By Morgan Jones (1706863)
[bookmark: _Hlk532291529]Electrical & Electronic Principles assignment 1 
Resonance and AC circuits
 
Abstract
In this assignment you will learn what I did in the two class-based experiments, how I worked out the result, resonant frequency and Q factor.
I will also explain the difference between the two sets of results and components as even though the tests are essentially the same the results are not the same as one would expect.

Introduction 
 
This assignment you are reading is on resonance and ac circuits. 
It contains a diagram of the circuit in proteus, a graph showing the result of tests taken in class, these results help us calculate the bandwidth and Q factor. The results in Figure 1 are based on a class experiments using a software simulation and physical components however these results will be different as the simulation only uses pure components which only use one value while the physical uses actual components with three or more values.

In electronics, ac sources are widely used. A dc (direct current) source, current flows only in one direction, but an ac (alternating current) source both voltage and current continually change direction. The rate of change is called the angular velocity, symbol ω and is measured in radians. One complete cycle of an ac waveform, starts at 0V amplitude, rises to a positive peak and then decreases to a negative trough before ending at 0 volts again. [1]
Resonance in AC circuits indicates a frequency determined by the values of the resistance, capacitance, and inductance. For series resonance the condition of resonance is straightforward, and it is characterized by minimum impedance and zero phase.
Series Resonance
The resonance of a series RLC circuit occurs when the inductive and capacitive reactance’s are equal in magnitude but cancel each other because they are 180 degrees apart in phase. The sharp minimum in impedance which occurs is useful in tuning applications. The sharpness of the minimum depends on the value of R and is characterized by the "Q" of the circuit. [2]  

Resistor AC Response
For ordinary currents and frequencies, the behaviour of a resistor is that of a dissipative element which converts electrical energy into heat. It is independent of the direction of current flow and independent of the frequency. So, we say that the AC impedance of a resistor is the same as its DC resistance. That assumes, however, that you are using the rms or effective values for the current and voltage in the AC case. 
RMS and Effective Values
Circuit currents and voltages in AC circuits are generally stated as root-mean-square or rms values rather than by quoting the maximum values. The root-mean-square for a current is defined by
 [3]


Capacitor AC Response
You know that the voltage across a capacitor lags the current because the current must flow to build up the charge, and the voltage is proportional to that charge which is built up on the capacitor plates. [4]


Inductor AC Response
You know that the voltage across an inductor leads the current because the Lenz' law behaviour resists the build-up of the current, and it takes a finite time for an imposed voltage to force the build-up of current to its maximum. [5]


Impedance and reactance 
Circuits with capacitors and inductors behaviour depends on frequency, a voltage divider containing a capacitor or inductor will have a frequency dependant division ratio. In addition, circuits containing these components known collectively as reactive components.
However, both capacitors and inductors are linear devices, meaning that the amplitude of the output wave form, whatever its shape, increases exactly in proportion to the input waveform’s amplitude. This linearity has many consequences the most important is probably the output of a linear circuit driven with a sinewave at some frequency, f is itself a sinewave at the same frequency.
Because of this property circuits containing resistors, capacitors and inductors make it particularly easy to analyse any such circuit by asking how the output voltage depends on the input voltage for sinewave input at a single frequency even though this may not be the intended use. A graph of the resulting frequency response, in which the ratio of output to input is plotted for each sinewave frequency is useful for thinking about many kinds of wave forms.
It is possible to generalize ohm’s law, replacing the word resistance with impedance in order to describe any circuit using containing linear passive devices. Think of the subject of impedance or generalized resistance as ohm’s law for circuits that include capacitors and inductors. 
Terminology 
Impedance (Z) is the generalized resistance of inductors and capacitors for which the voltage and current are always 900  out of phase and are reactive meaning they have reactance (X). Resistors with voltage and current are always in phase as they are resistive meaning, they have resistance (R). In general, in a circuit that has resistive and reactive components however the voltage and current at some point will a in between phase relationship, described by a complex impedance; impedance = resistance + reactance or Z = R + Xj.    [6]

