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Incorporating Software Simulation into Electric Circuit Experiments

Abstract- A number of laboratory experiments in a sophomore electrical engineering course,
Circuits and Devices, were revised to accommodate students’ needs during COVID-19. This
was accomplished while ensuring that a reasonable level of hands-on experience with electrical
components and basic laboratory equipment still took place. During the semester, students
completed three hands-on experiments on campus, six experiments that involved analysis and
software simulation, and a final project with an oral presentation. Some final projects included
hardware and software while others were limited to circuit design and software simulation. This
paper briefly describes six remotely performed exercises that used Multisim to perform circuit
analysis and simulation and help students learn the course material. While there were several
challenges, overall students were able to perform the experiments and successfully complete a
final project.

Introduction

A report by the United Nations estimated that closures of schools and other learning spaces due
to the COVID-19 pandemic impacted 94% of the world’s student population in 2020 [1]. This
included a severe impact on higher education, as many universities closed their premises and
replaced face-to-face lectures with an online learning environment [2] — [3]. A similar effect was
experienced in the case of summer events such as camps and research experiences for
undergraduate students where some institutions selected to cancel such programs while others
held them remotely or in hybrid formats [4] — [5]. In most cases, online delivery of courses
required some adjustments of course material and pedagogy and faculty responded with a variety
of approaches to adapt to the situation [6] — [9]. In laboratory courses, there were additional
unique challenges due to the difficulty in providing some level of hands-on experimentation,
teamwork opportunities, and social interactions among students [10].

At Penn State University-Harrisburg, most courses during the 2020-2021 academic year were
offered remotely while some included a mixed-mode delivery mode. In laboratory courses, in
particular, a combination of in-person and online experimentation was a reasonable option. This
is based on the general understanding that hands-on experimentation is crucial to the learning
process and simulation cannot be a substitution for the experience of building and
troubleshooting a circuit on a breadboard. In Circuits and Devices, a sophomore electrical
engineering course, a number of laboratory experiments were revised to accommodate students’
needs while ensuring that a reasonable level of hands-on experience with electrical components
and basic laboratory equipment such as power supplies, multimeters, still took place. To
accomplish this objective, the laboratory portion of the course included three hands-on
experiments that students completed on campus, six exercises that involved software simulation,
and a final project with an oral presentation. Some final projects included hardware and software
components while others involved only design and software simulation. This paper provides



brief details about the remotely completed experiments using Multisim, a National Instruments
Software package. Most students accessed the software remotely through the University while others
selected to purchase the Student Edition of Multisim. While there were challenges in accessing the
software remotely, one positive outcome of this experience is incorporating Multisim in several
experiments in a very meaningful way. When teaching the course in-person in the future, Multisim
would be further integrated into the course with additional improvements. Experiments would be
revised to include two phases: (1) Completing a pre-lab that involves theoretical analysis and software
simulation, and 2) Building and testing the circuit on a breadboard.

Laboratory Experiments

Throughout the semester, students completed a total of 9 experiments in addition to a final
project. The experiments were designed to complement the material covered in the lecture part of
the course [11]. Three experiments were completed in the laboratory on campus and six
experiments were completed using a software package, Multisim. The Multisim exercises were
performed during weeks 1, 2, 4, 5, 7, and 9 during the semester while the hands-on experiments
were performed during weeks 3, 6, and 8. There were 25 students in this course and they worked
individually throughout the semester. The hands-on experiments focused on (1) Constructing
electric circuits on a breadboard and becoming familiar with resistor, voltage, and current
measurements by applying KVL and KCL, (2) Applying nodal and mesh analysis to a circuit
with two voltage sources and taking measurements of nodal voltages and branch currents, and
(3) Designing, constructing, and testing a “high voltage level” indicator using an Op-Amp and
other electronic components. The following paragraphs briefly describe the six software
exercises that were completed remotely.

Exercise 1: The purpose of this exercise was to help students become familiar with Multisim and
use it for current, voltage, and power measurements. Students were asked to create and analyze
several simple circuits.

