




Contents
Abstract	2
Introduction	2
Simulation setups	3
Basic information about the breadboard	3
Proteus Design/Setup	4
Results	6
Result Screenshot from Proteus.	6
Proteus Result	10
Graph Showing the Results from Proteus	10
Breadboard Setup	11
Breadboard Results	12
Graph showing the result from the Breadboard simulation	12
-3 dB Gain	14
Proteus -3dB Gain	14
Breadboard -3dB Gain	15
Resonant Frequency (fr)	16
Quality Factor Q	16
Discussion	17
Conclusion	18
References	19






[bookmark: _Toc187356339]Abstract
[bookmark: _Hlk187351370]This report is shown to simulate a circuit with a Voltage input of 2V and a minimum frequency of 100Hz to the maximum of 20kHz with Software and practical simulations. The results show that when the Impedance (Ohms) is high, this is when the Inductor and the Capacitor cancel each other out [1], which act like an open circuit and No current is flowing through them, another term is use is called “Tuned circuit” [2]. The formula for this is . [3] Results show the difference between the software simulation to the breadboard simulation when the highest impedance was reached. 

[bookmark: _Toc187356340]Introduction
In this report will show the difference with the Voltage output when the frequency increases until the maximum impedance is reached then the Voltage decreases. By doing this the signal generator will need to change to see the differences in each frequency that will be used.

General background of the circuit with brief description of each component does as follows.

· [image: A close-up of a device

Description automatically generated] Signal Generator Symbol and Brief description    

                          

This component on the circuit is a device that can change the parameters of the input Voltage and frequency into the circuit base on the Specification that was provided.



· Oscillators Symbol and brief description
[image: A diagram of a graph

Description automatically generated]
Oscillators are devices that can read the low frequency waveform in analog or digital of the circuit.

· Resistor Symbol and brief description
[image: ]
A resistor is a component that can restrict the flow of current in the circuit.
· Capacitor (Symbol and brief description)
[image: ]
	A capacitor is a component that will hold/store energy in the circuit.
· Inductor (Symbol and brief description)
  [image: A black and white image of a device

Description automatically generated with medium confidence]
An inductor is a coil that generates magnetic field.





                          
[bookmark: _Toc187356341]Simulation setups
[bookmark: _Hlk187351399][bookmark: _Toc187356342]Basic information about the breadboard
The breadboard is made up of lots of holes which are covered with a plastic cover to protect all the strips underneath this, within those holes are spring clips that make contact with wires or components or left empty. Those clips joined to a metal strip see figure 1 below with the power strip goes horizontal across the board 4 long strips. Figure 2 shows that the strips go vertical with every 5 holes joined together.
[image: A close up of a board

Description automatically generated]        [image: A close-up of a circuit board

Description automatically generated]
Figure 1 from web source [4]	Figure 2 from web source [4]






[bookmark: _Toc187356343]Proteus Design/Setup

[bookmark: _Hlk187351422]Figure 3 below shows the design of the circuit that is draw on Proteus software. [5]
[image: ]
Figure 3 – Is a design to simulate.
100Hz
[image: A screenshot of a computer

Description automatically generated]
Figure 4 – Is the setup for 100Hz at 2V Peak to peak.





[bookmark: _Toc187356344]Results
[bookmark: _Toc187356345]Result Screenshot from Proteus.
As you can seen from figure 5 to figure 13 this shows that the output Voltage increases until it reach resonance frequency at 5000Hz figure 9 then drop back down.

[image: ]
Figure 5 – Is a result from Proteus at 100Hz, only read the negative value.

3000Hz
[image: ]
Figure 6 - Is a result from Proteus at 3000Hz.








4000Hz
[image: A graph with numbers and lines

Description automatically generated]
Figure 7 - Is a result from Proteus at 4000Hz.

4900Hz
[image: ]
Figure 8 - Is a result from Proteus at 4900Hz.





5000Hz
[image: ]
Figure 9 - Is a result from Proteus at 5000Hz which is the highest Impedance (Ohms).

5100Hz
[image: ]
Figure 10 - Is a result from Proteus at 5100Hz.







5200Hz
[image: ]
Figure 11 - Is a result from Proteus at 5200Hz.

5500Hz
[image: ]
Figure 12 - Is a result from Proteus at 5500Hz.

20000Hz
[image: ]
Figure 13 - Is a result from Proteus at 20000Hz.

[bookmark: _Toc187356346]Proteus Result

[bookmark: _Hlk185538089]Table1 below shows a result of a value of VL and Attenuation value using the following formula ).  

[image: ]
Table 1- Shows all the results from 100Hz to 20000Hz.









[bookmark: _Toc187356347]Graph Showing the Results from Proteus 
Graph 1 below shows when the maximum Impedance before dropping off.
[image: A graph with a line

Description automatically generated]
Graph 1 
[bookmark: _Toc187356348]Breadboard Setup
As seen in figure 14 below Input of 2 Volt Peak to Peak is generator to the resistor then it connected to Capacitor and Induction in parallel, this is where the output is read from.
[image: ]3
2
1

Figure 14 – Is the usual Setup of the breadboard connected to the Signal generator and Oscilloscope.
	Circle 1
	1k Ohms Resistor 

	Circle 2
	1uF Capacitor 

	Circle 3
	1mH Inductor 


Figure 12.1 – shows what components are in figure 14.
[bookmark: _Toc187356349]Breadboard Results
[image: ]
Table 2- Shows the result from all the frequencies.

