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Lesson Objectives
 (Revised January 4, 2012)


LESSON 1 Course Introduction and Review

a. Review the course policy and syllabus
b. Explain the relationship between charge and current

c. Explain the relationship between the movement of charge and voltage

d. Define power and explain the passive sign convention (supplying vs. absorbing power)
e. Define ideal independent/dependent voltage and current sources
LESSON 2 KCL, KVL, and Ohm’s Law
a. Explain the characteristics of resistivity and resistance

b. Define and apply Ohm’s Law

c. Define branch, node, and loop
d. Define Kirchhoff’s Current Law (KCL)
e. Solve for unknown branch currents using KCL
f. Define Kirchhoff’s Voltage Law (KVL)
g. Solve for unknown voltages using KVL

LESSON 3 Series and Parallel Circuits
a. Determine resistor resistance given the resistor color code
b. Explain the electrical properties of open and short circuits

c. Identify resistors in series and parallel
d. Calculate the equivalent resistance of resistors in series and parallel
LESSON 4 Voltage Divider Rule and Current Divider Rule
a. Calculate for unknown voltages using the voltage divider rule
b. Calculate for unknown currents using the current divider rule
LESSON 5 Practical Sources and Meters
a. Describe the limitations and characteristics of the sources and meters used in practice
LESSON 6 Network Analysis I (Node Voltage Method)
a. Identify all nodes in a resistive network
b. Explain and apply the concept of ground 

c. Express KCL equations in terms of node voltages and solve for node voltages
d. Explain the impact of moving the circuit ground to different points in the circuit
e. Use node voltage method to solve multiple-source circuits
f. Apply source transformations to generate equivalent circuits
g. Calculate circuit currents given nodal analysis solution

LESSON 7 Network Analysis II (Thevenin Equivalent Method)
a. Explain the concept of circuit equivalence at indicated terminals

b. Explain Thevenin’s Theorem
c. Use circuit analysis techniques to calculate the Thevenin equivalent (voltage and resistance) for a given circuit.

LESSON 8 Network Analysis III (Maximum Power Transfer)
a. Solve circuit problems using Thevenin’s Theorem

b. Solve problems involving maximum power transfer to a load

LESSON 9 Operational Amplifiers I
a. Explain the characteristics of an ideal amplifier
b. Explain the amplifier’s open-loop operation as a comparator

c. List the assumptions a circuit employs for a negative feedback

LESSON 10 Operational Amplifiers II
a. Identify inverting, non-inverting, summing, differential amplifier, and buffer topologies
LESSON 11 Operational Amplifiers Problem Solving
a. Identify proper topology and define resistors to achieve gain and input resistance
b. Understand practical OpAmp limitations (Saturation and output current limitations)

c. Calculate circuit parameters for various OpAmp topologies

LESSON 12 Basic Magnetism and Linear Machines
a. Relate flux density, field intensity and permeability

b. Explain why ferromagnetic materials are used to build electric machines

c. State and apply Faraday’s Law for a loop and a coil

d. Use Lenz’s Law to predict the polarity of an induced voltage

e. Describe the layout of a linear motor

f. Understand the equivalent circuit and force equations for a linear motor with a current source input and a voltage source input

g. Make calculations using the equivalent circuit for linear motor

LESSON 13 Permanent Magnet DC Machine and Equivalent Circuit
a. Define back EMF and relate it to machine parameters

b. Define the developed electromagnetic torque and relate it to machine parameters

c. Describe the layout of permanent magnet (PM) DC machines
d. Explain the design and necessity of the commutator

e. Describe the elements of the equivalent circuit for a PM DC machine

f. Make calculations using the equivalent circuit, torque, and power relationships for a PM DC motor

LESSON 14 Permanent Magnet DC Machine Speed Control 
a. Use test data to establish the parameters of a PM DC machine

b. Graph the torque versus speed characteristic for a PM DC machine

c. Understand how varying the armature voltage changes the torque versus speed characteristics for a PM DC machine

d. Explain the operation of a power converter that can control the average value of the armature voltage by controlling the duty cycle of a periodic voltage
e. Work problems related to speed control

