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INTRODUCTION TO
A CORNERSTONE
TEXT IN
ELECTRICAL
ENGINEERING

For  generations  of
electrical  engineering
students and practicing
professionals,  the
journey into the world
of  electromechanical
energy  conversion
begins  with  a  single,
authoritative  volume:
Electric  Machinery
Fundamentals  By
C h a p m a n .  T h i s
textbook,  written  by

Stephen  J.  Chapman,
has  established  itself
as a definitive resource
for  understanding  the
principles,  operation,
and  appl icat ion  of
electric  machines.  Its
c lear  expos i t i on ,
methodical  problem-
solving  approach,  and
practical focus make it
an enduring favorite in
c l a s s r o o m s  a n d
reference  libraries
worldwide.  More  than
just  a  collection  of
equations,  the  book
provides  a  conceptual
b r i d g e  b e t w e e n
a b s t r a c t
electromagnetic theory
a n d  t h e  t a n g i b l e
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performance of motors,
g e n e r a t o r s ,  a n d
t r a n s f o r m e r s .
Understanding  i ts
structure,  philosophy,
and  key  contributions
is essential for anyone
s e r i o u s  a b o u t
m a s t e r i n g  t h e
f u n d a m e n t a l s  o f
electric  machinery.
This  article  explores
the  enduring  value  of
Electric  Machinery
Fundamentals  By
Chapman,  examining
i t s  p e d a g o g i c a l
strengths,  core  topics,
and lasting  impact  on
engineering education.
We will delve into why
this text remains a go-
to guide for mastering
the  complexities  of
rotating machines and
static  power  devices,
and  how  i t  equ ips
r e a d e r s  w i t h  t h e
analytical tools needed
to  tackle  real-world
e n g i n e e r i n g
challenges.

THE PEDAGOGICAL
PHILOSOPHY AND
STRUCTURE OF
THE BOOK

Building
Intuition
Before
Mathema
tical
Rigor
One of the most lauded
features of Chapman’s
a p p r o a c h  i s  h i s
emphasis  on  physical
understanding.  Before
diving  into  complex
m a t h e m a t i c a l
derivations,  Electric
M a c h i n e r y
Fundamentals  By
Chapman  consistently
takes  the  t ime  to
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e x p l a i n  w h a t  i s
happening  inside  a
machine. The text uses
c l e a r  d i a g r a m s ,
a n a l o g i e s ,  a n d
descriptive language to
build  an  intuitive  feel
f o r  concep t s  l i ke
magnetic  fields,  torque
p r o d u c t i o n ,  a n d
induced  voltage.  This
f o u n d a t i o n a l
understanding  allows
students to grasp why
equations  take  the
forms  they  do,  rather
t h a n  s i m p l y
memorizing them. This
method  reduces  the
cognit ive  load  and
fosters  deeper,  more
lasting comprehension.

Step-by-
Step
Problem-

Solving
Methodol
ogy
The book is  renowned
for  i ts  systemat ic
approach  to  solving
p r o b l e m s .  E a c h
chapter  introduces  a
s t r u c t u r e d
methodology  that
students  can  apply
consistently.  This  is
particularly valuable in
a  s u b j e c t  w h e r e
problems  can  become
algebraically  intensive.
Chapman  guides  the
reader  through  the
process  of  identifying
given  data,  drawing
equivalent  circuits,
applying  appropriate
laws  (like  Faraday’s
Law  or  Kirchhoff’s
Voltage  Law),  and
i n t e r p r e t i n g  t h e
results.  The numerous
worked  examples
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scattered  throughout
the  text  are  not  just
answers;  they  are
learning  tools  that
d e m o n s t r a t e  t h e
appl ication  of  this
methodology.  This
focus on process over
pure calculation makes
Electric  Machinery
Fundamentals  By
Chapman an excellent
resource for self-study.

A Modern
and
Practical
Perspecti
ve
While the fundamental
physics  of  electr ic
mach ines  has  not
changed,  their  design,
control, and application
h a v e  e v o l v e d
significantly.

Chapman’s  text  has
kept  pace  with  these
developments.  Later
editions  incorporate
discussions  on  power
electronics,  variable-
speed  dr ives,  and
m o d e r n  c o n t r o l
t echn iques .  Th i s
ensures  that  students
are  not  only  learning
about  traditional  DC
and  AC  machines  but
also  about  how  these
m a c h i n e s  a r e
i n t e g r a t e d  i n t o
contemporary  systems
us ing  so l id - s ta te
c o n v e r t e r s .  T h e
inclusion  of  practical
applications,  efficiency
considerations,  and
real-world performance
characteristics grounds
the theoretical material
i n  e n g i n e e r i n g
practice.