Exercise 2: The purpose of this exercise was to help students learn about the four dependent
sources: (1) Current-Controlled Voltage Source, (2) Current-Controlled Current Source, (3)
Voltage-Controlled Voltage Source, and (4) Current-Controlled Voltage Source. Students used
Multisim to construct four relevant circuits and make measurements to verify their operation.

Exercise 3: In this exercise, students used the circuit shown in Fig. 1 to learn how to apply and
examine DC Sweep Analysis using Multisim.

DC Sweep Analysis simulates a circuit multiple times, sweeping the DC values over a
predetermined range for a specified variable. For sweeping over a range, the following values
need to be specified: start value, stop value, and increment.
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Fig. 1 Resistive circuit with one voltage source

To analyze the circuit manually, students needed to apply delta to Y conversion to produce a
simplified circuit. The following graph shows a sample test with the source voltage being

“swept” from o to 30 V.
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Exercise 4: In this experiment, students used the circuit shown in Fig. 2 to examine resistor
tolerance effects by performing Worst Case Analysis.
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Figure 2. Resistive circuit with one voltage source and several nodes

Different tolerance values were assigned as follows: Ry and Rz (10%), and R3, R4, and Rs (5%).
Once entering tolerance data is completed, one needs to specify the analyzed variable, V(2) in
this case. Both extreme values, V(2)max and V(2)min, were identified. Students recorded the
Nominal and Worst-case values.

Exercise 5: In this exercise, students explored Op-Amp applications. Two circuits, a voltage
difference op-amp circuit and a voltage follower circuit, were used to accomplish the goals of
this lab. For the circuit in Fig. 3(a), students manually derived the output voltage (Vout) in
function of V1, V2, R1, R2, R3, and R4, then used the 741 Op-Amp model in the Multisim
library to create and simulate the circuit. The measured output voltage, Vout, was compared
with manual calculations.

For the circuit of Fig. 3(b), students created the circuit, measure Vout, and compared it with the
source voltage VS. In addition, the currents going into terminals 2 and 3 were measured as well
as the current flowing out of pin 6. Students were asked to answer a few critical questions about
the operation of the circuit and its usefulness.
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Figure 3 (a) Voltage difference Op-Amp circuit (b) Voltage follower Op-Amp circuit



Exercise 6: This exercise involved determining the Thevenin equivalent circuit and
experimenting with dependent sources. This was done manually and using Multisim for the

original circuit shown in Fig. 4. Since the circuit contains a dependent source, students needed to

use the open-circuit and the short-circuit measurement approaches.
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Figure 4. Measurement on the original circuit

To use Multisim to determine Vth and Rth, one needs to determine the open-circuit voltage and
the short-circuit current to be able to compute Rth. The open-circuit measurement is shown in

Fig. 5 (a) and the short-circuit measurements is shown in Fig. 5 (b).
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Figure 5. (a) Circuit for open-circuit voltage, (b) Circuit for short-circuit current



Student Feedback and Future Plans

Students were encouraged to provide written feedback at the end of the semester as part of the
final report and/or through the official course evaluation forms administered by the University.
Feedback was in general positive, but a number of students recommended more hands-on
experiments. Some students also made comments about the need for a hands-on tutorial to learn
how to use the software. Although a lab session was devoted to going over the basics of
Multisim, some students found the handouts and the online tutorials to be a little challenging.
This feedback will be taken into consideration to improve this laboratory course.

Conclusion

Laboratory experimentation is an essential component of a comprehensive learning experience in
engineering and engineering technology programs. This paper describes a set of software
simulation exercises that were developed to complement the limited hands-on opportunities in
Fall 2020 due to the COVID-19 pandemic. The exercises ranged from simple circuits that
illustrated the use of Multisim to more complex and practical circuits that covered Op-Amp
applications, dependent sources, and the Thevenin theorem. In general, we were successful in
achieving the course objectives but there is room for improvement. Future plans include
integration of the software into every experiment in this course while increasing the number and
complexity of the hands-on experiments. Experiments would be revised to consist of two phases:
(1) Students would complete a pre-lab that involves theoretical analysis and software simulation,
and 2) Students would build and test the circuit in the laboratory. The final project was well-
received by students and is expected to continue to exist in a similar format where students were
encouraged to include both software simulation and hardware construction and testing.
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