University of Nebraska - Lincoln

Digital Commons@University of Nebraska - Lincoln

UNL Faculty Course Portfolios Peer Review of Teaching Project

2013

ELEC 2110: Elements of Electrical
Engineering—A Peer Review of Teaching Project

Benchmark Portfolio

Mahmoud Alahmad
University of Nebraska - Lincoln, malahmad2@unl.edu

Follow this and additional works at: http://digitalcommons.unl.edu/prtunl

b Part of the Architectural Engineering Commons, Electrical and Electronics Commons,
Engineering Education Commons, Higher Education Commons, and the Higher Education and

Teaching Commons

Alahmad, Mahmoud, "ELEC 2110: Elements of Electrical Engineering—A Peer Review of Teaching Project Benchmark Portfolio”
(2013). UNL Faculty Course Portfolios. 36.
http://digitalcommons.unl.edu/prtunl/36

This Portfolio is brought to you for free and open access by the Peer Review of Teaching Project at Digital Commons@University of Nebraska - Lincoln.
It has been accepted for inclusion in UNL Faculty Course Portfolios by an authorized administrator of Digital Commons@University of Nebraska -

Lincoln.


http://digitalcommons.unl.edu?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/prtunl?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/peerreviewteaching?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/prtunl?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/774?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/270?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1191?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1245?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/806?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/806?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/prtunl/36?utm_source=digitalcommons.unl.edu%2Fprtunl%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages

ELEC 2110:

Elements of Electrical Engineering

2013 Benchmark Portfolio

MAHMOUD ALAHMAD

Durham School of Architectural Engineering and Construction
University of Nebraska-Lincoln
malahmad2@unl.edu



VI.

VIL.

VIIL.

5/29/13

Table of Contents

Introduction to the Portfolio
Objectives of Peer Review Course Portfolio
Description of the Course
A. Course goals
B. Context
C. Enrollment/demographics
Teaching Methods/Course Materials/Course Activities
A. Teaching methods, course materials, and outside activities used
B. Rationale for teaching methods
C. Illlustration of changes from previous years/sections
The Course and the Broader Curriculum
Analysis of Student Learning
A. Analysis of particular students and assignments
i Performance in the homework versus performance in the quizzes
ii. Performance in the midterm exam
iii. Performance in the final exam
iv.  Analysis of the final exam versus the midterm exam
B. Analysis of grades and grade trends.
i Pre and post quiz analysis
ii.  Overall class grade analysis
iii. Final exam score distribution
iv.  High, average and low grade analysis
v. Detailed analysis of final exam questions
Planned Changes
Summary and Overall Assessment of the Portfolio Process

Appendices

A. Syllabus

B. AE program curriculum

C. AE program flowchart

D. Sample multsim program virtual laboratory experiment
E. Sample of one student's final exam

F. Sample of pre and post quiz for three students

G. Final exam problems



5/29/13

I Introduction to the Portfolio

Name: Mahmoud Alahmad

Department: Durham School of Architectural Engineering and Construction
Course: Elements of Electrical Engineering (ELEC 2110)

University: University of Nebraska — Lincoln

Contact Info:

206A, PKI

1110 S. 67" Street

Omaha, NE 68137

402-554-3527

malahmad2@unl.edu



5/29/13

Il. Objectives of Peer Review Course Portfolio

| have been teaching this class for the last five years. As an introductory course to electrical engineering,
there is a lot of material that needs to be covered. All the material is important and relevant, and | try
to go in-depth in each topic area. This approach has resulted in overwhelming the students and made
them struggle with the course content, application and utilization. As | consider this course for the peer
review, | am evaluating the depth of each topic and the opportunity to adjust the approach and method
used to introduce new concepts and at the same time to focus on what the students need from this
course as a prerequisite for learning in the upper level courses and also to pass the electrical section in
the Fundamental of Engineering (FE) exam. Furthermore, | focus on specific areas that will be needed as
the foundation for the other courses they will study in this field area in Architectural Engineering that
will focus on how to design the electrical system for the built environment.

So | have set the objective for this course to develop a snapshot of student learning and to focus on one
area of the teaching material. Specifically focus on two chapters in the course and to evaluate methods
to shorten the discussion in class in order to allow time spent on material needed for the upper courses.
Furthermore, to streamline the knowledge delivery, in order to focus on and prioritize the material for
the course. To do that, | will analyze student learning in general and focus on one area. Then the next
time this course is offered | will develop and adopt an alternative method for delivery. At that time, |
will also collect information on student learning and compare the data with data collected this year.
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lll. Description of the Course

A. Course Goals
B. Context
C. Enrollment/demographics

A. Course Goals

The Elements of Electrical Engineering (ELEC 2110) course aims to provide a basic understanding of
electrical circuit analysis for direct and alternating currents and single and three phase power systems.
This includes Fundamental concepts of DC and AC analysis using concepts such as Kirchhoff’s Current
Law (KCL) and Kirchhoff’s Voltage Law (KVL), Voltage and current divider circuits. Then apply these
fundamentals in a systematic approach for circuit analysis. To analyze circuits, the students are exposed
to circuit analysis tools such as the node method, loop method, superposition, source transformation,
and Thevenin’s and Norton equivalent circuits. The course then introduce the students to AC circuit and
detailed analysis of single and three phase power systems including real, reactive and apparent power
and applications to the building electrical system. Appendix A provides a detailed syllabus of this
course.

| want the students to understand the fundamental concepts ofvoltage, current, power,energy, and
circuit elements, and how these circuit elements are interconnected to represent an electrical circuit.
Then understand the rules that govern the relationship between these circuit elements. Once these
rules are understood, | want the students to understand the tools available to describe these
relationships in a structured format and apply these tools to electrical circuits to analyze the voltages,
currents, and power/energy relationship between all these circuit elements composing the electrical
circuit under consideration.

