


Table of Contents
Abstract	2
Introduction	2
Voltage (V)	2
Frequency (f)	2
Current (I)	2
Resistor (R)	2
Inductor (L)	2
Inductive Reactance (XL)	2
Capacitor (C)	3
Capacitive Reactance (XC)	3
Q Factor (Q)	3
Bandwidth (BW)	3
Simulation Setups	3
Results	4
Reactance	4
Series RLC Circuit	5
Parallel RLC Circuit	8
Discussion	10
Series Circuit	10
Parallel Circuit	10
Conclusion	10
Series Circuit	10
Parallel Circuit	12
References	14



[bookmark: _Toc70343326]Abstract
This paper will investigate the phenomenon of resonance within a series and parallel “R.L.C” tuned circuit.
Resonance in an RLC circuit occurs when the supply voltage oscillates at a specific frequency creating a situation where the capacitive reactance and the inductive reactance are equal [1].  
At resonance, a comparison will be made to evaluate the effects imposed on each circuit and to identify the practical application of said effects.  
[bookmark: _Toc70343327]Introduction
The purpose of this introduction will be to describe the circuit elements under investigation with a brief synopsis.  
[bookmark: _Toc70343328]Voltage (V)
The potential for a flow of energy to be created throughout a circuit [2].
[bookmark: _Toc70343329]Frequency (f)
An AC supply voltage will produce an alternating sinewave that will oscillate between 0°-360° of a waveform. The cycle between 0°-180° has a positive polarity, from 180°–360° it has a negative polarity. One cycle of a sinewave is described as a period, the number of periods within a second indicate the supply voltage frequency imposed on the circuit [3]. The unit of measurement for frequency is Hertz (Hz).
[bookmark: _Toc70343330]Current (I)
Current is the flow of electric charge through a circuit, its direction (like voltage) alternates between the positive and negative regions of a sinewave [4]. The relationship between the start of a voltage and current sinewave is important when analysing an AC circuit and is known as a ‘Phase Angle Relationship’ [5].
[bookmark: _Toc70343331]Resistor (R)
A two terminal passive component [6], its function is to oppose the flow of electrical current which is measured in Ohms (Ω). When Current is flowing through a purely resistive circuit there is no difference between the current and voltage phase angles so, it can be said that both are in phase with one and other.
[bookmark: _Toc70343332]Inductor (L)
A two-wire passive component, when current flows through this component a magnetic field is created storing energy. When the current stops, the magnetic field collapses. The sudden rate of change induces an emf back into the inductor causing current to flow, this effect is called inductance [7] and is measured in Henry (H)
In a purely inductive circuit, current will lag the voltage sinewave by 90 °.
[bookmark: _Toc70343333]Inductive Reactance (XL)
Inductive reactance, like resistance is the opposition to the change of flow to current and is measured in Ohms (Ω). It is produced when an inductors magnetic field undergoes a rate of change, current passing through the inductor creates a growth of the magnetic field, this produces a back-emf which reduces the potential difference across the circuit, which will reduce the flow of current.
Inductive reactance is at its greatest during the period an inductor is charging. As the frequency of a supply voltage increases, the frequency the inductor undergoes a charge cycle will increase so, inductive reactance will increase proportionally. 
[bookmark: _Toc70343334]Capacitor (C)
A passive electronic component that can store electrical energy [8]. The construction of this component consists of two parallel plates, each connected to the positive and negative of the supply source [9]. Capacitance is measured in farads (f).
[bookmark: _Toc70343335]Capacitive Reactance (XC)
When a capacitor is connected across an AC supply voltage, it begins its charging cycle. Electrons will flow from the negative plate of the capacitor to the positive until, the voltage across both plates equal the supply voltage, the opposition to the flow of current is now at its maximum because the capacitor has become fully charged [10].
If the frequency of the supply voltage increases, it will increase the oscillation of polarity to the capacitor’s plates, maintain current flow in oscillating directions, decreasing capacitive reactance. 
In a purely capacitive circuit current will lead the voltage sinewave by 90°.
[bookmark: _Toc70343336]Q Factor (Q)
This is a measurement of the quality of the response a tuned circuit produces when operating at its optimum efficiency. If losses are low the circuit Q will be sharp, if losses are high then the response will be low [11]. 
[bookmark: _Toc70343337]Bandwidth (BW)
Bandwidth is defined by the Q factor of a tuned circuit. If Q is high then the bandwidth will be narrow if Q is low, the bandwidth will be wide [11].
[bookmark: _Toc70343338]Simulation Setups
This investigation will detail simulations of two circuits the first, a series circuit (Figure 1), the second a parallel circuit (Figure 2).
The current is consistent in a series circuit as it passes through each component [12], a parallel circuit has multiple paths for current to flow, and the amount will depend on the impedance it encounters. Circuit current will amalgamate when all branches of the circuit re-join, the sum of the current at this point will be equal to the sum of the current before the split [13].
To compare both simulations fairly, identical components, component values and Voltage supply will be used in both circuits. 
[image: ]
[bookmark: _Ref69726387]Figure 1: Proteus Simulation setup of our series RLC Circuit
 [image: ]
[bookmark: _Ref70091063]Figure 2: Proteus Simulation setup of our parallel RLC Circuit
Circuit and component specifications are as follows.
1. 1V pk-pk supply voltage with a frequency of 100Hz
2. A 20Ω Resistor
3. A 14µf Capacitor
4. An 803mH Inductor
Data will need to be collected from our simulation with instruments strategically place in both circuits to measure voltage and or current.
Voltage will be measure in the series circuit simulation from the net of the resistor and the inductor. It will also be measured from the net of the inductor and the capacitor.
In the parallel circuit simulation, voltage will be measured from the net of the resistor, inductor and capacitor. A separate measurement of current flowing through the resistor, inductor and capacitor will also be measured. 
[bookmark: _Toc70343339]Results
[bookmark: _Toc70343340]Reactance
The capacitive reactance and inductive reactance formulas are used to calculate the opposition to the flow of current at a range of voltage frequencies and the results tabulated. The chart in Figure 3 has been plotted to understand the relationship that exist between frequency and reactance, it shows that as frequency increases, capacitive reactance decreases and inductive reactance increases.
At the point where both traces intersect, Capacitive reactance will be equal to inductive reactance (XC=XL), the circuit therefore, is at resonance.

