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Course Description

Introduces the terms, concepts and theories of basic electricity specific to DC (Direct Current). Focuses on the fundamentals of direct current, electrical safety, application of electrical laws, methods for basic circuit analysis, functions of devices using DC current, and the use of measuring devices.

COURSE OUTCOMES: 
· [bookmark: _GoBack]Apply safety practices while working with direct current.
· Apply DC electricity terminology, schematic symbols, units of measure, and standards.
· Measure voltage, current, and resistance in DC circuits using appropriate measuring devices.
· Utilize DC circuit performance using appropriate mathematical formulas such as Ohm’s Law, Kirchhoff’s Law, and the power formula.
· Perform simple circuit analysis.
NOTES/Resources
Schultz, M.  E. (2016). Grob’s Basic Electronics, 12th ed. New York: McGraw-Hill. 
ISBN 13 978-0-07-297475-1

All About Circuits Vol. 1 Direct Current
http://www.allaboutcircuits.com/textbook/direct-current/

	Competencies
	Learning Objectives 
	Suggested Unit/Module Title and Corresponding Textbook Chapters

	1. Perform mathematical calculations relevant to DC circuits.

	1. Explain each of the following: scientific notation, “powers of ten” notation, and metric prefixes used with electrical quantities.
2. Explain concepts of squares and square roots.
3. Identify steps for converting numbers into their decimal, scientific notation (powers of ten) and metric prefixed forms.
4. Apply concepts of “rounding off” and significant numbers. 
5. Perform addition, subtraction, multiplication and division on numbers expressed in powers of ten. 
6. Convert numbers into their decimal, scientific notation (“powers of ten”) and metric prefixed forms.
7. Convert numbers from nonstandard (incorrect) powers of ten or metric prefixed form into standard (correct) form.
8. Manipulate exponents when performing multiplication and division of numbers expressed in powers of ten. 
9. Use a scientific calculator with features to perform electronic calculations. 
10. Solve equations for series, parallel and complex DC circuits.

	DC Circuits and Mathematical Functions 

Grob’s Electronics: I Introduction to Powers of 10






	2. Explore the basic principles of electricity. 
	1. Define electricity.
2. Outline a brief history of electricity.
3. Differentiate between power and energy.
4. Explain how the parts of an atom form the basis of electricity. 
5. Explain how electricity is generated.
6. Identify sources of electrical power.
7. Define conductor, insulator and semiconductor, giving examples of each.
8. Explain electrostatic force. 
9. Differentiate among three characteristics of electricity: current, voltage, and resistance and relate to each other.
10. Explain the units used to measure voltage, current and resistance. 
11. Differentiate between direct and alternating current. Illustrate the law of electrical/electrostatic charges (Coulomb’s Law). 
12. Differentiate between conventional current flow and electron flow.
13. Identify components on schematic diagrams.
14. Use Système International (SI) units, metric prefixes, electrical and magnetic symbols and abbreviations.
15. Identify wire using the American Wire Gauge (AWG) standard.

	Fundamentals of Electricity

Grob’s Electronics: Chapter 1 Electricity





	3. Apply safety procedures when working with electricity.

	1. Explain the importance of electrical safety.
2. Describe the physiological effects of electricity. 
3. Identify shock hazards associated with working with electricity.
4. Illustrate the shock current path.
5. Identify common sources of electrical hazard.
6. Identify electrical safety procedures.
7. Summarize emergency responses for victims of electrical shock.
8. Diagram safe circuit design.
9. Demonstrate safe meter usage. 

	Electrical Safety

NOTE: No corresponding chapter in Grob’s Electronics.