B. Context

The Elements of Electrical Engineering (ELEC 2110) course is the first electrical engineering course in our
Architectural Engineering (AE) curriculum. The AE program is a five year program where students
graduate with a master in architectural engineering with emphasis in one area (lighting/electrical,
mechanical, structural, and acoustics). Students in all options take this class as this course lays the
foundation for two additional required courses namely AE3220 and MAE8220. Appendix B provides a
map of our AE program curriculum with this course highlighted to show how it fit in our curriculum.
Furthermore, Appendix C provides a flowchart of the courses and their requirements

C. Enroliment/ Demographics

The Elements of Electrical Engineering (ELEC 2110) course is the first electrical engineering course in our
Architectural Engineering (AE) curriculum. AE major students take this course in the fourth semester
(second year) of the program. In addition to the AE curriculum, this course is also required for students
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in the Construction Engineering program. The students take this class in their third year of their study.

During this 2013-Spring semester, there were 50 students registered for this course, with four students

withdrawn from the course. The demographics of the students are as follows:

For the department or program the demographics of the students are as follows:

(13) Senior students
(26) Junior students

(9) Sophomore students
(1) Freshman student
(1) Other

(35) Architectural Engineering students
(6) Construction engineering students
(2) Civil Engineering Students

(1) Mechanical Engineering student

(6) Other students
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IV. Teaching Methods/Course Materials/Course Activities

A. Teaching Methods, course materials, and outside activities used
B. Rationale for teaching methods
C. lllustration of changes from previous years/sections

A. Teaching methods, course materials, and outside activities used

| structure my class around lecturing; questions and answers and group activities. | have developed
power point slides for each lecture that contain the material to be introduced and presented in each
lecture. This material includes the fundamental concept that the student should learn, followed by
examples to be worked out during the class time. Once the material is introduced, | follow two formats
for reinforcing the new concepts. The first format is by going step by step over the problem and how to
approach it using what have been learned so far. | start engaging the students through questions and
answers. | highlight why a proposed solution will or will not work, by actually going through the steps to
arrive at the correct or incorrect solution.

The other format | follow is once the new concepts are introduced, | ask the students to gather in groups
of 4-5 students and solve a problem provided to them in the power point presentation. This will allow
students to discuss how to solve the problem and also allows students who do not ask questions during
the concept introduction to ask their peers about it if it is still unclear and they are reluctant to raise
their hands and ask me questions. | then go around each group to see if they have any questions and
take the time with each group to discuss their approach and facilitate their learning and demonstrating
this learning by applying the concepts to solve the problem. As | discuss with each group, | evaluate
their understanding and demonstrating of what they have learned. Once all the groups had time to
solve the problem. | go over it for the entire class and describe how the fundamental concepts are
applied.

| use the group discussion three to four times during the semester. However, | think | should use it more
often. In doing so, more restructuring for the course material and class room content and delivery
methods needs to be revaluated and considered.

Course material

| use a text book as the main course material supported by power point slides for each lecture. The book
provides a structure for the material to be covered in the class room and for the concepts that the
students are expected to know and learn. The text book | use is: “Fundamentals of Electric Circuits”,
Fifth Edition; Charles K. Alexander, Matthew N. O. Sadiku. | follow the book chapters very closely
starting with chapter one that provide an introductory material to electrical circuits fundamentals. The
following list is the chapters | cover succinctly:

. Basic Concepts (Chapter 1)
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. Basic Laws (Chapter 2)

. Methods of Analysis (Chapter 3)

. Circuit Theorems (Chapter 4)

o Capacitors and Inductors (Chapter 6)

. First Order Circuit (Chapter 7)

. Sinusoids and Phasors (Chapter 9)

. Sinusoidal Steady-State Analysis (Chapter 10)
o AC Power Analysis (Chapter 11)

. Three Phase Circuits (Chapter 12)

Outside Activities

Hands-on activity is an important element to learning. Laboratory experiments provide this experience.
However, due to the existing course structure and limited laboratory equipment, this is not possible for
this course. So | use a virtual software program to provide for this experience.

| use Multisim version 8, a simulation based environment for electrical circuits design and testing. This
software provides a virtual environment for students to interact with actual equipment and devices that
are available in a physical laboratory setting. The students select the type of equipment to be used and
interact with it as if it the real equipment they are working with in the lab, for connection;
measurements and analysis. | have developed six experiments, each with specific goals and objectives
to enhance learning and understanding of the concepts learned in the class room. A sample of one of
these experiments is provided in Appendix D.

| also give the student the opportunity to learn from their midterm exam. After | give back the midterm
exam, | ask the students to go over what they have missed and redo the exam and turn it in as
homework. This exercise allow the students to see their mistakes and what concepts they have missed
or they are struggling with and give them the opportunity to study it again and attempt to redo the
problems correctly to enforce learning.

B. Rationale for teaching methods

The best method for learning the key concepts in this course is repetition and applying the key concept
to analyze electrical circuits. The lecture format to introduce the concepts, then the questions/answers
and the group discussions re-enforce the learning of these concepts. The outside activities that include
homework and virtual laboratory exercises will further enforce the concepts and insure the students are
applying the concepts discussed in the classroom.

C. Illlustration of changes from previous years/sections

This course is offered once a year in the Spring semester. The course meets twice a week on Monday
and Wednesday from 8:00 -9:15 AM. To provide further structure for this course and encourage
continued participation in learning the material, | adopted the following changes from previous course
offering:
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Quizzes

| set a structure to have a quiz every Monday during the last 15 minutes of the lecture. This approach
has resulted in more student attendance on Mondays and resulted in students having to always be
prepared for the quizzes. For each chapter of the book (the topics discussed in this course, a quiz was
developed and administered.

Homework

| set a structure to have the homework due on Wednesdays and that they need to be in class to submit
the homework (unless they inform me otherwise) . This approach has also resulted in more student
attendance on Wednesdays.

Laboratory assignments

This year | modified the number of laboratory assignment from six 6 to three. In addition to having
three laboratory assignments in which students design and verify electrical circuits using the simulation
software, | expanded the software usage be part of the homework. This way the students will have
greater exposure to the simulation software and may encourage some students to use it to further
understand the material on a regular basis by verifying their assignments and their solutions.

