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Investigation into resonant circuits

[bookmark: _Toc69636741]Introduction 

Before we start with the main objective, which is to investigate two types of RLC circuits, lets first break down the RLC circuit to its component level and then to what it does. 
An RLC circuit is an electrical circuit which is made using a resistor represented by the letter R, an inductor represented using the letter L and a capacitor represented using the C. The symbols used for each of these components are shown in Figure 1. 

 
[image: ]
[bookmark: _Ref69473803]Figure 1 Table showing the symbols against the wording.

For each of the three components we need to know what they are measured in, so the resistor is measured in Ohms, the inductor is measured in Millihenry’s and the capacitor is measured in microfarads. All the symbols are shown in Image B. 

Image B
[image: ]
Figure 2 value names and their symbols


These three components will make up the two types of circuits which we are going to be investigating. Firstly, we will be looking at a series circuit Figure 3 and then looking at a parallel circuit Figure 3
[image: ][bookmark: _Ref69631613]Figure 3 Parallel RLC Circuit
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[bookmark: _Ref69631500]Figure 4 Series RLC Circuit



Although these circuits both use the same components, they behave in different ways and have different uses. 

A series circuit is mainly found or known as an oscillator 

“The sciences, music, radio and television broadcasting, medical diagnosis and computing all use oscillators for an astonishingly wide variety of purposes. Oscillators take two general forms: stand-alone benchtop units designed for electronic testing and measurement, and circuits integral to other devices such as radio receivers and electronic organs.”

(J, 2017)



It is an easy way of generating a specific frequency of a signal cheaply. Different types can either generate a high frequency or a low frequency, these are in the forms of a RC oscillator for a low frequency or a LC for a high frequency. 

A Parallel circuit is typical used in a class C amplifier, although the class C amplifier produces a lot of distortion making it not suitable for precision audio equipment, it is good for being used in radio. Although due to modern technology a common radio is not something we see in our homes however this is where you would have found this circuit. It would have been used when selecting the different radio frequencies for turning into your favorite radio station.

“Due to the huge amounts of distortion, the Class C configurations are not used in audio applications. The most common application of the Class C amplifier is the RF (radio frequency) circuits like RF oscillator, RF amplifier etc where there are additional tuned circuits for retrieving the original input signal from the pulsed output of the Class C amplifier and so the distortion caused by the amplifier has little effect on the final output. Input and output waveforms of a typical Class C power amplifier is shown in the figure below.”

[image: ]


(Circuitstoday, 2021)
[bookmark: _Toc69636742]

A Series Circuit is used similar to an parallel circuit but something which a only a series circuit does is that it can provide voltage magnification. 

“This can be a very useful property, and is used for example in the antenna stages of radio receivers where a series circuit, resonant at the frequency of the transmission being received, is used to magnify the voltage amplitude of the received signal voltage, before it is fed to any transistor amplifiers in the circuit.”

(Coates, Voltage Magnification, 2020)



Investigation into a Series RLC circuit 

To investigate a series RLC circuit of our own we are going to use simulation software Proteus 8 and using a student ID to provide us with the input value of each component. 

The student ID is 2005959 which when broken down will give us 20 ohms for the resistor, 959 Millihenry’s for the inductor and 05 microfarad for the capacitor. But firstly before building the circuit we must work out the resonant frequency which is when XL is equal and opposite to XC.

The equation for this is shown in Figure 5

[image: ] 


[bookmark: _Ref69632091]Figure 5 Equation to find the resonant frequency.


When we input our values into this equation it will provide us with our residence frequency 

F = 1 / (2π x srqt ( 959x10-3 x 05x10-6 )) 

F= 72.681Hz 

Building the circuit using the Proteus software Figure 6 will allows us to measure the individual voltage seen across the inductor and the capacitor.  


[bookmark: _Ref69632156][image: ]
                                                           Figure 6 Circuit built using Proteus software.
   
Two voltage probes have been placed onto the circuit one between then resistor and the inductor and the other between the inductor and the capacitor. 
Using a frequency graph, we can display the frequency response as the circuit is simulated, this is shown in Figure 7








Voltage through the components

[image: ][bookmark: _Ref69632238]Figure 7 Frequency graph
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What this graph is showing us it where the traces peak occurs at 72.68Hz which is the resonant frequency. Also the voltage across the capacitor is the same as the voltage across the inductor, this is what is called voltage magnification and only happens in serries RLC circuits. 

