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MASTERING THE MATHEMATICS
FOR ELECTRICAL ENGINEERING
REVIEWER: YOUR COMPLETE
GUIDE

Electrical engineering is often described
as the art and science of manipulating
electrons, but beneath every circuit,
signal, and system lies a solid foundation
of mathematics. Whether you are

preparing for a board exam, a university
final, or simply refreshing your skills, a
well-structured mathematics for
electrical engineering reviewer is
your most essential tool. Understanding
the key mathematical concepts not only
helps you solve exam problems but also
builds the intuition required to design
and analyze real-world electrical
systems.

This comprehensive guide covers the
major mathematical topics that appear
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in every electrical engineering
curriculum and board exam. We will
explore each area with clear
explanations, practical applications, and
study tips to ensure you can confidently
tackle any problem that comes your
way.

WHY MATHEMATICS IS THE
LANGUAGE OF ELECTRICAL
ENGINEERING

Before diving into specific topics, it is
important to appreciate why
mathematics is so critical. Electrical
engineers model physical
phenomena—voltage, current, magnetic
fields, and electromagnetic
waves—using equations. From Ohm’s
law to Maxwell’s equations,
mathematical expressions allow us to

predict behavior, optimize designs, and
troubleshoot failures. A strong
mathematics for electrical engineering
reviewer will therefore not just drill
formulas, but also reveal how each
mathematical tool connects to practical
circuit analysis, power systems,
communications, and control theory.

The Role of
Foundational
Algebra

Algebra is the first hurdle for many
students, yet it remains essential
throughout your career. Topics such as
solving linear equations, manipulating
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exponents and logarithms, and working
with complex systems of equations
appear constantly in DC and AC circuit
analysis. For instance, when applying
Kirchhoff's laws, you will often solve
multiple simultaneous linear equations.
A good review should emphasize matrix
methods (Cramer’s rule, Gaussian
elimination) as they are invaluable for
larger networks.

e Linear equations and matrices
- For mesh and nodal analysis.

e Logarithms and exponentials -
Essential for understanding
decibels, signal attenuation, and
capacitor charging/discharging
curves.

e Complex numbers - The
cornerstone of AC circuit analysis

(covered separately below).

TRIGONOMETRY: THE KEY TO
UNDERSTANDING PERIODIC
SIGNALS

Trigonometric functions are everywhere
in electrical engineering—sinusoidal
voltages and currents are the simplest
alternating waveforms. Your
mathematics for electrical engineering
reviewer must include a solid review of
trigonometric identities, inverse
functions, and the unit circle. Phase
angles, power factor calculations, and
phasor representation all rely on a deep
grasp of sine, cosine, and tangent.



Phasors and AC
Circuit Analysis

The phasor transform is one of the most
powerful tools in AC circuit analysis. By
converting time-domain sine waves into
complex numbers (phasors), you can
treat differential equations as algebraic
problems. For example, the impedance
of an inductor is jwL and of a capacitor is
1/(jwC). To use phasors comfortably, you
must be fluent in complex arithmetic
and Euler’s formula:

e’ =cos 0 +jsin0
Make sure your reviewer covers how to

add, subtract, multiply, and divide
phasors, as well as convert between

rectangular and polar forms. Practice
problems involving power factor
correction and resonance are excellent
ways to solidify this knowledge.

CALCULUS: THE ENGINE OF
CHANGE

Calculus is arguably the most important
branch for electrical engineers.
Differential and integral calculus allow
you to model how voltages and currents
change with time, how energy is stored
in electric and magnetic fields, and how
signals are processed. Many electrical
engineering mathematics review
sections devote significant attention to
differentiation and integration rules, but
understanding their physical meaning is
what sets you apart.

q Mathematics For Electrical Engineering Reviewer

2023-04-03



Mathematics For Electrical Engineering Reviewer

Differentiation in
Electrical
Engineering

e Rate of change of current - The
voltage across an inductorisV =L
dl/dt.

e Rate of change of voltage - The
current through a capacitoris | = C
dv/dt.

e Maxima and minima - Used in
optimization of power transfer and
filter design.

Integration in
Electrical
Engineering

e Energy and power - Energy
stored in a capacitor is (1/2)CV?,
derived from integrating power.

e Average and RMS values -
Computing the root-mean-square
(RMS) of a periodic waveform
requires integration over one
period.

e Convolution - A key operation in
signal processing and systems
theory.

Your reviewer should include techniques



such as integration by parts,
substitution, and partial fractions,
because these are frequently used in
Laplace transforms and Fourier analysis.

COMPLEX NUMBERS AND
VARIABLES

We touched on complex numbers earlier,
but their importance deserves a
dedicated section. In electrical
engineering, the imaginary unit j (often
used instead of i to avoid confusion with
current) represents a 90-degree phase
shift. Complex numbers allow us to
describe impedance, admittance, and
transfer functions elegantly.

A thorough mathematics for electrical
engineering reviewer should cover:

1. Rectangular vs. polar

representation - Converting
between forms.

2. Arithmetic operations -
Addition, subtraction,
multiplication, division, and
conjugation.

3. Powers and roots - De Moivre's
theorem.

4. Complex functions - Analytic
functions and Cauchy-Riemann
equations (relevant for advanced
field theory).

Practice with network theorems such as
Thevenin and Norton equivalents in the
frequency domain will reinforce these
concepts.

DIFFERENTIAL EQUATIONS:
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MODELINGNREALYWIORLDe constants (t = RC or

SYSTEMS

Every electrical engineer must solve
ordinary differential equations (ODEs).
Transient responses in RLC circuits,
motor dynamics, and control system
behavior are all described by ODEs. The
mathematics for electrical engineering
reviewer you use should break down
ODEs into first-order and second-order
types, and demonstrate both classical
and operator methods.

