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In this assignment, the task was to build an appropriate circuit on a suitable circuit
simulator to demonstrate and measure resonance in a circuit. The chosen
simulation software was Proteus. Testing was to be done to determine the
measurements, the resonant frequency, and the Q factor of the digital circuit using
the digital signal generator and oscilloscope available on Proteus. The circuit was
then to be built on a breadboard and tested again. This was done with the physical
signal generator and oscilloscope, which can then be used to determine the
measurements, resonant frequency, and the Q factor of the physical circuit. These
two sets of results were then to be compared to each other. This was done to later
discuss the similarities, the differences, and the discrepancies. The circuit was built
by connecting a series resistor to a capacitor and inductor which were in parallel.
The testing equipment was then to be connected appropriately — the signal
generator in series with the other components and the oscilloscope in parallel to
the circuit. The testing consisted of using a signal generator to give a voltage of 2V
and using an oscilloscope to measure the output voltage using the sine wave. This
was done by measuring the peak-to-peak voltage of the output sine wave which in
this case was through channel B. The resonant frequency of both circuits was
found to be 5033Hz, and the Q factor was calculated to be 31.6.

Introduction

A resonant circuit can also be referred to as a tuned circuit. Resonance is
considered to be a frequency which is determined by the values of resistance,
capacitance, and inductance in an RLC circuit [1]. Resonance in a circuit happens
when the voltage across both the inductor and capacitor in an RLC circuit is equal,
meaning that the voltage can be consumed by the resistor, producing a peak or
maximum current value. Another way to explain this is that the resonant circuit is
used to focus on a single frequency or filter through various frequencies. This
single frequency is the peak frequency also known as the resonant frequency.
There are two types of resonant circuits, series and parallel. The circuit used in this
task is a parallel circuit also known as a tank circuit. A tank circuit is a resonant
circuit which has the capacitor and inductor in parallel with each other [2]. This
means that the circuit provided to use in this task is referred to as a tank circuit.
There are also various other calculations and figures that can be found from these




resonant circuits, such as the Q factor, which is also known as the quality factor of
a resonant circuit, and the attenuation of the circuit, which can be referred to as the
loss in a resonant circuit. The main uses of resonant circuits according to [3] are for
radio or television broadcasting signals, communication systems, voltage
magnification, induction heating, and oscillator circuits. This type of circuit is used
in radio and television broadcasting due to its ability to focus on a single frequency.
In the example of radio broadcasting, when the resonant frequency is matched, the
circuit current reaches its maximum and the signal is accepted [4]. This means that
a ncy can be selected from a series of frequencies. This is the same for the
communication systems as they use radio waves. Voltage magnification can be
done using series resonant circuits and current magnification is done using parallel
resonant circuits. They are used in induction heating because of the low power
factor [5]. Resonant circuits are added to the circuits to compensate for this with
reactive power. Parallel resonant circuits are used for oscillator circuits. For the
remainder of this report, a detailed summary of how the circuit was built and tested
will be presented. The report will also show how the results were obtained and
what equations were used for the calculations. There will also be a further
discussion of the similarities and differences between the two sets of results and
the two graphs associated with the sets of results. Finally, the conclusion will
include a statement of findings from the circuit testing, as well as the discussion
about the task.

Simulation Setup

The circuit shown in figure 2 and also shown in figure 3 is a resonant or tuned
circuit and consists of six components. These are a 1kQ resistor, a 1mH inductor, a
1uF capacitor, a signal generator set to 2V, an oscilloscope, and on the virtual
circuit, a ground. The inductor and capacitor are connected in parallel, in other
words this particular type of circuit can also be known as a tank circuit. This circuit
was first built on a breadboard, which is shown in figure 3, and was tested with
physical equipment as well as the virtual circuit being tested with virtual equipment.
In both tests, the signal generator used was set to 2V peak to peak and was kept
at that setting throughout all of the testing which was done as part of this
assignment. The frequencies used for this testing were from 100Hz-10KHz, using a
logarithmic scale. The circuit was then methodically tested at the various




frequencies in order to find the output voltage and to calculate the attenuation. The
attenuation is calculated from the following equation which is shown in figure 1.

