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Semester: Fall	
Course Prefix: MECH
Year: 2025
Course and Section #: 1200-001
Course Title: Electronics in Automation Design
Credits: 3


Course Description



Course Attributes
This course has the following attributes:
☐ General Education Requirements
☐ Global/Intercultural Graduation Requirements
☐ Writing Enriched Graduation Requirements
☒ Discipline Core Requirements in Program
☐ Elective Core Requirements in Program
☐ Open Elective
Other: Click here to enter text.


Instructor Information
Instructor Name: Prof David W. Frame


Student Learning Outcomes
Explain the concepts of voltage, current, and resistance as well as Ohm's law
Integrate the use and application of series, parallel, and complex circuits
Perform basic circuit analysis
Describe the applications of capacitors and inductors to timing circuits
Apply AC circuit theory, reactance, impedance, and resonance in circuit design
Demonstrate the use of algebra and trigonometry in circuit analysis



Course Materials and Texts
TI-36x PRO calculatorLinks to an external site.
Laptop computer capable of running
Microsoft Excel (Office LTSC Suite Hardware RequirementsLinks to an external site.)
LTSPICE (Hardware requirements for LTSICELinks to an external site.)
KiCAD (Hardware requirements for KiCADLinks to an external site.)



Course Requirements

Homework:
There will be weekly problem sets to complete.  After you have turned them in you will have the opportunity to mark-up your work, identifying the correct and incorrect answers.  You will turn in this marked up assignment, and it will be graded, and recorded.
Quizzes:
There will be time limited quizzes about every other week.  These will be very much like the exam questions. Like the exams they will be strictly timed. 
Exams:
Midterm and Final Exams are two hour timed tests.

Participation and Online Discussions
Discussions are opportunities to explore topics together. Posts to the discussion should add significantly to the conversation and support your point of view. Comments that do not add significantly to a discussion will receive no credit. It is okay to disagree in a discussion. In fact much learning happens when we disagree. However we need to be respectful and keep our online classroom a safe place to learn. 
You must post to the discussion board three times per week on three separate calendar days. Beware of the 11:59 pm post! If you post at 8:00am on Monday and again at 11:59pm on Monday, it counts as only one post. Your initial post must be completed by Wednesday at 11:59pm.
The expectation is that you will login to Canvas many times during the week to participate in online discussions. Discussion threads are generally worth 15 points each week.  Discussion posts will be graded using the following rubric:
	Discussion Rubric

	Frequency and Timeliness
	Points

	3 separate days a week
	maximum of 15 points

	2 separate days a week
	maximum of 10 points

	1 day a week
	maximum of 5 points

	No post before Wednesday
	-2  overall points

	Quality of each post
	Starts at 5, based on the Frequency

	High
	-0

	Medium
	-1

	Low
	-2

	No original content
	-3




Course Assignments, Assessments, and Grading Policy 
The following grading standards will be used in this class:
Grading Scale
Grade	Range
A	100 % to 90%
B	< 90% to 80%
C	< 80% to 70%
D	< 70.0 % to 60%
E	< 60% to 0%

Grades will be returned to you in a timely fashion.  They will be posted to Canvas within seven days of the due date (hopefully sooner). 
Graded Categories:
Assignment Categories
Activity	Percentage/Points	Rule
Assignments	 20%	Drop the lowest score
Discussions	20%	Drop the lowest score
Quizzes	 20%	Drop the lowest score
Exams
(1 Midterm, 1 Final Exam)	 40%	Everything counts




Required or Recommended Reading Assignments



General Description of the Subject Matter of Each Lecture or Discussion
Learning Objectives
Upon successful completion of this module, students will be able to:
Identify insulators and conductors by their valence electron count 
Explain the concepts of Charge, Current, Voltage and Resistance 
Visually identify resistors by type 
Determine value and range of resistor values 
Use proper Engineering Notation and prefixes to communicate numbers
Overview
We begin our module by reading the first two chapters, focusing on understanding the basics of electricity.  We will cover charge, electrons, voltage, current and resistance as we imagine the movement of subatomic particles and model electronic circuits with basic algebra.
To facilitate building circuits in lab, we will learn how to identify and test resistors, based on shape, size markings and color codes.
Communication in technology involves numbers that cover a large range.  To maintain clear communication, we have developed Engineering Notation. It includes units and prefixes that help us indicate very large and very small quantities. You will use this method of communicating results and expectations for the rest of the course, the rest of the program, and on into your professional career.