First-Order ODEs

RC and RL circuits produce first-order
ODEs. The solution involves the natural
response (exponential decay) plus the
forced response (step or sinusoidal).

T = L/R) is crucial.
Second-Order
ODEs

RLC circuits produce second-order ODEs.
The form of the solution depends on the
damping ratio (overdamped, critically
damped, underdamped). Knowing how
to calculate natural frequency w, and
damping factor C is essential for circuit
design.

Laplace



Transform
Method

Instead of solving ODEs directly in the
time domain, the Laplace transform
converts them into algebraic equations
in the s-domain. This is a powerful
technique that every reviewer should
cover in depth. Key points include:

¢ Definition and properties of the
Laplace transform (linearity,
differentiation, integration, time
shifting).

e Inverse Laplace transform using
partial fraction decomposition.

e Application to circuit
analysis—finding transfer functions

H(s), poles and zeros, and stability.

FOURIER ANALYSIS:
DECOMPOSING SIGNALS

In communications and signal
processing, understanding the frequency
content of a signal is paramount. The
Fourier series represents periodic signals
as sums of sinusoids, while the Fourier
transform extends this to non-periodic
signals. A solid mathematics for
electrical engineering reviewer should
include:

e Trigonometric Fourier series -
Calculating coefficients for
common waveforms (square,
triangle, sawtooth).

e Exponential Fourier series -
Using complex exponentials to
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simplify derivations.

e Fourier transform - Properties
such as linearity, time/frequency
shifting, convolution, and
Parseval’s theorem.

e Discrete Fourier Transform
(DFT) - For digital signal
processing, including the Fast
Fourier Transform (FFT).

Mastery of Fourier analysis allows you to
design filters, understand bandwidth
requirements, and analyze system
behavior in the frequency domain.

LINEAR ALGEBRA AND VECTOR
ANALYSIS

While matrices appear in algebra, linear
algebra extends to eigenvectors and
eigenvalues, which are crucial for state-

space representation of control systems
and for solving large networks. Vector
calculus (gradient, divergence, curl) is
indispensable for electromagnetic field
theory. Your mathematics for electrical
engineering reviewer should include:

e Matrix operations -
Determinants, inverses, and
solving linear systems.

* Eigenvalues and eigenvectors -
Used in stability analysis,
resonance, and principal
component analysis.

e Coordinate systems - Cartesian,
cylindrical, and spherical
coordinates, and how to convert
between them.

e Vector calculus - Line integrals,
surface integrals, divergence
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theorem, Stokes’ theorem, and

their physical meaning (flux, Ba S | C PrO ba bl | |ty

circulation).
e Sample space, events, conditional
PROBABILITY AND STATISTICS probability, Bayes’ theorem.
FOR ELECTRICAL ENGINEERS e Random variables (discrete and

continuous).

e Probability density functions (PDF)
and cumulative distribution
functions (CDF).

Modern electrical engineering
increasingly deals with
uncertainty—noise in communication
channels, random failures in power
systems, and variability in

manufacturing. Therefore, any Important

comprehensive mathematics for . . .
electrical engineering reviewer must
include probability and statistics. Key DIStrIbUtlonS

topics include: . . . .
P ¢ Binomial, Poisson, Gaussian

(normal), exponential.
e The Gaussian distribution is
especially important because of
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the Central Limit Theorem and its
role in noise modeling.

Statistical
Inference

e Mean, variance, standard
deviation.

e Correlation and covariance - used
in signal detection and estimation.

* Hypothesis testing and confidence
intervals.

Understanding these concepts is
essential for reliability engineering,
error-correcting codes, and machine
learning applications in electrical
engineering.

NUMERICAL METHODS AND
COMPUTER TOOLS

11

While the mathematics for electrical
engineering reviewer focuses on
analytical techniques, you should also be
aware that many real-world problems
require numerical approaches. Topics
like Newton-Raphson for solving non-
linear equations, numerical integration
(trapezoidal rule, Simpson’s rule), and
finite difference methods for differential
equations are valuable. Additionally,
familiarity with software tools like
MATLAB, Python (NumPy/SciPy), or even
spreadsheet solvers can amplify your
mathematical capabilities.

STUDY STRATEGIES FOR YOUR
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frequMATHEMATICS FOR ELECTRICAL

ENGINEERING REVIEWER 4. Use multiple resources -
Combine your reviewer with online
video lectures, tutorials, and
practice exams.

1. Start with fundamentals - 5. Focus on weak areas - Identify

Spend time on algebra and which topics (e.g., Laplace
trigonometry before moving to transforms, Fourier series) you find
calculus and complex numbers. hardest and allocate extra time.

2. Work problems daily -

To get the most out of your review,
follow these tips:

Mathematics is not a spectator CONCLUSION
sport. Solve at least a few A robust mathematics for electrical
problems from each topic every engineering reviewer is the bridge
day. between theoretical principles and
3. Connect theory to circuits - successful exam performance. By
Whenever you learn a new systematically covering algebra,
mathematical concept, find an trigonometry, calculus, complex
electrical engineering application. numbers, differential equations, Fourier
For example, when studying analysis, linear algebra, and probability,

eigenvalues, think about resonant  you can build a comprehensive
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understanding that supports every but a powerful ally—master it, and you
subfield of electrical engineering. will not only pass your exams but also
Remember that math is not an obstacle excel as an engineer. Stay
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