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Upper-Division Electrical Engineering Courses
Abstract
To date, the electrical engineering education literature has presented the Digilent Analog
Discovery board with a focus on usage in lower-level circuits courses and as merely a low-cost
replacement for bench-top signal generators and oscilloscopes. This work broadens the domain
of the Analog Discovery board beyond introductory courses, and demonstrates its use as a
powerful educational tool for junior and senior level coursework. By utilizing its full suite of
measurement features, sophisticated laboratory experiments are possible in courses such as
electromagnetics, digital signal processing, signals and systems, communication systems, and
control systems. In addition, its inherent mobility allows insightful in-class demonstrations and
“lab-like” activities to be incorporated into theory-focused courses that otherwise do not have a
lab, an impossible feat with traditional anchored, expensive laboratory equipment. In this paper,
the unique measurement features of the Analog Discovery that are especially appropriate for
upper-level courses are detailed, such as the network analyzer and spectrum analyzer modes.
Selected demonstrative lab experiments from upper-division courses at the Milwaukee School of
Engineering (MSOE) are then presented. Emphasis is placed on how these experiments are both
enabled by the Analog Discovery board as well as constrained by the performance limits of the
board, such as limited frequency response and power supply rails. As a result, careful
experiment design is shown to be critical to the classroom success of these projects.
I. Introduction
Contemporary electronic measurement instruments have been beneficiaries of the larger
computing hardware trend, where digitalization and miniaturization has made sophisticated,
feature-rich hardware available at very low-cost and in compact form factors. The Digilent
Analog Discovery Board1 is a notable student-centered example that merges the functionality of
an oscilloscope, arbitrary signal generator, digital multimeter, digital logic analyzer, spectrum
analyzer, network analyzer, and DC power supply into a single portable, USB-powered compact
enclosure. For less than the cost of typical textbooks, electrical engineering students can now
purchase their own portable suite of electronic measurement tools.
The engineering education literature has shown much interest in the analog discovery board2,3,4,5,
though to date focus has been placed on lower-level courses. Particular emphasis has been on
introductory circuits and digital logic courses6, where the analog discovery board is utilized as a
simple oscilloscope/signal generator substitute7,8. The portability of the analog discovery has
also lent itself to interesting implementations of laboratories using the mobile studio concept, as
well as a powerful tool in flipped and online classrooms9,10,11,12. In traditional lab settings, the
low-cost of the analog discovery board also enables truly individual laboratory experiments
where every student has their own analog discovery to use during lab, and therefore is
responsible for carrying out all measurements, something that cannot be guaranteed in typical
laboratory settings where multiple students share a single bench station.
This paper broadens the analog discovery board application domain to a range of upper-level
division electrical engineering courses, such as electromagnetics, electronics, digital signal