CORE TOPICS
COVERED IN
ELECTRIC
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MACHINERY
FUNDAMENTALS

A  comprehens ive
journey  through  the
book  covers  a  wide
range  of  essent ial
topics,  each  building
logically upon the last.

Magnetic
Circuits
and
Transfor
mers
The book begins with a
s o l i d  r e v i e w  o f
magnetic  circuits,
reluctance,  and  the
p r o p e r t i e s  o f
f e r r o m a g n e t i c
materials.  This  is  the
bedrock upon which all
machine theory is built.
From  here,  the  text
elegantly  transitions

i n t o  t h e  s t u d y  o f
t r a n s f o r m e r s .
Chapman’s  treatment
o f  t h e  i d e a l
t r ans fo rmer ,  t he
equivalent  circuit  of  a
real  transformer,  and
the concepts of voltage
r e g u l a t i o n  a n d
efficiency  is
exceptionally  clear.
The per-unit system, a
vital  tool  for  power
system  analysis,  is
introduced and applied
t o  t r a n s f o r m e r
problems.  This  initial
focus sets the stage for
understanding  how
magnetic  fields  are
used to transfer energy
in rotating machines.

AC
Machiner
y
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Fundame
ntals
Before  examin ing
specific  AC  machines,
the  text  dedicates
several chapters to the
principles  common  to
a l l  o f  t h e m .  T h i s
includes the concept of
a  rotating  magnetic
field—arguably  the
most critical idea in AC
m a c h i n e  t h e o r y .
Electric  Machinery
Fundamentals  By
Chapman  explains
h o w  t h r e e - p h a s e
currents  produce  a
constant-magnitude,
rotating  magnetic  field
in  the  s ta tor .  The
induced  voltage  in  a
rotating  coil  and  the
concept  of  torque
production are derived
from  first  principles.
This foundation is then
a p p l i e d  t o  b o t h
synch ronous  and

induction  machines.
The book also does an
e x c e l l e n t  j o b  o f
e x p l a i n i n g  t h e
relationship  between
electrical  frequency,
mechanical speed, and
the number of poles.

Synchron
ous
Generato
rs and
Motors
S y n c h r o n o u s
machines,  commonly
u s e d  f o r  p o w e r
generation  in  utility
p l a n t s  a n d  l a r g e
industrial  drives,  are
covered  in  significant
depth.  For  generators,
the  text  derives  the
equivalent  circuit,
explains  the  effect  of
l o a d  o n  t e r m i n a l
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voltage  (armature
r e a c t i o n ) ,  a n d
discusses  the  power-
angle  characteristic.
The capability curve of
a  s y n c h r o n o u s
g e n e r a t o r  i s
introduced,  a  crucial
concept  for  power
system  operation.  On
the  motor  side,  the
book  covers  starting
methods,  V-curves  for
p o w e r  f a c t o r
correction,  and  the
steady-state  operating
characteristics.  The
d e t a i l e d  p h a s o r
diagrams help students
v i s u a l i z e  t h e
relationships  between
voltage,  current,  and
i n t e r n a l  i n d u c e d
voltage.

Induction
Motors
The  induction  motor,
t he  wo rkho r se  o f
industry,  receives

extensive  treatment.
The  derivation  of  the
t o r q u e - s p e e d
character ist ic  is  a
highlight  of  the  book.
Chapman  walks  the
reader  through  the
development  of  the
per-phase  equivalent
c i r cu i t ,  ca re fu l l y
explaining  the  role  of
slip and the concept of
r e f e r r e d  r o t o r
r e s i s t a n c e .  T h e
m a x i m u m  t o r q u e
(pu l l ou t  to rque) ,
starting  torque,  and
no-load  losses  are  all
analyzed. The text also
covers  methods  for
s p e e d  c o n t r o l ,
i n c l u d i n g  r o t o r
resistance  control  (for
wound-rotor  motors)
and, more importantly,
var iab le - f requency
drives  (VFDs).  The
practical  aspects  of
i n d u c t i o n  m o t o r
nameplate  data  and
select ion  are  a lso
discussed.



8

8 Electric Machinery Fundamentals By
Chapman

2022-09-06

DC
Machines
Despite the dominance
of  AC  systems,  DC
mach ines  rema in
i m p o r t a n t  i n
app l i ca t i ons  l i ke
b a t t e r y - p o w e r e d
vehicles, elevators, and
indus t r i a l  d r i ves
requiring precise speed
or  torque  contro l .
Electric  Machinery
Fundamentals  By
Chapman  provides  a
clear  explanation  of
the construction of the
D C  m a c h i n e ,  t h e
f u n c t i o n  o f  t h e
commutator,  and  the
armature  reaction
effects.  The  text
thoroughly  covers  the
different  types  of  DC
motors  (shunt,  series,
compounded) and their
respect ive  speed-
torque  characteristics.
T h e  m e t h o d s  f o r

controlling  DC  motor
s p e e d — a r m a t u r e
voltage  control  and
field  current
control—are  explained
w i t h  c l a r i t y .  T h e
d i s c u s s i o n  o f  D C
generators,  including
the buildup of  voltage
in a shunt generator, is
also well presented.

