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1.Objective
 Simulate a RLC circuit using Proetus and then duplicate on a breadboard, compare the findings between the two and if any differences what are the possible reasons why? Then comparing the results to basic theory.

2.Background 
A RLC circuit consists of a resistor, capacitor and inductor. RLC circuits can be used as filters to block or permit only certain frequency ranges, they can change filters by varying combinations of resistors, inductors, and capacitors in parallel or series arrangements, where the component values dictate the bandwidth and resonant frequency [1]. 

3.Introduction
The task given was to calculate the basic theory of the given RLC circuit (figure 1) then compare with a circuit built on proteus and then a breadboard. The circuit was then built and simulated on proteus using a 1K resistor, a 1uf capacitor and a 1mH inductor measuring output voltages at a range of frequencies ranging from 500Hz up to 20kHz, adjusting the frequency until maximum output voltage was reached. The input voltage of the circuit was 2vPP, which remained the same throughout. Using our results we calculated the attenuation of the circuit, the -3dB “half power” points, the “Q” factor and bandwidth. The circuit was then duplicated on a breadboard and the findings were compared to see what differences there were and if so, why there were. The findings were then compared, furthermore the resonant frequencies of both circuits were then compared with basic theory and to each other. 

4 Results
4.1 Basic theory
The basic theory of this circuit was calculated using the formula to be 5035.47Hz. This gave an understanding of what the desired behaviour should be when carrying out the experiments on proteus simulation and then on a breadboard. The quality of a resonant circuit is measure by “Q” factor. A good “Q” factor is one with a narrower bandwidth correlating in a higher “Q” factor which indicates a lower range of energy loss [2].

Basic theory formula:   fr= 1/2                fr= 1/2
5.Proteus simulation 
5.1 Circuit set up
[image: ]
Figure 1: Circuit displayed on proteus.
  5.2 Proteus findings 
When carrying out the simulation on proteus it was found that the peak attenuation was found to be at 5000Hz, giving an output voltage of 960mV (0.96V). The attenuation at maximum output voltage was –6.375175252 (figure 2). Furthermore, the “half power” –3dB was then calculated to be at 3,535Hz.
Attenuation formula:  20xLog10 ()
-3dB “half power” calculated: peak resonant frequency x 0.707.
The lower frequency –3dB “half power” was found to be at 4850 Hz, with an output voltage of 675mV (0.675V), with an attenuation of –9.434524457(figure 3). The higher frequency –3dB “half power” point was found to be at 5200Hz, with an output voltage of 675mV (0.675V) and an attenuation of –9.434524457. The findings can be found in a graph(figure4).
	F(Hz)
	V(in)
	mV
	VLC
	Attenuation
	Bandwidth

	500
	2
	2.94
	0.00294
	-56.65365331
	

	1000
	2
	6.75
	0.00675
	-49.43452446
	

	2000
	2
	15
	0.015
	-42.49877473
	

	3000
	2
	29.5
	0.0295
	-36.62415959
	

	4000
	2
	70
	0.07
	-29.11863911
	

	5000
	2
	960
	0.96
	-6.375175252
	

	5100
	2
	675
	0.675
	-9.434524457
	High

	5200
	2
	400
	0.4
	-13.97940009
	

	5300
	2
	280
	0.28
	-17.07743929
	

	5400
	2
	210
	0.21
	-19.57621402
	

	5500
	2
	170
	0.17
	-21.41162149
	

	6000
	2
	88
	0.088
	-27.13094647
	

	7000
	2
	47
	0.047
	-32.57864275
	

	8000
	2
	33
	0.033
	-35.65032112
	

	9000
	2
	25.5
	0.0255
	-37.8897963
	

	10000
	2
	21
	0.021
	-39.57621402
	

	11000
	2
	18
	0.018
	-40.91514981
	

	12000
	2
	16
	0.016
	-41.93820026
	

	13000
	2
	14.5
	0.0145
	-42.79323987
	

	14000
	2
	13
	0.013
	-43.74173287
	

	15000
	2
	12
	0.012
	-44.43697499
	

	16000
	2
	11
	0.011
	-45.19274621
	

	17000
	2
	10.25
	0.01025
	-45.80612261
	

	18000
	2
	9.5
	0.0095
	-46.46612781
	

	19000
	2
	9
	0.009
	-46.93574972
	

	20000
	2
	8.5
	0.0085
	-47.4322214
	



Figure 2: A table showing findings including higher –3dB “half power” frequency bandwidth.
	F(Hz)
	V(in)
	mV
	VLC
	Attenuation
	Bandwidth

	4500
	2
	180
	0.18
	-20.91514981
	

	4600
	2
	270
	0.27
	-17.39332463
	

	4700
	2
	350
	0.35
	-15.13923903
	

	4800
	2
	500
	0.5
	-12.04119983
	

	4850
	2
	675
	0.675
	-9.434524457
	Low

	4900
	2
	800
	0.8
	-7.958800173
	


Figure 3: A table showing lower –3dB “half power” frequency bandwidth.
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Figure 4: A graph showing the attenuation point and –3dB point.