Access to previous exams

| made previous Midterm and final exams available for the students to provide them with an
opportunity to practice with more problems and give them the chance to further refine their skills by
solving the exam using the knowledge gained from the course.
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V. The Course and the Broader Curriculum

This is the first electrical circuit course in the AE curriculum. It provides the fundamental electrical
system concepts that will be used as the bases for upper level courses. This course is taken in the fourth
semester (See Appendix B). The prerequisite for this course in the AE program are: Math 1960 and
Physic 2110 (Appendix C).

Within the AE program

This course is required for all students enrolled in the Architectural Engineering program. This course is
a pre requisite to the next course in the curriculum, AE 3220: Building System Design | that is also
required for all AE students.

Furthermore, all students in the AE program are encouraged to become registered Professional
Engineers (PE) after they graduate and practice in their respective field for four years. The first step to
this registration is passing the Fundamental of Engineering (FE) exam. This exam is typically taken during
the seventh or eighth semester of the curriculum. This course provides the students with the
fundamental and applications of electrical circuits, an area of testing in the FE exam. Hence this course
prepares students for the knowledge needed to pass the electrical section of the FE exam.

Within the Durham School of Architectural Engineering and Construction (DSAEC)

In addition to the AE curriculum, this course is also required for students in the Construction Engineering
program. The students take this class in their third year of their study.

Within the College of Engineering and the University
This course aims to fulfill the following outcomes as set by the ABET requirement,

- Outcome a: ability to apply knowledge of math, engineering, and science: Students will be able to
apply the fundamentals of trigonometry, physics, electrical engineering and engineering science
principles as relevant to govern a given process or system in electrical circuit analysis and design for
DC and AC circuits.

- Outcome b: ability to design and conduct experiments as well as to analyze and interpret data:
Students will be able to: design/conduct experiments by identifying applicable formulas, applying
engineering fundamentals, conducting calculations and building electrical circuits using simulation
software to describing different measurement techniques; conduct experiments by using
appropriate design techniques and simulation software to collect data; analyze data and
interpreting data by recognizing how results relate or differ from theory.

- Outcome e: (ability to identify, formulate, and solve engineering problems): Students will be able
to solve theory and applied electrical circuits by applying fundamental circuit analysis tools for both
DC and AC circuits.
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VI. Analysis of Student Learning

Student learning is assessed using the following assessment methods:

1- A comprehensive quiz at the beginning of the semester (Pre-Quiz) and the same test at the end
of the semester (Post-Quiz).

2- Quizzes administered for each chapter of the book.

3- Homework assignments and their grades.

4- Midterm and final exam grades.

5- Specific questions in the final exam.

The following sections will discuss the assessment methods and provide specific examples and
trends that demonstrate student learning.

A. Analysis of students’ performance

i. Performance in the homework versus performance in the quizzes
Ideally, students who do well in the homework will also perform well in the quizzes. For every
assignment, | ask the students if they have questions on assignment from the day it is assigned
to the day it is due. | generally end up solving some of the problems in the classroom as a result
of students asking questions about how to analyze a specific problem. This approach helps the
student(s) who asked the questions and already attempted the homework. But this process
does not help the students who have not attempted the problems and just copied the solution.
Furthermore, homework solutions from previous years or from textbook websites are available
outside the class, which can be easily copied, thus not helping students in learning the material.
As it can be seen in Figure 1, the result of the analysis shows that most of the students did well
in the homework, but not in the quizzes.

Total Average Homework vs. Total Average Quiz Grade
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Figure 1. Total Average Homework versus Total Average Quiz Grade
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The performances in the homework and quizzes containing the content of the midterm exam
are compared to that of the midterm exam as shown in Figure 2. The midterm exam
performance shows a linear relationship with the quizzes — high quiz scores yielded high
midterm exam scores. However, the homework scores do not show a particular relationship

with the midterm exam performance.
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Figure 2. Analysis of Midterm Exam versus Associated Homework and Quiz Grades

Performance in the final exam

Final Exam was a comprehensive exam covering all the topics. Therefore, total homework

average is compared to the final exam scores. Like the midterm exam, the final exam scores
show no relationship with the homework scores. Most of the high homework scores resulted in
both high and low final exam scores. Similarly, total quizzes averages are compared to the final
exam scores, which demonstrates that students who scored well in the quizzes also scored well
in the final exam. Figure 3 provides a graph for both analyses.
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Figure 3. Analysis of Final exam versus Average Homework and Quiz Grades
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Figure 4 shows the comparison between the midterm and the final exam grades. The results

show that students’ performance in the midterm exam is proportional to that in the final exam.

Final Exam vs. Midterm Exam
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Figure 4. Analysis of Midterm Exam versus Final Exam

Analysis of a sample student

A sample student’s performance is highlighted in the graph shown in Figure 5, who received an
“A” grade in this course. This student did well in the homework, lab, and the midterm exam, but
the performance in the quizzes was not as good. This analysis provides an insight on how the
quizzes and homework affect the midterm and final exam performances, and consequently, the
overall performance of the students; since the exams constitute of the majority points toward
the overall grade (midterm: 30%, Final: 30%). A copy of the student’s final exam is shown in

Appendix E.
Sample Student's Performance
| | | |
Overall ' ® Homework
Final Exam
Midterm Exam B Quiz
Lab M Lab
Quiz .
B Midterm Exam
Homework
M Final Exam
0.0 20.0 40.0 60.0 80.0 100.0
Score (%) [ Overall

Figure 5. Sample Student’s Performance
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Analysis of grades and grade trends.

