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Course logistics

• TA Office Hour: Wednesdays 4 PM – 5 PM in KAIS 3047

• Tutorials start this Friday: We only use 12 PM – 1 PM portion

• Assignment 1 is posted, due one week later on Canvas
• Assignments are for you to check your understanding in this course
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• Active/real power: 𝑃 = 𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠 cos 𝜃 − 𝜑 [W]

• Power factor angle: 𝜃 − 𝜑

• Power factor: pf = cos 𝜃 − 𝜑

• Reactive power: 𝑄 = 𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠 sin 𝜃 − 𝜑 [var]

• Complex power: 𝑆 = 𝑃 + 𝑗𝑄 = 𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠 cos 𝜃 − 𝜑 + 𝑗𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠 sin 𝜃 − 𝜑 [VA]

• Apparent power: 𝑆 = 𝑃2 + 𝑄2 = 𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠 [VA]

Power in AC Circuits
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Power in Three-Phase Systems
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• For DC System
• In steady state, the line is 

just a resistor, R

• For AC System

• In steady state or transient, lines 
are mostly inductive
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Note: Line losses are proportional to current squared

How to transmit power
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Voltage Equation & Phasor Diagram
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• For AC System

– Lines are mostly inductive

– Assume lagging power factor (inductive load)
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How to transmit power
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Per-phase, series or parallel 

Inductive Loads

(lagging power factor)

(current lags the voltage)

Capacitive Loads

(leading power factor)

(current leads the voltage)

Resistive Loads

(unity power factor)

Per-phase, series or parallel 

Most loads are of this type!

Heating loads 

are of this type!

Some synchronous 

motor and power-

electronic loads could be 

of this type, but very few!

Types of loads in AC power system



Module 1, Part 2: Basic Magnetic Circuits
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Objectives & important concepts

• Fundamentals of Electromagnetics, Maxwell’s Equations 

• Sign & direction conventions  

• Basic magnetic circuits, concepts, analogies, calculations

• Flux, flux linkage, inductance 

• Magnetic materials, saturation, hysteresis loop

• Coil under ac excitation, type of core losses

• Read Chapter 1 of the textbook
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Review of Basic Quantities and Units
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Fundamentals

Summarized in Maxwell’s Equations (1870s)

1) Gauss’s Law for Electric Field

Electric flux out of any closed surface is proportional to the total 
charge enclosed
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Summarized in Maxwell’s Equations (1870s)

2) Gauss’s Law for Magnetic Field

Magnetic flux out of any closed surface is zero

There are no magnetic charges
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Summarized in Maxwell’s Equations (1870s)

3) Faraday’s Law

ElectroMotive Force (emf)

The line integral of the electric field around a closed loop/contour C is 
equal to the negative of the rate of change of the magnetic flux through 
that loop/contour
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Fundamentals
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Summarized in Maxwell’s Equations (1870s)

4) Ampere’s Law (for static electric field)

The line integral of the magnetic field B around a closed loop C is 
proportional to the net electric current flowing through that 
loop/contour C

dt
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Fundamentals and Conventions
Right hand rule Right-screw rule

Dot and cross notations

Magnetic field produced 

by coil (solenoid)

Flux Lines:

• Form a closed loop/path

• Lines do not cut across or merge

• Go from North to South magnetic poles

Out of the page Into the page

Clockwise 

(CW)

Counter-

clockwise 

(CCW)
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Magnetic Field of an Infinite Conductor

Apply Ampere’s Law
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enclosed
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Some Definitions

Magnetic Flux
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the changing magnetic flux
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Some Definitions

Inductance
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Basic Magnetic Systems
• Consider basic magnetic circuit

NiInet
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Magnetic Circuits
• Consider basic magnetic circuit
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Magnetic Circuits
• Magnetic circuit with air gap

Assuming all magnetic flux is 

confined inside the core

and

Consider mmf 
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Magnetic Circuits

• Applications of magnetic circuit with air gap
• Magnetic head: A device with concentrated magnetic flux to change the magnetic media

ggcc ABAB =



25

Magnetic and Electric Circuits Analogy
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Magnetic Circuit

- mmf,

- Flux

- Reluctance,  

- Permeance,

- Permeability, 

Electric Circuit

- Voltage (emf),

- Current, 

- Resistance, 

- Conductance,

- Conductivity,

Magnetic and Electric Circuits Analogy
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Example: Calculate Inductance
Consider the following electromagnetic system
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Example: Magnetic Circuits
Consider the following electromagnetic system

Equivalent Magnetic Circuit



Looking ahead…

• Finish Module 1

• Start Module 2
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