A visual example of a resonant frequency is when you operate a lathe, and the rotation of the chuck matches the speed of the frequency given off by the florescent light above it. This will give the illusion that the spinning chuck is stationary although it is spinning very fast. 

“At the resonant frequency, the current through the circuit is at a maximum value of about 296mA. Because of the anti phase cancelling effect at resonance, the two reactive voltages VC and VL have "disappeared"! This leaves the supply current IS effectively flowing through R and the inductor resistance RL in series.”
(Coates, 2020)

Voltage Magnification (learnabout-electronics.org)


The magnification is created by the re-change and discharge of the inductor and capacitor from being in series. When the inductors magnetic field collapses the capacitor changes and when the capacitor discharges the inductor generates a magnetic field. This transfer of energy from the magnetic field to the electrical field creates the resonance. 

The voltage which peaks at the resonant frequency is given a Quality factor represented by the symbol Q the sharper the peak on the will give you a better Q factor. 

Although the above graphs can tell us everything, we can also interrogate the values using formulars before building a circuit. In Figure 8 is a calculations table using the same values which have been used doing the construction of the circuit made in proteus 8 software. What this is showing us is that at resonance the inductor and the capacitor give the same value showing their point of interception. 



[image: ]
Figure 8 Calculation for a series circuit


[bookmark: _Toc69636743]Investigation into a parrel RLC circuit 


Using the same numbers which were used when investigating the serries RLC circuit we are now going to input these into a parrel RLC circuit shown in Figure 8 below. 
[image: ][bookmark: _Ref69636961]Figure 9 Parrel RLC circuit



















In addition to the serries circuit we are going to be using current probes as well as voltage probes this will provide us a more in-depth interpretation to what we are witnessing with the behavior of the this circuit during the investigation. 

The first thing to be done is to plot the component voltage across the inductor and the capacitor and the voltage across the resistor. To do this we use a frequency graph within Proteus 8 software and by placing a voltage prob onto the parrel circuit shown in Figure 8 this voltage prob is labeled up as R2(2). This provides us with the red line shown in  Figure 9 the next part was to add a trace of the resistor, this provided us with the yellow line shown in Figure 9
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[bookmark: _Ref69637817]Figure 10 VLC and VR Graph




What this is showing us is as the circuit approaches resonance frequency the voltage drops across the resistor decreasing all the way to 0 and the voltage of the inductor and the capacitor increase all the way to the supplied voltage. 
To take this to the next step and explain this further the introduction of current probes are now needed to be added to the circuit, these are displayed on the circuit shown in Figure 8  with the symbol shown in figure 10

[image: ]


Figure 11 symbol for a current prob















The first current we are going to investigate is the main circuit current. This is shown represented in the Figure 11by a blue line.
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[bookmark: _Ref69639837]Figure 12 Circuit current


What this shows is as we approach the resonance frequency it drops to a minimum and then starts to climb. This is very similar to what we are seeing with the voltage across the resistor, to see the comparison between these we can times the main circuit current result by 15 and plot it again Figure 12
[image: ][bookmark: _Ref69640157]Figure 13 Circuit current x by 15
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The next stage is to add current probes to the areas of the inductor and capacitor shown in Figure 8 to see what is happening across these components, these are displayed on Figure 13 below via the yellow line and pink line 

[image: ][bookmark: _Ref69640510]Figure 14 Current across the capacitor and inductor
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This shows us that the inductor and the capacitors current crosses in the middle which is at the point they approach resonance. Which means there is less current being drawn by the inductor at the same time the time the capacitor starts to increase and when they reach the resonance frequency, they are both equal to each other. This means that the voltage and the current are 180 degrees out of faze to each other and this is what we expect to see when we compare capacitors and inductors. 

This can be further investigated by adding the phase trace to the graph of the inductor and the capacitor. This is shown below in Figure 14

[image: ][bookmark: _Ref69641656]Figure 15 phasing of the capacitor and the inductor
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This shows us what we seen when comparing the capacitor and the inductor on Figure 13 at the point of resonance occurs on both at 90 degrees and they are both exactly 180 degrees apart. 

Another way of looking at this would be in input it into an analog graph and displaying in the information over a number of cycles. This is shown below in Figure 15 

[image: ]Current

[bookmark: _Ref69643897]Figure 16 Analog display of the capacitor and the inductor

When is it plotted in this way it is easier to understand the trend which is happening, and this shows similar behavior to the series circuit. Meaning the current which is used to charge the capacitor is being drawn from the inductor and the current being drawn to create the magnetic field around the resistor is being drawn from the capacitor. Which means at resonance the current supply is at a minimum. Although I have compared the circuits to have similar behavior the out put of the output of the behavior is different due to how the circuits are constructed. 

