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Coursework

Brief
Here, we investigated both simulated and real measurements towards a resonant circuit. The objective was to discover and analyze the resonance frequencies and Q factors of the circuit, and see if anything deviated from theoretical expectations. The experiment helped visualize how the actual results differed from the prediction, and why these divergences may occur.The results gave useful information about how resonant circuits work and what can affect their performance when used in real situations. This helped show the challenges of getting circuits to match their theoretical behavior

Simulation Setup
As shown in Figure 1, the circuit is made up of a resistor and a signal generator connected in series, with an inductor and a capacitor in parallel. 
During the simulation in Proteus, we took time to carefully adjust the frequency and voltage to study how the circuit behaved and to find its resonance point. The signal generator was set to output 2 V peak-to-peak, starting at a frequency of 100 Hz. From there, we gradually increased the frequency, step by step, all the way up to 20 kHz. At each frequency, we measured the voltages across the resistor and the inductor to see how the circuit reacted. This method gave us detailed results and helped us understand how the circuit works as the frequency changes. It also showed us where the resonance occurred and how the components interacted at different points. 
This approach allowed us to determine the resonance frequency more easily and ensured that the measurements were accurate. In addition to the physical testing, the Proteus software was utilized during the simulation phase to provide a controlled virtual environment for analyzing the circuit. This software made it possible to simulate the circuit’s behavior under ideal conditions, without the influence of environmental factors or tolerances that might be present in the real components. Proteus allowed us to make precise and systematic adjustments to both the frequency and voltage parameters, which helped us better understand how the circuit operates. By comparing the values from the simulation and the experiment, we were able to find the differences and gain knowledge into the effects of real-world circumstanceson circuit performance.

A breadboard was used to create the circuit for the practical experiment, making it quicker and easier to connect the parts securely and make any adjustments. With the flexible arrangement that the breadboard offered, modifications could be performed without the need for soldering or other permanent connections. In order to provide low resistance and dependable signal transfer between the components, standard connection wires were used throughout the circuit. Accurately measuring the voltages across the circuit and figuring out important factors like the resonance frequency, bandwidth, and Q factor were made especially easy with this configuration. Understanding the behaviour of the circuit was greatly aided by both the simulated and real-world configurations.
The practical experiment shows how the circuit  in actual circumstances, the simulation provided information under different conditions , by reviewing the effects of external sources and component. This gave us more information of the circuit's behavior in both controlled and uncontrolled conditions can be found by using the simulation with the experimental work.In addition to increasing the accuracy of the results, I needed to integrate the use of theory and practice  in closing the gap between theoretical understanding and real-world . 
Mutiple tools were essential for the experiment to realistically construct and analyze the resonant circuit. One of the most needed instruments used was the oscilloscope, which allowed us to measure and imagine the voltage waveforms across the different components of the circuit. The oscilloscope gave us a real-time display of the voltage signals, making it possible to take peak-to-peak voltage measurements at various frequencies. This visual representation was very helpful in identifying the resonance frequency and evaluating the circuit's attenuation. Because it was able to work across a broad frequency range making  it good for this experiment, as it could capture the changes in signal behavior properly. Another important piece of equipment was the signal generator, which supplied a controlled AC signal to the circuit. The signal generator was used to slowly increase the frequency from 100 Hz up to 20 kHz, allowing us to watch how the circuit behavied to different input signals. This step-by-step frequency adjustment was crucial for finding the resonance frequency and monitoring the circuit's overall performance. Both, the oscilloscope and signal generator formed the vital need for the experiment, allowing us to accurate and properly analysis the circuit’s behavior both theory wise and practical. This combination of tools ensured that the data collected was correct and could be used to find the difference of the simulated and physical setups effectively.
 Figure 1 presents the simulated resonant circuit.
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Simulation Procedure
1. Build the Proteus circuit.