processing, signals and systems, communication systems, and control systems. Sample
laboratory experiments are presented that demonstrate the ability of the analog discovery board
to be used to explore higher level electrical engineering concepts. The experiments described
utilize both traditional signal generator/oscilloscope combinations as well as the advanced
measurement tools, such as the vector network analyzer and spectrum analyzer modes, which are
traditionally not available in general-use laboratory instrumented benches. In addition to use in
hardware laboratories, the analog discovery board is also shown to be useful in creating
interactive signal and modulation visualizations. In short, we wish to promote the use and
development of educational materials that leverage the portability and unique measurement
capabilities of the Analog Discovery board or other low-cost mobile instrumentation platforms,
and demonstrate how it can be a powerful tool for electrical engineering students of all levels of
the curriculum.
While a powerful pedagogical tool, successful utilization of the analog discovery board depends
on understanding its technical limitations and how to design experiments within these bounds.
As a result, a brief overview of the analog discovery board and its performance specifications are
presented, and where appropriate are tied into discussion of sample experiments. Potential
pitfalls in interfacing with the analog discovery board are also outlined.
The paper is organized as follows: Section II outlines the analog discovery board background,
including discussion of appropriateness for upper level coursework; Section III presents
overviews of sample experiments; and Section IV summarizes the lessons learned.
II. Analog Discovery Board
The analog discovery board combines a full suite of common electronic measurement tools into a
single, portable USB-powered device, as detailed in Table 1. Technology advancements such as
low-cost high-performance FPGAs have dramatically reduced the cost of implementing the
functionality of these instruments, and digital signal processing has supplanted historically
analog functionality. In addition, instrument control and data display, processing, and storage
are carried out via a USB-interfaced computer running the Digilent Waveforms software, rather
than costly on-board hardware. With the ubiquity of laptops on campus, the requirement of a
computer does not pose a barrier to the students. In addition to reducing cost, this direct
interfacing with a computer carries practical benefits. Measurement data is readily exported to
data files on the local computer, removing the somewhat cumbersome data transfer step that
plagues many legacy bench-top instruments, allowing for data to be easily processed and plotted.
Students can also control the analog discovery using a MATLAB toolbox, allowing them to
write scripts that automate measurements and immediately process and plot the data. The analog
discovery board affordability allows students to purchase their own unit and conduct
measurements anywhere, at any time that is convenient, allowing students the opportunity to dig
deeper into their experiments and carry out further experimentation than what is possible under
traditional time-constrained labs. This aspect has already been utilized to realize hardware-based
electronics laboratory experiments under the mobile studio format13, adopting a technique
already embraced by many embedded systems courses using low-cost microcontroller platforms.
The analog discovery board portability notably allows for in-lecture or homework
experimentation by students, particularly in labs that do not have a separate laboratory
component. In addition to usage by students, the analog discovery board’s inherent mobility also
enables instructors to perform sophisticated hardware lecture demonstrations in any lecture hall,

thereby increasing the available instructional tools and reducing demand on rooms equipped with
bench equipment.
Clearly the low-cost, portability, connectivity, and the wide range of measurement functionality
represent major advantages of the Analog Discovery board over traditional bench-top equipment.
However, the performance specifications of Table 1 (extracted from the analog discovery board
datasheet1) indicate that the analog discovery board has significant technical trade-offs compared
to traditional instrument grade bench-top equipment. The oscilloscope, arbitrary function
generator, spectrum analyzer, and network analyzer bandwidths are relatively low, which limits
the application of these tools to low frequency and low-speed systems. The input terminals are
fixed at a moderately high impedance, which means loading effects will be apparent at much
lower frequencies and at much lower circuit impedances than in a traditional scope, and there is
no means of utilizing high-impedance probes to get around this issue. The scope only offers DC
coupling (unless external interfacing circuitry is added), making it cumbersome to measure
voltages consisting of both small AC and large DC voltage components. Noise levels are also
noticeably higher on the analog discovery board than those observed on expensive industrygrade instrument, which makes measurements of small signals quite difficult. Further, the output
voltage limitations of +/-5V from any ports on the board make even some basic op-amp circuitry
difficult to power correctly, and therefore some experiments require additional power supplies,
such as batteries. These technical limitations must be taken into consideration when designing
experiments, but it is important to note that for many experiments these specifications are
acceptable, and every electrical engineering experiment does not require industry-grade
calibrated measurement capability. The added educational benefits of the Analog Discovery
board outweigh the absolute fidelity of the measurements.
The low-cost of the analog discovery board also means the physical interfacing with the board
can be cumbersome and fragile. Currently, a mini-PV crimped connector wiring harness is used
to connect to circuits. While cost-effective, these connectors are not ideal and at times
connections can be difficult to maintain, where bumping the circuit can lead to disconnected
wires. In-house interfacing PCB boards are one possible solution, which is currently being
pursued at MSOE. Finally, the miniature USB connector used by the boards to interface with a
computer does not hold up well against continuous connection/disconnection cycling, and we
have encountered a relatively high rate of board failure due to this cable issue.
Table 1 – Summary of Analog Discovery Board measurement functionality
Function
2-channel oscilloscope
2-channel arb. function generator
2 fixed voltage power supplies
Spectrum analyzer
Network analyzer
Digital voltmeter
16-channel logic analyzer
16-channel digital pattern generator
Digital bus analyzer