Vi
A=20xlogg—

Figure 1: equation ﬁenuaﬁon.
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Figure 2: Simulation RLC circuit on Proteus. E17

Figure 3: Breadboard circuit

Shown clearly in figure 3 is the physical rendition of the circuit constructed on a
breadboard. The breadboard has been used as a suitable solderless alternative to
a PCB. It has been done this way because it is much easier to modify a circuit
without the possibility of needing to add or remove solder to move components if
incorrectly placed or if or when another mistake is made. The circuit constructed on




the breadboard consists of the same components as the virtual circuit - a 1kQ
resistor, a 1mH inductor, a 1uF capacitor, and four wires. The wires in question are
used to o the connections needed between the three components and the
testing equipment. The wires depicted in figure 3 which are connected only on one
end are to be later connected to the signal generator and the oscilloscope. These
wires were connected to the testing equipment to measure the output voltages at
each frequency for the attenuation to be calculated. These results are clearly
depicted in table 2 for the physical circuit and table 1 for the virtual circuit. These
tables of results were then converted into graph form as shown in figure 6 and
figure 7. It was using these graphs and tables of results that the resonant
frequency, Q factor and the bandwidth were all found or calculated.

Results

The information conveyed through the table of results for the Proteus circuit as
shown in table 1 are the measured results for testing the digital circuit on Proteus,
which is shown in figure 2. The tables of results depicted in table 1 and table 2 list
the measurements of each output voltage at each value of frequency and also the
calculated attenuation using each set of results. Also listed in these two sets of
results is the input voltage of 2V. The data from these two tables of results is
clearly conveyed by the graphs which are shown in figure 6 as well as figure 7. As
clearly shown in table 1, the peak voltage is seen to be 0.1925V. As previously
stated, the attenuation calculated through the use of the equation, which is
shown in figure 1, and also using the two tables of results. The value of the
attenuation at the peak voltage of 0.1925V can then be calculated to be —20.33dB.
Here there is a noticeable difference between the two sets of results. The
difference is that even though the peak voltages are both at the same frequency,
the peak voltage from table 2 is found to be 0.232V. From this data, the attenuation
is then calculated to be —18.71dB. Then the equation, which is clearly shown below
in figure 4, for the resonant frequency is used which presents the calculated
resonant frequency of 5033Hz. Following this, the Q factor is calculated by using

the equation also shown below in figure 5. This was then found to be 31.6.
1

2m =11
Figure 4: Resonant frequency equation.
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Figure 5: Q factor equation.

Finally, the bandwidth will then need to be calculated. The bandwidth is then found
by measuring the two points on both of the graphs where the amplitude of the
graph is at 70.7%. The frequency, f;, which was found to be 3558Hz, is then
subtracted from the frequency f,, which was found to be 6508Hz, to find the
bandwidth, which is then calculated to be 2950Hz.

frequency (Hz) Vin (V) VL (V) A (dB)

100 2 0.0013 -63.74173287
200 2 0.0025 -58.06179974
300 2 0.0038 -54.42492798
400 2 0.0051 -51.86919639
500 2 0.0064 -49.89700043
600 2 0.0076 -48.40432807
700 2 0.009 -46.93574972
800 2 0.0103 -45.76385542
900 2 0.0117 -44.65688268
1000 2 0.0132 -43.60912129
2000 2 0.03 -36.47817482
3000 2 0.059 -30.60355968
4000 2 0.1375 -23.25454595
5000 2 0.1925 -20.33198524
6000 2 0.175 -21.15983894
7000 2 0.0925 -26.69776526
8000 2 0.065 -29.76233278
9000 2 0.05 -32.04119983
10000 2 0.0425 -33.45282131

Table 1: Table of results for simulated circuit.




