Electrical & Electronic Principles 
·  Resonance







Experimental 
report

























Contents
Introduction	1
Method	5
Results	7
Discussion	7
Conclusions	11
References	12

List of Figure
1. LC series circuit voltage diagram	2
2. LC series circuit impedance diagram	2
3. RLC series circuit phasor diagram	3
4. Bandwidth calculation mothed diagram	4
5. KCL formula	4
6. KVL formula	5
7. LC resonance circuit simulated by proteus	5
8. VSM Signal Generator	6
9. Digital Oscilloscope	6
10. The final graph	7
11. Internal resistance of the inductor measurement circuit	9
12. Voltage phase diagram	9
13. Voltage phase diagram of resonance	10
14. a) voltage vector diagram b) voltage triangle c) impedance triangle	10
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By Xuyuan Liu

ABSTRACT
This experimental report is about resonant circuits. In order to complete the research on the resonant circuit, it was simulated on the simulation software, and the connection and measurement of the actual electronic components were carried out in the experimental classroom. After the data is obtained, the frequency of the resonance and the quality factor Q are calculated by the formula. The experimental data and the error of the results were analyzed and discussed.
[bookmark: _Toc532570013][bookmark: _Toc532576062][bookmark: _Toc532576096]Introduction
The theories in LC Resonance include AC circuit theory, resonance theory , Q factor theory and Kirchhoffs Lows.
AC circuit
The AC circuit means that the electromotive force of the power supply changes periodically with time, so that the voltage and current in the circuit also periodically change with time. This circuit is called an AC circuit. 
The periodic current can be expressed as i = f(t) = f(t + kT), where k is an integer. A period of current i can be expressed as a periodic function of time t. The value of i at a moment is called the instantaneous value of the current at that moment. T in the equation is the minimum time interval in which the periodic current repeats its variation, called the period. The number of cycles in which the current fluctuates per unit time is f=1/T, which is called frequency. Its unit is second ^-1, called Hertz (Hz).
The effective value of the periodic alternating current is defined as follows: if a periodic current i flows through a linear non-time-varying resistor R, the electric energy consumed in one cycle and the current flowing through the same resistance value in a cycle are in a period. If the consumed energy is equal, the magnitude of the DC current is defined as the effective value of the alternating current. According to this
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That is, the effective value of a periodic current is equal to the root mean square value of the current. For the periodic voltage u, the effective value can also be defined.
The mathematical expression of the sinusoidal current is i=Imsin(ωt+ψ). Where Im is the maximum value of the current, that is the amplitude, ω=2πf is the angular frequency of the alternating current, ωt+ψ is called the phase of i at the time t, and ψ is the phase of i at the time t=0, called the initial phase or the initial phase. 
Resonance
In the LC resonance circuit contains capacitance and inductance, if the capacitor and the inductor are connected in series, it may occur in a small period of time: the voltage of the capacitor gradually increases, and the current gradually decreases; at the same time, the current of the inductor gradually increases. The voltage of the inductor is gradually reduced. In another small period of time: the voltage of the capacitor gradually decreases, but the current gradually increases; at the same time, the current of the inductor gradually decreases, and the voltage of the inductor gradually increases. The increase of the voltage can reach a positive maximum value, and the voltage drop can also reach a negative maximum value. Similarly, the direction of the current will also change in the positive and negative direction during this process. At this time, we call the oscillation of the circuit. 

The time during which the voltage across the capacitor or inductor changes for one cycle is called the resonance period, and the reciprocal of the resonance period is called the resonance frequency. The so-called resonant frequency is defined as such. It is related to the parameters of capacitor C and inductor L. The formula is[image: https://gss0.bdstatic.com/-4o3dSag_xI4khGkpoWK1HF6hhy/baike/s%3D85/sign=51fc8ca29525bc312f5d0c9d5edf301b/a50f4bfbfbedab647f4614acfb36afc379311ea1.jpg].
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Figure 1. LC series circuit voltage diagram
[image: ]
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Figure 2. LC series circuit impedance diagram

