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Abstract

From this electrical study it has be determined that the resonant frequency of a series RLC circuit has maximum current which, differs somewhat to the parallel circuit whereby impedance is minimum.  The results clearly demonstrate that these “filters” are fairly predictable.  Theoretical explanation for the both wired circuits match the findings of the values obtained from the Proteus simulation.  The capacitor reactance decreases as the frequency increases from 100 to 20000 Hz (as per fig 7) opposed to the Inductive Reactance whereby this increases with increased frequency (see fig 8).  Assuming that the resistor is relatively small (7 Ohms), voltage out is relatively marginal increased as we go from 100 to 20000 Hz. The frequency of this particular circuit at resonance is at 36.09 Hz.  Both the inductor and capacitor reactance are equal / cross over at 88.20 Ohms at this point as per the following equations.


Introduction


For this particular project we will be create and reporting the findings of a simple RLC both series and parallel circuit using a software system Proteus which, is a soft ware tool that can be used for electronic design.  Proteus can aid electronic technicians in creating schematics for the intention of designing and producing circuit boards.  The name – RLC circuit denotes the components which form the circuit is made-up from although the rating or sequence of the components may vary somewhat.  The RLC circuit which will be designed on Proteus is fairly representative in regards to a real-life circuit. However, real-life circuits for sure have some “finite” resistance www.khanacademy.org.science/electrical-engineering.com

According to Horowitz and Hill,(1980), an electrical circuit can be composed of having components such as capacitors, diodes, inductors and resistors for example.  Such electrical circuits must be connected by wires or traces whereby an electrical current can flow.  An electrical circuit can be termed as a type of structure that can control or direct an electrical current in order to perform a particular type of function.  www.elprocus.com

For a series RLC circuit the components such as capacitor, inductor and resistor are all connected/wired in series, current will therefore be the same in element although they will have a difference in voltage.  In regards to the parallel circuit the inductor and capacitor are wired in parallel therefore, the current will be different for each of the elements.  However, the voltage will be the same for each of the elements across them. Francisco, G et al (2013).   
Simulation Set-up

Two circuits have been created using the software application Proteus.  (See Circuit below Fig 1 & 2)

Circuit one has been set-up in series in regards to the inductor and Capacitor whereby in circuit two they both are in parallel.

In these particular circuits, the resistors, inductors and capacitors have been rated as per following.  These values have been selected from the student ref – 0750389
        Resistor = 07 ohms         Capacitor = 50µF        Inductor = 389 mH.        
    
Circuit Fig No-1
 (Fig 1)  Resistor and in “series” both Inductor & Capacitor
[image: ]

Circuit Fig No-2
(Fig 2) Resistor and in “parallel” both Inductor & Capacitor
[image: ]


Results

See Fig 3 below for frequency response of the series RLC circuit

When this circuit was set-up, two voltage probes were placed either side of the inductor.  Intentions are to measure the voltage across the resistor, inductor and also just across the capacitor.  A frequency graph was set-up to illustrate this function similar to what a meter would do if placed across the resistor and the other components.  The graph was scales to volts.  You can clearly see that from the one volt supply (from/at resonance), the capacitor and the inductor both produce ~12.5 volts.  This magnification only occurs in series RLC circuits.  The cursor in Proteus allows you to focus in so an accurate prediction can be made similar to a real-life circuit.  As the current goes through the inductor, gains magnetic field to store the energy.  Following half cycle the field collapses therefore the capacitor can charge-up (exchange of energy) between the magnetic and electric field that creates the resonance. 

(Fig 3) 

[image: ]


See Fig 4 below for frequency response of the parallel RLC circuit

This parallel frequency response graph was set-up similar to the series graph.  The starting frequency of 1 up to 20k with steps of up to 1000.  Initial voltage was measured labelled as VLC to measure the inductor and capacitor volts. The resistor voltage was then measured by taking the supply and deducting the first probe.  Now we can see that as the circuit approaches resonance the voltage drops significantly.  The voltage in regards to the capacitor and inductor increases to the same as the initial supply voltage.  (Some of the expressions were magnified in order to clearly see on the graph the effect).  The graph shows that the current within this circuit follows the same similar profile as the resistor voltage.  Two more current probes were then added to measure the effect on the inductor and capacitor.  What was noticed is that as approaching resonance, little current from inductor then the capacitor starts increasing.  However, current of both inductor and capacitor are equal at resonance. 