Specifications
Differential, +/-20Vmax, 5MHz BW
+/-5Vpk, 5MHz BW
+/-5V, 50mA
0-10MHz, ~100dB dynamic range
magnitude and phase, 1Hz-10MHz
(AC, DC, ±25V)
100MSample/sec
100MSample/sec
SPI, I2C, UART, parallel

III.

Applications of the Analog Discovery to Upper-Level Coursework

This section describes usage of the analog discovery across a range of upper level electrical
engineering courses. These courses require students to understand and apply the fundamental
theoretical concepts that underpin practical modern systems. The following subsections describe
overviews of how the portability and unique measurement capabilities of the analog discovery
board can be used to enable insightful experiments that both motivate and facilitate
understanding of these core concepts. Some experiments benefit simply from the availability of
portable signal generators and oscilloscope, while in other cases the frequency domain network
analyzer and spectrum analyzer modes are shown to allow for unique experiments. It is shown
that the analog discovery has more than adequate performance for carrying out sophisticated,
conceptually rich experiments.
A. Electromagnetics
Transmission line (T-line) concepts are often difficult for students to visualize and understand
due a lack of access to the expensive equipment required to observe T-line effects in action. To
address this, a simple experiment based on the analog discovery was developed to allow students
to directly measure the input impedance of a 50Ω coaxial cable in the time domain. The
measurement circuit is shown in Figure 1. The analog discovery scope channels monitor the
cable input voltage (ch. 1) and current (ch. 2, using a current sense resistor RS), and therefore the
instantaneous cable input impedance is Zin  Vch.1 / (Vch.2 / RS ) . First, for a step transient
experiment the AWG pin W1 provides a 5VDC signal; the AWG is too slow to create a transient
with a fast enough rise time, so a simple switch is constructed from touching the W1 wire to the
RS lead to create a step excitation. A long coaxial cable was utilized to allow the voltage ringing,
which is due to the low oscilloscope bandwidth, to die out and reach steady state in between
roundtrips of a transient. Figure 2a shows the oscilloscope capture of a transient on an opencircuit load ( RL   ). An input voltage divider is apparent (2.5V transient launched on the
cable), and the cable is shown to have a roundtrip delay of approximately 200ns, after which the
reflected wave reaches the source and changes the input conditions. Calculations from the
measured voltages indicate an impedance of Zin  Zo  50 before the reflected wave reaches
the source, and Zin   thereafter when the transients die out and steady state is reached, due to
the superposition of the incident and reflected waves. The same experiment can be repeated with
various loads, for example Figure 1b shows the same measurement when the load impedance is
changed to RL  100 . Once again, initially Zin  Zo , but in steady state Zin  98 . Students
use the observed insights to explain why a multimeter does not measure the correct characteristic
impedance of a cable. This experiment also demonstrates cable time delay and its relation to
cable length, as well as changes in reflected wave amplitudes due to the load impedance, thereby
introducing time domain reflectometry (TDR) concepts. Further, test cables can be modified to
include locations of unknown faults along the coaxial cable.
The circuit of Figure 1 (with the switch short circuited) can also be used in conjunction with the
analog discovery board network analyzer function to observe the frequency behavior of the cable
Zin over 1-10MHz. The network analyzer measures magnitude and phase, allowing the complex
Zin to be determined (an example screen shot of the network analyzer function measurement
screen is shown in Section II.C). The frequency response is measured with the cable output open