	4. 
Examine the function of resistors.
	1. Explain the characteristics of a resistor.
2. List types of resistors, their characteristics, and advantages and disadvantages of each type.
3. Explain the resistor color code and why and how it is used.
4. Interpret the resistor color code to determine the resistance and tolerance of a resistor.
5. Define variable resistors.
6. Differentiate between a potentiometer and a rheostat.
7. Draw schematic symbols for a fixed resistor, potentiometer, rheostat and thermistor.
8. Explain the significance of a resistor’s power rating.
9. Explain common problems with resistors.
10. Review safety precautions when measuring the value of a resistor in an electric circuit.
	Resistors

Grob’s Electronics: Chapter 2 Resistors 


	5. Utilize Ohm’s Law to analyze DC circuits. 


	1. List three forms of Ohm’s law.
2. List the multiple and submultiple units of voltage, current, and resistance.
3. Explain the three forms of Ohm’s law relating V, I and R.
4. Explain the linear relationship between V and I when R is constant.
5. Differentiate between linear and nonlinear resistance.
6. Explain the inverse relation between I and R when V is constant.
7. Differentiate between work and power, listing the units of each. 
8. Calculate current, voltage, or resistance in a circuit using Ohm’s law.
9. Calculate the power in a circuit when the voltage and current, current and resistance, or voltage and resistance are known.
10. Determine the required resistance and corresponding wattage rating of a resistor.
11. Differentiate between an open circuit and short circuit.
12. Predict behavior of voltage, current, and resistance. 
	Ohm’s Law

Grob’s Electronics: Chapter 3 Ohm’s Law



	6. 
Analyze direct current series circuits.



	1. Explain what a series circuit is. 
2. Explain the purpose of each part of a basic electrical circuit: source, load, complete path and control device. 
3. Describe voltage, current, and resistance as it applies to an electrical circuit.
4. Explain why current is the same in all parts of a series circuit.
5. Explain the rules governing the behavior of series circuits.
6. Explain the relationship between current and voltage in a series circuit.
7. Summarize Kirchhoff's Voltage Law (KVL) and Kirchoff’s Current Law (KCL) and how they are used to solve for unknown circuit quantities.
8. Use Kirchhoff’s Laws to perform calculations.
9. Solve for the voltage, current, resistance, and power in a series circuit with random unknowns.
10. Determine the polarity of a resistor’s IR voltage drop.
11. Determine the net voltage of series-aiding and series-opposing voltage sources.
12. Define earth ground and chassis ground.
13. Describe the effect of an open and the effect of a short in a series circuit.
14. Differentiate between an open circuit condition and a closed circuit condition.
15. Troubleshoot opens and shorts in series circuits. 

	Direct Current Series Circuits
Grob’s Electronics: Chapter 4 Series Circuits 



	7. 
Analyze parallel circuits. 



	1. Define a parallel circuit.
2. Identify parallel circuits in given schematics.
3. Differentiate between series and parallel circuits.
4. Explain the laws describing the behavior of the voltage, current and resistance in parallel circuits.
5. Define conductance, shunt, and reciprocal. 
6. Explain why voltage is the same across all the branches in a parallel circuit.
7. Explain why the equivalent resistance of a parallel circuit is always less than the smallest branch.
8. Explain the relationship between current and voltage in a parallel circuit. 
9. Explain the interactive relationships of current, resistance and voltage in parallel circuits.
10. Use Kirchhoff’s Laws to perform calculations.
11. Perform calculations to find voltage, current, power, and resistance in a parallel circuit having random unknowns.
12. Describe the effects of an open and short in a parallel circuit.
13. Troubleshoot parallel circuits containing opens and shorts.

	Parallel Circuits

Grob’s Electronics: Chapter 5 Parallel Circuits



	8. 
Analyze series-parallel circuits.


	1. Define series-parallel circuit. 
2. Identify distinguishing features of parallel-series and series-parallel circuits.
3. Differentiate among series, parallel, series-parallel, and parallel series circuits. 
4. Interpret schematics in order to differentiate among series, parallel, series-parallel, and parallel-series circuits.
5. Use circuit reduction techniques when performing calculations for voltage, current and resistance. 
6. Calculate branch currents in a series-parallel circuit.
7. Calculate voltage drops in a series-parallel circuit.
8. Calculate the voltage, current, resistance, and power in a series-parallel circuit.
9. Explain how a Wheatstone bridge can be used to determine the value of an unknown resistor.
10. List applications of balanced bridge circuits.
11. Describe the effects of opens and shorts in series-parallel circuits.
12. Troubleshoot series-parallel circuits containing opens and shorts.

