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Introduction

This is a report of an experiment carried out to assess the effects of frequency on both series and parallel RLC circuits.
An RLC circuit will be built using the Proteus software package. The circuit consists of three components, a Resistor (R), an Inductor (I) and a Capacitor (C). The components are going to be set up in both series and parallel, as shown in figure 1 and 2 below.


[image: ]
Figure 1 - Series circuit
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Figure 2 - Parallel circuit

Calculations will be made as well as graphs plotted, then compared, to determine the resonate frequency and Q factor of the Circuits.
The components to be used are a 20Ω resistor, 718mH inductor and a 15µF capacitor. There will be a 1v peak-to-peak supply at 100Hz. Voltage readings will be taken across the resistor and across the capacitor/inductor at a range of frequencies from 1Hz to 10kHz. [1]
The RLC circuit has many real life uses. These circuits can be found in radio wave transmitters, radio receivers, televisions, communication systems, signal processing, voltage/current magnification, filtering circuits, RF amplifiers, oscillator circuits, just to name a few. [2]

[bookmark: _Toc69741915]Resistor: A resistor is an element that dissipates energy mostly in form of heat. It will have a Voltage drop across it which remains fixed for a fixed value of current flowing through it. [2]
[bookmark: _Toc69741916]Capacitor: A capacitor is an element which stores energy (temporarily) in form of electric field. Capacitor resists changes in voltage. There are many types of capacitors, out of which the ceramic capacitor and the electrolytic capacitors are mostly used. They charge in one direction and discharge in the opposite direction. [2]
[bookmark: _Toc69741917]Inductor: A Inductor is also similar to capacitor, it also stores energy but is stored in form of magnetic field. Inductors resist changes current. Inductors are normally a coil wound wire and is rarely used compared to the former two components. [2]
[bookmark: _Toc69741918]Resonant Frequency: This is the oscillation of a system at its natural resonance. Resonance occurs when a system can store and easily transfer energy between different storage modes, such as Kinetic energy or Potential energy. An example of this would be a simple pendulum. [4]
[bookmark: _Toc69741919]Q factor:  This is also known as the Quality Factor and is defined as a dimensionless parameter that describes the underdamped condition of an oscillator or resonator. The quality factor measures the performance of a coil, a capacitor, or an inductor in terms of its losses and resonator bandwidth. When plotted on a graph, the higher the spike/peak, the better the Q-factor. [3]
[bookmark: _Toc69741920]Proteus: This software is a design suite and was originally released in 1988. It is primarily used in electronic design by electronic design engineers to design schematic/electronic prints for PCB’s (Printed Circuit Board). This software will be used to build/simulate each circuit and take voltage/current measurements at various points. This software will also generate graphs to explain our findings. [5]











[bookmark: _Toc69741921]Simulation Series Circuit

[bookmark: _Hlk69665950]The first circuit to be analysed is the series RLC circuit. When analysing the characteristics of a series RLC circuit with a supply voltage of fixed amplitude (1V peak-to-peak) when different frequencies are applied, there becomes a frequency point when both inductive reactance and capacitive reactance have an equal value. This point is known as Resonant Frequency (Fres) of the circuit. In other words,    . [6]

Below is the series RLC circuit as built in the Proteus software, (figure 3).

[image: ]
Figure 3
R2(1) - Is the supply source.
R1(s) and L1(s) – Are both voltage probes.
 
[bookmark: _Hlk69733416]A voltage reading will be taken across the resistor, with probes placed at R2(1) and R1(s) and placed onto a frequency graph. This will be labelled Vrs (Voltage resistor series).
The second voltage reading will be across the inductor, with probes placed at R1(s) and L1(s) and placed onto the same frequency graph and labelled Vls (Voltage Inductor Series).
The third voltage reading will be across the capacitor, with a probe placed at L1(s). This will also be placed into the same frequency graph and labelled Vcs (Voltage Capacitor Series).







[bookmark: _Toc69741922]Series Circuit Results

Below is a graph of the results, figure 4.
[image: ]
Figure 4

This graph shows the            voltage gain/spike (y-axis) against frequency (x-axis). The voltage peak indicates the point of Resonant Frequency, which we can read to be approximately 48.5Hz.



In theory, the Resonant Frequency of this circuit with these components should be calculated as follows:











As you can see from the above calculations, the graph has been plotted pretty accurate considering the possible tolerances of the components.

[bookmark: _Toc69741923]Inductive/Capacitive Reactance: 
[bookmark: _Hlk69738758]Inductive reactance ( ) and Capacitive reactance () can be calculated by using the below equations. By inputting the resonant frequency into the equation as ‘ f ‘, it is found that  .

























[bookmark: _Hlk69738953]As stated above, when   we find our resonant frequency. This is shown in the graph below, Figure 5. As you can see from the graph, when our series circuit is at resonance, the two lines intercept. This resonant frequency is very close to our previous figures of 48.4966Hz calculated above.