(Fig 4)
[image: ]


See Fig 5 below for frequency response “with phase trace” of the parallel RLC circuit

This shows the sort of magnitude of the currents in relation to each other. The capacitor and inductor phase difference at resonance in relation to the current supply (90 deg phase from each other then goes back to 180 deg) 
Both traces are exactly 180 degrees apart from each other as predicted. 

(Fig 5)
[image: ]
From using an Excel spreadsheet, the following data was calculated “series circuit against frequency”.

(Fig 6)
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(Fig 7) – Taken from fig-6 Excel spreadsheet of the series circuit.
Inductive reactance in relation to capacitor reactance. Cross over at resonance frequency of 36.0878  

[image: ]

Capacitor Reactance v Inductive Reactance in Regards to Frequency 


As can see in Excel spreadsheet graph in fig 7, the capacitor reactance lowers or is indeed greatly reduced as the frequency (Hz) is increased as opposed to the inductive reactance which, increases as the frequency (Hz) increases.  These are what we predicted and what is shown in the Proteus experiment.

Taken from fig-6 Excel spreadsheet of the series circuit.  Denotes circuit current & phase against frequency.

Figure 8 & 9 denotes the circuit current, phase, output and voltage phase voltage against frequency.

(Fig 8)                                                        (Fig (9)
[image: ]

                                                                              

At resonance, Frequency was measured as per following:

Equation used:

Fres =   =

[image: ]  = 36.0878 Hz


At resonance, the inductor reactance was measured as per following:

Equation used:

XL = πfL =

[image: ] = 88.204 Ohms

At resonance, the capacitor reactance was measured as per following:

Equation used:

XC =  =

[image: ]    = 88.204 Ohms

The inductor and capacitor reactance are equal in regards to Ohms therefore, at resonance at 36.09 Hz 



From using an Excel spreadsheet, the following data was calculated “parallel circuit against frequency” – (Added extra 2 to 10 data points in regards to the frequency to illustrate clarity of graphs).



(Fig 10)
[image: ]






Figure 11, 12 and 13 (taken from Fig 6) denotes the circuit attenuation, circuit current and output voltage against frequency.

(Fig 11)                                                   (Fig 12)
[image: ]
(Fig 13)
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Theory of electrical resonance:
This occurs in a circuit at a certain frequency “when” impedance cancels out each other 

What is shown is that the main difference between the parallel and series RLC circuits is that when in series the resonance occurs when the components create minimal impedance.  However, in regards to parallel resonance, the components do indeed create bigger impedance. As current is passed within the inductor it will store a proportion of energy in a form of a magnetic field.   This particular energy will return to the electrical circuit by pushing the current.  However, in each “oscillation” energy will be lost due to the “warming-up” of the resistor.


For parallel circuits we use the following equation  (product over the sum) in order to calculate the total impedance.  Using Z1 and Z2 as the capacitor and inductor to substitute into the equation.  Using complex numbers to obtain the two answer which are required. (magnitude and phase)



All calculation were entered into an Excel spreadsheet.  (See figs 6 & 10)




See below fig 14 analogue graph of resonance frequency.

As from the graph the current from the inductor goes up as the current from the capacitor goes down.  The actual current that is charged within the capacitor is drawn from the inductor back and forth.  And, as the current in a magnetic force around the inductor is now being drawn from the capacitor.  Both components are actually feeding of each other. In the circuit, the current is at minimum at resonance.  


Fig (14)
[image: ]

Example for 100 Hz


Impedance =



Z = 212.70 Ohms


Degree angle =                  

  





The following Proteus graph shows that the difference between VL and CV is dependent on the frequency.   


(Fig 12)
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Discussion


Resonance will occur as the energy is stored in a few ways - charged capacitor (electric field) and the magnetic field of the inductor as the current flows through it.  Resonance frequency is therefore defined as the frequency of the circuit whereby the impedance is at the minimum.   In regards to bandwidth, the resonance may have an effect which, can be used for filtering.  “Rapid” impedance can potentially be used to block or indeed pass signals that are near to the resonance frequency.  As mentioned, the bandwidth of a particular filter may often be described by the “quality factor”.  The larger quality factor can imply a narrower bandwidth.  The quality factor is understood to be the function of the components within the circuit although, the quality factor can also be found by dividing the frequency of the resonance by the frequencies above and below the resonance whereby the gain is ~half.  In theory, the voltage in resonant circuit in regards to the capacitor and inductor are equal therefore, we can define the resonant frequency as: freq = 1 / 2pi*sqrt of lc.

Two different types (parallel and series) circuits were built and tested at various frequencies.  When resonance occurs, inductive reactance of these particular circuits becomes equal to the capacitance of the same circuit. Therefore, in regards the series circuit causes the impedance to be at minimum.  However, when the RLC circuit is connected in parallel, the circuit impedance becomes its maximum.

