antisymmetric

second-rank tensor. This coupling illustrates how an observer's perception of

electric or magnetic effects can differ based on relative frame velocity.

Finally, the formulation of relativistic electrodynamics in terms of potentials

and tensors offers a concise and powerful depiction of Maxwell's equations,
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unifying electric and magnetic phenomena and enhancing our understanding

of their relativity-compliant nature. Magnetic fields turning into electric

fields under transformations and vice-versa highlight their core ingredient in

relativistic physics and demonstrate theoretical consistency across inertial

frames.

Thus, electrodynamics not only conforms to relativity but clarifies its very

necessity, as seen through its ability to merge separate forces into a unified,

tensorially represented framework.
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Critical Thinking

Key Point: Unified Nature of Electromagnetic and Relativistic

Phenomena

Critical Interpretation: The discovery that electromagnetism naturally

aligns with the principles of relativity is a profound reminder of the

interconnectedness present within seemingly distinct facets of our

universe. Just as electric and magnetic fields are two sides of the same

coin, your own experiences and challenges may be aspects of a larger,

unified journey. Embracing this perspective can inspire resilience and

a holistic approach to life's complexities, encouraging you to see

beyond individual events and recognize the underlying harmony in

your path.
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Chapter 14 Summary: A: Vector Calculus in Curvilinear
Coordinates

Appendix A of the book delves into vector calculus within the framework of

 curvilinear coordinates. The appendix is designed to convey the essence of

vector calculus theorems succinctly while referencing a more comprehensive

treatment in M. Spivak’s "Calculus on Manifolds."

### Introduction

In this section, the essential proofs of the three fundamental theorems of

vector calculus are outlined. The text opts for an approach focused on clarity

rather than exhaustive mathematical rigor, which can be found in more

detailed texts. The appendix aims to develop formulas for gradient,

divergence, curl, and Laplacian using arbitrary orthogonal curvilinear

coordinates, which can later be specified to familiar systems like Cartesian,

spherical, or cylindrical coordinates.

### Notation

Points in space are represented by three coordinates (u, v, w), corresponding

�t�o� �s�p�e�c�i�f�i�c� �s�y�s�t�e�m�s� �s�u�c�h� �a�s� �C�a�r�t�e�s�i�a�n� �(�x�,� �y�,� �z�)�,� �s�p�h�e�r�i�c�a�l� �(�r�,� �¸�,� �Æ�)�,� �o�r

�c�y�l�i�n�d�r�i�c�a�l� �(�s�,� �Æ�,� �z�)�.� �T�h�e� �s�y�s�t�e�m� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �o�r�t�h�o�g�o�n�a�l�,� �m�e�a�n�i�n�g� �t�h�e

unit vectors in the direction of these coordinates are perpendicular. A vector
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is expressed using these unit vectors, and the infinitesimal displacement

vector is defined for the coordinate system with functions f, g, and h

determining its characteristics. These functions vary with the choice of

coordinate system and encapsulate all necessary information about it.

### Gradient

The gradient of a scalar function describes how the function changes as you

move through space. Using curvilinear coordinates, it is expressed through

the functions f, g, and h, allowing for conversion into specific coordinate

systems using Table A.1. The gradient theorem is introduced, establishing

that the change in a scalar function from one point to another can be

calculated through an integral, independent of the path taken.

### Divergence

The concept of divergence, which measures the rate at which a vector field

spreads out from a point, is analyzed next. The appendix presents a way to

calculate the divergence in curvilinear coordinates. This involves

considering how a vector field acts over the surface of an infinitesimally

small volume element. The divergence theorem is eventually established,

allowing for calculation over finite volumes by ensuring that internal surface

contributions cancel out.

Scan to Download

https://ohjcz-alternate.app.link/zWumPVSnuOb


### Curl

Curl measures the rotation of a vector field around a point. Defined in an

orthogonal curvilinear coordinate system, the curl is discovered through the

line integral around an infinitesimal loop. This discussion sets the stage for

proving Stokes’ theorem, which extends the concept to finite surfaces and

focuses the line integral on the external boundary.

### Laplacian

The Laplacian is defined as the divergence of the gradient of a scalar field,

providing a measure of how the field deviates from its average value in a

neighborhood around a point. The section presents the general formula using

curvilinear coordinates, and readers are guided to apply these formulations

to different coordinate systems using Table A.1 for practical calculations.