[bookmark: _Ref69724898]Figure 3: Chart of reactance against frequency
Reactance will never be the only opposition to the flow of current, there will always be a resistive characteristic to an electrical circuit, this might be a ‘resistor’ component, or the resistance of the cables used to connect components into a circuit. The cable resistance and the resistor component in both circuits simulated for this investigation have been amalgamated into one value.
[bookmark: _Toc70343341]Series RLC Circuit
In a series circuit, voltage across the terminals of each component alter while the current remains constant. To understand relationships in a series tuned circuit we must analyse it as a potential divider. A potential divider (Figure 4) is a series of resistive components, the values of which will define an output voltage.
   [image: ]
[bookmark: _Ref70094680]Figure 4 RLC Circuit Drawn as A voltage Divide Circuit.
To calculate output voltage as a potential divide, XL & XC must be combined and the total impedance calculated, this can be achieved as follows (example shows circuit at resonance).







we can label the circuits resistive component as Ra and the combined reactive impedance as Rb the output voltage created by the potential divide can be calculated.




As a comparison, output voltage can be calculated below the resonant frequency.







The chart in Figure 5 shows a trace that has been plotted from results of the calculation of output voltage from the potential divide during a variation to supply voltage frequency.
The same results have been used to plot attenuation of the output voltage (Figure 6). Resonant frequency can be identified as the central point in the trough of the trace and can also be calculated using the following formula.




The circuits ‘Q’ factor can be calculated.



It can be determined from Figure 6 that the lower cut-off frequency (FL) crosses the attenuation threshold of -3dB at 45.52Hz, the upper cut-off frequency (FH) crosses the threshold at 49.50Hz. Bandwidth can be calculated by simply subtracting the low from the high frequency, which will result in a bandwidth of 3.98Hz.
 
[bookmark: _Ref69727995]Figure 5 Output voltage of a series RLC circuit

[bookmark: _Ref70096405]Figure 6 chart identifying resonance and band width.
[bookmark: _Toc70343342]Parallel RLC Circuit
Voltage across each component’s terminals of a parallel circuit is equal, the sum of these voltages will be equal to the supply voltage. The current flowing through the circuit will be equal to the sum of the current flowing through the inductor and capacitor. As current through both components will vary with impedance, a measurement of current flow will be used for this analysis.
The parallel circuit in this investigation is not a pure parallel RLC circuit it is an inductor and capacitor in a parallel combination, and in series with a resistor – this is known as a ‘tank circuit’. The circuit must be divided into two sections to calculate impedance, first the impedance of the LC parallel segment is calculated. Then, the resistive element to the circuit is added to the impedance of the ‘tank circuit’ to calculate total circuit impedance at resonance.