Attenuation (dB)

Frequency/Attenuation Graph (Proteus)

100 1000 10000

Frequency (Hz)

—A (dB)

Figure 6: Graph of frequency against attenuation for table 1.

frequency (Hz) Vin (V) VL(V) A(dB)

100 2 0.0056 -46.37517525
200 2 0.0056 -46.37517525
300 2 0.0056 -46.37517525
400 2 0.0096 -46.37517525
500 2 0.0112 -45.03623546
600 2 0.012 -44,43657459
700 2 0.0128 -43,87640052
800 2 0.0136 -43.34582175
900 2 0.0152 -42.38372815
1000 2 0.0164 -41.72372295
2000 2 0.0328 -35.70312304
3000 2 0.0552 -31.18181836
4000 2 0.116 -24,73144013
5000 2 0.232 -18.71084022
6000 2 0.184 -20.72424345
7000 2 0.106 -25.51448261
8000 2 0.078 -28.17870786
9000 2 0.062 -30.17276612
10000 2 0.05 -32.04119983

Table 2: Table of results for breadboard testing.
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Figure 7: Graph of frequency against attenuation for table 2.

Discussion

From the results gathered in this task, it can be said that since the resonant
frequency is found to bgthe same for both the physical breadboard circuit and the
simulated proteus circa result of this finding, values for both the bandwidth
and the Q factor will also be the same. This is because the Q factor and the
resonant frequency are both calculated using the same values in their respective
equations, and the bandwidth is found using the resonant frequency. This is further
shown in the graphs of frequency and attenuation shown in both figure 6 as well as
figure 7. A slight difference between the two graphs, however, is a noticeable linear
shape to the graph which is associated with the virtual Proteus circuit in
comparison to the clear curve shown in the graph which is associated with the
physical breadboard circuit. A difference in shape such as this can be attributed to
differences in overall circuit rce despite the resistors being of the same
value of resistance. A common discrepancy that happens when comparing the
virtual circuits to their physical alternatives, is a difference in the value of overall
resistance. This tends to be due to physical components having internal
resistances which can affect the measured resistance values in physical circuits,
but not a virtual circuit as virtual circuits to not account for internal resistances of
component in a circuit. This is conveyed through the graphs as how linear the
results are. For example, for the graph depicted in figure 6, the graph was linear
until the graph reached the amplitude, before curving down steadily decreasing in

value, as virtual circuits have no internal resistance, and for the graph depicted in




figure 7, the results seem to fluctuate slightly before reaching the amplitude, and
then steadily decreasing in amplitude an a curved fashion. This could suggest that
there will be external factors, such as additional resistance, which could be due to
the internal resistances of the components and wires. Another point to make note
of regarding the two sets of results shown in table 1 and table 2, are the
differences in the ranges of values of attenuation. From table 1, the values range
from —20.33dB to —63.74dB. This is quite different to the values shown in table 2,
which are shown to be from —18.71dB to —46.38dB. Despite the values of the
component remaining the same, as well as the test frequencies and input voltage
also both remaining the same, these values are noticeable as the difference
between the maximum two values of attenuation was found to be only 1.62dB,
whereas the difference between the lowest measured values was as high as
17.36dB.

Conclusion

This section will serve as the final conclusion of this report. As has been previously
stated in the abstract, the main aim of this specific task was to then build the
designated resonant circuit. This was done on the digital simulation software. The
software that was chosen to be used was Proteus. Afterwards the circuit was then
built physically on a breadboard. After this stage, the two completed circuits were
then to be properly tested and the results were to be put into a table and then
afterwards converted into a graph to be later compared. It was then determined
that for this specific circuit the resonant frequency, Q factor and also the bandwidth
were then to be calculated. From the results of these calculations, it was accurately
determined that the resonant frequency was 5033Hz. Upon careful calculation the
Q factor was found to be 31.6 and following this the bandwidth was then found to
be 2950Hz. This was done by using the equations mentioned throughout the body
of this report. From the testing that was undertaken on the two circuits discussed, it
was then determined that despite the fact that the values of the components in the
circuits were set to be perfectly identical, it was then verified through the difference
in results that a simulated circuit cannot be used as an accurate alternative to the
physical circuit. This is primarily because while simulated or digital circuits will work
accordingly with the purpose, testing will be inaccurate due to the fact that digital




circuits do not take into account any external factors. These include things such as
internal resistances within the components when testing exclusively on the digital
circuit. This was proven in the report through the results themselves to be true,
such as the difference between the two maximum attenuation values, which was
accurately calculae 17.36dB. If the external factors were to be taken into
account when working on the calculations for the digital circuit, this value would as
a result be found to be much smaller. This means that the previous calculations for
this circuit can be considered quite consistent with the final findings from the

results provided.
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