Learning Objectives
Upon successful completion of this module, students will be able to:
Identify shock hazards and mitigate them 
Explain the differences between open, closed, and short circuits 
Apply the relationships of voltage, current, and resistance 
Use Ohm’s Law to calculate the current, voltage, or resistance of a series circuit having random unknowns 
Apply Kirchoff’s Voltage Law (KVL) to a series circuit 
Explain why the current is the same in all parts of the series circuit 
Calculate individual voltage drops of resistors in a series circuit 
Calculate power provided and power dissipated in circuits and components 
Apply heuristics to select proper resistors based on power ratings 
Describe the effects of a short or open in a series circuit 
Troubleshoot series circuits with opens and shorts 
Apply engineering notation properly in every calculation 
Explain the concept of grounds, both circuit and chassis 
 
Overview
Ohm's Law and Kirchoff's Laws form the basis on which we can predict the voltages that will be measured at any point in a circuit.  We can use these predictions to determine if a circuit is working or not. This is the basis of troubleshooting circuits.

Learning Objectives
Upon successful completion of this module, students will be able to:
Apply the relationships of voltage, current, and resistance to parallel circuits 
Use equivalent circuits to calculate total resistance in parallel circuits 
Use Ohm’s Law to calculate the current, voltage, or resistance of parallel circuits having random unknowns 
Apply Kirchoff’s Current Law (KCL) to parallel circuits 
Explain why the voltage is the same in all parts of a parallel circuit 
Calculate individual currents going through resistors in parallel circuits 
Calculate power provided and power dissipated in parallel circuits and individual components 
Describe the effects of a short or open in parallel circuits 
Troubleshoot parallel circuits with opens and shorts
 
Overview
Like last week we will be applying Ohm's Law and Kirchoff's Laws, but this week we are looking at parallel circuits.  Houses are wired in parallel.  This allows each load sees the same voltage. The current is more important in these circuits, since the voltages across branches is consistent. 

Learning Objectives
Upon successful completion of this module, students will be able to:
Determine the total resistance of a series-parallel circuit, through equivalent circuits 
Calculate the voltage, current, resistance, and power in a series-parallel circuit 
Calculate the voltage, current, resistance, and power in a series-parallel circuit having random unknowns 
Apply KVL (Kirchoff's Voltage Law) and KCL (Kirchoff's Current Law) in series-parallel circuits  
Explain how a Wheatstone bridge can be used to determine the value of an unknown resistor 
List other applications of balanced bridge circuits 
Describe the effects of opens and shorts in series-parallel circuits 
Troubleshoot series-parallel circuits containing opens and shorts 
Use the voltage divider rule to calculate the voltage drops in an unloaded voltage divider 
Explain why resistor voltage drops are proportional to the series resistance values in a series circuit 
Use the current divider rule to calculate the branch currents in a parallel circuit 
Explain why the branch currents are inversely proportional to the branch resistances in a parallel circuit 
Define what is meant by the term loaded voltage divider 
Calculate the effect of bleeder current on a loaded voltage divider 
Calculate the voltage, current, and power values in a loaded voltage divider
 
Overview
Circuit reduction and analysis this week will include series-parallel combinations. Voltage and current divider rules combine Ohm's Law, KVL and KCL to simplify analysis. These techniques expand our capability to predict voltages and currents to a wide variety of workplace situations. 