circuited ( RL   ), and the input impedance Zin  Vch.1 ch.1  ch.2  / (Vch.2 / RS ) is shown in
Figure 3a. Students can directly observe changes in Zin due to the impedance transformation of
RL via the cable electrical length, notably how Zin repeats every  / 2 and the inversion of RL at
Zin for odd multiples of  / 4 . Though not shown here, plotting this data on a Smith chart can
provide additional insight into this T-line behavior. Modifying RL provides additional insight,
for example Figure 3b shows Zin for the case of RL  0 , which can be compared and contrasted
with the open circuit case. These experiments can also serve as illuminating demonstrations
during lecture to motivate and help students visualize the theory.
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+5Vdc W1 pin

Rg=50Ω
Vg
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Figure 1 - Circuit used to measure the characteristic impedance of a coaxial cable via the
instantaneous voltage and current at the input of a coaxial cable.
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(a)
(b)
Figure 2 – Measured coax cable input voltage and current at with
(a) RL   , and (b) RL  100 .

(a)
(b)
Figure 3 – The measured cable input impedance versus frequency, derived from the analog
discovery board network analyzer data, for (a) RL   , and (b) RL  0 .

Though not shown here, the network analyzer function can also be used to observe other
electromagnetic phenomena with interesting frequency dependencies, such as coupling between
inductive coils, cross-talk between closely spaced parallel T-lines, and parasitic impedance
effects on the behavior of common electrical components. Selecting components with selfresonant frequencies below 10MHz allows for an interesting array of experiments that reinforce
the lumped component approximations electrical engineers take for granted at low frequencies.
B. Electronics
The following experiments consider a just a few of the ways that the analog discovery board
frequency domain tools can be utilized to deepen the understanding of rectifier circuits and
amplifier concepts. First, the gain-bandwidth product of operational amplifiers can be readily
investigated by measuring the transfer function via the analog discovery network analyzer
function. Normally such a point-by-point measurement is slow and tedious, but with the network
analyzer the measurement takes mere seconds to complete. Due to the limited +/-5V analog
discovery rail voltages, two 9V batteries powered the op-amp. Non-inverting op-amp circuits
each having voltage gains of 0dB and 30dB were constructed and characterized. Figure 4 shows
the magnitude of the transfer function for each case, which demonstrates the inverse relationship
between closed loop gain and closed loop bandwidth. It is noted that special care is required to
ensure the proper measured bandwidth using the network analyzer; too high of a source voltage
amplitude can cause erroneous gain measurements at high frequencies. Students can experiment
with various amplifiers, such as inverting amplifiers, and compare their measured results with
theoretical predictions. In addition to amplifier measurements, the analog discovery network
analyzer function is advantageous for characterizing active filters, particularly tunable filters,
since the transfer function is updated in nearly real-time, and is also useful for directly observing
non-ideal op-amp effects in filters, such as the frequency dependence of the op-amp closed loop
output resistance.

(a)
(b)
Figure 4 – Investigation of the gain-bandwidth product of non-inverting amps using the
network analyzer function. C2 represents the transfer function magnitude in dB of (a)
unity-gain voltage follower amplifier. (b) Non-inverting amplifier with a gain of 30dB.
The next experiment investigates waveform distortion and measures the total harmonic distortion
(THD) of a voltage amplifier. A non-inverting op-amp amplifier was built with a variable gain,
and the gain was adjusted until the output voltage was a “clean” sine wave as shown in Figure
5a. The spectrum of the output waveform, Figure 5b, shows a large peak at the fundamental