The bandwidth was the calculated to be 350. This was calculated by taking the higher –3dB “half power” which was 5200Hz the subtracting the lower –3dB “half power which was 4850Hz. The quality “Q” factor was the determined by to be 14.29.
Quality “Q” factor formula:                                                =


6.Breadboard
The same circuit was then built on a breadboard, the experiment was then carried out again.
6.1 Apparatus and components
	Components used

	Wire

	1µF capacitor

	1mH inductor

	1K resistor



	Apparatus list

	Oscilloscope

	Waveform generator

	Oscilloscope leads with Mini grabber	

	Banana plugs to crocodile clip leads

	Snips


5.2 Equipment set-up.
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Figure 5: Setup of circuit on breadboard with testing equipment.

6.3Breadboard findings
When carrying out the experiment on the breadboard it was found that the peak attenuation was found to be at 5000Hz to 5400Hz, giving an output voltage of 172mV (0.172V). The attenuation at maximum output voltage was –21.31003098 (figure 8). Furthermore, the “half power” –3dB was then calculated to be at 3,676.4Hz.
Attenuation formula:  20xLog10( )
-3dB “half power” calculated: peak resonant frequency x 0.707.
The lower frequency –3dB “half power” was found to be at 420 Hz, with an output voltage of 120mV (0.12V), with an attenuation of –24.43697499 (figure 7). The higher frequency –3dB “half power” point was found to be at 7000Hz, with an output voltage of 120mV (0.12V) and an attenuation of –24.43697499. The findings can be found in a graph(figure6).
	F(Hz)
	V(in)
	mV
	VLC
	Attenuation
	Column1

	500
	2
	14
	0.014
	-43.0980392
	

	1000
	2
	24
	0.024
	-38.41637508
	

	2000
	2
	40
	0.04
	-33.97940009
	

	3000
	2
	64
	0.064
	-29.89700043
	

	4000
	2
	104
	0.104
	-25.67993313
	

	5000
	2
	172
	0.172
	-21.31003098
	

	5100
	2
	172
	0.172
	-21.31003098
	

	5200
	2
	172
	0.172
	-21.31003098
	

	5300
	2
	172
	0.172
	-21.31003098
	

	5400
	2
	172
	0.172
	-21.31003098
	

	5500
	2
	164
	0.164
	-21.72372295
	

	6000
	2
	140
	0.14
	-23.0980392
	

	7000
	2
	120
	0.12
	-24.43697499
	High

	8000
	2
	115
	0.115
	-24.80664311
	

	9000
	2
	104
	0.104
	-25.67993313
	

	10000
	2
	100
	0.1
	-26.02059991
	

	11000
	2
	80
	0.08
	-27.95880017
	

	12000
	2
	68.5
	0.0685
	-29.30678848
	

	13000
	2
	40
	0.04
	-33.97940009
	

	14000
	2
	40
	0.04
	-33.97940009
	

	15000
	2
	20
	0.02
	-40
	

	16000
	2
	15
	0.015
	-42.49877473
	

	17000
	2
	10
	0.01
	-46.02059991
	

	18000
	2
	10
	0.01
	-46.02059991
	

	19000
	2
	10
	0.01
	-46.02059991
	

	20000
	2
	8
	0.008
	-47.95880017
	


Figure 6: A table showing findings including higher –3dB “half power” frequency bandwidth.
	F(Hz)
	V(in)
	mV
	VLC
	Attenuation
	Bandwidth

	4100
	2
	110
	0.11
	-25.19274621
	

	4200
	2
	120
	0.12
	-24.43697499
	Low

	4300
	2
	135
	0.135
	-23.41392454
	

	4400
	2
	150
	0.15
	-22.49877473
	

	4500
	2
	170
	0.17
	-21.41162149
	


Figure 7: A table showing lower –3dB “half power” frequency bandwidth.
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Figure 8: A graph showing the attenuation point and –3dB point.
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Figure 9: Oscilloscope reading at 500Hz.

The bandwidth was the calculated to be 2800. This was calculated by taking the higher –3dB “half power” which was 7000Hz the subtracting the lower –3dB “half power which was 4200Hz. The quality “Q” factor was the determined by to be 1.86.
Quality “Q” factor formula:                                                     =


7.Discussion
During this expreiment, the proteus simualtion was expected to be closest to the basic theory. This was becuase it would be less likley for component faults as its simulated in a perfect testing environment. Upon doing the simulation, the resonent frequency was found to be at 5000Hz, close the basic theory of the circuit at 5035.47Hz. Also the band width of the circuit was found to be at 350. As it was narrow, the quality “Q” factor was worked out as being higher, suggesting energy is better stored in the circuit and the circuit gets sharper[2]. Whilst replicating this simulation on a breadboard it was found that the resonent frequency was found to have a frequency band,reosnating over a range of frquencies from 5000Hz to 5400Hz, rather than a singular frequency like the proteus simulation. This could be caused by damping, as it makes the oscillations less sharp at resonance but the frequency of resonance would still be unaffected by damping levels[3]. The damping of this circuit could be caused by the increase of resistance, which causes energy to dissipate over time. A factor in increased resistence could be compnents failing or overheating components. When components overheat the can cause potential issues such as high resistance[4]. The bandwidth for the breadboard was measured to be 2800, and a “Q” factor of 1.86. This indicates the energy losses are more. In future ig this experiment was to be replicted, the components would be used from new and the resistivity would be tested beforehand. This would he limit any interfernece with the experiment.
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