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1. [bookmark: _Toc70372462]Abstract
Inductor, Capacitor and Resistor circuitry also known as RLC circuitry, mostly used for Alternating Current (AC) applications. These uses include in compensating power loses in medium power transmission applications, using Inductive and Capacitive Reactance characteristics of RLC circuit. RLC helps to correct power factors in power supplies, Power transmissions and motors so it would run most efficiently with reduced power waste. Other applications involve to regulating sudden voltage drops and high current urges. Capacitors help to minimise voltage drop due to its ability to hold charge where inductor can stop sudden current urges damaging transformers and other loads. Presence of the resistor in the circuit reduces the peak of resonant frequency.
RLC circuits are widely used in a smaller application too, such as tunning frequencies for Amplitude Modulation (AM) and Frequency Modulation (FM) that can be found inside radios. This circuit in smaller application is most used as Bandstop or Bandpass filter. Depending on configuration of RLC components, it can form a various filters such as Low Pass, High pass, Band Stop, Band Pass and All-Pass filters which enables signal smoothing and frequency tunning. 
2. [bookmark: _Toc70372463]Introduction
This report contains detailed information of RLC circuit simulation using Proteus Simulation software. During this simulation two types of RLC configurations were tested:
1. Series
2. Parallel. 
The aim of the test is to simulate and determine Voltage and Current characteristics in both circuits and the difference between the two circuits when they are exposed to different frequencies. Both circuits were analysed using mathematical calculations to determine circuit characteristics, resonant frequencies and Q-factors of the circuit.
3. [bookmark: _Toc70372464]Simulation
[image: ]In this simulation, three electrical components were used to design and draw the R-L-C circuit using software package called Proteus. The components analysed for voltage and current characteristics across each component when they are exposed to AC power supply at different frequencies ranging from 1Hz to 20kHz. Figure 1 - Power Supply setup

Since this test is aimed for analysing Alternating Current (AC) circuit, the power supply was set to Sine Analogue type with 1V peak to peak voltage at starting frequency of 1Hz. These setting were used for both, Series and Parallel circuit. 


1.0 [bookmark: _Toc70372465]R-L-C in Series
[image: ]First circuit that was analysed was Resistor, Inductor and Capacitor that were connected to Alternating Current Power Supply in series as shown in the Figure 2. Figure 2 - RLC Series schematics


Component Parameters:
[image: ]Figure 3 - Component Values and naming convention





To measure voltages and current across each component in first circuit, voltage and current probes were used, using built-in functions inside simulation package. Measurement probes were added to the circuit by simply selecting a required probe, dragging and dropping on the targeted area of the circuit.
[image: ]Figure 4 - Naming conventions of testing probes






2.0 [bookmark: _Toc70372466] R-L-C in Parallel 
[image: ]The second circuit that was analysed was RLC in parallel configuration. Inductor and capacitor were connected in parallel to each other and both components in series with resistor as shown in the figure 5. Figure 5 RLC Parallel circuit schematic







Values and configuration of each component in the circuit stayed the same as in the previous, series circuit. 
[image: ]
Figure 6 - Parallel Circuit component naming convention
[image: ]In parallel circuit, more current probes were used to analyse current and voltage characteristics in this circuit. This is due to current variation in parallel circuits. Figure 7 - RLC Parallel Circuit testing probes naming convention.

4. [bookmark: _Toc70372467]Results
This section covers the results and graphs obtained from both, Series and Parallel RLC circuits using simulation software. 
4.1 [bookmark: _Toc70372468]R-L-C in Series Results
Current in series across all components is the same. Current value and resonance across inductor and capacitor vary based on frequency of power supply as shown in the figure. All four current measurements across 4 elements in the circuit are the same.
[image: ] The initial voltage across resistor is in phase with current across it. The voltage across inductor (Vl) leads current by 90° where voltage across capacitor lags the current by 90° (Vc). For this reason, voltage across inductor is out of phase by 180° from voltage across the capacitor as seen in the figure 8, on the right-side axis. This is due to Inductor voltage and Capacitor voltage oposition to each other. Figure 8  - Voltage and current characteristic results



[image: ]Voltage across three components is different at different frequencies. Resistor voltage never exceeds 1.00V supply voltage where capacitor and inductor have a significant voltage gain of 12.4V at resonant frequency of 58.2Hz as shown in the figure. This spike of voltage also is known as Q Factor. Figure 9 - Voltage Characteristics of RLC components in Series




4.2 [bookmark: _Toc70372469]R-L-C in Parallel Results
[image: ]Figure show voltage response over range of frequencies in R-L-C circuit when Inductor and Capacitor were connected in parallel to each and in series with 20ohm resistor. Figure 10 - Voltage and current characteristics of RLC parallel circuit

Voltage across resistor have dropped to very low value at the resonant frequency of the circuit of 56.1(Hz). However, a total Load voltage (VLC) has reached a peak point of 1.00 Volt at the resonant frequency. Voltage in parallel is common [1], therefore voltages across Inductor and Capacitor stays relevant to each other over the range of frequencies. As voltage increases, current reduces. 