A typical RLC electrical circuit will consist of a resistor, a capacitor and a inductor all which have a voltage source.  The name of this circuit derives from whereby the letter denote the components.  RLC circuits have many uses such as, filtering – for example, high and low pass, resonance and Impedance minimatization.  An RLC circuit can also be utalised as a bandpass filter. 


Series circuits:

In series RLC circuits it is important to know that large reactance can determine nett reactance, the current whereby the current (the flow of electrical charge) can be deemed as maximum at resonance. Series circuits such as these also have capacitance and inductance (XC & XL) which, have the opposite effect of the circuit phase angle therefore the total reactance is much less than the individual reactance.

For example:
	
It the XC is greater than the XL the cicuit can be described as capacitive
	If the  XL is greater the the XC then the circuit can be deemed as inductive

The Inductor voltage and the capacitor voltage are 180 degrees out of phase from them both as the “VL & VC” are subtracted from each other.
In regards to resonance of a series circuit, the magnitude of inductive and capacitive reactance are always equal to each other 

Parallel RLC Circuits:
A parallel circuit can be described as the opposite of the series circuit.  The voltage remains the same in the inductor and capacitor.  However, the current gets split, the current that is supplied is therefore, not equal to the sum of the current of the components.
However, in parallel circuits the impedance can be described as infinity at the resonance.  The parallel circuit due to the magnetic field of the inductor coil has the potential to store energy.  In regards to the capacitor, the energy can be transferred repeatedly/alternately between the capacitor and the coil
RLC Circuits can have many applications such as televisions sets and radio receivers for example.  Series as well as parallel RLC can also be used in induction heating processes.


Differences between series and parallel RLC circuits

[image: ]


RLC Theory
The circuit of this RLC / band-pass filter is shown in fig 3.  Resonance occurs when the impedance which is a function of the frequency of both the capacitor and the inductor cancel one another.  Therefore, the total impedance is down to the resistor within the circuit.
The Q factor (or quality factor) has been calculated as (12.60) this describes the nature of the dampening effect within the resonating circuits.  12.6 - denotes the goodness, or the quality of the resonant circuit. (This can also be termed as a, dimensionless parameter).  The Quality Factor was initialled first coined by K.S Johnson who was an Engineer in the United States whereby at the time was evaluating the quality or you can say the performance of different types of coils.  Dalton Eaton and Uladzimir Kasacheuski (2017).

Alternatively, the quality factor can also be defined as a ratio at a centre frequency in regards to its bandwidth.  However, when subject to oscillating force. www.electronics-tutorials

The quality Factor was calculated by using the following formula However, at resonance frequency only

[image: ]   


Quality Value of 12.6 at resonance was calculated as per following:

=SUM(1/7)*(SQRT(389/0.05))  =  12.60

Conclusion:
It can be demonstrated that for both types of circuit (series or parallel) can for sure serve different purposes. The power in regards, to the rating is higher for a parallel than a simple series RLC circuit. To work out the resonance for parallel circuit to that of a series circuit can be indeed more challenging in regards to the mathematics formula.    
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Element Value
Resistor (R) 7 Q
Capacitor (C) 0.00005 uF
Inductor (L) 0.39 mH
Series Circuit Information Voltage (V) 1 Volt/s
Res-Frequency (F) 36.08779348 Hz-(at resonance)

