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%'3' tract
eport involved the testing of a band pass filter circuit after building it physically and in

simulation software.the circuit on Proteus and simulated it, recording the results at each
tested interval. To sta test, the signal generator was set at 2V peak to peak at 100Hz, and
the frequency was constantly changed until | reached 20kHz. The test was then replicated onto
a physical breadboard, and paaain recorded the results at each interval. From the gathered
results, appropriate graphs > reated, and | was able to calculate the gain, resonant
frequency, and Q-factor from them. The results of the two tests were shown to be quite
different despite using the exact same components and component values.

Introduction

In this report, jmsiabe creating and building a circuit for a band pass filter. Band pass filters are
used to allow & frequencies to pass through while blocking and attenuating all others.
Band pass filters are essential components in many electronic devices and systems, as they
allow for the control of signals. They are commonly used in sonar and radar systems, audio
processing, radio communication and medical equipment [1]. | aadllcreate the circuit using the
Proteus simulation and by building it physically onto a breadbo @ be able to compare the
sets of results. The primary objective of this report is to be able to discuss the performance of
the two tests through assessing the gain, Q-factor, and resonant frequency. The included
sections provide a detailed insight intf&2k#Proteus simulation results and the resonant
frequency, gain and Q-factor. The experiment will then be transitioned to the breadboard,
where the method will be repeated and compared against the simulated values. The study will
conclude with a detailed analysis of the gathered data, which will emphasise the importance of
considering real world conditions and components tolerances in circuit designs. The report will
make the limitations of simulations evident and will prove the need to physically test circuits to
gain more accurate results. The circuit is a simple RLC circuit consisting of a resistor (R1),
capacitor (C1) and an inductor (L1). Resistance is defined as the opposition to the flow of
electrical current, capacitance is the ability of a system to store electric charge and inductance
is the property of current flowing through a conductor induces an electromotive force in the
same and neighbouring conductor. All of these will be considered when building and testing the
circuit.
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Simulation & Test Results

Proteus Simulation
To complete the method, | hagsto create the circuit schematic in proteus. | needed a resistor,

inductor and a capacitor fo ° ircuit and | then added a signal generator along with an
oscilloscope to be able to test the circuit. The signal generator was set to 2V peak to peak, and |
started taking output voltage readings at 100Hz. | jngcreased the frequency each time to gather
a variety of readings. The setup of the circuit was ple and the results were fast and easy
to obtain. To change the frequency, | had to change the centre and range buttons on the
oscilloscope. | also had to change the waveform to enable the oscilloscope to produce the type
of wave | wanted to be able to read my results better.

Component list for the circuit:
e 1k resistor

e 1mH inductor

e 1uF capacitor

e Oscilloscope

e Function/signal generator

o 0 m

R1
N

¢ o L1

— mi == C1

1uF

Figure 1: Circuit schematic drawn in proteus.
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Figure 3: Oscilloscope readings at 100Hz

Resonant Frequency in the circuit

Resonant frequency is expressed when a circuit with a capacitor and an inductor will show a
maximum oscillatory response at a particular frequency, known as the resonant frequency [2].
In an electrical circuit like the one used, the resonant frequency is defined as the frequency at
which the transfer function is at its maximum value. Therefore, for a given input, the maximum

output can be seen [2].

The formula for calculating resonant frequency is given as:

1

Resonant Frequency =
quency = Jic

In the case of my circuit, the value are as follows:

e L=1mH (0.001H)
e C=1pF (0.000001F)

1
2mv/ 0.001 - 0.000001

I
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Figure 4: Resonant frequency calculation done on Desmos.
Resonant Frequency = 5032.9 Hz

ted the resonant frequency of the circuit using the formula and this gave me an answer
E8Hz. This is where | expect the output voltage to be highest in my proteus simulation test.

Gain in the circuit.
Gain is the ratio of output to input and is usually used to describe the amplification of a signal.

A positive gain indicates amplification, whilst a negative gain usually means attenuation or
reduction in signal strength. It is often expressed as a ratio between the output and input of a
system and is measured in decibels (dB) [3].