[image: ]Current through resistor drop to 12.3micro Amps at resonant frequency of 58.1Hz but starts increasing as frequency increases. Current across Inductor and Capacitor have opposing affect to each other as frequency increases. Current across inductor will get smaller while current across capacitor increases.Figure 11- Current characteristics in Parallel RLC

Inductor and Capacitor current will be equal at the resonant frequency.
Xl = Xc 
There is a 180° phase shift between current and inductor currents as can be seen in the figure.

4.3 [bookmark: _Toc70372470]Theoretical Calculations 
To ensure that simulation results are correct and accurate, they must be supported by mathematical calculations. Mathematical calculations below were used to find Current, Voltage, Q factors and resonant frequencies in both, RLC parallel and series circuits. Each formula was carried out with given values of components:
· L = 679mH Inductor 
· C = 11uF Capacitor 
· R = 20ohm Resistor
· f = 10Hz to 20kHz Frequency
· Vin = 1Vp-p Voltage Supply

1. [image: ]To determine total impedance of the circuit based on AC source, Inductive and Capacitive reactance of the circuitry must be calculated. The formulas seen in figure 12 are applied on both, RLC series and parallel circuits to find Xl and Xc. Inductive and Capacitive Reactance changes as frequency is changing (See result table in appendix section).Figure 12 Formulas to calculate Inductive and Capacitant Reactance [5]


2. [image: ]To find total Impedance of both circuits, following formulas were used, where Zlc is a summed Reactance of Inductor and Capacitor. Ztotal is total Impedance of the circuit at given frequencies. Figure 13 - Formulas for calculating Total Impedence [5]


Since parallel RLC circuit was not not pure parallel circuit, the formula in figure above had to be used to calculate total Impedance. Paralleled Inductor and Capacitor (Zlc) were connected in series with resistor (R). 

3. [image: ]To calculate total current for both circuits, ohms law was used, where Itotal is the total current at given frequency. Current in series circuit is common [1] across all components where total current in parallel circuit is a sum of vector of each branch current (Is^2=Ir^2+(Ic-Il)^2).Figure 14 - Ohms Law for calculating Current [5]


4. [image: ]To find total voltage gain on both circuits, following formulas must be used, where Vout is the circuitry voltage out put between capacitor and Inductor. Voltage across parallel components stays common where voltage in series circuit is different across. In series, total voltage supply is equal to vector sum of voltages across components (Vs=Vr^2+(Vl-Vc)^2).Figure 15 - Calculating Load voltage output [1]

5. [bookmark: _Hlk70354426][image: ]To find a resonant frequency for both circuits a formula seen in the figure used. With given parameters, it was determined that both circuits have resonant frequency of 58.2356Hz.Figure 16 - Resonant Frequancy formula [1]






6. [image: ]To determine Q factor of Series and Parallel Circuits, two formulas can be used. Figure 17 - Q Factor formulas of Series and Parallel circuits [5]

Using formulas, it was determined that Q-Factor for Series Circuit is 12.4225V as shown in figure 17 where Q factor for Parallel circuit is 0.0805. As it can be seen from results, Series circuit have opposite results to Parallel circuit. While there is a significant voltage gain the resonant frequency on series circuit, the voltage on parallel circuit goes very low. 
5. [bookmark: _Toc70372471]Discussion
Magnetic fields in the inductor are created by discharging current from capacitor, then current is charged again by discharging magnetic field (collapsing) from the inductor. This process happens repeatedly over the range of frequencies and at the certain frequency current Reactance of inductor becomes equal to Reactance of capacitor at which causes electricity to swing between the two components. This phenomenon is called Resonant frequency and it is a harmonic swinging of a current. To reduce this swinging of the current, a resistor is used which stops the resonant frequency from oscillating over the period, also known as damping effect using resistor [2]. 
Resonant frequency happens due to inductive reactance and capacitive reactance being equal to each other. That’s because Inductive and Capacitive reactance cancelling each other.
[image: ][image: ]Figure 18 - RLC series voltage and current
Figure 19 - RLC parallel voltage and current