2. Adjust the signal generator's output to 2 V peak-to-peak at 100 Hz. 

3. As you measure the voltages across the components, gradually raise the frequency from 100 Hz to 20 kHz. 

4. Find the highest voltage across the inductor and the frequencies (above and below the peak) at which the voltage is half of the maximum.
Calculate the attenuation using the appropriate formula

A=20*log10(V L / Vout)

Results of simulation
Attenuation and frequency data were plotted on a graph, with attenuation in decibels (dB) on the y-axis and frequency in hertz (Hz) on the x-axis, using a logarithmic scale for better effectiveness of the circuit's behavior across a long frequency range. This graph representation allowed us to clearly see how attenuation changes with frequency and find the resonance point. Figure 2 shows the resonance effects of the circuit, showing the peak at the resonant frequency when attenuation is minimized. Aswell as Table 1 shows the measured voltages, attenuation values, and the calculated resonant frequencies for the simulation and practical setups. And the results from both setups compare closely with theory predictions, there is differences show by this. These differences are most likely because of  imperfect physical components in the setup, like different tolerances in resistance, inductance, and capacitance values, or other factors like parasitic elements. From the graph and data, the bandwidth and resonant frequency were used to find the Q factors for both the simulated and practical circuits. This allowed us to find valuable insights into how real-world things can impact the precision of results, and how well the theory model differentiates from the actual circuit acts.
Table 1
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These measurements were carefully taken at specifically chosen spaced frequency intervals between 4700 Hz and 5300 Hz to find the exact resonant frequency and the half-maximum voltage points with greater accuracy and precisition. 
This specific frequency range was chosen because the peak timing of the circuit happenedwithin it, making it vital to gather precise data around this area. By lessening the focus to this range we were able to capture small changes in the voltages responses and behaviour, which are needed for finding the resonance point. This way  had several advantages, including improving the accuracy of calculations for the Q factor and attenuation values. It also allowed for a clearer understanding of how the circuit behaves near its resonant frequency, where the most critical changes in performance occur. By concentrating on this smaller frequency window, the chancesof errors caused by abrupt voltage differences was significantly reduced, ensuring that the data collected was both accurate and consistent. This careful approach to measurement provided a more reliable basefor analyzing the circuit’s behavior and drawing conclusions about its resonance characteristics. Aswell as, the detailed data collected in this range helped refine the overall analysis and supported a better difference between the theory, simulated, and practical results. This step was essential for achieving the best resultsfindings and ensuring that the experiment's objectives were met with precision.
Figure 2
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Figure 3
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Q factor graph

We now need to use the following formula to calculate the resonant frequency. 
Figure 4
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Reference-Resonance Frequency

The frequency at which a circuit operates at the best it can is by  balancing the effects of its inductor and capacitor as its resonant frequency (fr). Energy moves smoothly between the capacitor, which stores it in its electric field, and the inductor, which stores it in its field, at this frequency. In series , this balance decreases the circuit's impedance, or resistance to current flow, enabling the greatest amount of current to flow. This can causes some parts, such as the capacitor or inductor, to have their highest voltage levels at this frequency.
 
In circuits used in devices like radios the resonant frequency is importasnt because it shows or enhances particular signals. For example, adjusting a radio to a certain station is modifying the circuit to resonate at that station's frequency, which rejects other signals and amplifies the desired one. The formula 𝑓 𝑟 = 1 2 𝜋 𝐿 𝐶 can be used to determine the resonant frequency, which is dependent on the values of the inductor (L) and capacitor (C) in the circuit. f r = 2π LC One This formula demonstrates how the resonant frequency is directly determined by the capacitance and inductance. Designing circuits that function well in their intended  use —like as reducing noise or boosting signals in particular frequency ranges—requires an understanding of this idea. For instance, this technique is applied in communication systems to adjust circuits to concentrate on a channel or frequency, allowing accurate and proper signal processing to a certain station is modifying the circuit to resonate at that station's frequency, which rejects other signals and amplifies the desired one. The formula 𝑓 𝑟 = 1 2 𝜋 𝐿 𝐶 can be used to determine the resonant frequency, which is dependent on the values of the inductor (L) and capacitor (C) in the circuit. f r = 2π LC One This formula demonstrates how the resonant frequency is directly determined by the capacitance and inductance. Designing circuits that function well in their needede uses—such as reducing noise or boosting signals in particular frequency ranges—requires an understanding of this idea. For instance, this technique is applied in communication systems to adjust circuits to concentrate on a specific channel or frequency, guaranteeing accurate and effective signal processing.
Figure 5
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Multple practical steps must be taken to determine the Q factor (in dB) from a frequency vs attenuation graph. Determine the resonant frequency (fr) on the graph first. This happens when the voltage across the inductor gets to it its maximum, or where the attenuation is at its lowest. Next, locate two distinct places on the graph, f 1 and f 2, where the attenuation is 3 dB greater than the lowest attenuation value. These are located on either side of the resonance frequency and are referred to as the half-power points. Take careful notice of the x-axis frequencies at these locations.
 After get the circuit's bandwidth by deducting f 1 from f 2 (i.e., f 2 − f 1 BW=f 2 − f 1 ). The range of frequencies over which the circuit retains a sizable amount of energy transfer is known as the bandwidth. Finally, to determine the Q factor, apply the formula 𝑄 = 𝑓 𝑟/𝐵 𝑊 Q=f r /BW. You can gauge the resonance's sharpness or selectivity at this step. The circuit is more to a small frequency range when the Q factor is higher. By carefully following these methods, you can extract precise values from your graph and get a comprehensive understanding of the behavior of the circuit. 
Practical Calculations