Figure 5

[bookmark: _Toc69741924]










Q Factor: This relates to the sharpness (peak) of the circuit when at resonance. This peak relates to the maximum energy stored, to the energy dissipated during each cycle of oscillation, meaning this is a ratio between resonant frequency and bandwidth. The higher the Q factor, the smaller the bandwidth. [6]
The Q factor can be calculated in several ways. Below is one example:









With a Q factor as high as 10.94, we should find that we have a sharp spike with a narrow bandwidth. To confirm this, bandwidth can either be calculated from the above graph (figure 4), by calculating the width of frequency at 70.7% of the peak (by taking the lower frequency value from the higher frequency value), or by calculating using the below formula with our calculations.









This can be confirmed by calculating Q with a different equation, as below:







As you can see both Q values are extremely close, therefore the bandwidth should be a pretty good calculation.

















[bookmark: _Toc69741925]Simulation Parallel Circuit

The second circuit to be analysed is the parallel RLC circuit. This circuit is the exact opposite to the previous series circuit. Even though we can still apply several concepts and equations from the previous circuit, the Parallel circuit can be slightly more mathematically difficult. When analysing the characteristics of a parallel RLC circuit, we find that compared to the series circuit where the current was common throughout all components, in a parallel circuit the voltage is common throughout all the components and the current flowing through all components will be different. [8]
 Below is the Parallel RLC circuit as built in the Proteus software, Figure 6.


[image: ]
Figure 6.

R1(1) - Is the supply source.
R1(p) – Is a voltage probe.
R1(2), IL and IC – Are all current probes.
A voltage reading will be taken across the resistor, with probes placed at R1(1) and R1(p) and placed onto a frequency graph (Resonance of RLC in Parallel) below, figure 7. This will be labelled Vrp (Voltage resistor parallel).
The second voltage reading will be across the inductor/capacitor, with a probe placed at R1(p) and placed onto the same frequency graph and labelled Vlcp (Voltage Inductor capacitor parallel).
A current probe has been placed at R1(2) to take the resistor current. This will be placed into the same frequency graph and labelled R1(2) (Resistor current).
Two additional current probes have been placed at the inductor and capacitor and labelled IL and IC respectively in the same frequency graph.
The 3 current traces have been multiplied by 15 to show that current follows the same line as the resistor voltage.

[bookmark: _Toc69741926]Parallel Circuit Results

[image: ]
Figure 7.  This graph shows voltage (y-axis) against frequency (x-axis).
 
As our circuit approaches resonance, the voltage drop across the resistor (Vrp) decreases to ‘0’, while the voltage across the inductor and capacitor (Vlcp) increases to the supply voltage.
As the circuit approaches resonance, the resistor current R1(2) drops to a minimum and then begins to start climbing again.
The graph shows how the Inductor current (IL) and Capacitor current (IC) are out of phase with each other. As one starts high, the other is low. 
Below is a graph of the current oscillation (figure 8), between Inductor current (IL) and Capacitor current (IC) and how while one is charging, the other is discharging and vise versa. This continues throughout their cycles. [7]

[image: ]
Figure 8

As figure 8 shows, the two cycles of IL/IC are out of phase by 180 ֯. 

Figure 9 below shows this in another way.
[image: ]
Figure 9
As it is already known how to find the values of  and  , the circuit Impedance (Z) can be calculated and then the supply current and phase angle along with output voltage (Vout), the calculations are as follows: 






















Now that the circuit Impedance (Z) is known, the supply current and phase angle can be calculated. [8]

Current calculations:




Current:
[bookmark: _Hlk70089593]

[bookmark: _Hlk70089661]
Current phase angle:




Voltage calculations: 






Voltage:




Voltage phase angle:




Below are graphs of the above calculations:
Circuit current as frequency changes, figure 10.
[image: ]
Figure 10
Vout as frequency changes, figure 11.
[image: ]
Figure 11
From the above calculations a graph was plotted to show the attenuation of the circuit at higher frequencies, figure 12.

[image: ]
Figure 12


[bookmark: _Toc69741927]Conclusion:
In a series RLC circuit, there is a point when the circuit is tuned or at resonance.
Form the plotted graphs we see a sharp spike which relates to the high Q factor number and narrow bandwidth that was calculated using basic theory.
In a parallel RLC circuit, due to the phase difference of 180 ֯ between the Inductor and Capacitor, while one component is charging the other is discharging. This process oscillates between the two components during each cycle.
While analysing the characteristics of a parallel RLC circuit, we found that compared to the series circuit where the current was common throughout all components, in a parallel circuit the voltage is common throughout all the components and the current flowing through all components will be different. [8]
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Capacitive/Inductive Reactance againt Frequency
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