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Abstract

In this exercise, Proteus software was utilized for simulating the behaviour of an electronic circuit, which was then compared to a real setup on a breadboard. The objective was to measure and analyse the attenuation and resonant frequency of a circuit composed of a resistor, inductor, and capacitor across a frequency range from 100 Hz to 20 kHz. Data was collected at critical points, particularly around the resonant frequency, to ensure accurate plotting of the circuit's response. The study focuses on the significant role of RLC circuits in modern electronics, highlighting the need for precise frequency management in applications ranging from consumer electronics to critical medical devices. By comparing simulated outcomes with practical results, this experiment seeks to validate the reliability of simulation software and enhance our understanding of circuit dynamics under certain conditions.
This involved setting the input voltage at 2 V peak-to-peak and varying the frequency. 
The attenuation was calculated using the following formula.

Formula for Decibel Attenuation: 
[image: ]
Figure 1 Calculation of attenuation

Results were plotted to show the attenuation as a function of frequency, highlighting the resonant peaks. Both simulated and practical results were compared to identify discrepancies and assess the reliability of the simulation compared to a real circuit.
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RLC circuits are known and used for their ability to resonate at a specific frequency, which is crucial for applications requiring frequency selection, such as radio transmitters and audio equipment. These circuits allow certain frequencies to pass while blocking others, ensuring clear signal transmission without interference. This makes them essential in a variety of devices.

Changing Channel in Radio
In radios, changing the channel often involves adjusting the capacitance in an RLC circuit to tune to different frequencies. By varying the capacitor value, the resonant frequency of the circuit changes, allowing the radio to capture and amplify signals from different channels. This principle is applied not only in radios but also in other devices like televisions and smartphones where clear signal reception is needed.

[image: ]
Figure 2

In Figure 2, the diagram shows a wave filter circuit. This setup allows only specific frequencies to pass while weakening others, making it useful for radios and other devices that need to isolate particular frequencies.
[image: ]
Figure 3

Figure 3 illustrates a simple RLC circuit used in radio receivers. When a frequency wave is captured by an antenna, it induces a current from one inductor to another, maximizing the current flow in the circuit at the desired frequency. To switch radio channels, adjusting the capacitor's value shifts the circuit's resonance, which in turn, tunes it into a different frequency.

[bookmark: _Toc165629721]Medical use case
RLC circuits are also used in medical devices, such as pacemakers, where precise timing and signal transmission are critical for device functionality. The capacity of these circuits to manage alternating current in different components allows for careful control of the electrical impulses sent to the heart.

For example the preposition from one paper where two RLC circuits were used, one was used to represent the atria and the other to represent the ventricles, when coupled capacitively and given a signal from the pacemaker the two RLC circuits would force a limit cycle into a pacemaker system to ensure the ECG signals are healthy [1]

[image: Uploaded image]
Figure 4: Current amplitude versus normalized frequency for different resistance values in an RLC circuit. This graph shows how the peak current amplitude varies with changes in resistance at frequencies near the resonant frequency.
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RLC circuits, consisting of a resistor (R), an inductor (L), and a capacitor (C), are fundamental to understanding the behaviour of various electronic devices that require specific frequency responses. These circuits can be configured in series or parallel arrangements, each offering unique characteristics and behaviours based on their configuration.

Resonance in RLC Circuits
The concept of resonance is central to the operation of RLC circuits. At resonance, the circuit's impedance is at its minimum (in series configuration) or maximum (in parallel configuration), allowing for maximum power transfer. The resonant frequency of an RLC circuit is determined by the formula:
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This equation illustrates that the resonant frequency is inversely proportional to the square root of the product of the inductance and capacitance. At this frequency, the reactive effects of the capacitor and inductor cancel each other out, leading to a scenario where only the resistive element dictates the circuit’s behaviour.

Quality Factor
[image: A math equation with a white background

Description automatically generated with medium confidence]The “Quality Factor”, or Q, of an RLC circuit quantifies the damping of the circuit and is a measure of the circuit's efficiency at its resonant frequency. The Q factor is defined as:


 
where Δf is the bandwidth between the half-power points, also referred to as the frequencies where the circuit's power is half its peak value. For series RLC circuits, 
Q can also be expressed as: 

[image: A mathematical equation with a square root
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This relationship indicates that higher Q values signify less energy loss relative to the stored energy in the circuit, resulting in sharper peaks in the frequency response.