	Series-Parallel Circuits
Grob’s Electronics: Chapter 6 Series Parallel Circuits



	9. Analyze voltage and current divider circuits.

	1. Define series voltage divider, parallel current divider, and bleeder current. 
2. Use the voltage divider rule to calculate the voltage drops in an unloaded voltage divider.
3. Explain why resistor voltage drops are proportional to the series resistance values in a series circuit.
4. Use the current divider rule to calculate the branch currents in a parallel circuit.
5. Explain why the branch currents are inversely proportional to the branch resistances in a parallel circuit.
6. Define what is meant by the term loaded voltage divider.
7. Calculate the voltage, current, and power values in a loaded voltage divider.

	Voltage Dividers and Current Dividers
Grob’s Electronics: Chapter 7 Voltage Dividers and Current Dividers


	10. 
Use meters to obtain DC circuit measurements.

	1. Explain what a meter is.
2. Explain how meters are used to measure voltage, current and resistance.
3. Differentiate between analog and digital meters.
4. Compare features and applications of different types of meters. 
5. Determine how to select appropriate instrumentation for measuring electrical quantities during troubleshooting.  
6. Follow safety guidelines for attaching instrumentation when measuring voltage, current, or resistance.
7. Demonstrate care of tools and equipment.
8. Measure voltage, current, and resistance using appropriate meters.
9. Explain how to use meters in troubleshooting.
10. Perform calculations using data from meters.

	Analog and Digital Multimeters
Grob’s Electronics: Chapter 8 Analog and Digital Multimeters 




	11. 


Perform advanced DC network analysis.





	1. Explain why Ohm’s law alone does not work when analyzing DC circuits.
2. Review Kirchoff’s Current Law (KCL) Kirchoff’s Voltage Law (KVL).
3. Use diagrams to explain Kirchoff’s Laws.
4. Label loops and nodes in a schematic diagram. 
5. Identify typical circuit paths in a schematic diagram.
6. Explain rules governing series circuit and parallel circuit operation. 
7. Explain the requirements for applying the superposition theorem. 
8. Apply the superposition theorem when analyzing DC circuits.
9. Solve loop equations for unknown current or currents and for multiple source circuits. 
10. Use Kirchoff’s Laws (KVL and KCL) to analyze electrical circuits. 
11. Explain advanced methods of circuit analysis including the Branch Current Method, the Mesh Current Method, and the Node Voltage Method.
12. Explain the following network theorems: Millman’s Theorem, Thevenin’s Theorem, and Norton’s Theorem. 
13. Perform calculations using network theorems to solve for unknown quantities.

	DC Network Analysis

Grob’s Electronics: Chapter 9 Kirchoff’s Laws and Chapter 10 Network Theorems
 

	12. 
Examine the functions of conductors and insulators.
	1. Define each of the following: conductors, insulators, connectors, mechanical switches, and fuses.
2. Describe the function of a conductor in an electrical circuit.
3. Explain the characteristics of a good conductor of electric current.
4. List factors that determine the resistance of a conductor.
5. Identify common electrical conductors and their uses.
6. Describe the advantages of using stranded wire versus solid wire.
7. Calculate the dimensions of a conductor.
8. Explain what it means to prevent current from flowing.
9. List types of electrical insulators and their uses.
10. Describe types of switches and how they are rated.
11. Explain how fast-acting and slow-blow fuses differ. 
12. Explain ion current and electron current.
13. Describe the effect of temperature on the resistance of a conductor, and on the resistance of an insulator.
14. Perform calculations involving resistivity.
15. Define negative and positive temperature coefficients.
16. Apply safety precautions relevant to conductors and insulators.

	Conductors and Insulators

Grob’s Electronics: Chapter 11 Conductors and Insulators



	13. Explore the function, construction, characteristics, and types of batteries.

	1. Explain what a battery is, how it is constructed, and how it works.
2. Differentiate between primary and secondary cells.
3. Explain what is meant by the internal resistance of a cell.
4. List different types of voltaic cells.
5. Identify common types of primary cells.
6. Differentiate among types of primary cells.
7. Explain battery ratings.
8. State the types of electrolytes used in battery construction.
9. Explain what is meant by series-connected and parallel-connected cells.
Identify the physical components of a storage battery.
Explain the meaning of ampere-hour rating for batteries.
10. Explain what a generator is and how it works.
11. Explain care, maintenance and disposal of batteries.