As a comparison a calculation of total circuit Impedance below resonance can be made.










Figure 7 charts a plot of total current flowing through the parallel circuit, calculations were made by using . The trace shows that at resonant frequency, total current flowing through the circuit is at its minimum.

[bookmark: _Ref70163571]Figure 7 Circuit current in a parallel RLC circuit
Figure 8 shows a plot of attenuation of circuit current verses frequency, the trace shows the resonant frequency.
It can be determined from Figure 8 that the lower cut-off frequency (FL) crosses the attenuation threshold of-3dB at 3.95Hz, the upper cut-off frequency (FH) crosses the threshold at 571.Hz. Bandwidth can now be calculated by simply subtracting the low from the high frequency, which will result in a bandwidth of 567.05Hz.
The circuits ‘Q’ factor can be calculated.




[bookmark: _Ref70163912]Figure 8 Attenuation of circuit current for parallel circuit.
[bookmark: _Toc70343343]Discussion
[bookmark: _Toc70343344]Series Circuit
Figure 6 shows the characteristic of a stop band filter. A stop band filter will accept frequencies below and above resonance but, will reject the resonant frequency. It can also be seen that the trough of the stop band is sharp and deep the gives the filter a high Q, giving the filter a selective operating frequency. A band stop filter would be used in applications where a requirement for limiting noise interference would be required, such as telephone signals, electric guitar amplifiers and radio transmission.
[bookmark: _Toc70343345]Parallel Circuit
Figure 8 shows the characteristic of a band pass filter. A band pass filter will accept frequencies at resonance but, will reject the frequencies below and above resonant frequency. It can also be seen that the peak of the band pass filter is long and flat this gives the filter a low Q, giving the filter a wide range of operating frequency. A band pass filter is widely used in the data transmission industries where a variety of signals need to be transmitted at the same time.
[bookmark: _Toc70343346]Conclusion
[bookmark: _Toc70343347]Series Circuit
At resonance, the reactance of a capacitor and inductor are equal, this equilibrium ensures that voltage across each component is equal in magnitude but, opposite in direction (Figure 9). The voltages effectively cancel each other out nullifying voltage drop across both components. This gives an impedance of 0 Ω (a short circuit), creating an equal potential across the potential divide and subsequently not producing an [image: ]output voltage. [bookmark: _Ref70239395]Figure 9 Analogue trace of voltage of in an RLC series circuit at resonance

Figure 9 shows the voltage magnitude produced at resonance across each component is far greater than the input voltage of 1vpk-pk. In comparison Figure 10 shows the ciruit above resonance and shows the voltage across each component has decreased to a value that should be expected for an input voltage of 1Vpk-pk.
[image: ] 
[bookmark: _Ref70239815]Figure 10 Analogue trace of voltage of in an RLC series circuit above resonance
This concept is known as voltage magnification, and is an event that is only seen in a series RLC circuit [14]. Voltage magnification occurs when the total impedance is less than either of the reactive elements of the capacitator or the inductor. At resonnance both voltages through the inductor and capacitor have been cancelled out, leaving current to flow at is maximum, the only opposition being circuit impedance. Circuit impedance is known, so current can be calculated, from this information.



A calculation of voltage magnification can then be made.




[bookmark: _Toc70343348]Parallel Circuit
When a parallel circuit is operating at resonant frequency the reactive elements of the circuit are equal, allowing an equal current to be drawn from the supply. Figure 11 shows that current through the inductor and capacitator is equal in magnitude but opposite in direction, so both currents cancel each other out. It should also be noted that circuit current is at a maximum during resonance concluding that the characteristic adopted by ‘tank circuit’ during resonance is as an open circuit therefore an output could be utilised before the LC combination of this circuit.
[image: ]
[bookmark: _Ref70327447]Figure 11 Analogue trace of current in an RLC parallel circuit at resonance
Figure 12 shows that current through the inductor and capacitor are equal in magnitude and both are in phase. Circuit current is at its minimum during this frequency showing that there is little impedance to the circuit and concluding that the characteristic adopted by the ‘tank circuit’ above (or below) resonance is as a short, which would allow any signal’s to be filtered to ground.
[image: ]
[bookmark: _Ref70328528]Figure 12 Analogue trace of current in an RLC parallel circuit above resonance
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Circuit Voltage As A Function Of Frequency
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Attenuation Of Circuit Current As A Function Of Frequency 
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