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This report investigates the frequency response and resonance of a parallel RLC Resistor (R), Inductor (L), and Capacitor (C) circuit using both Proteus simulation software and a practical breadboard. The circuit was made up of 1 mH inductor (millihenry), a 1 kΩ (kilo-ohm) resistance element and a 1µF (microfarad) capacitor, all operating with a continuous 2 V peak-to-peak sinusoidal signal. Voltage measurements across the reactive branch were recorded over a frequency range from 100 Hz to 20 kHz. Using an oscilloscope to measure and a signal generator to change the frequency in the circuit. The experiment was carried out in Proteus and then repeated using components on a breadboard. 
The goal was to find the resonant frequency and quality factor (Q), while also comparing simulated, practical, and theoretical results. Furthermore, attenuation was then calculated in dB(decibels) using the output-to-input voltage ratio and a logarithmic frequency response graph was used to identify the resonance and the half-power points. Additional readings were also taken near the resonance to improve the accuracy.
The Proteus simulation showed a sharp resonance peak at around 5 kHz, with a maximum output of 0.77 V and attenuation of -8.29 dB, giving a high-Q response. The practical circuit then showed a much lower peak at around 5.4 kHz, with a maximum output of 0.074 V and attenuation of -28.59 dB, giving a greater damping and a lower Q factor.
Some differences were mainly due to the component tolerances, internal resistance, parasitic effects, wiring losses, and measurement limitations. Overall, the experiment was successfully demonstrated resonance behaviour and showed the differences between ideal and real circuit performance.
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Resonance is the most important principle in electrical and electronic engineering in a RLC circuit; this happens when inductive and capacitive reactance become equal in an AC circuit. At this point, energy continuously oscillates between the magnetic field of the inductor and the electric field of the capacitor, producing a peak in circuit response. 
The frequency-selective properties of RLC circuits make them fundamental in applications where signal discrimination and filtering are required, particularly in communication systems where bandwidth control is critical. In radio tuning, resonance enables isolation of a single signal from many individual transmissions, while filters use resonance to pass or block selected frequency ranges. Resonance in RLC circuits and their frequency-selective behaviour are well established in circuit theory and are widely discussed in standard electronics texts [1]. 

The resonant frequency is given by Equation 1 above.

A high-Q circuit has a narrow bandwidth and strong resonance peak, while a low-Q circuit is more heavily dampened. The quality factor is defined in classical circuit analysis texts as a measure of damping in resonant systems [2].

The attenuation calculation is given by Equation 2 above.

The aim of this is to investigate resonance in a parallel RLC circuit using both Proteus simulation and a physical breadboard build. Measurements were taken from 100 Hz to 20 kHz. 
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The first stage of this experiment meant creating and testing the RLC circuit using the Proteus simulation software package. The purpose of the simulation was to investigate the frequency response of the circuit under operating conditions before constructing the breadboard. Simulation software is used in electronic engineering because it allows circuits to be analysed safely and efficiently before created a real-life circuit, while reducing the effect of external problems and measurement errors [2].
The circuit designed in Proteus had a 1 kΩ resistor, a 1 mH inductor, and a 1 µF capacitor connected parallel in a RLC network. A signal generator was connected to provide the input signal for the circuit and the output of the signal generator was set to an amplitude of 2 V peak-to-peak. This voltage remained unchanged throughout. The frequency of the signal generator was varied between 100 Hz and 20 kHz to see how the impedance and voltage changed with the frequency [1].
 
The resistor was connected to the output of the signal generator; the capacitor and inductor were connected in parallel after the resistor before joining to ground. The oscilloscope was used to monitor both the output and input voltages within the circuits. Channel A of the oscilloscope was connected between the signal generator and resistor to measure the input waveform; Channel B was connected between the resistor and the parallel LC branch to measure the output voltage across the reactive components. Both oscilloscope channels were connected to a common ground to ensure accurate voltage measurements and waveform stability [3]



[image: ]
Figure 1: The design of the RLC circuit on Proteus.

The simulation was carried out by increasing the frequency of the signal generator and recording the output voltage across the LC branch at each frequency point. Additional readings were taken around the resonance region near 5 kHz because the circuit response changed rapidly. These closely spaced measurements improved the accuracy of identifying the resonant frequency and the half-power frequencies required for calculating the quality factor of the circuit [2].
The attenuation of the circuit was calculated using the measured input and output voltages with the equation:
                                                       

Below is a calculation for the dB in a simulation and breadboard circuit at their own maximum output.
· 