[bookmark: _Toc187356350]Graph showing the result from the Breadboard simulation  
Graph 2 below shows when the maximum Impedance before dropping off. As graph 2 shows that the peak is wider that graph 1 from Proteus simulation.
[image: A graph with lines on it

Description automatically generated]
Graph 2- Shown the result from table 2.
[image: ]
Figure 15- Shows the highest Voltage output of the breadboard simulation before the circuit Voltage output decreases when the frequency increases.










[bookmark: _Toc187356351]-3 dB Gain
[bookmark: _Toc187356352]Proteus -3dB Gain
As shown graph 3 below bottom line is -3 DB gain from the result should be shown in chart below is at -4.938 Attenuation with f1 and f2 value from figure 14.
[image: A graph on a white background

Description automatically generated]
Graph 3 - Show the graph from the Results of Proteus simulation at -3dB Gain.
[image: A screenshot of a cell phone

Description automatically generated]
Figure 14 -Shows the start of bandwidth in Graph 3 at 4800Hz and ends at 5070.









[bookmark: _Toc187356353]Breadboard -3dB Gain
As shown graph 4 below bottom line is -3 DB gain from the result should be shown in chart below at -24.11 Attenuation with f1 and f2 from figure 15. 

[image: A graph with blue lines

Description automatically generated]
Graph 4 – Show the graph from the Results of the Breadboard simulation at -3dB Gain.
[image: A screenshot of a cell phone

Description automatically generated]
Figure 15 – Showing the F1 at 4250Hz and F2 at 6250Hz as shown in Graph 3 first line and end line.




[bookmark: _Toc187356354]Resonant Frequency (fr)
[bookmark: _Hlk187351478]Figure 3 above shows the specification for each component, Because of that it can determine the Resonant Frequency point by using the following formula   [3, p. 367]
The Specification given for Capacitor is 1uF or 0.000001F (Farad) and Inductor is 1mH or 0.001H (Henry). The Basic Theory from those value is 5032.92Fr.
Bandwidth at Basic theory is 159.21Hz using the formula . [3, p. 348]
On the Proteus Graph (Graph 3), this can show what the F1 and F2 reading from -3dB.
The f1 result is 4800Hz and f2 is 5070Hz Shown in figure 14, So the bandwidth is 270Hz. Fr is 4935Hz.
On the Breadboard Graph (Graph 4), this will show what the F1 and F2 reading from -3dB. results F1 is 4250Hz and F2 is 6250Hz as shown in figure 15, So the bandwidth is 2000Hz that means the Fr is 5250Hz.

[bookmark: _Toc187356355]Quality Factor Q
[bookmark: _Hlk187351523]To get the value of Quality Factor (Q) The following formula is  [3, p. 368]
The Specification given for Capacitor is 1uF or 0.000001F (Farad), Inductor is 1mH or 0.001H (Henry) and Resistor is 1kΩ or 1000Ω (Ohms).
The Basic theory for Quality Factor to the Circuit in figure 1 is Q =31.62.
To find the Quality Factor with Fr results the following formula is used . [3, p. 348]
Software simulation Fr is 4935Hz and BW is 270Hz Quality Factor is Q=18.27.
On the Practical simulation Fr is 5250Hz and BW is 2000Hz Quality Factor is Q = 2.625.

This Results shows that the lower the Quality Factor the wider the Bandwidth is or the higher the Quality Factor the narrow the Bandwidth. 



[bookmark: _Toc187356356]Discussion
When calculating the basic theory of a circuit, this result does not take into account the loss factor of the components and will show the most pure or perfect condition of a circuit. 
With Attenuation Results show that the higher the point the narrower the bandwidth, this shows in both graph 3 and 4 at -3dB with 270Hz on Software and 2000Hz on Physical simulation. This shows there are lots of Loss Factors in the Physical simulation. 
As Quality Factor result states that the Software was 42.2% lower than Basic Theory and Breadboard result is 91.69% lower than Basic Theory. The reason for this big loss with the breadboard to the Software simulation is because of the parasitic resistances of the breadboard as show in graph below [6] also the parasitic capacitance of the components creates a magnetic field and stores charges in the circuit and change the output Voltage value. [7] Worth mentioning that Parallel routing of the circuit cause the maximum parasitic capacitance causing a long stretch of 2 metals. [8]

[image: A diagram of a voltage

Description automatically generated]
Figure 16 – from an article [6] shows the difference between breadboard and directly soldered.

[bookmark: _Toc187356357]Conclusion
In this experiment, it has been determined that the lower the Quality Factor, the wider the Bandwidth is. To get Higher Quality Factor this means that the Bandwidth is narrower.
As shown in graph 3 of software simulation and graph 4 Breadboard the difference of digital and practical simulation this is due to the parasite capacitor of the breadboard circuit [7]. This shows the difference in the Quality Factor from Software simulation at 18.23 to Practical simulation at 2.625.

What causes the drop in Quality Factor?
This is due to the parasite Resistance, Capacitance and inductance.

What can be done to stop this?
Unfortunately, parasitic cannot be completely removed from the circuit, but the points below can reduce the effect of the parasitic. [9]
· Avoid parallel routing of the circuit.
· Using a Guard ring/Faraday shield.
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