Phasor diagrams
There is graphical method that can be used when you are trying to understand circuits.
A phasor diagram is used to show the phase relationships between two or more sine waves having the same frequency. The main value of phasor diagrams is that they can be used, not only to represent waveform diagrams, but also in carrying out calculations involving ac waves. The calculations can involve any of the common values (RMS, peak values, phase angles etc.) and will be much quicker and easier than performing the calculations on waveform diagrams. [8]
Phase difference 
Pure capacitive circuits have the current leading the voltage by 90°,pure inductive circuits have the voltage leading the current by 90°.This can be easily remembered using the mnemonic CIVIL. In AC the current and voltage are independent the current can either lead or lag voltage depending on if the circuit is inductive or capacitive. [9]


Impedance
While Ohm's Law applies directly to resistors in DC or in AC circuits, the form of the current-voltage relationship in AC circuits in general is modified to the form:
[image: http://hyperphysics.phy-astr.gsu.edu/hbase/electric/imgele/impz.png]


where I and V are the rms or "effective" values. The quantity Z is called impedance. For a pure resistor, Z = R. Because the phase affects the impedance and because the contributions of capacitors and inductors differ in phase from resistive components by 90 degrees, a process like vector addition (phasors) is used to develop expressions for impedance. More general is the complex impedance method. [10]







Resistance & Reactance
Resistance is the opposition of flow of current within a circuit which is a DC Circuit property and Reactance is the opposition of change of flow of current within a circuit which is an AC Circuit property however theses circuits maybe different both are measured in ohms Ω.
Resistance
You can work out resistance by using the formula R=V / I or resistance equals voltage divided by current 

Reactance 
Reactance is the opposition of change of flow of current within a circuit this is due to inductance or capacitance found within a circuit. The reactance can be capacitive or inductive and there is a formula to work out each.
For inductive reactance the formula is XL = 2FL and the formula for 
capacitive reactance is XC = 1/2FC.

Capacitive Reactance
Capacitors store a voltage as an electric charge on two plates separated by a dielectric (insulator), work must be done to build up the charge (or remove it) the work is stored as energy in the capacitor. To work out the work you should use the formula  and the answer should be in joules. As the  work must be done to add or remove charge from a capacitor, this cannot be done instantly and adds an AC Resistance to the circuit when you try.  

Inductive Reactance
Inductors store electrical energy in a magnetic field around a coil of wire.
A change in current through an inductor will change the strength of the magnetic field surrounding it, any change in magnetic field induces a voltage (back EMF) into the coil in opposition to the original applied voltage which is why the Back-EMF generated by a changing voltage (or current) accounts for the voltage drop across the inductors
 [9]
 













Method 
 
[image: ]
 Figure 1 diagram of circuit 
The above simulation or figure 1 was built in the software Proteus consists of one resistor with the value, of 3.3 ohms. One inductor with the value of 1mH (millihenry) and an and capacitor with the value of 1uf (microfarad) these are all pure components not actual as they are simulated no physical components the above diagram also has an oscilloscope to measure the voltage and the signal generator which is used to change the frequency 
Once the circuit in figure 1 has been created you use the signal generator to change the frequency from the 100hz to 20,000hz and stopping at each specific frequency for example 100hz,200hz,500hz and this continues until you reach 20,000hz which is where the final voltage will be measured. Each voltage measured will be placed in a table and added to a graph which is figure 5 and the graph will have the frequency values on the x axis and voltage values on the y axis 
 
 [image: Image result for resonant frequency formula]
figure 2 resonant frequency formula 