Limitations of Theoretical Models
While these models provide a robust framework for understanding and predicting the behaviour of RLC circuits, they assume ideal components devoid of non-ideal factors such as parasitic capacitance, inductance, and resistance. In real-world applications, these factors can significantly affect the circuit's performance. For instance, wires and connections have inherent resistance and inductance that can introduce errors in high-frequency applications.
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Software and Configuration:
Software Used: Proteus simulation software was chosen for its wide range of tools and accurate emulation of electronic components.
Circuit Components: The simulated circuit was composed of a resistor (R), an inductor (L), and a capacitor (C).
Components used in assignment:
Resistor
stated value - 1 kΩ
Inductor
stated value - 1 mH
Capacitor
stated value - 1µF

[image: ]
Figure 5 shows the RLC circuit in proteus with a signal generator on the left and a oscilloscope on the right
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Simulation Parameters:
Voltage: The input voltage was set to 2 V peak-to-peak.
Frequency Range: The frequency was varied systematically from 100 Hz to 20 kHz to observe the circuit's response across this spectrum.
Data Collection Points: Special attention was given to frequencies around the resonant frequency to ensure detailed data capture for accurate data.

[bookmark: _Toc165629726]Simulation Procedure

The circuit was methodically constructed within Proteus, ensuring each connection and configuration precisely replicated the intended experimental design. The simulation involved:
Voltage readings were recorded at each frequency increment.

[bookmark: _Toc165629727]Practical Experiment Setup
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A standard breadboard was used for assembling the physical circuit, with each component carefully placed to ensure minimal interference and accurate connectivity. The setup process included:
Component Alignment: Ensuring that the inductor and capacitor were appropriately spaced to reduce unwanted interactions.
Connection Verification: All connections were double-checked for consistency with the simulation schematic.
 
[image: ]
Figure 6 showing the circuit on the breadboard
Measurement instruments included a signal generator and an oscilloscope for voltage measurements.
[image: ]
Figure 7 shows the waveform generator before being set to sine wave generation with 2V and 100Hz
[image: A white electronic device with a screen
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Figure 8 shows the oscilloscope with a clear sine wave
Procedure:
The input voltage was again set at 2 V
The frequency of the signal generator was varied from 100 Hz up to 20 kHz, similar to the simulation.
Voltage measurements across the circuit components were taken at the same frequency intervals used in the simulation for consistency.
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Attenuation[image: ]
                                                                          Frequency

Figure 9 simulation results graph showing frequency along x axis and attenuation along the y axis
Attenuation [image: ]
                                                                          Frequency
Figure 10 simulation results graph showing frequency along x axis and attenuation along the y axis
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Figure 11 Real Circuit data where f = frequency and att = attenuation

[image: ]
Figure 12 Simulated Circuit data where f = frequency and att = attenuation
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Real Circuit:
Peak attenuation is observed at 4900 Hz and 5000 Hz with an attenuation of 0.102.
Simulation Circuit:
Peak attenuation occurs at 5000 Hz with an attenuation of 0.282.
Quality Factor (Q)
Quality Factor (Q) can be calculated using the formula,
[image: A black and blue symbols
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Where:
[image: ]
is the bandwidth between frequencies at which the attenuation falls to 3 dB below the peak attenuation.

Real Data Analysis:
Using the real circuit graph, we can observe that the peak attenuation at  4900 Hz and 5000 Hz suggests a high sensitivity around these frequencies. If we estimate Δf from the points closest to 3 dB below the peak (for example, from 4000 Hz to 6000 Hz), we get:
[image: A number with black numbers
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Simulated Data Analysis:
From the simulation data, the peak is also observed around 5000 Hz. Estimating the Q factor from the simulated circuit at frequencies around the peak (for example, 4900 Hz to 5200 Hz), we get:
[image: A number with numbers on it
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[bookmark: _Toc165629734]Voltage and Attenuation Behaviour:
[bookmark: _Toc165629735]The shape of both graphs indicates a typical resonance curve, peaking sharply at the resonant frequency. The simulation shows a more defined peak, likely due to ideal conditions within the simulation environment.