LESSON 15 Permanent Magnet DC Machine Problem Solving
a. Apply concepts from lessons 14 through 16 on various PM DC machine problems

LESSON 16 Capacitors and Inductors
a. Write and apply the equations relating current and voltage for capacitors and inductors
b. Explain why capacitor voltage and inductor current cannot change instantaneously
c. Explain how capacitors and inductors behave under DC conditions
d. Calculate equivalent capacitance for series-parallel networks of capacitors and inductance for series-parallel networks of inductors
e. Calculate the energy stored in capacitors and inductors under DC steady-state conditions
LESSON 17 RC and RL Transient Analysis
a. Understand the meaning of transients
b. Write the first-order differential equations for circuits containing inductors and capacitors, and determine the DC steady-state and transient solutions
c. Define and calculate the time-constant for RC and RL circuits
d. Define the engineering approximation of when “steady-state” is achieved 
e. Plot current and voltage vs. time for natural and forced response of RC and RL circuits
LESSON 18 Sinusoids, Phasors, Leading and Lagging, O-scopes, Root-Mean-Square (RMS) Values
a. Determine sinusoid parameters (amplitude, frequency, period, phase) from the time-domain representation 

b. Convert between natural and radian frequencies

c. Convert between radian and degree angles

d. Convert between time-domain forms of signals consisting of one or more sinusoids and frequency-domain phasor representation
e. Convert quantities between rectangular and polar forms
f. Define and calculate average and RMS values, and explain the differences between them

LESSON 19 Phasors and Impedance

a. Explain the relationship between current and voltage in a resistor, capacitor, and inductor forced by a sinusoidal source, using both phasor and time-domain representations

b. Define and relate impedance, reactance, and resistance; identify their units and symbols

c. Distinguish between inductive and capacitive reactance

d. Calculate the impedance and reactance of an inductor and capacitor

e. Apply the phasor form of Ohm’s Law to determine the impedance of a resistor, capacitor and inductor

f. Analyze series and parallel circuits to determine equivalent impedance

g. Use equivalent impedances to calculate voltages and currents in AC circuits

LESSON 20 AC Circuit Analysis I – Dividers and Nodal
a. Apply KVL and KCL to AC circuits

b. Use voltage and current dividers to solve AC circuits

c. Use node-voltage analysis methods to solve AC circuits 
LESSON 21 AC Circuit Analysis II - Thevenin
a. Calculate the Thevenin equivalent for AC circuits

b. Determine the load impedance that transfers maximum power for a given Thevenin equivalent circuit

LESSON 22 Single-Phase AC Power
a. Calculate instantaneous and average power
b. Explain the concept of apparent power

c. Distinguish between average, reactive, apparent and complex power, including the units and symbols for each

LESSON 23 Complex Power and Power Factor
a. Explain the physical meaning and significance of average, reactive, and apparent power

b. Calculate average, reactive, and apparent power in an AC circuit

c. Define power factor and calculate the power factor of a circuit or circuit element

d. Distinguish between leading and lagging power factors

LESSON 24 Power Triangle and Power Factor Correction
a. Explain the relationships represented in the impedance triangle and the power triangle

b. Explain how and why power factor correction is done

c. Determine the correct element and value to correct the power factor of a system
LESSON 25 Ideal Single-Phase Transformers
a. Determine what component and value would be required to correct to any desired power factor

b. Describe the general construction of a transformer; explain the concepts of primary, secondary, and turns ratio; and draw the circuit symbol for a transformer.

c. Solve problems involving currents and voltages on the primary and secondary sides of a transformer, including proper application of the “dot convention”
d. Explain what is meant by step-up and step-down transformers