(1kHz) with minor harmonics. Using the spectrum peak amplitudes, the signal is calculated to
have 0.08% THD. In contrast, when the amplifier gain is increased and the output is clipped, as
shown in Figure 5c, the frequency spectrum of Figure 5d shows a significant amount of
harmonic content, and calculations indicate an increase to 4.8% THD. Students can evaluate the
effects of various clipping levels on the THD in order to develop intuition for how the nonlinear
behavior of practical voltage amplifiers can be quantified. So much focus is placed on “linear”
amplifiers in electronics courses that it is important for students to observe that any practical
amplifier will be non-linear to some degree, depending on operating conditions.
Finally, the last electronics experiment examines a full-wave bridge rectifier from the frequency
domain perspective using the spectrum analyzer function. The analog discovery AWG 1 (W1)
channel provides the sinusoidal input voltage (vS) to the full-wave bridge rectifier and the output
voltage (vo) is measured across a load resistor. Figure 6a and Figure 6b show measurements of
these voltages in the time and frequency domain, respectively. The input signal vS exhibits a
single fundamental frequency component at 1kHz and little harmonic content, whereas the fullwave rectified output voltage vo has a significantly more complex spectrum. Since vo is
unipolar, the spectrum component at DC increases significantly; the period is cut in half, so the
fundamental frequency shifts from 1kHz to 2kHz; and the sharp output voltage distortions
contain substantial energy at the harmonic frequencies. Figure 6c shows how adding a filter
capacitor results in the classic smoothed, low ripple output voltage waveform due to capacitor
charging/discharging. Additional insight is gained by exploring this behavior in the frequency
domain, where the spectrum of Figure 6d shows how the low-pass filter formed by the filter cap
and load resistance significantly reduces the strength all but the DC component. Besides
reinforcing Fourier series concepts, this experiment emphasizes the concept that the nonlinear
behavior of the rectifier circuit generates new frequency components, which is often a nuance
students don’t fully appreciate when studying rectifiers only in the time domain, and provides a
basis for understanding how a diode mixer operates.
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Figure 5 – Measurement of amplifier clipping behavior at f = 1kHz. (a) Unclipped output
voltage time domain. (b) Unclipped output voltage frequency spectrum. (c) Clipped
output voltage time domain. (d) Clipped output voltage frequency spectrum.
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Figure 6 – Measurement of the frequency spectrum of a full-wave rectifier. (a) Unfiltered
time domain input (vS) and output (vo) voltages. (b) Unfiltered spectrums. (c) Filtered time
domain input (vS) and output (vo) voltages. (d) Filtered spectrums.

C. Digital Signal Processing
The built-in network analyzer functionality of the Analog Discovery board has also been
successfully utilized in an upper-division digital signal processing course. As part of the course,
students design, implement, and test digital filters running on real-time DSP hardware. During
testing, students are asked to assess the characteristics and performance of their implementation
compared to theoretical predictions and simulations. Prior to using the Analog Discovery
boards, students had access to one immobile, legacy instrument-grade network analyzer for
making measurements and debugging their implementations. Due to improved access via the
Analog Discovery, instructors have increased the overall usage of the network analyzer within
the course. We believe this additional exposure has led to deeper student learning of course
concepts. Because our current DSP hardware utilizes audio codecs and therefore operates at
relatively low frequencies, the measurement bandwidth of the Analog Discovery is adequate.
Figure 7 shows an example network analyzer measurement from the course where the system
under test is a simple loop of samples through the DSP system (i.e., the system difference
equation is y[n]=x[n] where x[n] and y[n] are the system input and output, respectively). The
upper left and lower left panels of the screenshot show the usual magnitude and phase plots
produced by the network analyzer. The right panel, showing the input sinusoid (test signal) and
the system output, updates as the measurement is made by the network analyzer. This particular
example has been used as a formative experience early in the course, as it reveals fundamental

course topics such as bandwidth limitations of the DSP hardware implementation imposed by the
anti-alias filter. Students also investigate the phase response of the system in comparison to that
of the theoretical filter.

