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Electrical Engineering Formulas Cheat Sheet

Introduction: Why Every Engineer Needs a Reliable
Electrical Engineering Formulas Cheat Sheet

Electrical  engineering  is  a  discipline  built  on  precision,  logic,  and the  consistent
application of mathematical principles. Whether you are a student preparing for an
exam,  a  practicing  engineer  troubleshooting  a  complex  circuit,  or  a  hobbyist
designing your first PCB, the ability to recall and apply the right formula at the right
time can mean the difference between a successful project and a frustrating failure.
This is precisely where a well-organized Electrical Engineering Formulas Cheat
Sheet  becomes  an  indispensable  tool.  It  serves  not  merely  as  a  collection  of
equations,  but  as  a  mental  map  that  connects  fundamental  laws  with  practical
applications. In this comprehensive guide, we will walk through the most essential
formulas  across  key  domains  of  electrical  engineering,  explaining  their  significance
and providing context so that you can use them with confidence. By the end of this
article, you will have a thorough reference that feels like a natural extension of your
own knowledge.

Fundamental Laws Governing Electric Circuits

Every  electrical  engineering  journey  begins  with  understanding  the  foundational
relationships between voltage, current, resistance, and power. These are the building
blocks upon which all other concepts are built, and mastering them is non-negotiable.
An effective Electrical Engineering Formulas Cheat Sheet must place these core
equations at the forefront.

Ohm's Law

Ohm's Law is the single most important relationship in electrical engineering. It states
that  the  current  flowing  through  a  conductor  between  two  points  is  directly
proportional to the voltage across the two points and inversely proportional to the
resistance. The formula is expressed as:

V = I × R

Where V is voltage in volts, I is current in amperes, and R is resistance in ohms. By
rearranging this simple equation, you can solve for any unknown parameter: I = V / R
and R = V / I. This triangle of relationships forms the basis for analyzing DC circuits,
selecting components, and understanding load behavior.

Power Calculations

Power,  measured in  watts,  represents  the rate  at  which energy is  consumed or
produced in a circuit. The fundamental power formula is intimately tied to Ohm's Law:



P = V × I

By substituting Ohm's Law, you can derive two additional forms that are extremely
useful. Using V = I × R, you get P = I² × R. Using I = V / R, you get P = V² / R.
Having all three variations on your Electrical Engineering Formulas Cheat Sheet
allows  you  to  choose  the  most  efficient  calculation  based  on  the  parameters  you
already  know.

DC Circuit Analysis Formulas

Direct current circuits are the simplest to analyze, but they require a solid grasp of
series  and  parallel  configurations.  Engineers  frequently  combine  these  elements  in
complex  networks,  and  a  clear  formula  reference  is  vital  for  quick  analysis.

Series Circuits

In a series circuit, components are connected end-to-end, so the same current flows
through  each  element.  The  total  resistance  is  simply  the  sum of  all  individual
resistances:

Rtotal = R₁ + R₂ + R₃ + ... + Rn

The voltage across the entire circuit is equal to the sum of voltage drops across each
component. Conversely, the current is identical throughout the circuit. This additive
behavior  makes  series  circuits  straightforward  but  also  means  that  a  single
component failure can interrupt the entire path.

Parallel Circuits

Parallel  circuits  provide  multiple  paths  for  current  to  flow.  The  total  resistance  in  a
parallel network is less than the smallest individual resistance. The formula for two
resistors in parallel is:

Rtotal = (R₁ × R₂) / (R₁ + R₂)

For multiple resistors, the reciprocal formula is more practical:

1 / Rtotal = 1 / R₁ + 1 / R₂ + ... + 1 / Rn

Voltage is constant across all parallel branches, while the total current is the sum of
currents  in  each  branch.  This  configuration  is  widely  used  in  household  wiring  and
power distribution because it allows devices to operate independently.

Kirchhoff's Laws

Kirchhoff's  Current  Law  (KCL)  states  that  the  total  current  entering  a  junction  must
equal  the  total  current  leaving  it.  Mathematically:  ∑  Iin  =  ∑  Iout.  Kirchhoff's  Voltage
Law (KVL) asserts that the sum of all voltage drops around any closed loop in a circuit
must equal zero: ∑ V = 0. These two laws are indispensable for analyzing complex
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circuits that cannot be reduced to simple series or parallel combinations. They form
the theoretical backbone for nodal and mesh analysis, which are standard techniques
in circuit simulation software.

AC Circuit Analysis Formulas

Alternating current introduces concepts such as frequency, phase, and reactance,
which make circuit behavior more dynamic than in DC systems. A comprehensive
Electrical Engineering Formulas Cheat Sheet must include the key equations for
AC circuits, especially those involving reactive components.