Learning Objectives
Upon successful completion of this module, students will be able to:
Explain the difference between analog and digital meters 
Explain the construction and operation of a moving-coil meter 
Calculate the value of shunt resistance required to extend the current range of a basic moving-coil meter 
Calculate the value of multiplier resistance required to make a basic moving-coil meter capable of measuring voltage 
Explain the ohms-per-volt rating of a voltmeter 
Explain what is meant by voltmeter loading 
Explain how a basic moving-coil meter can be used with a battery to construct an ohmmeter 
List the main features of a digital multimeter 
State Kirchhoff’s current law 
State Kirchhoff’s voltage law 
Identify the options of branch currents, node-voltage analysis, and mesh currents used to solve for all voltages and currents in a circuit containing two or more voltage sources in different branches 
Use Superposition Theorem to solve for all voltages and currents in a circuit containing two or more voltage sources in different branches
 
Overview
We are expanding our vocabulary of circuit descriptions as we explore historical meter-movement circuits. Circuits having multiple sources require more sophisticated techniques. The use of Superpostion Theorem replaces some more sophisticated math techniques with simplified disciplined analysis. This will be our main focus to solve this class of circuits.

Learning Objectives
Upon successful completion of this module, students will be able to:
State the requirements for applying the superposition theorem 
State Thevenin’s Theorem in general terms 
State Norton’s Theorem in general terms 
Generate the Thevenin’s Equivalent circuit for a series-parallel circuit  
Explain the main function of a conductor in an electric circuit. 
Calculate the cross-sectional area of round wire when the diameter is known 
List the advantages of using stranded wire versus solid wire 
List common types of connectors used with wire conductors 
Define the terms pole and throw as they relate to switches 
Explain how fast-acting and slow-blow fuses differ 
Calculate the resistance of a wire conductor whose length, cross-sectional area, and specific resistance are known 
Explain the meaning of temperature coefficient of resistance 
Explain ion current and electron current 
Explain why insulators are sometimes called dielectrics 
Explain what is meant by the corona effect 
Explain the difference between primary and secondary cells 
Define what is meant by the internal resistance of a cell 
List several different types of voltaic cells 
Explain how cells can be connected to increase either the current capacity or voltage output of a battery 
Explain why the terminal voltage of a battery drops with more load current 
Explain the difference between voltage sources and current sources 
Explain the concept of maximum power transfer
 
Overview
Up to this point we have used resistors to model components in our circuits.  The workplace may have lights, motors, and all sorts of electrical devices in it.  We have used resistors to represent these in our analysis. We have also used voltage sources that were considered perfect.  They would provide the same voltage regardless of the load attached to them.  This is not the case in real life.  The voltage may "sag" when a high current is drawn. To more realistically model that behavior, we use the Thevenin Equivalent source. 

Learning Objectives
Upon successful completion of this module, students will be able to prove that they can analyze DC circuits.
 
Overview
This week is midterm exam week.  You will be taking an exam that covers all of our DC circuit work.

Learning Objectives
Upon successful completion of this module, students will be able to:
Reflect on the learnings of the previous modules 
Apply direct current learnings to the industry needs 
Explain the connection between troubleshooting and circuit analysis in a factory setting 
Define the terms magnetomotive force and field intensity and list the units of each. 
Describe the magnetic field of an electric current in a straight conductor 
Determine the magnetic polarity of a solenoid using the appropriate-hand rule 
Explain the concept of motor action 
Explain how an induced voltage can be developed across the ends of a conductor that passes through a magnetic field 
State Lenz's law 
Apply Faraday's law to calculate the induced voltage across a conductor being passed through a magnetic field 
Explain the basic construction and operation of an electromechanical relay 
List and explain important relay ratings 
 
Overview
Electromagnetics calculations are a minor part of working in mechatronics.  We use the concepts covered in this reading, but it is rare that we are called upon to do calculations associated with them.  We would like to foster a working knowledge of Faraday's and Lenz's Law, but leave the deep calculations to the Physicists. 

Learning Objectives
Upon successful completion of this module, students will be able to:
Define the term transient response 
Define the term time constant 
Calculate the time constant of a circuit containing resistance and inductance 
Explain the effect of producing a high voltage when opening an RL circuit 
Calculate the time constant of a circuit containing resistance and capacitance 
Explain how capacitance opposes a change in voltage 
List the criteria for proper differentiation and integration 
Explain why a long time constant is required for an RC coupling circuit 
Use the universal time constant graph to solve for voltage and current values in an RC or RL circuit that is charging or discharging 
 
Overview
Step changes in voltage and current happen all the time in mechatronics. The change of state in a switch or relay will cause this kind of electrical response.  How this affects capacitive and inductive circuit response is important for us to know. The math is a little more involved here, using the base of natural logarithms (e), but it is still Algebra to solve them.  Even this can be ameliorated with the use of time constants, in most cases.