The difference between Parallel circuit and Series circuit is that at resonant frequency in series has a lowest impedance but maximum current where parallel circuit has a highest impedance, but lowest current as seen in figures 18 and 19. [3]
[image: ]Q-Factor allows to measure the quality and performance of the bandwith of Inductor and Capacitor. The higher the value is of the q-factor, the mor narrow the bandwidth of the waveform. The narrow bandwidth and high gain in voltage, is a very acceptable characteristic in many electrical applications. 
From simulation results in the figure 20, it can be seen that the voltage gain is much greater than a supply voltage. Supply voltage for this circuit was 1V but during resonant frequency, voltage increased to 12.4V on series RLC.Figure 20 - Q-factor of Series circuit

[image: ]However, using mathematical calculation for Parallel RLC circuit it was determined that the Q-factor for the circuit is an inverse factor of series circuit as seen in figures 17 and 21. In parallel circuit, the Q-factor is 0.08. The lover parallel impedance, the lower damping effect it will have on the circuit therefore as the result, Q factor for the circuit is going to be lower. This kind of characteristics is commonly used in band filter design to determine best bandwidth. 
Figure 21 - Parallel Circuit q factor
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RLC Series Result Table
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RLC Parallell Result Table
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Component  Name in Design  Value  

Resistor  R1  20Ohm  

Inductor  L1  679mH  

Capacitor  C1  11uF  

Frequency + Power Supply  Power supply 1  1Vp - p from 1Hz to  20kHz  
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Probe  Name in Design  Comment  

Supply current probe  Supply current  Measuring total current  drawn by circuit  

Resistor Voltage probe  R1 Volt  Voltage after resistor  

Inductor Voltage probe  L1 Volt  Voltage across inductor  

Capacitor Voltage  probe  C1 Volt  Voltage across capacitor  
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Component  Name in Design  Value  

Resistor  R 2  20Ohm  

Inductor  L2  679mH  

Capacitor  C2  11uF  

Frequency + Power Supply  Power supply  2  1Vp - p from 1Hz to 20kHz  
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Probe  Name in Design  Comment  

Supply current probe  Supply current  Measuring  total current drawn by circuit  

Resistor Current  R2 Current  Measure current across resistor  

Current to Inductor  L1  Current  Measure current flow to inductor  

Current to Capacitor  C1 Current  Measure current flow to capacitor  

Circuit Voltage  VLC  Voltage Load of the circuit  
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I nductiv e Reactance   Capacitive Reactance  

𝑋𝑙 = 2 𝜋 fL  X c = 1 2 𝜋 f C  
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RL C Se ries  Resonance  RLC Parallel Resonance  

𝑍 𝑡𝑜𝑡𝑎𝑙 = 𝑅 jXl − jXc  𝑍 𝑙𝑐 = jXl ∗ − jXc jXl − jXc     𝑍 𝑡𝑜𝑡𝑎𝑙 = Zlc + R      
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Total Curre nt   

𝐼 𝑡 𝑜𝑡𝑎𝑙 = 𝑉 𝑍𝑡𝑜𝑡𝑎𝑙  
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Vol tage Gain in Series  Voltage Gain in Parallel  
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5.06+3] 213643 2.96+0]-2.89411884152438] |20-2.854118841524381 |0.0489744836339132+0.00708689879194179i | 0.049484585 8.233885203(0.0205103273217351-0.1417379758388361_|0.143214271| 817661148 -16.88027409
8.06+3 34.1643) 1.86+0|-1.80867474130504i |20-1.80867474130904i |0.0495944040296437+0.004485007293934551_|0.049796789| 5.167415227|0.0081119194071263-0.0897001458786918; | 0.090066195| -84.83258477] -20.90876373
10,0643 42,7643 1.26+0|-1.446912189460281 |20-1.446912185460281 |0.0497396681868461+0.00359844660996287 _|0.049869664] 4.137889056/0.0052066362630773-0.0719689321992573: | 0.072157025| -85.86211094] -22.83442761
15.06+3] 64.06+3| __964.66-3|-0.964589951794747i|20-0.9645899517947470.0498835656837294+0.00240587860270997i _|0.043941949] 2.761207053]0.00232068632541202-0.0481175720541954] 0.048173502| -87.23875295| -26.34383557
20.06+3| 85.36+3|  723.46-3[-0.7234376931575791[20-0.72343769315797910.0499346652223802+0.001806230950854731_| 0.049967322| 2.071593149]0.00130669555239689-0.0361246190170947] 0.036148244| -87.92840685| -28.83825587
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