Impedance and Reactance

Impedance extends the concept of resistance to AC circuits by including the effects of
capacitors and inductors. It is a complex quantity expressed as Z = R + jX, where R
is resistance and X is reactance. Capacitive reactance is given by:

XC = 1 / (2πfC)

Inductive reactance is given by:

XL = 2πfL

In  these formulas,  f  is  frequency in  hertz,  C  is  capacitance in  farads,  and L  is
inductance in henries. Understanding reactance is crucial for designing filters, tuning
circuits, and analyzing power factor correction.

Power in AC Circuits

AC power is more complex than its DC counterpart because voltage and current may
not be in phase. There are three types of power to consider. Real power (measured in
watts) is given by:

P = V × I × cos(θ)

Reactive power (measured in volt-amperes reactive, or VAR) is:

Q = V × I × sin(θ)

Apparent power (measured in volt-amperes) is:

S = V × I

The power factor, cos(θ),  indicates how effectively electrical power is being used. A
power factor close to 1 is desirable for efficiency, while a low power factor indicates
that significant reactive power is cycling between source and load.



Resonance in RLC Circuits

At the resonant frequency of an RLC circuit, the inductive and capacitive reactances
cancel each other out, leaving only the resistive component. The resonant frequency
is given by:

fr = 1 / (2π√(LC))

At  resonance,  the  circuit  exhibits  maximum  current  in  a  series  configuration  and
maximum  impedance  in  a  parallel  configuration.  This  principle  is  exploited  in  radio
tuners, oscillator circuits, and bandpass filters.

Power Systems and Energy Formulas

The efficient generation, transmission, and distribution of electrical power depend on
a  set  of  core  formulas  that  every  engineer  involved  in  power  systems  must
internalize.  These  equations  connect  theoretical  circuit  analysis  to  real-world
infrastructure.

Three-Phase Power

Three-phase  systems  are  the  backbone  of  industrial  and  commercial  power
distribution. For a balanced system, the total real power is given by:

P3φ = √3 × VL × IL × cos(θ)

Where VL is line-to-line voltage and IL is line current. This formula accounts for the
phase displacement between the three waveforms, which allows for constant power
delivery and more efficient use of conductors compared to single-phase systems.

Energy Consumption

The total electrical energy consumed over a period of time is the product of power
and time. The formula is straightforward:

E = P × t

Energy is typically measured in kilowatt-hours (kWh). For example, a 100-watt light
bulb running for 10 hours consumes 1 kWh of energy. This simple calculation is
essential  for estimating operating costs,  sizing battery banks, and evaluating the
economic feasibility of energy projects.

Efficiency and Losses

The efficiency of any electrical system or device is the ratio of useful output power to
input power:

η = (Pout / Pin) × 100%
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Losses in transmission lines,  transformers,  and motors are often due to resistive
heating. The power loss in a conductor is given by Ploss = I² × R, known as copper
loss.  Understanding  and  minimizing  these  losses  is  a  primary  concern  in  power
system design.

Electromagnetic Formulas

Electromagnetism is at the heart of motors, generators, transformers, and countless
sensors. A reliable Electrical Engineering Formulas Cheat Sheet must include the
fundamental equations that govern magnetic fields and induction.

Ampere's Law and Magnetic Field Strength

Ampere's  Law  relates  the  integrated  magnetic  field  around  a  closed  loop  to  the
electric current passing through the loop. For a long straight conductor, the magnetic
field at a distance r from the conductor is:

B = (μ₀ × I) / (2πr)

Where  μ₀  is  the  permeability  of  free  space.  This  formula  is  foundational  for
understanding how current-carrying wires generate magnetic fields and is applied in
the design of inductors, electromagnets, and electric motors.

Faraday's Law of Induction

Faraday's  Law  states  that  a  changing  magnetic  field  through  a  coil  induces  an
electromotive  force  (EMF)  in  the  coil.  The  magnitude  of  the  induced  voltage  is:

ε = -N × (dΦ / dt)

Where N is the number of turns in the coil and dΦ / dt is the rate of change of
magnetic flux. The negative sign indicates that the induced EMF opposes the change
in  flux,  which  is  Lenz's  Law.  This  principle  is  the  basis  for  transformers,  generators,
and inductive charging systems.

Transformer Relationships

An ideal transformer relates primary and secondary voltages and currents by the
turns ratio:

Vs / Vp = Ns / Np and Is / Ip = Np / Ns

This allows voltage to be stepped up or down while conserving power (neglecting
losses).  The  ability  to  efficiently  change  voltage  levels  is  what  makes  AC  power
transmission  economically  viable  over  long  distances.



Electronic Circuit Formulas

Electronics  extends  circuit  theory  into  the  realm  of  semiconductors,  amplifiers,  and
digital logic. While the range of topics is vast, certain core formulas recur frequently
and deserve a place on any comprehensive cheat sheet.

Operational Amplifier Fundamentals

The  operational  amplifier,  or  op-amp,  is  a  versatile  building  block  in  analog
electronics.  In  an  ideal  inverting