Same as the serries circuit we can investigate the circuit by using calculations and what it shows us is that the relationship between the inductor and the capacitor at resonance frequency they are both at the same value as shown on the graphs when they both cross. The calculation are shown below in Figure 16 with the resonance frequency highlighted in yellow. 


[image: ]
Figure 16 Calculations for a parallel circuit
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image9.emf
f XL XC Z I I Mag I Phase V Out V Mag V Phase

1 6.03E+00 3.18E+04 20-31824.9630436695i 2.36960116218747E-07+0.000377062347074262i 0.000377 89.9639911.9999952607977-0.00754124694148525i 12 -0.03601

2 1.21E+01 1.59E+04 20-15903.4431597704i 9.48917012403731E-07+0.000754552388505094i 0.000755 89.9279511.9999810216598-0.0150910477701019i 11.99999 -0.07205

5 3.01E+01 6.37E+03 20-6336.06985012789i 5.97815266983889E-06+0.00189389964454139i 0.001894 89.8191411.9998804369466-0.0378779928908277i 11.99994 -0.18086

10 6.03E+01 3.18E+03 20-3122.84311474205i 0.0000246089506511942+0.00384249460510543i 0.003843 89.6330611.999507820987-0.0768498921021087i 11.99975 -0.36694

20 1.21E+02 1.59E+03 20-1471.03793672725i 0.000110887661625926+0.00815599784833559i 0.008157 89.2210611.9977822467675-0.163119956966712i 11.99889 -0.77894

50 3.01E+02 6.37E+02 20-335.34103688832i 0.00212664883141959+0.035657631211279i 0.035721 86.5868811.9574670233716-0.713152624225579i 11.97871 -3.41312

72.68182537 4.38E+02 4.38E+0220+1.13686837721616E-13i0.6-3.41060513164848E-15i 0.6 -3.3E-133.87740912134232E-28+6.82121026329696E-14i 6.82E-14 90

100 6.03E+02 3.18E+02 20+284.247584774732i 0.00295578553294338-0.0420087449425625i 0.042113 -85.975211.9408842893411+0.84017489885125i 11.97041 4.024767

200 1.21E+03 1.59E+02 20+1045.95999882515i 0.000219291769625448-0.0114685209549899i 0.011471 -88.904611.9956141646074+0.229370419099799i 11.99781 1.09543

500 3.01E+03 6.37E+01 20+2949.12537755585i 0.0000275933732681192-0.00406881586786908i 0.004069 -89.611411.9994481325346+0.0813763173573815i 11.99972 0.388555

1000 6.03E+03 3.18E+01 20+5993.74372096684i 0.000006680516901244-0.0020020653114822i 0.002002 -89.808811.999866389662+0.0400413062296441i 11.99993 0.191185

2000 1.21E+04 1.59E+01 20+12035.2339248613i 1.65691782673099E-06-0.000997069681949016i 0.000997 -89.904811.9999668616435+0.0199413936389803i 11.99998 0.095213

5000 3.01E+04 6.37E+00 20+30121.5073502024i 2.6451947245187E-07-0.000398386261686533i 0.000398 -89.96211.9999947096106+0.00796772523373066i 12 0.038043

10000 6.03E+04 3.18E+00 20+60252.5639969904i 6.61089300800033E-08-0.000199161627020898i 0.000199 -89.98111.9999986778214+0.00398323254041796i 12 0.019019

20000 1.21E+05 1.59E+00 20+120509.902642274i 1.65259242811113E-08-0.0000995768763095158i 9.96E-05 -89.990511.9999996694815+0.00199153752619031i 12 0.009509

50000 3.01E+05 6.37E-01 20+301278.098859489i 2.6440892803262E-09-0.0000398303095795716i 3.98E-05 -89.996211.9999999471182+0.000796606191591432i 12 0.003804

100000 6.03E+05 3.18E-01 20+602557.152648636i 6.61020227098013E-10-0.0000199151232941667i 1.99E-05 -89.998111.9999999867796+0.000398302465883333i 12 0.001902

Calculations for a Series Circuit


image10.png
R2(1)

C2

05uF





image11.png
1.0

flala

ol

788m

el

al:

408m

flala

208m

188m

PHASE

0.0




image12.png
@ Z R2(2)




image13.png




image14.png




image15.png
1.0

flala

ol

788m

el

al:

408m

flala

208m

188m

PHASE

0.0k 0.0




image16.png
]

1¢ ¢ arazer?