LESSON 26 Transformers and Power Distribution
a. Solve problems by properly reflecting impedances and sources in a transformer circuit

b. Introduction to Three Phase Systems

LESSON 27 Three-Phase Sources/Loads

a. Explain why 3-phase systems are used

b. Explain the amplitude and phase relationships in a balanced 3-phase source

c. Convert between line and phase voltages/currents for Y and  sources and loads

d. Explain what is meant by Wye (Y) and Delta (() connected sources and loads
LESSON 28 Three-Phase Circuit Analysis I

a. Explain the meaning of the term balanced in the context of 3-phase systems, including its implication for the neutral current in a Y-Y system

b. Calculate voltages and currents in a Y-Y system

c. Explain the use of a per-phase equivalent circuit in analyzing a balanced 3-phase system

LESSON 29 Three-Phase Power
a. Convert between Y-connected and -connected loads

b. Convert between line and phase quantities in a Y-, -Y, -or Y-Y system

c. Calculate voltages and currents in a Y-, -Y, -or Y-Y system

d. Calculate the real power, reactive power and phase current given the apparent power and power factor of the load and the rated line voltage

e. Calculate the power dissipated by the load in a Y-Y, Y-, -Y, and - systems

f. Use the per-phase equivalent to solve problems involving line impedance

LESSON 30 Synchronous Machines I

a. Describe the layout of a synchronous machine and explain the purpose of the slip rings and brushes

b. Describe how a stator can be made to create more than two poles

c. Relate the poles, speed, and frequency of a synchronous machine (nuclear power equals 120 times fun)
d. Explain the differences in operating a synchronous machine as a generator or as a motor

LESSON 31 Synchronous Machines II

a. Use the per-phase equivalent circuit to solve steady-state problems where the terminal voltage is fixed

b. Understand the characteristics of the torque and power versus power angle curves

c. Compute the per-phase circuit parameters given the open-circuit and short-circuit test data

LESSON 32 Diodes and Half-Wave Rectifiers

a. Describe the electrical properties of a semiconductor

b. Understand the effects of doping a semiconductor to give excessive electrons or holes

c. Describe the construction of a diode including the P-N junction, and understand the difference between forward-biased and reverse-biased diodes

d. Describe the current versus voltage graph of both ideal and real diodes

e. Analyze the given circuit to determine whether or not the diode is ON or OFF

f. Draw the schematic diagram of a half-wave rectifier with a resistive load and sketch the input and output signals

g. Calculate the average and RMS voltage values of the input and rectified signals

LESSON 33 Bridge Rectifier and Capacitor Filter & Filtering Simplification
a. Understand the properties of a real transformer (resistance) and a real diode (voltage drop) and incorporate them in calculations

b. Draw the simplified full-wave bridge rectifier circuit and sketch the input and output signals

c. Trace the current path through a bridge rectifier during the positive and negative half-cycles of the input 
d. Calculate the average and RMS voltage values of the input and rectified signals

e. Calculate the average power delivered to the load

f. Review the properties of a capacitor to store energy

g. For a capacitor filter connected in parallel to the load in a half-wave and full-wave rectifier circuit, qualitatively draw the input and output voltage signals as well as the diode current

h. Evaluate the filter circuit for when the diode is ON and OFF to calculate the ripple and average voltage
LESSON 34 Zener Diode Regulators

a. Explain the purpose of voltage regulation of a DC power supply

b. Describe the modes of operation for a Zener diode and contrast from a conventional diode

c. Describe the conditions necessary to ensure that the Zener diode remains in the reverse breakdown mode

d. Calculate the load current, Zener current, and the unregulated source current when the regulator is in the reverse breakdown mode

LESSON 35 Power Supply Regulator Problem Solving

a. Describe the physical limitations applicable to a Zener diode in terms of max current and power.  Calculate the maximum and minimum load resistance based on maximum Zener diode power and supply current

LESSON 36 Power Supply Design
a. Apply the concepts of LESSONS 33 through 36, calculate the DC power supply parameters that satisfy various design requirements/limitations
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