Pre and Post Quiz analysis
A comprehensive quiz at the beginning of the semester (Pre-Quiz) and the same quiz at the end of
the semester (Post-Quiz) is developed and used to measure student learning. Method is to grade
both quizzes and compare the grade results. The students were informed at the beginning of the
semester that the first quiz will not be used to compute their overall grades. However, the students
were told that the same quiz will be given at the end of the semester and that quiz grade will be
counted toward their overall grades. However, the grades for the post-quiz were not used to
calculate the students’ overall grades. The analysis of the quizzes shows that every student in the
class has performed better in the post-quiz than in the pre-quiz, as shown in Figure 6. This indicates
that all the students learned the course objectives by the end of the semester. However, the extent
of their learning is varied as demonstrated by the overall grade. A sample of pre and post quiz for
three students is shown in Appendix F.

Pre- and Post-Quiz Analysis

=¢=—=Pre-Quiz =lll=Post-Quiz

20
18
16
14
12
10

Scores

o N & O

¥

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
Student

Figure 6. Pre- and Post-Quiz results.

Overall class Grade analysis

Figure 7 shows the grade distribution for the course. The results show that 36% of the students
received an “A” grade in the class (Total of A+, A, A-); 38% of the students received a “B” grade
in the class (Total of B+, B, B-) and 26% of the students received a “C” grade in the class (Total of
C+, C, C).

13
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Overall Class Grade Distribution
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Figure 7. Overall Class Grade Distribution

Final Exam Score Distribution

The performance in the final examination was satisfactory, where majority of the students
received more than 70% of the score. This grade distribution can be attributed to the fact that |
discussed the specific topics that will be in the final exam and used my previous year exam to
illustrate the type of questions students should expect to see and be able to analyze and solve in
the exam. The exam distribution is shown in Figure 8.

Final Exam Score Distribution

18
16
14
12
10

Number of Students

O N b O

50-60 60-70 70-80 80-90 90-100

Final Exam Score

Figure 8. Final Exam Grade Distribution.
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iv.  High, Average and Low Grade Analysis

The class trend in the homework, quizzes, and exams are as illustrated in Figure 9 and Figure 10.

The highest score is a 100 percent in all the homework and quizzes. The class did better in the

final exam than in the midterm exam.

Homework: High vs. Average vs. Low Quizzes: High vs. Average vs. Low
mnmnnni
NI .

60 - ) w 60 m High
o m High o
G40 - A 40
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Figure 9. Grade Distribution in all Homework Assignments and Quizzes
Exams: High vs. Average vs. Low Score
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Figure 10. Grade Distribution between Midterm and Final Exam.
v. Detailed Analysis of Final exam Questions

Each main topic on the course material is being represented by a question in the final exam. A

copy of the final exam questions is shown in Appendix G. Analysis of the performance in each

problem with respect to other problems shows that students performed better in problem 1

15
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than in problem 7, both of which cover the two main topics of the course — Method of analyzing
DC circuits (Chapter 3 and 4), and AC circuit analysis (Chapter 11). Figure 11 show the results for
selected problems in the final exam.

100
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30
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Final Exam Problems Score Distribution

1 2 3 4 5 6 7
Problems

W Average

Figure 11. Individual Problem Grade Distribution in the Final Exam

Comparison between the final exam problems and the corresponding quizzes covering the same topics
is illustrated in Figure 12. The final exam problem #1 score, which tested chapters 3 and 4, is directly
proportional to the average corresponding quiz score that covered the chapters. Students who scored

high grade in those quizzes scored high in the exam question as well.

35.0

Final Exam Problem 1 vs. Corresponding Quiz Score

30.0
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Final Exam Problem 1 Score

Figure 12. Final Exam Problem #1 versus Corresponding Quizzes Covering the Same Topic
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Similarly, Figure 13 shows the relationship between problem #5 in the final exam and the corresponding

quiz taken during the regular semester. The results do not show any correlation. The results show that

students who did well in the quiz did not correspond with doing well in the final.

Average Quiz 7 Score
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Figure 13. Final Exam problem #5 versus Corresponding Quizzes Covering the Same Topic

Finally, Figure 14 shows the relationship between problem #7 in the final exam and the corresponding

quiz taken during the regular semester. The results show a better correlation in the performance.
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Figure 14. Final Exam Problem #5 versus Corresponding quizzes Covering the Same Topic
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Planned Changes

| have set the objective for this course to develop a snapshot of student learning and to focus on two

chapters in the course and to evaluate methods to stream line the knowledge delivery in order to focus

on and prioritize the material in order to allow time spent on material needed for the upper courses. |

was not able to shorten the time spent on these specific materials. Furthermore, | have analyzed
student learning in one of the questions in the final exam (the first problem) that addressed both
chapters. | found that students in general scored well on this topic due to the amount of time | spent

covering the material.

| plan on the following changes to the syllabus and material delivery the next time | teach this class.

1-

Modify the delivery of the material to provide an overview of the entire course with the
objectives and the analysis methods used to analyze electrical circuits during the first few
lecture of the course.

In addition to providing a summary of the learning outcomes for each chapter, provide a
discussion on how these outcomes fit within the course and the method of knowledge delivery.
Maintain a structure for the Quizzes but expand on this structure with more quizzes, i.e. a quiz
every week on Monday and an attendance quiz on Wednesday.

Increase the number of assignments to be solved using MultiSim, the virtual software.
Streamline Chapter 4 and 5 material discussions in the classroom by providing students
additional reading material to be done outside the classroom. Furthermore assign team
projects related to the content of these chapters. It is expected that the team assignment will
allow student to further engage in learning.

In Summary, to build on what | have learned from this process, | am planning on adopting alternative
methods for delivery of the focus area ( items 4) the next time this course is offered, and then compare

student learning using the data | have collected this year.

18
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VIIl. Summary and Overall Assessment of the Portfolio Process

The peer review process has been an invaluable tool to self-evaluate existing tools and methods | used
to teach this course. It opened an opportunity for me to assess the course content and to plan for
improving the content and time spent in each topic area.

| have set the objective for this course to develop a snapshot of student learning and to focus on two
chapters in the course and to evaluate methods to stream line the knowledge delivery in order to focus
on and prioritize the material in order to allow time spent on material needed for the upper courses.

| have analyzed student learning and focused the analysis on two areas of knowledge delivery. What |
found is that it takes time to implement change especially if the material is difficult to comprehend if
sufficient time is not allocated in the classroom.