R

P g





image17.png
4.58mfT
ic

4.08m|

3.58m

3.00m

2.50m

2.00m /\\

1. 58m|

1.08m|

588y

-580y

-1 . Bam

- 1. s

2. oam

2. sam

0.88 .00 0. 8m 75.8m 200 25.0m 3.0 3.0 7.8 75.8m 5.0 55.0m 500 5500 700





image18.emf
f XL XC ZLC Z Total I I Mag I Phaze V Out V Mag V Phaze

1 6.03E+00 3.18E+04 6.02443429012375i 20+6.02443429012375i 0.550088026269087-0.165698458402099i 0.574502 -0.29258 0.998239474618249+3.31396916804198i 3.461051 1.278219

2 1.21E+01 1.59E+04 12.0420312406852i 20+12.0420312406852i 0.440358475253962-0.265140525805436i 0.514019 -0.54196 3.19283049492076+5.30281051610871i 6.189828 1.028833

5 3.01E+01 6.37E+03 29.9859657055683i 20+29.9859657055683i 0.184735016269953-0.276972893124421i 0.332928 -0.98258 8.30529967460092+5.53945786248841i 9.983166 0.588219

10 6.03E+01 3.18E+03 59.1363027254838i 20+59.1363027254838i 0.0615842186122578-0.182093149748343i 0.192225 -1.24467 10.7683156277549+3.64186299496685i 11.36749 0.326126

20 1.21E+02 1.59E+03 112.028723503285i 20+112.028723503285i 0.0185321961804914-0.103806914090645i 0.105448 -1.39413 11.6293560763901+2.07613828181291i 11.81322 0.176664

50 3.01E+02 6.37E+02 204.499738932649i 20+204.499738932649i 0.00568449042745766-0.0581238404190117i 0.058401 -1.47331 11.8863101914508+1.16247680838023i 11.94302 0.09749

72.681 4.38E+02 4.38E+02 218.974884390462i 20+218.974884390462i 0.00496380558491614-0.054347437704687i 0.054574 -1.47971 11.9007238883017+1.08694875409374i 11.95026 0.091082

100 6.03E+02 3.18E+02 208.281896966361i 20+208.281896966361i 0.00548178636915239-0.05708784318657i 0.05735 -1.47507 11.8903642726169+1.1417568637314i 11.94506 0.09573

200 1.21E+03 1.59E+02 140.58801862268i 20+140.58801862268i 0.0119018153905969-0.0836626321888471i 0.084505 -1.42948 11.7619636921881+1.67325264377694i 11.88039 0.141311

500 3.01E+03 6.37E+01 62.3445990165161i 20+62.3445990165161i 0.0559851766448277-0.17451866943953i 0.183279 -1.26037 10.8802964671034+3.49037338879061i 11.42644 0.310426

1000 6.03E+03 3.18E+01 31.663720337715i 20+31.663720337715i 0.171111869559519-0.270901919209808i 0.320417 -1.00744 8.57776260880962+5.41803838419618i 10.1456 0.563358

2000 1.21E+04 1.59E+01 15.8945030440457i 20+15.8945030440457i 0.367739879897232-0.292252132022178i 0.469728 -0.67152 4.64520240205535+5.84504264044355i 7.466085 0.89928

5000 3.01E+04 6.37E+00 6.36485279266713i 20+6.36485279266713i 0.54482137501287-0.173385392512771i 0.571745 -0.30811 1.1035724997426+3.46770785025541i 3.639075 1.262688

10000 6.03E+04 3.18E+00 3.18293071882025i 20+3.18293071882025i 0.585178813438512-0.0931291810648112i 0.592543 -0.15782 0.296423731229761+1.86258362129622i 1.886024 1.412973

20000 1.21E+05 1.59E+00 1.59152841220903i 20+1.59152841220903i 0.596224464197971-0.0474454087412588i 0.598109 -0.07941 0.0755107160405841+0.948908174825177i 0.951908 1.491387

50000 3.01E+05 6.37E-01 0.636618427155225i 20+0.636618427155225i 0.599392690797581-0.0190792216031947i 0.599696 -0.03182 0.0121461840483718+0.381584432063894i 0.381778 1.538976

100000 6.03E+05 3.18E-01 0.31830971803198i 20+0.31830971803198i 0.599848056872713-0.00954687329225922i 0.599924 -0.01591 0.00303886254574607+0.190937465845184i 0.190962 1.554882

Calculations for a Parallel Circuit