Figure 7 - Network analyzer measurement of a real-time DSP system transfer function, in
both magnitude (top) and phase (bottom).
D. Signals and Systems
In-class mini-lab activities have been developed for a continuous-time signals and systems
course, which does not have a traditional lab component, that make significant use of the Analog
Discovery board. In one of the experiments14, students visualize the convolution integral by first
applying a low frequency pulse train signal with short pulses to the input of a system in order to
approximate the system’s impulse response, as shown in Figure 8. Then the frequency of the
pulse train signal is gradually increased so that the impulse responses overlap and add together,
ultimately forming the step response as the space between pulses approaches zero, as shown in
Figure 9. The input signal is easy to setup and modify in the AWG portion of Waveforms, and
the system can be as simple as a first-order RC circuit.
In another signals and systems experiment, students use the FFT capability of the scope program
in Waveforms to analyze the spectrum of certain periodic signals, such as square and triangle
waves. The theoretical Fourier series coefficients can be computed and converted to dBV
values, and students can compare those expectations with values displayed on the scope.
Students are also instructed to apply these periodic signals to a simple RC circuit in order to view
the effect that the circuit has on the signal in both the time- and frequency-domains, as shown in
Figure 10, thereby observing in real time the direct link between signal behavior in the two
domains. The advantage of using the Analog Discovery board over traditional bench equipment
for this experiment is that students can bring the analog discovery to class and with just a few
discrete components realize the system and perform this experiment during the normal lecture
period.

Figure 8 - Approximate impulse response of a first-order RC circuit.

Figure 9 - Demonstration of convolution as sum of impulse responses.

Figure 10 - FFT spectrum of square wave input and output.

E. Communication Systems
Signal modulation techniques (e.g., amplitude, frequency, phase modulation) are commonly
studied in upper division communication systems courses, and often prove difficult to
comprehend, particularly for more complex schemes. Instructors use a variety of tools to help
students visualize these modulated waveforms in both the time and frequency domain. The
combination of the arbitrary waveform generator and the spectrum analyzer feature of the
Analog Discovery board provides a new tool for student use in comprehending such topics.
The built-in arbitrary waveform generator can be used to easily generate many of the common
waveforms that would be studied in a standard communication system course. The software
interface provides convenient and intuitive control of waveform parameters, and the “preview”
window graphically shows the time-domain waveform. To view the signal in the frequency
domain, the waveform generator output is connected directly to the Analog Discovery spectrum
analyzer, providing a simple to use visualization tool for experimenting with and analyzing these
waveforms.
As an example, the concept of frequency modulation can be difficult for students to visualize and
understand. One area of difficulty is the idea that the amplitude of the message signal changes
the frequency of the carrier. Figure 11 shows a frequency modulated waveform, where the
message frequency is low compared to the carrier. In an interactive way, students can
simultaneously see the message signal, the modulated carrier, and its spectrum. Decreasing the
frequency to just 1 Hz provides a clear illustration of the fundamental concept, as the peak
frequency component can be seen to slowly sweep back and forth in real time. Another area of
difficulty is in understanding the more complex spectra associated with frequency modulated
waveforms. Figure 12 shows a visualization of a frequency modulated sinusoid. Again, in an
interactive way, students can explore the subtleties of the waveform such as the underlying
Bessel function in its harmonic distribution.
Because of the low-cost, portability, and ease of use of the Analog Discovery, exercises such as
these can be incorporated into a course in a variety of learning modes such as “interactive”
homework, in-class exercises, or even as laboratory preparation. Especially for a student who is
already familiar with the Analog Discovery and Waveforms interface, configuring these
waveform visualizations is likely easier than an analogous visualization using a computer
simulation package (e.g., MATLAB).

Figure 11 - Waveform generator and spectrum analyzer views of a frequency modulated
waveform (low frequency message).