In Summary, to build on what | have learned from this process, | will adopt alternative methods for
delivery of the focus area the next time this course is offered, and then compare student learning using
the data | have collected this year.
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A. Syllabus



MAA, 1-7-13

ELEC 2110: Elements of Electrical Engineering

Spring 2013
Course Title: Elements of Electrical Engineering
Prereq: MATH 1960; PHYS 2110
Objective: Basic understanding of: Circuit analysis for direct and alternating currents

and single and three phase power systems.

Time & Place: Lecture: M, W - 8:00 - 9:15 AM. Room: PKI Rm # 164

Instructor: Mahmoud (Moe) Alahmad (Lecture & Lab)
malahmad2@unl.edu

Office Hours: PKI Rm# 206A
M, T, W 9:15-10:30 / Open Door Policy / Appointments
Phone # 402-554-3527 Office

Course Outcomes:

Outcome a: ability to apply knowledge of math, engineering, and science.

Students will be able to apply the fundamentals of trigonometry, physics, electrical engineering and
engineering science principles as relevant to govern a given process or system in electrical circuit
analysis and design for DC and AC circuits.

Outcome b: ability to design and conduct experiments as well as to analyze and interpret data.
Students will be able to: design/conduct experiments by identifying applicable formulas, applying
engineering fundamentals, conducting calculations and building electrical circuits using simulation
software to describing different measurement techniques; conduct experiments by using appropriate
design techniques and simulation software to collect data; analyze data and interpreting data by
recognizing how results relate or differ from theory.

Outcome e: (ability to identify, formulate, and solve engineering problems)

Students will be able to solve theory and applied electrical circuits by applying fundamental circuit
analysis tools for both DC and AC circuits.

Text: “Fundamentals of Electric Circuits”, Fifth Edition; Charles K.
Alexander, Matthew N. O. Sadiku

Grading: Homework 15%
Project (labs) 10%
Quizzes 15%
Exams 60%
Grading A+ 100-97% A 96-93% A-92-90%
System: B+ 89-87% B 86-83% B- 82-80%
C+ 79-77% C 76-73% C-72-70%
D 69-60%

F <60%



MAA, 1-7-13

Homework: 8-12 Homework will be assigned and due at the beginning of the period on the assigned
date. NO LATE HOMEWORK WILL BE ACCEPTED. If you plan to miss the
lecture on the assigned homework day, arrange for the assignment to be turned in the
lecture by another classmate.

Project: There will be 6-8 lab assignments throughout the semester using Electronics
workbench Multisim, version 8, software.

Quizzes: Announced and unannounced 6-10 quizzes during the semester will cover topics
from lecture and/or textbook. NO MAKE-UP QUIZZES WILL BE GIVEN.

Exams: Midterm exam (30%); Final exam (30%).
The Mid-term exam is on Monday, March 11, 2013, 8:00 - 9:15 AM
The Final exam is on WEDNESDAY MAY 1, 2013, 7:30-9:30 AM

Course Overview:
Class will cover the following topics
Introduction
Electrical systems in Buildings (Reference 1)
Basic Concepts (Chapter 1)
Basic Laws (Chapter 2)
Methods of Analysis (Chapter 3)
Circuit Theorems (Chapter 4)
Capacitors and Inductors (Chapter 6)
First Order Circuit (Chapter 7)
Sinusoids and Phasors (Chapter 9)
Sinusoidal Steady-State Analysis (Chapter 10)
AC Power Analysis (Chapter 11)
Three Phase Circuits (Chapter 12)

References:
#1 “NEC 2011 Handbook” NFPA 70: National Electrical Code, International Electrical Code
Series; Mark W. Earley, Jeffrey S. Sargent.

Other items:
No electronics are allowed during the lecture (Laptops, cell phones, IPads, etc...)

The professor of this course has been nominated to take part in the Peer Review Project, a
University-wide, on-going attempt to develop new and better methods for promoting student learning.
Your professor will be asked to evaluate his/her syllabus, exams, class activities and written
assignments. He will also receive feedback from other faculty members regarding teaching plans and
how they are carried out. One of the project’s ultimate goals is to improve student learning, and we
cannot accomplish this goal without student input. Your professor will be asked to select several
students whose work would be copied and included in his/her course portfolio as an archive of
student performance for the course. These examples are a very important piece of the project for
professors to show how much and how deeply students are learning. Once the course portfolio is
completed, it will be put on a project website: www.courseportfolio.org so that it can be shared, used,
and reviewed by other faculty.



B. AE program Curriculum



Undergraduate Program of Studies in Architectural Engineering

A 129 credit curticulum leading to a Bachelor of Science in Architectural Engineering
Fall 2013 - 5/21/13 with ACE updates