The gain is calculated using the following equation:

Vout)

gain = 20]0g10( -
Vin

Proteus Simulation Results

different intervals until | reached 20kHz. At 100H &z an output voltage of 0.0013V and this
implied that this value was more toward the outskirts of the band pass filter. | recorded these
results in a Microsoft Excel spreadsheet. Due to my resonant frequency calculation, | expected
the gain to be highest at approximately 5000Hz. The results showed that the gain and input
voltage was in fact highest at 5000Hz frequency. The lower output voltages at 100Hz and 20kHz

After simulating the circuit in Proteus at 100Hz, Ied the frequency and took results at

suggest that the band pass filter is more focused around 5000Hz too.
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2 0.0063 -50.0337889

:

2 0.021 -39.576214

:

2 0.04 -33.9794001

:

2 0.088 -27.1309465

:

2 0.32 -15.9176003

5100 2 0.96 -6.37517525

-

2 0.45 -12.9563496

.

0.3 -16.4781748

]

2 0.224 -15.0156395

:

2 0.18 -20.5151498

:

2 0.115 -24.8066431

2

2 0.064 -25.8970004

2 0.056 -31.0568394

:

2 0.045 -32.9563496

:

2 0.022 -39.1721463

Figure 4: Proteus simulation results




From the results table, | was able to produce the following graph:

Graph showing the gain at differrent frequencies on the simulated
circuit.

Gain (dB)

70

Frequency (Hz)

—@— Seriesl —@—Bandwidth
Figure 5: Graph of proteus simulation results

The orange line on the graph is the bandwidth and was calculated as -3 of the resonant
frequency.

The total number of cycles below and above the resonant frequency for which the current is
equal to or greater than 70% of its resonant value is known as the bandwidth of a resonant
circuit, and this is where the circuit’s response remains significant.

Q-factor in the circuit

Q-factor is defined as a measure of the performance of a coil, capacitor inductor in terms of its
losses and resonator bandwidth [4]. It is a dimensionless parameter that characterises the
efficiency and selectivity of a resonant circuit. A higher Q-factor indicates a more efficient
resonant circuit with a narrower bandwidth, indicating that the circuit can experience
oscillations for a more extended period without significant energy loss [4].
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Figure 6: Q-factor equation

Fr is resonant frequency.
Fu is the upper frequency.

FLis the lower frequency.

In the circuit:
e Fr=5000
e Fu=5100
e FL=4900

gained these results from the following graph. The graph shows, how current (1) varies with
LA cy in an R—L—C series circuit. F1is the lower frequency and Fz is the upper frequency. At
the resonant frequency fs, current is a maximum value, shown as Is. [5]

Vik [reccccccccaa -

0707 | _ !
me:

Frequency

Figure 7: Graph on values needed to work out Q-factor.

Therefore,

_ 5000
T 5100-4900
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Breadboard Testing

To further my results, d this circuit on a breadboard using physical components. A
breadboard was used omponents are easy to place and adjust if needed, as they do not
require permanent connections such as soldering. Breadboards are rectangular boxes with
holes in them for the purpose of building electrical projects. The holes are commonly referred
to as nodes and can have electrical components and wires placed in them [6].

The components used were a 1kQ resistor, 1mH inductor and a 1uF capacitor. This circuit also
included two wires and probe clips to be able to connect the circuit to the oscilloscope and
signal generator for testing.

Figure 8: Breadboard circuit built.
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Figure 10: Closer view of clip connections from circuit to signal generator and oscilloscope.
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Resonant frequency in the breadboard circuit
The formula for calculating resonant frequency is given as:

Resonant Frequency = 2;!&

In the case of the circuit, the value are as follows:
e L=1mH (0.001H)
e C=1pF (0.000001F)
1
21/ 0.001 - 0.000001
Figure 4: Resonuency calculation done on Desmos.

I
(14
o
L]
[\J
o
2
=
(BW]
[

Resonant Frequency = 5032.9 Hz

ed the resonant frequency of the circuit using the formula and this gave me an answer
0 E. $¥Hz. This is the same as the proteus circuit due to the same value components being
used and this is where | expect the output voltage to be highest in my test.

Breadboard Test Results

To gain a fair comparison of the results, | started again at 100Hz and finished at 20kHz. | was
able to use the function generator to change the frequencies and gain a wide range of results.
As my resonant frequency was calculated to be around the 5000Hz mark, | decided to take
more readings between 5000Hz and 6000Hz.
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Figure 11: Table of breadboard test results




Graph showing the relationship between frequency and
gain in the breadboard circuit
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Figure 12: A graph to show the relationship between frequency and gain in the breadboard
circuit.