[image: C:\Users\Administrator.PC-20180305PTCW\Desktop\Z6${_(6G6@4Z5MD}PSO~6QB.png]
Figure 3. RLC series circuit phasor diagram
From the above vector diagram and voltage, impedance relationship can be known. When the inductive reactance is equal to the capacitive reactance, the circuit resonates.
Q Factor
[bookmark: _Hlk532554862]The voltage magnification factor achieved across the coil and capacitor compared with the supply voltage is called the Q factor. Where Q may be defined as Vc / Vs or VL / VS
	Q may also be defined in several different ways:
Q =  XL / R    =  (2.π.f.L) / R     = (ωL)/R  
	or   Q = XC / R    =  1/ (2.π.f.C. R) = 1/(ωCR)
	or   Q =  fr  / BW where BW is the bandwidth of the response.	 
Q factor may also be defined in terms of the passive components, as follows;
 .
Bandwidth, Δf is measured between the 70.7% amplitude points of series resonant circuit. BW = Δf = fh-fl = fc/Q Where fh = high band edge, fl = low band 
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edge fl = fc - Δf/2 and fh = fc + Δf/2.  Where fc = center frequency (resonant [image: ]frequency)
Figure 4. Bandwidth calculation mothed diagram
Kirchhoffs Laws
Kirchhoff law is the basic law followed by voltage and current in a circuit, and is the basis for analyzing and calculating more complex circuits. Kirchhoff's law includes Kirchhoff's current law (KCL) and Kirchhoff's voltage law (KVL).
Kirchhoff's (circuit) law can be used for both DC circuit analysis and AC circuit analysis.
[image: https://gss0.bdstatic.com/-4o3dSag_xI4khGkpoWK1HF6hhy/baike/s%3D64/sign=aa6f77c6ad773912c0268665f919a2ea/11385343fbf2b211cf7fb435ce8065380cd78e73.jpg]Kirchhoff's current law is the law that determines the relationship between the currents of the branches at any node in the circuit, hence the so-called node current law. Kirchhoff's current law states: the sum of all currents entering a node is equal to the sum of all currents leaving this node. Or described as: Assuming that the current entering a node is positive and the current leaving the node is negative, the algebraic sum of all currents involved in this node is equal to zero. Expressed as an equation, for any node of the circuit: 
[bookmark: _Hlk532576330]Figure 5. KCL formula
Kirchhoff's second law, also known as Kirchhoff's voltage law, is abbreviated as KVL. It is the embodiment of the single-valued potential of the potential field in the lumped parameter circuit. The physical background is energy conservation. Kirchhoff's voltage law is a law that determines the relationship between voltages in any loop in a circuit, and is therefore also known as the loop voltage law. Kirchhoff's voltage law states: The algebraic sum of the potential 
4

[image: https://gss3.bdstatic.com/-Po3dSag_xI4khGkpoWK1HF6hhy/baike/s%3D68/sign=9c4b165c8e82b90139adc03b728da7bb/3bf33a87e950352a95eb18735743fbf2b3118bc6.jpg]differences (voltages) across all elements of the closed loop is equal to zero. Or described as: the algebraic sum of all electromotive forces along the closed loop is equal to the algebraic sum of all voltage drops. Expressed as an equation, for any closed loop of the circuit:
Figure 6. KVL formula
[bookmark: _Toc532570014][bookmark: _Toc532576063][bookmark: _Toc532576097]Method
Use proteus to simulate the LC resonance circuit. Set the resistor to 3.3Ω, the inductor to 10mH and the capacitor to 1uF. Connect the resistor, inductor and capacitor in series to the sinusoidal signal generator as the figure shown below. Then Connect the oscilloscope in parallel with the inductor and capacitor to make it can measure Vpk-pk of inductor combined capacitor.
[image: ]
Figure 7. LC resonance circuit simulated by proteus
Run the circuit. Open the VSM Signal Generator and Digital Oscilloscope. Set the voltage of the signal generator to 4V. Then adjust the frequency from 100Hz to 20000Hz. Adjust the scale size and waveform position of the oscilloscope's horizontal and vertical coordinates. Make sure the voltage wave can be observed clearly. Record the change in voltage peak-to-peak value on the oscilloscope with the frequency changing into the form. When the peak value of the sine voltage curve is smaller, the frequency on the oscilloscope is closer to 
5

[image: ]the resonant frequency. Take several closely spaced measurements around the peak of the response in order to determine the peak accurately.