First Semester*

Second Semester

AE 1010 Intro. to Architectural Engineering 1 AE 2250 Const. Graphics & Design Process 3
SPCH 1110 (ACE 2) Public Speaking Fundamentals 3 ARCH 1060 Intro to Design 3
MATH 1950 (ACE 3) Calculus I 5 MATH 1960 Calculus II 5
CHEM 1180 General Chemistry 3 PHYS 2110 (ACE 4) General Physics 4
CHEM 1184 Gen. Chemistry Lab 1 PHYS 1154 General Physics Lab 1 1
CIST 1400 Computer Programming 3 16
16
Third Semester Fourth Semester
MENG 2000 Thermodynamics 3 ELEC 2110 Elements of Electrical Engineering 3
ARCH 2100 Basic Design 3 AE 2400 Building Systems 3
MATH 1970 Calculus 11T 4 MATH 2350 Differential Equations 1 3
PHYS 2120 General Physics 4 EM 3250 Mechanics Of Elastic Bodies 3
PHYS 1164 General Physics Lab II 1 EM 3730 Engineering Dynamics 3
EM 2230 Engineering Statics 3 AE 3070 Mechanics of Materials Lab 1
18 16
Fifth Semester Sixth Semester
AE 3200 Lighting I: Fundamentals for Design 3 AE 3220 Electrical Systems for Buildings I 3
AE 3300 Building Acoustics Fundamentals 3 AE 3100 Bldg. Energy I: Fundamentals 3
CIVE 310 Fluid Mechanics 3 CIVE 441 Steel Design 3
CIVE 319 Fluid Mechanics Lab 1 MENG 420 Heat Transfer 3
CIVE 341 Introduction to Structural Engineering 4 ok dofofok ACE Electivca 3
ENGL 3980° (ACE 1) Technical Writing 3 STAT 3800 Statistics 3
17 18
Seventh Semester® Eighth Semester
All Options All Options
ART 3770* (ACE 5) History of Architecture to 1850 3 ART 3780 (ACE 7)  History of Architecture Since 1850 3
CONE 2060 (ACE 8) Engineering Economics 3 Lighting and Electrical Options
CIVE 440 Reinforced Concrete Design 3 AE 4250 (ACE 10) Lighting Design 4
Lighting and Electrical Options PSYC 4210 Sensation and Perception 3
AE 4200 Lighting II: Theoty, Design & Application 3 Mechanical and Acoustics Options
AE 4120 Bldg. Energy 11: Pri & Secondary Systems 3 AE 4150 (ACE 10) HVAC Design 4
PSYC 1010 (ACE 06) Introduction to Psychology 3 AE 4300 Advanced Noise Control 3
Mechanical and Acoustics Options Structural Option
AE 4120 Bldg. Energy II: Pri & Secondary Systems 3 CIVE 334 Intro. To Geotechnical Engineering 4
— ACE Elective’ 6 CIVE 444 (ACE 10)  Structural Design and Planning
Structural Option 10
CIVE 443 Advanced Structural Analysis 3
Hok poprk ACE Elective’ 6
18
Notes:

1. This curriculum assumes the student has placed into MATH 1950 and ENGL 3980. If not, the prerequisites must also be taken.
2. ENGR 3000 is an accepted equivalent to ENGL 3980.

3. Elective needs to be selected from each ACE category 6, 8 or 9
4. AE 3770 - Global Experiences in Architectural Engineering is an accepted equivalent to ART 3770.



C. AE program Flowchart



Architectural Engineering Prerequisite Flowchart (Mar. 2011)

Note: This chart is provided for information only. See the current AE curricuium and course catalog for requirements.

Courses shown linked in the same sermester are co-reguisites.
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D. Sample Multsim program virtual laboratory experiment



ELEC2110 - Elements of Electrical Engineering

Spring 2013
4/3/13
DUE 4/10/13
LABORATORY #2
Principle of superposition
Objective

The objective of this laboratory is to demonstrate the principle of superposition. For linear
systems, the concept of superposition states that any system that is excited by one or more
independent source of energy, the total response is the sum of each individual response. Two
basic principles apply for source deactivation: (1) voltage sources become short circuits (2)
current sources become open circuits. For this lab, we will only be using independent voltage
sources.

Experimental Setup

R R2
vy
50 100
— Vi R3 V2 —
T §2f.' T

Figure 1 — Experimental setup for demonstrating the principle of superposition.

Experimental Problem

A certain device is modeled by resistor R3 shown above in Figure 1. This device has a
resistance of 2 Ohms and draws 1.75 Amps. Use the principle of superposition to design the
circuit above in which that the second voltage source will have a value double that of the first
voltage source (V2 =2*V1) and meet the current demands of the device. You can then use
MultiSIM to test your circuit, to make sure it is correct and working properly. Then, paste the
completed circuit with the multimeter reading the correct current value of R3 into a Word
document, print out, and attach to this page and the calculations.

(Please show all of your work on engineering paper, including finding the equivalent resistances,
total currents, individual currents, etc.)



MultiSIM

Now that you have a solved and completed circuit, it is time to find values of voltage and current
for each element in the circuit.

Circuit 1 (V2 gone)

Show calculations for and measure in MultiSIM:
- Current supplied by V1

- Current through (/”) and Voltage across (V) R1, R2, and R3.

Circuit 2 (V1 gone)
Show calculations for and measure in MultiSIM:
- Current supplied by V2

- Current through (/°") and Voltage across (¥’’) R1, R2, and R3.

For the complete circuit
Show calculations for and measure in MultiSIM:
- Current through (/) and Voltage across (V) R1, R2, and R3.

—>Print out all MultiSIM circuits that are measured showing the correct value on the multimeter.
—> Show all Calculations on engineering paper, you will be graded on neatness and work shown



E. Sample of one student final exam
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FINAL EXAM
NAME:

(35Pts) 1- Find io in the circuit below using

The Node Method

b- The Loop Method

¢~ Voltage Division Method

d- Current Division Method

e- Thevenin’s equivalent method

f- Source Transformation—sLiet b geges
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(5Pts) 2~ List the steps to follow in analyzing an electrical circuit using the supper position method.
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(5Pts) 3- A series-connected circuit has a 240 V voltage source, a 10 Ohm resistance, a 5 Ohm resistance
and an unknown resistance. The voltage across the 5 Ohm resistance is 30 Volts.
Determine the value of tl}e unknown resistangce.
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(5Pts) 4— For the circuit below, determine the load impedance that maximizcs the average power drawn
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(15Pts) 5- For the circuit shown below, find
(10Pts) a- the inductor current for T>0

(5Pts) b- IF the 2A DC source is replaced with i(t)=10 COS(2T+30) A, find the inductor current for T>0
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(20Pts) 6—- ANSWER THE FOLLOWING QUESTIONS WITH A TRUE (T) OR FALSE (F)
X a Two circuit elements are said to be in searies if they share the same voltage.

A I—b- Infinite resistance is equivalent to a voltage source with zero volts.
K¢ The resistance of a 1.5V battery with a maximum short circuit current of 300mA is 0.45 Ohms.
Ya Two circuit elements are in parallel if they sharc the same current.
I e- Voltage is the energy required to move 1 C of charge through an element.
g gy req g
Tt In DC analysis, as time approaches infinity, the capacitor behaves as an open circuit.