· 



This equation gives attenuation in decibels (dB), allowing the frequency response of the circuit to be analysed more clearly on a logarithmic scale [4]. The attenuation values were plotted against frequency using excel to generate a fully labelled logarithmic graph. From this graph, the frequency was identified as the point of maximum output response. The bandwidth and Q factor of the circuit were found using the half-power frequencies on either side of resonance.
After the simulation was complete, the same circuit was made on a breadboard with real components. This gives comparison between the simulated and breadboarding results to identify differences caused by real-world component behaviour and measurement limitations [5].
[image: ] 
Figure 2: Breadboard with all connections including the resistor, capacitor and inductor.
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Figure 3: Tools required to assemble the breadboard.
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Figure 4: Breadboard with connections to oscilloscope and signal generator.
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Figure 5: Oscilloscope used in the testing of the breadboard.
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Figure 6: Signal Generator used in the testing of the breadboard.
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The frequency response of the parallel RLC circuit was investigated using both the Proteus simulation and the practical breadboard. Measurements of output voltage across the LC branch were recorded while the input voltage remained constant at 2 V peak-to-peak. The measured voltages were used to calculate attenuation in decibels for each frequency point using the attenuation equation discussed previously [2].
The Proteus simulation gave resonance peak at roughly 5 kHz. At lower frequencies the output voltage was very small with some numbers such as 0.00011 V at 100 Hz and 0.00132 V at 1 kHz. When the frequency approached resonance, the output voltage increased very quickly. The resonant stopped at a maximum of roughly 0.77 V at 5 kHz. Following this, the attenuation reached around -8.29 dB, giving the strongest response. After resonance was achieved, the output dropped quickly showing expected frequency behaviour see table one for results. 
[image: ]
Table 1: Results of the Proteus circuit during testing. 


The breadboard circuit showed a similar shape but with a much lower peak and broader resonance curve. At low frequencies, output began at 0.00504 V at 100 Hz. It increased to a maximum of 0.0744 V at around 5.4 kHz, with attenuation of -28.59 dB. After resonance, output decreased steadily towards 20 kHz, see table 2 for results.
[image: ]
Table 2: Results of the breadboard circuit during simulation. 
Simulation
· 


Practical
· 







The simulated circuit produced a sharper resonance peak than the practical circuit. This indicated a higher Q factor and lower losses in simulation. The practical circuit showed a wider, flatter response due to energy losses within components [2]. 
From the graphs, the frequency of the simulated circuit was approximately 5 kHz, while the practical circuit resonated at 5.4 kHz. The value was close, with variation due to component tolerances and parasitic effects [4]. [image: ]
Figure 7: Logarithmic graph for Proteus simulation. 
[image: ]
Figure 8: Logarithmic graph for Breadboard Circuit. 
Overall, both results demonstrated expected resonance. The simulation matched ideal conditions, while the practical circuit showed real-world losses in components.
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The results taken from both Proteus and the breadboard circuit demonstrated the expected results from a parallel RLC resonant circuit. In both cases, the output voltage increased when input frequency got near to resonance and then reached a maximum value near the resonant frequency and then decreased as the frequency moved further away. This occurs because resonance is reached whenever the inductive reactance becomes equals to capacitive reactance, causing the reactive effects in the circuit to cancel each other. This maximised the energy between the inductor and the capacitor [1].
Given the results from the simulation and breadboard  is shown below. 
· 
· 



Using 1 mH and 1 µF gives a resonant frequency of approximately 5.03 kHz. The Proteus simulation generated a resonant frequency close to 5 kHz, this proving the theory stated. This is because simulation tools will copy components under near-ideal conditions with minimal parasitic effects or losses, allowing behaviour to closely match real life predictions [2].
The breadboard circuit produced a resonant frequency of 5.4 kHz, which was slightly higher than both the theoretical and simulated values. This difference is small but still very significant in showing how impactful real-world losses are. Real inductors and capacitors often change from their nominal values and because resonant frequency depends on both inductance and capacitance, even small percentage errors can shift the result noticeably [3].
A further difference between the simulation and the practical results was the output voltage at resonance. The simulation reached a peak of 0.77 V, whereas the circuit only reached around 0.074 V. This reduction shows higher damping in the physical circuit. In a hopeful resonant system, energy increases well between the inductive and capacitive fields, resulting in a strong voltage peak. In real circuits, however, energy is continuously lost, reducing the amplitude and sharpening effect of resonance [5].
A key source of this damping is the internal resistance of the inductor. Real inductors are made from coiled wire, which gives resistive losses that turn electrical energy into heat. Additional resistance is also introduced through breadboard contacts and connecting wires. These resistances reduce the overall quality factor, which directly affects the sharpness and amplitude of the resonance peak [5].
The Q value shows how selective a resonant circuit is. A quality circuit creates a peak that is sharper and more concentrated, while a poor-selectivity circuit makes a bigger, flatter response. The simulation showed a higher Q factor compared to the practical circuit, confirming that ideal conditions shown on proteus lead to sharper resonance. However, the practical circuit gave a lower Q due to increased damping [2]. 
Below are the calculations for Q factor, including the use of bandwidth which is calculated by finding the f1 and f2 lines on the graphs.
Proteus Q