Table 2
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Figure 6
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Attenuation(dB) against Frequency (Hz)

Figure 7
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Q Factor graph
[bookmark: _Int_gQfRmY5c]The graph illustrates how frequency and attenuation interact in a resonant circuit. Decibels (dB), a unit used to quantify the decrease in signal strength, are used to depict attenuation on the vertical axis. On the horizontal axis, frequency is shown on a logarithmic scale, presumably measured in Hertz (Hz), which helps to express a large range of frequencies in a more compact manner. The circuit's resonant frequency (fr) is highlighted by a characteristic peak on the graph. The circuit transfers the maximum amount of energy at this frequency because it functions with the highest efficiency. It is simple to determine the resonant frequency from the graph at this particular point because the attenuation value is at its lowest.
 The attenuation starts to increase as the frequency shifts from from this peak, either rising or falling. This rise in attenuation suggests that the circuit's ability to transfer energy is deteriorating. The half-power frequencies, denoted as f1 and f2 on the graph, are the locations where the attenuation increases by 3 dB above the minimum value. Because they delineate the limits of the range in which the circuit may function efficiently, these frequencies are needed for comprehending the circuit's functioning. The bandwidth, which is the difference between these two frequencies, f1 and f2, tells us how wide or small the circuit's effective frequency range this peak, either rising or falling. This rise in attenuation suggests that the circuit's ability to transfer energy is deteriorating. The half-power frequencies, denoted as f1 and f2 on the graph, are the locations where the attenuation increases by 3 dB above the minimum value. 

Because they delineate the limits of the range in which the circuit may function efficiently, these frequencies are essential for comprehending the circuit's functioning. The bandwidth, which is the difference between these two frequencies, f1 and f2, tells us how wide or small the circuit's effective frequency range is.
Furthermore, the peak's shape and the separation between f1 and f2—also known as the Q factor—offer important insights about the circuit's quality and selectivity. A high Q factor denotes a circuit that is very selective and effective at focusing on a small range of frequencies, as indicated by a sharp and narrow peak at the resonant frequency. 

[bookmark: _Int_Lt6wDlXR]A smaller Q factor, on the other hand, would imply a bigger peak with a greater spacing between f1 and f2, suggesting that the circuit is less selective and functions well across a wider frequency range. It's critical to comprehend these features into  order to assess how efficiently the circuit filters or amplifies particular signals.
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There was a notable difference between the Q factor results from the simulation and the real experiment; the simulation produced a Q factor of 16.77, whereas the practical setup produced a significantly lower Q factor of 2.31. This disparity shows how actual conditions affect a circuit's performance compared to its envisioned, simulated equivalent. The components in the simulation were believed to be error-free, which meant that there would be no losses from stray capacitances, resistances, or other flaws.
 This made it possible for the circuit to display a greater Q factor and a sharper resonance peak, both of which signify improved efficiency and at the resonant frequency.
However, the actual experiment was affected by several issues, including component tolerances, the inductor and capacitor's less-than-ideal behavior, and extra resistances brought about by the wires and connections on the breadboard.
 These factors increased energy losses in the circuit, resulting in a wider resonance curve and a substantially lower Q factor. Because the circuit's energy dissipation was far larger than in the simulation, the practical Q factor of 2.31 indicates that the circuit's capacity for difference across closely spaced frequencies was decreased.
The gap between the two outcomes demonstrates even more how crucial it is to take reality into consideration when designing and analyzing circuits. Practical tests offer important insights into how a circuit will function under real-world working applications even though simulations are great for forecasting theoretical behavior and adjusting circuit parameters. 
By bridging the gap between scientific forecasts and practical outcomes, engineers may ensure that circuits are built to perform reliably in real-world applications, as the above example shows.
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