Figure 12 - Waveform generator and spectrum analyzer views of a frequency modulated
sinusoid.
F. Control Systems
Control systems is another course in which students have appreciated the use of the Analog
Discovery board. Each station in the controls lab has a servomotor control system (plant, power
amplifier, and DAQ board), signal generator, power supply, multimeter, and oscilloscope.
However, in certain experiments where students construct an analog controller to interface with
the power amplifier and plant sensors, the analog discovery board can be used as signal generator
and oscilloscope in order to limit the number of cables and breadboard connections required, as
shown in Figure 13, to create and view the pertinent signals shown in Figure 14. The arbitrary
waveform generator allows experimentation with various input signals to observe the control
system response, including having a command signal only run for a specified duration or number
of cycles, alternating types of input signals in an automated fashion, and creating arbitrary
waveform command signals with ease.
In addition, system modeling is an integral part of the controls laboratory, and the network
analyzer capability of the accompanying Waveforms software greatly shortens the amount of
time required to generate experimental frequency response graphs (transfer functions) for the
servomotor plant. Though not shown here, servomotors can be quickly characterized and
compared to theoretical models. Frequency sweep measurements that may have previously
taken more than ten minutes for students to collect gain and phase data can now be done in under
a minute.

Figure 13 - Test setup for analog PI controller using analog discovery board.

Figure 14 - Command (C1) and tachometer output (C2) for analog PI controller.
IV.

Lessons Learned

The authors have successfully used the analog discovery board in their courses as a supplement
to traditional bench lab equipment, or in some cases to allow for lab-like exercises in lecture only
courses. Like any other teaching method, careful planning can maximize effectiveness of the
Analog Discovery usage in the classroom. For in-class experiments and demonstrations, time
allocation could range from 5-10 minutes in length or up to an entire lecture session, depending
on the complexity of the experiment and how well the experiment can be utilized as a vehicle for
studying a given topic. While this may be viewed by some as taking up valuable lecture time, if
planned out properly these experiment experiences are typically far more engaging and more
effective than a traditional lecture (and therefore well worth it!). On the other hand, some of the
experiments were part of normal laboratory hours, and didn’t require any special time planning
beyond that of a typical lab session.
Anecdotally, students have embraced the analog discovery board, with many eager to purchase
their own and many deciding to use Analog Discovery boards even in labs where bench
equipment is available. The authors do not advocate doing away with bench equipment entirely,
as there are applications where the analog discovery board is not appropriate for all
measurements, due to limited technical specifications (particularly the bandwidth). Some
additional potential Analog Discovery pitfalls include the high noise floor of the scopes, which
makes measuring small signals a challenge. It is important to keep signal levels at a high enough
level to ensure stable measurements, which can be a challenge when limited to the +/-5V rail
voltages of the board. This noise issue also applies to the network analyzer function, where
incorrect input signal parameters, either too small or too large, can lead to significant
measurement errors. As a result, it was helpful to set the source signal level first using the
arbitrary waveform generator and the scopes to ensure a given excitation has low noise and that
the output voltage is a clean enough signal in order to get a good transfer function measurement
across the desired frequency band. The oscilloscope leads also have substantial loading,
particularly capacitive loading, compared to high end probes, and so it is important to keep
circuit impedances low relative to the input ports; high impedances in general also increase the
noise picked up by the circuit, so should be avoided in general. Despite these technical
constraints, the authors found that experiments can often be readily adapted to fit within the
technical limitations of the analog discovery board, as demonstrated in Section III.

V.

Conclusion

This paper demonstrates the usage of the Analog Discovery Board across upper-level electrical
engineering courses at the Milwaukee School of Engineering in order to increase student access
to measurements and provide easy to use visualization tools that illuminate core electrical
engineering concepts. The analog discovery board has been applied to electromagnetics,
electronics, digital signal processing, continuous signals and systems, communication systems,
and control systems courses. Experiments utilize the portability and unique measurement
capabilities of the analog discovery board to realize simple yet intuitive observations both in and
outside of traditional laboratory sessions, including usage as part of homework exercises.
Though the Analog Discovery board does have limited technical specifications, the educational
benefits of using the Analog Discovery often outweigh the absolute measurement fidelity in
experiments across all levels of the electrical engineering curriculum.
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