[bookmark: _Toc165629736]Quality Factor and Bandwidth:
[bookmark: _Toc165629737]The calculated Q values reveal a higher peak and sharper resonance in the simulation compared to the real experiment. This difference can often be attributed to non-ideal factors in the real-world setup, such as component tolerances and environmental conditions affecting the circuit's behaviour.

[bookmark: _Toc165629738]Comparison with Theoretical Expectations:
[bookmark: _Toc165629739]The theoretical resonant frequency for an RLC circuit is given by:
[image: A math symbols with a white background
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Calculating this with values for L and C : 1 mH  and 1 µF  

The theoretical resonant frequency for the RLC circuit is 5032.92 Hz
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Theoretical Resonant Frequency: 
5032.92 Hz
Simulated Resonant Frequency: 
5000 Hz
Real Resonant Frequency: Observed around:
4900 Hz to 5000 Hz


Comparing observed results with theoretical expectations, the resonant frequency closely aligns with the calculated theoretical resonant frequency using the formula
​
. However, there are some variations in the Q factor and the exact shape of the attenuation curve, likely due to non-ideal components, measurement inaccuracies, or environmental factors such as temperature and humidity which affect component values.
Discrepancies might also show from assuming ideal inductors and capacitors without resistance or parasitic effects [3]. Or/And wiring inductance and resistance, which are not accounted for in the theoretical model but affect the Real setup.
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The findings of this experiment provide a foundation for further investigation into the dynamics of RLC circuits. There are several avenues for future work that could not only help in understanding these systems better but also in enhancing their application in practical scenarios.

Component Variability Study:
Future studies could focus on the impact of component variability on circuit performance. By systematically varying the quality and specifications of resistors, capacitors, and inductors, researchers could develop a more comprehensive understanding of how manufacturing tolerances and component quality affect the overall circuit behaviour. This could be particularly useful in applications where precision is critical, such as in the medical devices covered earlier in this report or high-quality audio equipment.

Environmental Impact Analysis:
Another area of interest would be to analyse the impact of environmental conditions on RLC circuits. Factors such as temperature, humidity, and electromagnetic interference could be systematically varied to observe their effects on circuit performance. This study could lead to better designs that are more robust to environmental changes, thereby increasing the reliability of electronic devices in varying conditions.

Advanced Simulation Techniques:
While Proteus is a great platform for circuit simulation, exploring other simulation software that offers different features or modelling techniques could provide new insights. Future work could involve comparative studies using multiple simulation tools to assess their accuracy and effectiveness in predicting circuit behaviour under extreme conditions.

Integration with Digital Signal Processing (DSP):
Integrating RLC circuits with DSP techniques could open new pathways for enhancing signal processing capabilities. Future research could explore how combining traditional RLC filters with digital algorithms could lead to more efficient and versatile signal processing solutions, particularly in telecommunications and signal integrity applications.

Long term Stability Studies:
A long-term study on the stability and performance degradation of RLC circuits over time would provide valuable data for lifecycle analysis and predictive maintenance. This could be critical for industries where circuit failure could lead to significant downtime or safety risks.
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Statement of Findings:

" In this experiment, we closely examined an RLC circuit and found that the theoretical predictions matched the observed results quite well. The calculated resonant frequency was around 5032.92 Hz, closely mirroring the 5000 Hz we saw in simulations. The actual circuit results, which ranged between 4900 Hz and 5000 Hz, also supported our predictions. This strong correlation confirms that both our simulation model and our experimental setup did a good job of capturing the theoretical principles.

However, the quality factor from the real circuit data showed a wider resonance than the simulation suggested, pointing to the impact of real-world imperfections like component tolerances and environmental conditions. These findings are a critical reminder of the importance of taking these practical elements into account when designing and analysing electronic circuits, especially in scenarios where precise frequency response is key.

Overall, this experiment didn't just reinforce textbook theories; it also offered a valuable look into the practical challenges of circuit design. It emphasized the importance of choosing the right components and considering how environmental factors can affect a circuit's performance.."
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dbV = 20 * log10(Vo / Vin)

Where:

- dbV is the attenuation in decibels.
- Vo is the output voltage.

- Vin is the input voltage.