By providing these frameworks, the appendix helps readers understand

vector calculus in more flexible coordinate systems, offering the tools

necessary to apply these concepts across various scenarios in physics and

engineering.
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Chapter 15 Summary: B: The Helmholtz Theorem

Appendix B delves into the Helmholtz Theorem, a mathematical principle

 crucial in physics, especially electromagnetism. The theorem explores the

conditions under which a vector field can be uniquely determined given its

divergence and curl.

The theorem begins with the premise that a vector function \( F(r) \) has a

specified divergence \( D(r) \) and curl \( C(r) \). For consistency, \( C(r) \)

must be divergenceless because the divergence of a curl is always zero.

Given that \( D(r) \) and \( C(r) \) vanish sufficiently rapidly at infinity, the

vector field \( F \) can be constructed using:

\[ 

F = -\nabla U + \nabla \times W 

\]

where \( U(r) \) and \( W(r) \) are defined through integrals over all space

involving \( D(r) \) and \( C(r) \), respectively. The divergence and curl are

calculated to confirm their consistency with their definitions, assuming \( D

\) and \( C \) approach zero faster than \( 1/r^2 \) as \( r \) approaches

infinity.

Although any function with zero divergence and curl can be added to \( F \),
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such functions that vanish at infinity do not exist, making \( F \) unique if it

also vanishes at infinity.

The Appendix extends the Helmholtz theorem to a corollary: any

differentiable vector function that vanishes faster than \( 1/r \) at infinity can

be expressed as the sum of the gradient of a scalar and the curl of a vector. In

applied physics, for instance, the electric field \( E \) in electrostatics and the

magnetic field \( B \) in magnetostatics are shown to adhere to this corollary,

each described in terms of potentials that are more computationally

manageable.

The Helmholtz Theorem is indispensable in forming the foundation for

understanding electromagnetic fields in classical physics through its elegant

framework for vector decomposition, supporting the broader discourse on

the behavior of electric and magnetic fields.
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Chapter 16: C: Units

### Appendix C: Units 

Appendix C focuses on the difference between the Système International

(SI) and the Gaussian unit systems, both commonly used in electrodynamics.

Coulomb's law in SI and Gaussian forms illustrates a key distinction. In the

SI system, Coulomb's law includes a constant factor involving the

permittivity of free space (\(\epsilon_0\)), while in the Gaussian system, this

factor is integrated into the unit of charge. SI units measure mechanical

quantities in meters, kilograms, and seconds, with charge in coulombs,

whereas Gaussian units use centimeters, grams, and seconds, with charge in

electrostatic units (esu).

The appendix provides conversion factors between these systems,

emphasizing differences in how electrical and magnetic properties are

quantified. For instance, a coulomb translates to \(3 \times 10^9\) esu in

Gaussian units. Similar relationships exist for energy, force, power, and

more.

Conversions between the SI and Gaussian systems mainly involve

substituting \(\epsilon_0\) with \(\frac{1}{4\pi}\), simplifying the

mathematical expressions. For example, the energy stored in an electric field
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is \(\frac{\epsilon_0}{2}\int E^2 d\tau\) in SI, becoming \(\frac{1}{8\pi}\int

E^2 d\tau\) in Gaussian.

Maxwell's equations, pivotal in electrodynamics, differ between systems.

The Gaussian system's elegance is evident in the symmetry and

dimension-sharing between electric and magnetic fields, unlike the SI

system which uses distinct units reducing this symmetry.

The chapter concludes with fundamental equations, emphasizing ease of use

and application within these systems. For further conversions and details, it

refers to classical electrodynamics literature.

### Index

The index provides a comprehensive lookup for terms and key concepts in

electrodynamics, ranging from various forms of polarization, force laws, and

magnetic phenomena, to detailed mathematical treatments like curl,

divergence, and vector calculus vital for understanding vector fields in

different coordinate systems (spherical and cylindrical).

In summary, this appendix and index offer a robust framework for

navigating the complex quantitative aspects of electrodynamics across

different unit systems, supporting a deeper understanding of theoretical and

applied electromagnetism.
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