Learning Objectives
Upon successful completion of this module, students will be able to:
Describe how a sine wave of alternating voltage is generated.
Calculate the instantaneous value of a sinewave of alternating voltage or current.
Define the following values for a sine wave: peak, peak-to-peak, root-mean-square, and average.
Calculate the rms, average, and peak-to-peak values of a sine wave when the peak value is known.
Define frequency and period and list the units of each.
Calculate the wavelength when the frequency is known.
Explain the concept of phase angles.
Describe the makeup of a nonsinusoidal waveform.
Define the term harmonics.
Outline the basics of residential house wiring.
Explain the j operator 
Define a complex number 
Add, subtract, multiply, and divide complex numbers 
Explain the difference between the rectangular and polar forms of a complex number 
Convert a complex number from polar to rectangular form and vice versa 
Overview
There are several ways to measure the amplitude and the frequency of a sinewave.  Every application has one way that works the best for it. We need to be able to convert from one form to another on a regular basis. The sinewaves that our constantly changing AC waveforms are made of can be modeled with phasors.  Phasors can be represented as complex numbers. Using these complex numbers we can significantly reduce the trigonometry involved for modeling the behavior of AC circuits.

Learning Objectives
Upon successful completion of this module, students will be able to:
Describe how charge is stored in the dielectric of a capacitor 
Describe how a capacitor charges and discharges 
Define the farad unit of capacitance 
List the physical factors affecting the capacitance of a capacitor 
List several types of capacitors and the characteristics of each 
Explain how an electrolytic capacitor is constructed 
Explain how capacitors are coded 
Calculate the total capacitance of parallel connected capacitors 
Calculate the equivalent capacitance of series-connected capacitors 
Calculate the energy stored in a capacitor 
Define the terms leakage, dielectric absorption, and equivalent series resistance as they relate to capacitors 
Describe how an ohmmeter can be used to test a capacitor 
Explain how alternating current can flow in a capacitive circuit 
Calculate the reactance of a capacitor when the frequency and capacitance are known 
Calculate the total capacitive reactance of series-connected capacitors 
Calculate the equivalent capacitive reactance of parallel-connected capacitors 
Explain how Ohm’s law can be applied to capacitive reactance 
Calculate the capacitive current when the capacitance and rate of voltage change are known 
Explain why the current leads the voltage by 90° for a capacitor 
Define the term impedance 
Calculate the total impedance and phase angle of a series RC circuit 
Describe the operation and application of an RC phase-shifter circuit 
Calculate the total current, equivalent impedance, and phase angle of a parallel RC circuit 
Explain how a capacitor can couple some AC frequencies but not others 
Calculate the individual capacitor voltage drops for capacitors in series 
Calculate the capacitive current that flows with nonsinusoidal waveforms 
 
Overview
Capacitance is in any circuit. We use capacitors to increase that capacitance and take advantage of it. This lesson is about understanding how this capacitance is made, with two conductors and a dielectric (insulator).  It is also about understanding the relationship between voltage and current in an AC circuit that has capacitance.  We need to be able to predict the time difference between the Voltage and the current known as phase angle. There are multiple ways to calculate these predictions, but the easiest by far is by using complex numbers for all the circuit parameters.  This allows us to predict the phase differences at all points in the circuit, using the same techniques that we used on DC circuits.