	Batteries

Grob’s Electronics: Chapter 12 Batteries



	14. 
Determine the performance of capacitors in DC circuits.


	1. Define capacitance, dielectric, farad unit, and permittivity. 
2. Label the component parts of a capacitor. 
3. Identify circuit symbols for capacitors.
4. Identify capacitor color codes.
5. Explain how a charge is stored in a dielectric.
6. Explain how a capacitor charges and discharges.
7. Describe capacitor behavior mathematically.
8. Summarize common types of capacitors, their characteristics, their applications and common problems associated with each. 
9. Identify the factors affecting the capacitance of a capacitor.
10. Differentiate between parallel capacitances and series capacitances.
11. Demonstrate how to measure and test capacitors.
12. Define leakage, dielectric absorption, time constant, and equivalent series resistances. 
13. Identify problems in capacitors.
14. Differentiate between ideal and practical circuits.
15. Explore transient events in DC circuits.
16. Examine transient voltage and current relationships in a simple LR circuit and in a simple CR circuit
17. Compare capacitance and capacitive reactance. 
18. Perform calculations using the capacitance formula, the charge formula, and the capacitive time constant formula.

	Capacitance and Capacitors

Grob’s Electronics: Chapter 16 Capacitance



	15. Determine the performance of inductors in DC circuits.
	1. Explain the concept of self-inductance.
2. Sketch the construction of a typical inductor, labeling its basic components parts. 
3. Identify schematic symbols for air or insulating core inductor, iron core inductor, and powdered iron core inductor. 
4. Define the henry unit of inductance.
5. Define mutual inductance.
6. Describe typical uses of an inductor.
7. List the factors affecting the inductance of an inductor.
8. Identify inductor color codes.
9. Describe how a transformer works.
10. List transformer ratings.
11. Identify types of transformer cores.
12. Describe inductances in series or parallel. 
13. Explain the relationship between magnetic fields and inductance.
14. List common troubles with inductors.
15. Describe how to measure and test inductors.
16. Compare capacitance and inductance.
17. Perform calculations pertaining to self-inductance, self-induced voltage, mutual inductance, transformers, transformer ratings, impedance transformation, inductances in series or parallel, and energy in a magnetic field of inductance. 

	Inductance and Inductors
Grob’s Electronics: Chapter 19 Inductance


	16. 
Explore magnetism, electromagnetism, and DC relays.

	1. Describe the characteristics of a magnet.
2. Illustrate the magnetic field.
3. Differentiate between magnetic flux and flux density.
4. Explain what is meant by induction by the magnetic field.
5. Define air gap.
6. Identify types of magnets.
7. Define ferrites, magnetic shielding, and the Hall Effect. 
8. Summarize magnetomotive force and field intensity and the units for each. 
9. Explain the B-H magnetization curve.
10. Explain magnetic hysteresis, including hysteresis loss, hysteresis loop, and demagnetization.
11. Illustrate the magnetic current around an electric current.
12. Explain the magnetic polarity of a coil.
13. Describe the motor action between two magnetic fields.
14. Summarize induced current.
15. Illustrate how an induced voltage is generated.
16. Explain the purpose, construction and operation of an electromechanical relay. 
17. Perform calculations pertaining to ampere-turns of magnetomotive force, field intensity, B-H magnetization curve, and generating an induced voltage.

	Magnetism and Electromagnetism

Grob’s Electronics: Chapter 13 Magnetism and Chapter 14 Electromagnetism



	17. Explore how DC motors and generators work and how they are controlled.
	1. Identify the parts of a DC motor and of a DC generator.
2. Explain the basic functions of each part of a DC motor.
3. Differentiate among types of DC motors, including physical differences, applications, construction, and limitations.
4. Explain the effects of magnetic fields have on the armature of a motor. 
5. Define the righthand rule. 
6. Describe the effects of force and motion on a motor.
7. Explain how each of the following work in relation to DC motors: field windings, field coil, interpole, armature coil, commutators, brushes, insulations system, and laminated cores.
8. Explore DC motor troubleshooting techniques.

	DC Motors and Generators
NOTE: No corresponding chapter in Grob’s Electronics. 
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