Q-factor in the breadboard circuit
The Q-factor of the proteus simulation was 25, however due to the difference in results | expect
the Q-factor in this breadboard circuit to be different.

Figure 13: Q-factor equation

Fr is resonant frequency.
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Fu is the upper frequency.
Fuis the lower frequency.
In the breadboard circuit, the frequency values are also follows:

e Fr=5200
e Fu=6000
e FL=4500

Therefore,

Q=—22 3467

T 6000-4500

Results Discussion

With the breadboard results, the resonant frequency was actually 5200Hz and gave a gain of —
18.711 dB. This is different to my Proteus simulation results, and the main reason for
this is that the physical components have tolerances, which will af e results. Tolerance,
which is the difference between the upper and lower value of component parameters, is the
acceptable variant for any given value to achieve a proper function [7]. Simulations often

assume ideal components and therefore have precise and ideal values. As an example, the
resistor used on the breadboard circuit was a 1k resistor and had a tolerance of + 5%. The
inductor and capacitor used also had tolerances which added to the difference between the 2
sets of results. To work out tolerances of the resistor, | used a table explaining what the
different colour bands mean. | saw that the resistor had a tolerance of 5% due to the gold band
at the end. An example of the colour codes can be found in figure 14 and this table is used by all
to find the unknown specifications of resistors. Additionally, unwanted parasitic elements could
have altered the results in the circuit and affected the other components in the circuit.

4-Band-Code
2%, 5%, 10% 560K 0 % 5%

L —ll | ,—I |
| re— I*: | re—
0.1%, 0.25%, 0.5%, 1% 2370 1%
5-Band-Code

Figure 14: Resistor colour codes table
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There are other potential reasons for the major difference in results such as parasitic elements.

An electrical component that possesses a circuit element that is not desirable for it to have for
its intended purpose is referred to as a parasitic element in electrical networks. A resistor, for
instance, is made to have resistance, but it also has unintended capacitance [8]. Similarly,
parasitic inductance is an unwanted feature with real life inductors, and they are almost
impossible to avoid [9]. These parasitic elements can affect the results of the circuit but are
usually missed out in simulations. Furthermore, there could be potential issues with the
interconnections and grounding on the breadboard in the sense that they may not be as ideal
as assumed in the simulations, which will definitely contribute to the difference in results.

Conclusion

In conclusion, the experiment performed on this band-pass filter circuit through both
simulation and being physically built onto a breadboard provided great information on building
a circuit in both situations. Band pass filters are known to be important components in
numerous electrical projects, and they enable the passing of specific frequencies whilst
supressing others. In this case, the filter typically only allowed frequencies at around 5000Hz to
pass. Despite using identical components and values in the simulation and breadboard test,
there were notable differences in the results. The prediction for resonant frequency of both
sets of results was calculated at 5032.9Hz, after using the appropriate formula. This was correct
for the simulated circuit; however, the breadboard circuit test supplied a different result at
approximately 5200Hz. The gain and Q-factor values of both circuits were also very different.

The proteus simulation gave a Q-factor of 25, whilst the physical breadboard test gave a Q-
factor of 3.467. This implied that the s'|m'|rcu'|t was more effective and this is down to
the simulation using ideal values and ignofifig real-world conditions. The difference in these
results could be put down to many factors but the primary reason was due to component
tolerances. The 1kQ resistor, 1mH inductor and 1uF capacitor used in the breadboard circuit all
had tolerances which influenced the results, as the simulated circuit used ideal component
values. The additional arguments of parasitic elements and defects with the actual breadboard
itself showed that simulations are not always able to fully replicate the results of real-life
circuits effectively as they cannot always consider real-world conditions.

The bandwidth results of each test were also different, with the breadboard circuit having a
lower bandwidth at the gain point approximately 21 decibels. The simulated circuit had a
bandwidth line drawn at approximately — 4 decibels

In summary, this experiment emphasises the importance of considering real-world test results
instead of just using simulated test results. While simulations are widely used to predict the
behaviour of circuits, it is quite common for results to be different from results gathered from a
physical breadboard and this is why physical testing on a breadboard remains essential to gain
accurate results.
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