E-g— If a capacitor has an impedance of 20 Ohms at 1000 HZ, the impedance is 40 ohms at a

frequency 0f40(]0 HZ. J0- /&f‘C"? TIC 1Zsbhy 577 Lo - L TG, b [ues A
~ tpeo AT Nf
/E--h Ifvi(t)= 3COS(2t+20) and v2(t)—2COS(3t+30) are connected i lIl series, the equivalent sourc(e in

phasor domain is 5¢”°

oo

{Zj- For the typical receptacle (outlet) in buildings, the average voltage is 170 V.

E.x- Residential clectrical systems are 120/240V single phase; whilec commercial buildings are 120/240
three phasc.

(15Pts) 7 — The following information is associated with a load consisting of a resistor and an inductor:
F=60HZ, V=125V RMS, I=5.1A RMS, and the average power is 480W. Find,
(4Pts) 1- The Power Factor; Is the Power Factor Leading or Lagging fan
(2Pts) 2- The peak value of the voltage source (J,/ ol Ji, I '
(2Pts) 3- The Apparent power and units 7/ 5T Tz
(2Pts) 4- The Reactive power and units
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(2Pts) 6- The power Triangle ey VY Ve
Ll’ ‘:{j‘\ Jos Py !
{rt/‘ity[(j,( Py B s Figv SR COS(

GNP Tru,e [[:"CO‘ - ;H‘;C”')ﬁ:"”ﬁ b v
P e LA B AL

Gl s Uf‘) ya \/mj A / “’\‘ IK‘NS\{\, 5‘,/\(1“‘{(3’\2*\)‘

j‘ g f

r-"\ A {Q (Z/Cf C’_ VA?’] )< ‘
D 35
‘S I - f\ &/ 6;’54"" — “».\ ' e . e ———
H[} owcer | mdag = 70T AL lZ?i WA f‘o}\
..... = N
\“’i‘,ﬁiﬂm ’\J gai.“gi‘.r-,-‘,ftz;,_ - \:;_ 1. f’\\f G e i =y V“{;l /P !‘/MU _ \7% /
4



NDESD RN

o e oo g e jon

S

s T
5«/\/ ,.W.W}: A } Lo N T
v (7} Wit 215, = [“EN i
{//_ A 257 P bl p
N D

Yo} fiozsar)

— MO/

W+ T

VM 20565

Ao
HERCEE i . 3
‘""”‘“"""w«i ' z;émv\.: [#rs f\\ffj..-

GWL =L T Y, 9 O pd g

o

Vel
A

35T T RSE

Hoss o Y MMYa

‘\/’\”w \3/16

A\J i

s L Ve _[ ¥
=2y &g H . o AR
Mot \/:: 76 by
RS w%s
£ 7L\ 6}5..-‘1...

= Peq i Y -ysape s, o

Yl

UL YU

("W[/ {;vn‘

L\(! i ’“>
N a5 ot

-k
1% 4 0 £ 7

///\‘,Xc‘

N n[ oi?!f

- 'zfi\gz,.;mizos"

?%“l»JI/ﬁn\st

ZAEN TG 2

rL
7 UGS L0008 @L [IX 7
d L
S



F. Sample of pre and post quiz for three students
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FIRST QUIZ (30 points)

NAME: _

1- Whatis an Electrical Circuit?

A S\(S’L(M wirk e\eghic;‘]\-’ yubn S Lgon o Sourt® to a rfceisgs

What do DC and AC stands for and what is the Difference between them?
Di- tovetnd £ ot L nd? #L\Q\i M Th apge SIhE ey S

|
1

List the most common circuit elements?

73]
I

Ubl+<,;5€; wrrtt

What is Ohms Law?
p T= RA

‘What is KVL and KCL?
? K\(o V\')Hns?. Lewe( & Lo ety lent!

Y
1

h
i

N
|

What is the difference between Power and energy?

Powtr 15 M\/ ol Bint

7- What are the most common methods for circuit analysis?
‘f Eyprrindnat afn & Sing labion b volhqe divid er it hod

8- What is the voltage divider method and how is it applied?
?p (L k 4\&,\/0“-0-3& in Rl ¥ e b e G i alle to conkiave
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9- What is a single phase circuit? How about three phase circuit?

Aanit dhet only gous fhough o phoe Cort evcle)y 3 phose 15
(af(.u\h# J{k\&\"ll' C\[IQ[CS 3 +\M5

10- What is impedance? What is a phasor?

[N o%i@ ct {'\Lx(\k‘ -H'E(j "(LQ turriat ‘R‘L’IM cont /\-uil\j !I A ﬂl\a\‘s[}f 15 on
A

ok,ée et o dedie (b Ygulikes Lo /,,Lﬂ@n He Qrenk goes Hoou

11- Define Real power, reactive power and apparent power
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12- What is a power factor?

Coeﬁf\‘dgﬁl- O,C (,,,N_gf US(&[ o b alo~ce ezoa*;oﬂf

13- What is the most common voltage system used in residential buildings? How about in
commercial buildings?

gﬁ Lesida~ al © Lo

(o mmndm (i al " L{wl’\

14- What is a one-line diagram and where is it used?
Ex

Yied Ry ceeub W\rnl\f s

15-'What is an electrical transformer and where is it used?
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POST QUIZ (30 points}) /' CL\

NAME:

£
1- Whatis an Flectrical Circuit?
P 'Y
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2- What do DC and AC stands for and what is the leferencc between them?
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3- List the most common circuit elements?
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4- What is Ohms Law?

5- Whatis KVL and KCL?
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6- What is the difference between Power and energy?
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7- What are the most common methods for circuit analysis?
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8- What is the voltage divider method and how is it applied?
V= YA - To Dy f(‘i\ﬂ v e 8¢ el o Ciisdme e tiel

i K W—T’” .