Learning Objectives
Upon successful completion of this module, students will be able to:
Explain the concept of self-inductance 
Define the henry unit of inductance and define mutual inductance 
Calculate the inductance when the induced voltage and rate of current change are known 
List the physical factors affecting the inductance of an inductor 
Calculate the induced voltage across an inductor, given the inductance and rate of current change 
Explain how induced voltage opposes a change in current 
Describe how a transformer works and list important transformer ratings 
Calculate the currents, voltages, and impedances of a transformer circuit 
Identify the different types of transformer cores 
Calculate the total inductance of series-connected inductors 
Calculate the equivalent inductance of parallel-connected inductors 
List some common troubles with inductors 
Explain how inductive reactance reduces the amount of alternating current 
Calculate the reactance of an inductor when the frequency and inductance are known 
Calculate the total reactance of series-connected inductors 
Calculate the equivalent reactance of parallel-connected inductors 
Explain how Ohm's law can be applied to inductive reactance 
Describe the waveshape of induced voltage produced by sine-wave alternating current 
Explain why the voltage leads the current by 90° for an inductor 
Calculate the total impedance and phase angle of a series RL circuit 
Calculate the total current, equivalent impedance, and phase angle of a parallel RL circuit 
Define what is meant by the Q of a coil 
Explain how an inductor can be used to pass some AC frequencies but block others 
Calculate the induced voltage that is produced by a nonsinusoidal current 
 
Overview
Inductance is in any circuit that has current. We can use inductors to increase that inductance and take advantage of it's properties. This lesson is about understanding how this inductance is made, with a coil of wire and a core material.  It is also about understanding the relationship between voltage and current in an AC circuit that has inductance.  We need to be able to predict the time difference between the voltage and the current known as phase angle. There are multiple ways to calculate these predictions, but the easiest by far is by using complex numbers for all the circuit parameters.  This allows us to predict the phase differences at all points in the circuit, using the same techniques that we used on DC circuits.  We will also look at transformers, self inductance, and the Q or quality of a coil.

Learning Objectives
Upon successful completion of this module, students will be able to:
Explain why opposite reactances in series cancel 
Determine the total impedance and phase angle of a series circuit containing resistance, capacitance, and inductance 
Determine the total current, equivalent impedance, and phase angle of a parallel circuit containing resistance, capacitance, and inductance 
Define the terms real power, apparent power, volt-ampere reactive, and power factor 
Calculate the power factor of a circuit 
 
Overview
Real circuits all have resistance, capacitance, and inductance.  These separate impedances relative to each other, will determine how the circuit will react to a sinewave input. Here we will look at the phase angles of the voltage, current, and power of a circuit.  Being able to calculate and predict the response of a circuit, and counter excessive inductance or capacitance in a circuit is crucial to the efficient operation of any electronic or electrical device.

Learning Objectives
Upon successful completion of this module, students will be able to:
Define the term resonance 
List four characteristics of a series resonant circuit 
List three characteristics of a parallel resonant circuit 
Explain how the resonant frequency formula is derived 
Calculate the Q of a series or parallel resonant circuit 
Calculate the equivalent impedance of a parallel resonant circuit 
Explain what is meant by the bandwidth of a resonant circuit 
Calculate the bandwidth of a series or parallel resonant circuit 
Explain the effect of varying L or C in tuning an LC circuit 
Calculate L or C for a resonant circuit 
State the difference between a low-pass and a high-pass filter 
Explain what is meant by pulsating direct current 
Explain how a transformer acts as a high-pass filter 
Explain how an RC coupling circuit couples alternating current but blocks direct current 
Explain the function of a bypass capacitor 
Calculate the cutoff frequency, output voltage, and phase angle of basic RL and RC filters 
Explain the operation of band-pass and band-stop filters 
Explain why log-log graph paper or semi-log graph paper is used to plot a frequency response 
Define the term decibel 
Explain how resonant circuits can be used as band-pass or band-stop filters 
Describe the function of a power-line filter and a television antenna filter
 
Overview
Resonance is the precise offset of capacitance and inductance in a circuit. There is only one frequency at which this resonance can be achieved for a given circuit.  The configuration of the circuit determines if the current will be at the maximum or minimum at the resonance point.  We need to be able to predict this, and prove it with AC analysis.  Using the same analysis, we can determine the response of filters over a range of frequencies.  Recognizing high-pass and low-pass filters by circuit architecture, and predict their cut-off frequencies is a very important skill in troubleshooting circuits in mechatronics.

Learning Objectives:
Understand transmission line basics
Discuss the frequency limits of conventional circuit analysis
Calculate the breakover signal path distance that separates conventional from transmission line analysis
Overview
Reading from Johnson’s “High Speed Digital Design” and online resources, we will explore the edges of circuit analysis.  We will calculate breakover distance and explore the characteristics of high speed signals over longer distances, in cables and printed circuit cards.