Figure 8. VSM Signal Generator
[image: ]
[bookmark: _Hlk532494395]Figure 9. Digital Oscilloscope
In the lab, I also built an LC circuit consisting of real electronic components in accordance with the circuit diagram. Link the signal generator and oscilloscope in the lab to the circuit. Adjust the frequency in the same way as the simulation software and record the data in the table.
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[bookmark: _Toc532570015][bookmark: _Toc532576064][bookmark: _Toc532576098]Results
Plot a fully labelled graph of VC against f using a spreadsheet application.  Place “f” along the “x” axis. The spreadsheet application presents the data measured by the actual circuit and the data generated by the simulation.
According to the curve of the application, it can find the resonant frequency is 4977.0Hz.
In order to find the bandwidth, draw two straight lines parallel to the x-axis at 70.7% of the two curves.
According to BW= Δf = fh-fl.
The bandwidth of simulation: BWs=5250-4750=500Hz
7

The bandwidth of real circuit: BWr=10500-4000=6500Hz
According to Q=fr/BW
Then have 
[bookmark: _Hlk532509021]Qs=4977/500=9.954 and Qr=4977/6500=0.766[image: C:\Users\Administrator.PC-20180305PTCW\Desktop\GetFileAttachment.jpg]
Figure 10. The final graph
[bookmark: _Toc532570016][bookmark: _Toc532576065][bookmark: _Toc532576099]Discussion
According to the formula and the value of electronic components can calculate theoretical value of the resonant frequency and the Q factor. 
fr==5032.921Hz
Xl=2πfL=2π=31.62Ω
7