LI g fﬂ : o~ [ oy LI B OCIC st

i & / CP(”C;HEE\;U"‘G\ U’% o M i%( of Souwel € LA reS1s T
i

@

1(\ g’)‘ﬁl'l (Ha\ M el L e ’r_‘g g -



ELEC 2110 SPRING 2013
APRIL 17,2013

Whatis a single phase circuit? How about three phase circuit? X
A i aj
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10- What is impedance? What is a phasor‘?
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11- Define Real power, reactive power and apparent power
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12- What is a power factor?
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13- What is the most common voltage system used in residential buildings? How about in
commercml bulldmgs‘?
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14- What is a one-line diagram and where is it used? '
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15- What is an electrical transformer and where is it used?
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FIRST QUIZ (30 points) L r

NAME: _

1-

4

What is an Electrical Circuit?
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Cﬂ\'& g\(){u}‘/‘,%w\‘f“ O{N (\iix\ itfmé 7, L,]e ‘\Qj ‘{vﬁq ‘j i i ’#%‘éf:w‘&éﬁ s; ’

ﬁ_\_

What do DC and AC stands for and what is the Difference between them?

RYOTN
¢

List the most common circuit elements?
- yelotoy s

What is Ohms Law? . G gt b od % TN
WIGOC e cewicforee yliphed D QU A

What is KVL and KCL?
a1

What is the difference betwcen Power and energy?
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What are the most common methods for circuit analysis?
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What is the voltage divider method and how is it applled"
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$- What is a single phase circuit? How about three phasc circuit?

kwﬂ e o e MM\* FE T R ;
A~ g)l/\%f (3, \j/ffﬂ %\NO\\

10- What is impedance? What is a phasor?

90

11- Define Real power, reactive power and apparent power

12- What is a power factor?

13- What is the most common voltage system used in res1dent1al buildings? How about in
commercial buildings?

?

14- What is a one-line diagram and where is it used?

15- What is an electrical transformer and where is it used?
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POST QUIZ (30 points) {[
)

NAME:

1- What is an Electrical Circuit?
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3- List the most common circuit elements?
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4- What is Ohms Law?
5- Whatis KVL and KCL?
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6- What is the difference between Power and energy?
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7- What are the most common methods for circuit analysis?
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8- What is the voltage divider method and how is 1t applicd? \ W\‘N ‘ -i?;
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9- Whatis a smgle phase clrcmt" How about t£1ree phase clrcult ? g
K Jif‘@ W g; ot dretlr B oo e i vesldeRtiol

Al & 3 I

ollabige, W wee one kmm\ﬁﬁmu

A %NLE pWMﬁ pﬁt ﬁ USCs, Kt e_ﬂﬂﬁzﬁwﬁ

USCT (A VR Y o ui T
10- What is 1mpedanc§" Whgt isa phasog'j‘;‘ WE 5\& fi’i

Tipedovee b 40 do with The Plow ofs e ‘r'g\;

/ I QUETAGIIVG - Corai
| Wi\u{ © Oo(\ e\mﬁﬂm wal 16 U?/%’é Ef G‘\ j

AWTERE ts present,

11- Define Real power, reactive power and apparent power
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12- What is a power factor?
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13- What is the most common voltage system used in residential buildings? How about in
commercial buildings?
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14- What is a one-line diagram and where is it used?
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15-'What" is an electrical transformer and wherc is it used?
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G. Final Exam problems
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FINAL EXAM
NAME:

(35Pts) 1- Find io in the circuit below using

a- The Node Method

b- The Loop Method

c- Voltage Division Method

d- Current Division Method

e- Thevenin’s equivalent method
f- Source Transformation
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(5Pts) 2- List the steps to follow in analyzing an electrical circuit using the supper position method.

(5Pts) 3- A series-connected circuit has a 240 V voltage source, a 10 Ohm resistance, a 5 Ohm resistance
and an unknown resistance. The voltage across the 5 Ohm resistance is 30 Volts.

Determine the value of the unknown resistance.

(5Pts) 4- For the circuit below, determine the load impedance that maximizes the average power drawn

from the circuit.

4

- j5Q

MWWV

10,/0° V @)

:

8 Q2

_i6Q




ELEC 2110 SPRING 2013
MAY 1, 2013

(15Pts) 5- For the circuit shown below, find
(10Pts) a- the inductor current for T>0

(5Pts) b- IF the 2A DC source is replaced with i(t)=10 COS(2T+30) A, find the inductor current for T>0

*i

4Q

3.5H
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(20Pts) 6- ANSWER THE FOLLOWING QUESTIONS WITH A TRUE (T) OR FALSE (F)

---a- Two circuit elements are said to be in searies if they share the same voltage.

---b- Infinite resistance is equivalent to a voltage source with zero volts.

---c- The resistance of a 1.5V battery with a maximum short circuit current of 300mA is 0.45 Ohms.
---d- Two circuit elements are in parallel if they share the same current.

---e- Voltage is the energy required to move 1 C of charge through an element.

---f- In DC analysis, as time approaches infinity, the capacitor behaves as an open circuit.

---g- If a capacitor has an impedance of 20 Ohms at 1000 HZ, the impedance is 40 ohms at a
frequency of 4000 HZ.

---h- If v1()=3COS(2t+20) and v2(t)=2COS(3t+30) are connected in series, the equivalent source in
phasor domain is 5¢° .

---j- For the typical receptacle (outlet) in buildings, the average voltage is 170 V.

---k- Residential electrical systems are 120/240V single phase; while commercial buildings are 120/240
three phase.

(15Pts) 7 — The following information is associated with a load consisting of a resistor and an inductor:
F=60HZ, V=125V RMS, I=5.1A RMS, and the average power is 480W. Find,

(4Pts) 1- The Power Factor; Is the Power Factor Leading or Lagging

(2Pts) 2- The peak value of the voltage source

(2Pts) 3- The Apparent power and units

(2Pts) 4- The Reactive power and units

(3Pts) 5- The Complex power

(2Pts) 6- The power Triangle