Frequency XL XC Z-Total Current Current-Mag Current-Phase Voltage-out Voltage-Mag |Voltage-Phase
10.0E+0 24.44 |318.31|7-293.868295338862i 0.000081011415/0.00340192 88.63546142 |0.99943292008835-0.02390.99971642 |-1.36453858
20.0E+0 48.88 |159.15|7-110.271761402038i 0.000573354041/0.009050288 86.36776428 |0.995986521712035-0.0630.997991243 |-3.63223572
36.1E+0 88.20 | 88.20 |7+1.4210854715202E-14i |0.142857142857|0.142857143 -1.16317E-13 |4.1213957497261E-30+2.(2.03012E-15 |0
50.0E+0 122.21 | 63.66 |7+58.5459769878848i 0.002013443230/0.016959798 -83.1818457 |0.985905897387496+0.11/0.992927942 |6.818154301
100.0E+0 | 244.42 | 31.83 |7+212.584919830907i 0.000154725716/0.004701454 -88.11404498 |0.998916919985476+0.03]0.999458313 |1.88595502
200.0E+0 | 488.83 | 15.92 |7+472.916322589382i 0.000031292069/0.002114307 -89.15198281 |0.999780955510498+0.01{0.999890472 |0.848017188
500.0E+0 | 1222.08 | 6.37 |7+1215.71334452275i 4.736104474989|0.000822549 -89.6700982  |0.999966847268675+0.00/0.999983423 |0.329901803
1.0E+3 2444.16 | 3.18 |7+2440.97598563102i 1.174809513724/0.000409671 -89.83569303 |0.999991776333404+0.00/0.999995888 |0.164306966
2.0E+3 4888.32 | 1.59 |7+4886.7266195548i 2.931305354704/0.000204636 -89.91792662 |0.99999794808625+0.001{0.999998974 |0.082073382
5.0E+3  12220.80| 0.64 |7+12220.1588026919i 4.687531489235/8.1832E-05 -89.96717961 |0.999999671872796+0.00(0.999999836 |0.032820393
10.0E+3 |24441.59| 0.32 |7+24441.2725350424i 1.171791590673|4.09144E-05 -89.98359044 |0.999999917974589+0.00(0.999999959 |0.016409557
20.0E+3 |48883.18| 0.16 |7+48883.0225349141i 2.929421929819|2.0457E-05 -89.9917953  |0.999999979494044+0.00/0.99999999 |0.008204698
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Element Value
Resistor (R) 7 Q
Capacitor (C) 0.00005 (50) uF
Inductor (L) 0.39 (389) mH
Parallel Circuit Information Voltage (V) 1 Volt/s
Res-Frequency (F) 36.08779348 Hz-(at resonance)

Frequency XL XC Z-(LC) Z(total) Current Current Mag|Current Phase| Voltage-out Voltage-Mag |Voltage-PhaseAttenuation-dB|
2.0E+0 4.89 1591.55 | 4.90337850816542i (+4.9033785081654(3331358-0.06712 0.117 -35.011  [83668049+0.4699094 0.57372762 | 54.98942464 | -4.82588482
5.0E+0 12.22 636.62 | 12.4599819782918i [r12.459981978291143944-0.06100: 0.070 -60.673  [70999239+0.4270226 0.87183672 | 29.32721488 | -1.19129684
10.0E+0 24.44 | 318.31 | 26.4744449244816i 126.4744449244812149955-0.03530  0.037 -75.190  [26249502+0.247129( 0.96677693 | 14.81041766 | -0.293474461
20.0E+0 48.88 159.15 | 70.5529675148202i [+70.552967514820[2974018-0.01403  0.014 -84.334 5191817+0.09824904 0.99511411 | 5.666128044 | -0.0425423
50.0E+0 122.21 63.66 | -132.887012913115i 132.88701291311{1713381+0.0075( 0.008 86.985 2558007-0.0525305¢ 0.99861548 | -3.015344399 | -0.012034096
100.0E+0 | 244.42 31.83 | -36.5971396568878i |36.5971396568878724783+0.0263€ 0.027 79.172 22089266-0.1845210 0.98219465 | -10.82827935 | -0.156048754
200.0E+0 | 488.83 15.92 | -16.4511132908286i 164451113290828‘800831&0051467 0.056 66.950 22394183-0.3602743 0.92016418 |-23.04990392 | -0.722693516
500.0E+0 | 1222.08 6.37 -6.39953491919115i 643995349191911‘766187+0407114 0.105 42.434 27363669-0.4979958 0.67474249 | -47.56584376 | -3.417238815
1.0E+3 2444.16| 3.18 -3.1872497090498i |-3.1872497090498077505+0.05387 0.130 24.481 09457462-0.3771347| 0.41438811 |-65.51921095| -7.65185419
2.0E+3 4888.32 1.59 -1.59206777986463i -1.5920677798646344268+0.030893  0.139 12.813 535901208-0.2162519 0.22177458 |-77.18671607 | -13.08176476
5.0E+3  |12220.80] 0.64 |-0.636652937626817i|0.63665293762681489375+0.01288¢ 0.142 5.197 #57437574-0.090204] 0.09057657 |-84.80322255 | -20.85968283
10.0E+3 [24441.59] 032 [-0.318314031679223i[0.3183140316792213214+0.006482 0.143 2.604 p00749951-0.0453795 0.04542649 |-87.39635785 | -26.85381635
20.0E+3 |48883.18) 0.16 |-0.159155461273763i|0.1591554612737627381+0.0032463  0.143 1.302 083332842-0.022724| 0.02273062 | -88.69751923 | -32.86777439
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