Xc=1/2πfC==31.62Ω
Z=R+jXl-jXc==3.3Ω
Q=Xc/R=31.62/3.3=9.58
Resonant frequency of real circuit and simulation is 4977Hz.
Q factor of simulation is 9.954.
Q factor of real circuit is 0.766.
It is obviously to figure out the theoretical value of the resonant frequency and the Q factor are closed to simulation but the real circuit have a huge error with Q factor of theoretical value.
Error Analysis
[bookmark: _Hlk532555039]The above idealized values are indeed significantly different from the actual tests, including the numerical deviation caused by the conventional measurement error, and more unconventional results.
Possible reasons are:
[image: ]1) Actual inductance exists Internal resistance. Capacitors may also have significant leakage resistance. In order to obtain the actual internal resistance of the inductor under test conditions from other sources, the measurement is performed using the circuit shown in the figure below. R1 is an external known resistor. Use the millivoltmeter to measure the total voltage of the port U, the voltage on the resistor Ur1, and the voltage Ul on the inductor. The resistance value can be obtained according to the following formula.
Then have:
[image: ]
Thus:
[image: ]
The AC internal resistance of the inductor R value does not equal the resistance value measured by the multimeter, which is related to the signal frequency. The higher the signal frequency, the larger the equivalent internal resistance. The reason for the frequency change in the above table is mainly due to the high frequency loss of the inductor core and the high frequency skin effect of the coil wire. In addition, when the frequency is constant, the internal resistance also increases with the increase of the signal amplitude, which may be caused by hysteresis loss. In order to increase the inductance of the small-volume inductor 
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in the experiment box, it is estimated that the inner core is provided with a large loss, so that the equivalent resistance increases as the signal frequency voltage increases.
[image: ]Figure 11. Internal resistance of the inductor measurement circuit
2) The resonant frequency is unstable. The frequency in the resonance varies with the inductor current, but in theory, the series resonant frequency is only determined by the capacitance C and the inductance L, which is independent of the operating voltage.
It is the stability of the capacitor capacity C and the inductance L of the inductor.
good. For the inductor, if the core is internally contained, since the magnetization curve of the ferromagnetic material is nonlinear, the inductance S is generally a very small number. In the initial stage, as the excitation current increases, the magnetic permeability increases, resulting in an increase in the signal current, which increases the inductance and decreases the resonance frequency. This analysis is consistent with the experimental data. For a capacitor, the dielectric loss may increase as the voltage across the terminal increases, and the equivalent capacity changes, which also affects the resonant parameters of the circuit.
Circuit Analysis
The focus of the RLC series circuit is to analyze the RLC series circuit U, I, Z
relationship and phasor diagram analysis methods. Proper phasor map analysis is used for specific applications. Pure resistance, pure inductance, and pure capacitance circuits do not exist in reality. The actual circuits composed of actual components, R, L, and C, often coexist. According to KVL u=ur+ul+uc, the phasor relationship corresponding to U=Ur+Ul+Uc.
[image: ]
Figure 12. Voltage phase diagram
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It can be seen from the phasor diagram that  ,  (  -) and U form a right-angled triangle, and the three meet:
=
Substituting =I R,  =I ,  =I  into the above formula:
U=I==IZ
Where X= , called reactance, the unit is Ω
Z= is called impedance and the unit is Ω.
Inductive circuit:
U L ＞U C and X L ＞X C 
Capacitive circuit:
U L ＜U C and X L ＜X C 
Resistive circuit:
U L =U C and X L =X C 
[image: ]When XL=XC, the LC circuit is pure resistive circuit. At this time, the frequency of the signal source is the resonant frequency.
Figure 13. Voltage phase diagram of resonance
[image: ]To illustrate the numerical relationship of the quantities in the RLC series circuit, use three similar right angles three. The angular description, as shown in the following figure, is the voltage vector diagram, voltage triangle, impedance triangle. Figure c can be obtained by dividing I each side of figure b.
[bookmark: _Hlk532576600]Figure 14. a) voltage vector diagram b) voltage triangle c) impedance triangle
In the figure, Φ is called the impedance angle, which is the phase difference between the total voltage and current.
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[image: ]
Determination of quality factor Q:
According to Q=f0/(f2-f1) find the Q value. 
The larger the Q value, the sharper the curve, the narrower the passband, and the better the selectivity of the circuit.
When the constant voltage source is powered, the quality factor, selectivity and passband of the circuit are only determined by the parameters of the circuit itself, and are independent of the signal source. A series resonant circuit composed of a capacitor C, an inductor L, and a line resistance R of the capacitor and a line resistance R of the inductor. The complex impedance Z of this circuit is the sum of the complex impedances of the three components.
Z=R+jωL-j/ωC=R+j(ωL-1/ωC)
The upper resistance R is the real part of the complex number, and the difference between the inductive reactance and the capacitive reactance is the imaginary part of the complex number. The imaginary part is called the reactance represented by X, and ω is the angular frequency of the applied signal. When X=0, the circuit is in a resonant state, and the inductive reactance and capacitive reactance cancel each other out, that is, the imaginary part in the equation is zero, and the impedance in the circuit is the smallest. Therefore, the current is the largest, and the circuit is a purely resistive load circuit. The voltage and current in the circuit are in phase. At this point, the circuit is a resonant circuit and can be measured.
[bookmark: _Toc532570017][bookmark: _Toc532576066][bookmark: _Toc532576100]Conclusions
This paper attempts to perform a comprehensive analysis, including the definition of the quality factor Q, the resonant frequency of the RLC resonant circuit, and the calculation formula for the theory of the series resonant circuit.
This paper distinguishes the basic concepts of the Q quality factor and uses the calculation formulas in different theories to calculate Q. The analysis is then performed on the frequency and Q of the series resonant circuit, respectively. This article uses examples to prove the accuracy of the calculation formula, and it uses simulation analysis to verify the theoretical calculations. Therefore, there is an inevitable error between the simulation results and the experimental results.
This report starts with the definition of the LC resonant circuit and the quality factor Q. The calculation methods and formulas of various RLC resonance quality factors are drawn, and the calculation method is used to further prove the correctness of the calculation formula. The simulation results are consistent with the theoretical values.
Proteus software learning and learning circuit theory can not only improve my understanding of basic theoretical knowledge, but also stimulate and broaden my thinking, which is an effective way to realize circuit experiment research teaching.
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In this experiment I learned the application of the simulation software proteus. Proteus software is an EDA tool software published by Labcenter electronics, UK. It is commonly used in digital circuit simulation such as single-chip microcomputer. It is divided into two programs, ISIS and ARES. The former is used for simulation and the latter is used for designing PCB. We often use ISIS simulation software. Open Proteus ISIS, a new blank document will be created by default, we can also create a new menu through File-New Design-Default. Click the button "P" (see the box below), we can open the component library and add the required components. After the circuit is connected and the relevant parameters are set, we can run the button to simulate the circuit. When running, the program will simulate the operation of the real circuit. We can see the LED on and off, the digital tube and LCD display characters, the rotation of the motor, the sound of the buzzer, etc.; you can also use virtual instruments such as oscilloscopes, voltmeter ammeters, logic analyzers to assist us in circuit and the design of the program; when debugging the program, it is very convenient to use Proteus for analysis. I am really glad I can learn the Proteus to analysis the electronic circuit.
Beside the simulation software, the theory knowledge of resonance also benefits me. I also learned the theories in LC Resonance include AC circuit theory, resonance theory , Q factor theory and Kirchhoffs Lows. The voltage magnification factor achieved across the coil and capacitor compared with the supply voltage is called the Q factor. Where Q may be defined as Vc / Vs or VL / VS. And Q have sevaral ways to define. The idealized values are indeed significantly different from the actual tests, including the numerical deviation caused by the conventional measurement error, and more unconventional results.
What’s more, I also learned something other than knowledge. That is the way to analyze the problem and the ability to learn. This is more important than the knowledge itself. This ability is not achievable in books. It brings more help to my future study and exploration.
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