[image: ] 
figure 3 resonant frequency 

in the above figure 2 is the formula to work out the resonant frequency the reads as resonant frequency equals one divided by 2 times pi square root of  L  (inductance value) times C (Capacitor value) meaning that the L is 1mh an C is 1uf so the formula in figure 3 is what it should look like if you add the values and the answer will be 5032.921 now I am going to compare that with basic theory,
V = 4
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 figure 4
There are three way work out the Q factor but the easiest is to Q = fr/bw which means that Q factor equals resonant frequency divided by bandwidth. You can work out the bandwidth by creating two 70% lines as shown in figure 5 you create two 70% lines one for the simulation results and another for the experimental results then you create a FH line and FL line for each set of results on the graph these lines mark where the 70% line connect the line graphs as the bandwidth can be calculated by the formula FH-FL so for example if a FL on 1000 and FH 10,000  which shows 10,000 subtract 1000 give a bandwidth of 9000 meaning that the Q factor is 5032.921 divided by 9000 equals 0.56 now I am going to compare that with basic theory using the values in figure 4 as there are two set of values simulated and experimental. The Q factor for the simulated is 8.39 and the Experimental Q factor is 0.61 as you can see the Q factor results are different this is due to the setup of components as the simulation uses only stated values which is why they a called pure components whereas the physical components use actual components which use more than just stated values which make all the difference when reading and calculating the Q factor as the voltages worked out via the class based experiments are different which means that the 70%, FH and FL Lines which are used to calculate the bandwidth will be different for each set of results as the simulated bandwidth is 5300 take away 4700 which is 600 for the bandwidth meaning the Q factor is 5032.921/600 and the experimental bandwidth is 10,500 take away 2200 which gives us a bandwidth of 8300 meaning the Q factor is 5032.921/8300

	
	
	

	
	
	





  


Results 
[image: ]
  Figure 5 graph containing results 
 The results in figure 5 are the bandwidth, voltage these were worked out from two classed based experiments. one experiment was on the proteus simulation software and the other experiment was physically using real components this mean that even though the main values are the same the result will not as the proteus simulation only uses pure components which only used 3.3 Ω for the Resistor,1 mH for the Inductor and 1µF for the Capacitor. Whereas the physical simulation uses actual components which contain multiple values as the resistor has a stated value of 3.3 Ω, a measured resistance of 2.89 Ω and a measured Inductance of 13.7 µH. The Inductor has a stated value of 1 mH, measured inductance of 0.977 mH and Series Resistance of 2.89 Ω and the Capacitor has a stated value of 1µF, a measured capacitance of 1.013µF and ESR @ 1 kHz - 5.09189 x 10-5, ESR @ 10 kHz - 7.63784 x 10-4 this is why the results from both experiments are different even though the experiments were done the same the same way. 

Discussion 
The results in figure 5 shows the change in voltage across the circuit as the frequency changes from 100hz and steadily increasing till the frequency reaches 20,000hz all the while taking readings of the voltage at each specified point this was done in two separate experiments a simulation on a Pc and a Physical simulation using actual components. As you can see via the figure 5 graph the tests were identical however the results from the tests are different this is due to one very specific thing the difference in components. The simulation on the Pc uses components with stated values only for the resistor as 3.3 ohm’s, capacitor as 1uf and inductor as 1 mH these are called pure components whereas the physical simulation use components with multiple values as the resistor has a value of 3.3 Ω, resistance of 2.89 Ω and inductance of 13.7 µH. The inductor has a value of 1mH, inductance of 0.977 mH and Resistance of 2.89 Ω and the final component the capacitor has a value of 1µF,capacitance of 1.013µF and ESR @ 1 kHz - 5.09189 x 10-5, ESR @ 10 kHz - 7.63784 x 10-4 this explains the difference in results.
The results are similar from 100 to 200hz however after this point the experimental results start steadily dropping in voltage, but the simulation results have sharp drop in voltage after 4000hz and then sharply go up after 5000hz till it starts to level out at 7000hz whereas the experimental result fluctuate between 5300hz and 6000hz then it steadily increases in voltage till it levels out some point after 20,000hz which goes past the max frequency which was set 

	


.


[bookmark: _GoBack]Conclusion 
My findings from the class-based experiments show that the voltage for the physical simulation will  start to steadily drop once the frequency reaches a certain point then steadily increase however there is a slight fluctuation in the middle of the graph. Whereas the Pc simulation reaches a certain frequency where the voltage sharply drops and rises then levels out this is due to the use of two similar, but different sets of components one set is actual, and the other is pure this is also why the Q factor has difference as they are 8.39 and 0.61. So overall findings are that at certain points during the tests the results will the go up and down depending on the frequency which suggest that each set of result look different on the graph and will reach their minimum voltage at different frequencies 
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Resonant Frequency
Formula

requency in hertz
inductance in henrys
= capacitance in farads
The formula also holds true ifused with the
units of megahertz, microhenries and

mictofarads and many other combinations
of units.
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