Required Course Syllabus Statements

Generative AI
The use of AI in the workplace will be expected. AI skills should be used when appropriate, cited properly, and reflected on from your unique personal view.


Using Remote Testing Software
☒ This course does not use remote testing software.

☐ This course uses remote testing software. Remote test-takers may choose their remote testing locations. Please note, however, that the testing software used for this may conduct a brief scan of remote test-takers’ immediate surroundings, may require use of a webcam while taking an exam, may require the microphone be on while taking an exam, or may require other practices to confirm academic honesty. Test-takers therefore shall have no expectation of privacy in their test-taking location during, or immediately preceding, remote testing. If a student strongly objects to using test-taking software, the student should contact the instructor at the beginning of the semester to determine whether alternative testing arrangements are feasible. Alternatives are not guaranteed.


Required University Syllabus Statements

Accommodations/Students with Disabilities
Students needing accommodations due to a permanent or temporary disability, pregnancy or pregnancy-related conditions may contact UVU Accessibility Services at accessibilityservices@uvu.edu or 801-863-8747.
 
Accessibility Services is located on the Orem Campus in BA 110.
 
Deaf/Hard of Hearing students requesting ASL interpreters or transcribers can contact Accessibility Services to set up accommodations. Deaf/Hard of Hearing services can be contacted at DHHservices@uvu.edu
 
DHH is located on the Orem Campus in BA 112.


Academic Integrity
At Utah Valley University, faculty and students operate in an atmosphere of mutual trust. Maintaining an atmosphere of academic integrity allows for free exchange of ideas and enables all members of the community to achieve their highest potential. Our goal is to foster an intellectual atmosphere that produces scholars of integrity and imaginative thought. In all academic work, the ideas and contributions of others must be appropriately acknowledged and UVU students are expected to produce their own original academic work. 

Faculty and students share the responsibility of ensuring the honesty and fairness of the intellectual environment at UVU. Students have a responsibility to promote academic integrity at the university by not participating in or facilitating others' participation in any act of academic dishonesty. As members of the academic community, students must become familiar with their rights and responsibilities. In each course, they are responsible for knowing the requirements and restrictions regarding research and writing, assessments, collaborative work, the use of study aids, the appropriateness of assistance, and other issues. Likewise, instructors are responsible to clearly state expectations and model best practices. 

Further information on what constitutes academic dishonesty is detailed in UVU Policy 541: Student Code of Conduct.


Equity and Title IX
Utah Valley University does not discriminate on the basis of race, color, religion, national origin, sex, sexual orientation, gender identity, gender expression, age (40 and over), disability, veteran status, pregnancy, childbirth, or pregnancy-related conditions, citizenship, genetic information, or other basis protected by applicable law, including Title IX and 34 C.F.R. Part 106, in employment, treatment, admission, access to educational programs and activities, or other University benefits or services. Inquiries about nondiscrimination at UVU may be directed to the U.S. Department of Education’s Office for Civil Rights or UVU’s Title IX Coordinator at 801-863-7999 – TitleIX@uvu.edu – 800 W University Pkwy, Orem, 84058, Suite BA 203.


Religious Accommodation
UVU values and acknowledges the array of worldviews, faiths, and religions represented in our student body, and as such provides supportive accommodations for students. Religious belief or conscience broadly includes religious, non-religious, theistic, or non-theistic moral or ethical beliefs as well as participation in religious holidays, observances, or activities. Accommodations may include scheduling or due-date modifications or make-up assignments for missed class work.
To seek a religious accommodation, a student must provide written notice to the instructor and the Director of Accessibility Services at accessibilityservices@uvu.edu. If the accommodation relates to a scheduling conflict, the notice should include the date, time, and brief description of the difficulty posed by the conflict. Such requests should be made as soon as the student is aware of the prospective scheduling conflict.

While religious expression is welcome throughout campus, UVU also has a specially dedicated space for meditation, prayer, reflection, or other forms of religious expression.
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