Breadboard Q



Proteus bandwidth
· 
· 


Breadboard bandwidth
· 
· 



Parasitic effects also help changes in behaviour in the circuit. Breadboards have small stray capacitances between their contacts, and wiring adds inductance no matter what. Although these effects can be very small, this means they become very important at kilohertz frequencies like the results given and can change both the resonant frequency and the shape of the response curve. These parasitic components are not normally included in basic simulation models, which then explains why simulated results are more preferred than physical measurements [4].
Another factor that can change results in the breadboard is measuring uncertainty. This can include Oscilloscope probe loading, signal generator stability, and reading resolution. These errors are more recognisable next to the resonance, when little changes in frequency could cause larger changes in output voltage. In contrast to this, simulation results are mathematically created and therefore do not account from measurement noise or equipment limitations [5].

Equation 3: the calculation required to find out the percentage of error in the simulation.

the frequency selective nature of the circuit was shown in the attenuation graphs. Following this at frequencies below resonance capacitive effects are shown to be stronger than circuit impedance, while at high frequencies inductive effects become stronger. At resonance, impedance conditions give maximum energy transfer, producing a sharp peak in response. This behaviour is key to many applications such as filtering, radio tuning, oscillators, and communication systems where specific frequency selection is required [1].
Overall, the results from both simulation and practical testing go side by side with theoretical expectations for a parallel RLC circuit. The practical circuit showed the impact of real-world problems in circuits. This proving the success of the experiment held out on proteus, breadboarding and a best-case scenario.
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In this experiment, the resonance behaviour of a parallel RLC circuit was successful, using both Proteus and a breadboard implementation. The setup featured a 1mH inductor, a 1000-ohm resistor, and a 1µF capacitor supplied by a 2V peak-to-peak signal. Measurements of output voltage were taken across a frequency range from 100 Hz to 20 kHz.
Both simulation and practical results showed the required resonance behaviour. The output voltage increased towards resonance, reached a peak, and then decreased as frequency moved away. The theoretical resonant frequency was approximately 5.03kHz. The Proteus simulation produced a resonant frequency close to 5kHz, while the practical circuit resonated at approximately 5.4kHz, proving the theory correct with all values being very close together with little deviation.
The simulation produced a sharper peak and higher output voltage, indicating a higher Q factor and lower losses. The practical circuit showed a broader response and lower peak due to increased damping. This was caused by component tolerances, inductor resistance, breadboard losses, parasitic effects, wiring resistance, and measurement uncertainty [2].
The experiment brought attention to the role of faulty components in efficiency in practical systems and reinforced the relationship between theoretical ideas, simulation studies, and tangible applications in RCL configurations.


References

[1] 	W.H.Hayt, “Engineering Circuit Analysis,” McGraw-Hill Education , New York City , 2019.
[2] 	A. a. K.C.Smith, “Microelectronics Circuits 8th Edition,” Oxford University Press, New York City , 2020.
[3] 	P. H. a. W.Hill, “The Art of Electronics 3rd Edition,” Cambridge University Press, Cambridge UK, 2015.
[4] 	T.L.Floyd, “Electronic Devices 10th Edition,” Pearson Education , Harlow UK, 2017.
[5] 	J.Bird, “Electrical and Electronic Princibles and Technology 6th Edition,” Routledge, London UK, 2017.




image5.png




image6.png




image7.png
Frequency Vin VL ds. Vout  Gain

100 2 851927 0.00011  0.000055
500 2 69.6297 0.00066 000033
1000 2 636091 0.00132  0.00066
2500 2 535971 000418 000209
3000 2 505449 000594 000297
4000 2 432482 001376 000688
4500 2 -36.8087 002888  0.014444
4800 2 29.0003 0.070% 003548
4900 2 236091 0132 0.066
5000 2 820079 077 0365
5100 2 205838 0187 00935
5200 2 271309 0088 0.044
5300 2 309031 0057 000285
5400 2 331515 0044 00022
6000 2 416709 00165 0.000825
7000 2 465951 0.00936  0.000468
10000 2 53.4324 000426  0.000213

20000 2 611598 0.00175 0.0000857
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Frequency Vin VL ds Vout  Gain

100 2 51972 000504 000252
500 2 506923 000584  0.00292
1000 2 491684 0.006%  0.00348
2500 2 -43.0485 001408  0.00704
3000 2 417662 001632  0.00816
4000 2 35391 0034 0.017
4500 2 32765 0046 0.023
4800 2 309336 00568 0.0284
4900 2 305742 00592  0.0296
5000 2 295772 00664  0.0332
5100 2 292688 00688  0.0344
5200 2 288739 0072 0.036
5300 2 28683 00736 00368
5400 2 285891 00744 00372
6000 2 30446 006008  0.03004
7000 2 34703 0038 00184
10000 2 407242 00184  0.0092
20000 2 47.1309 00088  0.0044
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Logarithmic graph for Proteus
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Logarithmic graph for Breadboard
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