Power
Electronic
s and
Motor
Drives
M o d e r n  e l e c t r i c
machinery  cannot  be
f u l l y  u n d e r s t o o d
without  knowledge  of
the  power  electronic
circuits  that  dr ive
them. Recognizing this,
the  book  dedicates  a
significant  section  to
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power  e lectronics
fundamentals.  This
includes  rectifiers  (AC
to  DC  conversion),
inverters  (DC  to  AC
conversion),  and  DC-
DC  choppers .  The
integration  of  these
c i r c u i t s  w i t h  t h e
machines  stud ied
ear l i e r  i s  a  ma jo r
strength. For example,
the text explains how a
three-phase  inverter
creates  a  variable-
frequency  supply  for
an  induction  motor,
allowing  for  efficient
speed  control.  This
modern  perspective
ensures  that  students
are  prepared  for  the
r e a l i t i e s  o f
contemporary  motor
drive  systems.

WHY THIS BOOK
REMAINS A
STANDARD
REFERENCE

Clarity
and
Accessibil
ity
The primary reason for
the  enduring  success
of Electric Machinery
Fundamentals  By
C h a p m a n  i s  i t s
exceptional clarity. The
writing is direct, avoids
unnecessary  jargon,
and  provides  careful
explanations  of  every
new  concept.  This
makes  the  material
accessible  to  students
w i t h  a  s t a n d a r d
background  in  circuit
t h e o r y  a n d  b a s i c
physics.  The generous
use of detailed, three-
dimensional- looking
diagrams  is  another
key  factor .  These
illustrations  are  not
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afterthoughts; they are
integral to the learning
p r o c e s s ,  c l e a r l y
s h o w i n g  t h e
cons t ruc t i on  and
internal  workings  of
complex  machines.

Extensive
Problem
Sets and
Online
Resource
s
The  end-of-chapter
problems are carefully
graded,  ranging  from
s t r a i g h t f o r w a r d
exercises that reinforce
bas ic  concepts  to
challenging  problems
that  require  synthesis
of  mul t ip le  ideas.
Solutions manuals and

on l i ne  resou rces
provide  invaluable
s u p p o r t  f o r  b o t h
s t u d e n t s  a n d
i n s t r u c t o r s .  T h e
availability of MATLAB-
based  examples  and
exerc ises  in  some
e d i t i o n s  a l l o w s
students  to  explore
c o n c e p t s
c o m p u t a t i o n a l l y ,
a d d i n g  a n o t h e r
dimension  to  their
understanding.  This
wealth  of  pract ice
material is essential for
mastering the subject,
and it is a key reason
why  the  book  is  so
effective  for  self-paced
learning.

Focus on
Real-
World
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Applicatio
n
Throughout  the  book,
Chapman  repeatedly
connects  theory  to
practice.  Nameplate
data  is  interpreted,
m a n u f a c t u r e r s '
performance  curves
are  analyzed,  and
common  operational
issues  (like  the  effect
o f  h a r m o n i c s  o n
transformers  or  the
starting  current  of
induction  motors)  are
discussed.  This  focus
prepares  students  not
just for exams, but for
actual  engineering
work.  The inclusion of
d i s c u s s i o n s  o n
efficiency, power factor
correction, and energy
c o n s e r v a t i o n  i s
particularly relevant in
t o d a y ’ s
e n v i r o n m e n t a l l y
conscious  engineering

landscape.

CONCLUSION

Electric  Machinery
Fundamentals  By
Chapman  i s  more
than just a textbook; it
is  a  guidebook to  the
w o r l d  o f
e l e c t r o m e c h a n i c a l
energy  conversion.  Its
b lend  o f  in tu i t ive
explanation,  rigorous
mathematical  analysis,
a n d  p r a c t i c a l
application has made it
a  trusted  companion
f o r  c o u n t l e s s
engineers. For students
embark ing  on  the
s t u d y  o f  e l e c t r i c
machines, it provides a
clear  and  structured
path. For professionals
needing a refresher or
a reliable reference, its
depth  and  c la r i ty
remain  unparalleled.
B y  f o c u s i n g  o n
fundamental  principles
while  acknowledging
the  technolog ica l
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advances  in  power
electronics and drives,
the  text  ensures  its
relevance for  years to
come. Anyone seeking
a  deep  and  practical
understanding  of  how

motors,  generators,
and transformers work
will find this book to be
an  indispensable,  and
indeed  fundamental,
resource.


