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[bookmark: _Toc203940407]Abstract
In this report a detailed analysis of a 555-timer circuit simulation will be documented.  Two simulations were conducted with one using the software Proteus and the other a physical recreation using a breadboard and a multi meter for testing.  The results from each will be compared with the limitations of both methods being documented.
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[bookmark: _Toc203940413]Circuit Description and Operation
The circuit simulated was made up of 11 components with some connected in series and others in parallel.  The following is the list of components used in the proteus simulation:
· 555-timer
· 9v power supply
· X4 resistors
· X2 LEDs
· X2 Capacitors
· Ground point
Figure 1 shows how these components were connected taken from the assignment brief.
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[bookmark: _Toc203940389]Figure 1 Circuit set-up
The operation of this circuit utilises the astable mode of the 555-timer.  The astable mode of a 555-timer allows for oscillations meaning if the output was looked at as a wave you would find a square wave [1].  In this circuit this causes the lights to turn on vice versa.  The way in which this works relies on the 555-timer and the low to high input can change.  The 555-timer pins and functions are shown in figure 2.
[image: ]
[bookmark: _Toc203940390]Figure 2 555-timer pin functions [2]
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[bookmark: _Toc203940415]Proteus Simulation
Figure 3 shows the students own circuit design in the software proteus.
[image: ]
[bookmark: _Toc203940391]Figure 3 Proteus Simulation (Green Light)
In figure 3 the green light is clearly shown as on with the red being off.  The resistances of R3 and R4 are also shown but these are not the calculated values.  The reason for this is the software shows when the lights are on but also how bright or dim, they are.  With the true values of R3 and R4 there would be no visible change when on or off.
[bookmark: _Toc203940416]Calculations
 
In the given brief the student was tasked with calculating resistances of both R3 and R4, the On/Off time, period and frequency.
To do this the student used the following equations:
[bookmark: _Toc203835546][bookmark: _Toc203940328]Equation 1 T = TOn + Toff 
[bookmark: _Toc203835547][bookmark: _Toc203940329]Equation 2 T = 0.693X(R3 + 2R4)XC1
[bookmark: _Toc203835548][bookmark: _Toc203940330]Equation 3 TOn = 0.693X(R3 + R4)XC1
[bookmark: _Toc203835549][bookmark: _Toc203940331]Equation 4 TOff = 0.693XR4XC1
[bookmark: _Toc203835550][bookmark: _Toc203940332]Equation 5 Frequency = 1/Time
Beginning with R3 and R4 the student first used equations 1 and 2.
T = TON + TOFF = 0.693 X (R3 + 2R4) X C1
0.693 – ((2/3 VCC) / (1/3 VCC)) = ln(2) = 0.693
T = 0.693 X (R3 + 2R4) X C1
The student first assumed T = 1 in order to find R3 and R4.
If T = 1 then 1 = 0.693 X (R3 + 2R4) X C1
C1 has the value of 100e-6 (taken from brief)
The student then rearranged 
1  = 0.693 X (R3 + 2R4) X C1
To 
1/(0.693XC1) = R3 + 2R4
1/(0.693XC1) = 14430 Ohms
Meaning that R3 + 2R4 must = 14430 Ohms.
Next the student selected a standard resistor value in this case 6.3K ohms.
If R3 = 6300 Ohms
Then
2R4 = 8130
R4 = 4065 Ohms or as a standard resistor 4.1K Ohms.
The true values of R3 and R4 are 6.3K ohms and 4.1k Ohms.
With these values the student can then use equations 1, 3, 4 and 5 to get the on and off times along with the frequency and period.
Beginning with the on and off values 
TON = 0.693 X (R3 + R4) X C1
TON = 0.693 X (6400 + 4100) X 100e-6
TON = 0.721 Seconds
And 
TOFF = 0.693 x R4 x C1
TOFF = 0.693 x 4100 x 100e-6
TOFF = 0.284 Seconds
This then allows for the period to be calculated with equation 1.
T = TOn + TOff
T = 0.721 + 0.284
T = 1.005 Seconds
Finally with the period calculated with frequency is 1/time giving:
F = 1/1.005
F = 0.996 Hz
[bookmark: _Toc203940417]Timing Tables and Graphs from simulation
The student was tasked with creating tables and graphs with the subject being capacitor 1 and the input and output voltages over the course of the run time.  These results were taken using proteus’ graph function and then translated into graph form.  
[image: ]
[bookmark: _Toc203940392]Figure 4 Graph for C1 input and output Voltages
Figure 4 shows the input and output voltages of the capacitor over the course of 30 seconds.  The green line is input and the red is output.  As can be seen, the red line remains at a constant zero value which is to be expected as Kirchhoff’s law applies.  Kirchhoff’s Laws are to do with the current and voltage through a circuit.  Kirchhoff’s voltage law (further referred to as KVL) states that the sum of the voltage drops over each component will equal the net voltage supplied to the circuit [3].  Kirchhoff’s current law (further referred to as KCL) is the opposite where the net current into the circuit will be the net current out. [3]  The expected voltage of all wires to enter the ground is zero.  These wires being after R4, C1, C2 and pin 1.  The output voltage of C1 supports this and further testing was done using the probe tool in order to confirm this.  Section 3 also discusses more testing done on the physical bread board.

Figure 4 was then turned into a table to show the voltage over the 30 seconds.

	Time (s)
	Voltage (V)
	Time (s)
	Voltage (V)

	1
	3.25
	16
	4.50

	2
	5.40
	17
	3.50

	3
	5.00
	18
	5.50

	4
	3.05
	19
	4.90

	5
	4.80
	20
	3.10

	6
	5.20
	21
	5.00

	7
	3.25
	22
	5.10

	8
	4.50
	23
	3.15

	9
	5.50
	24
	4.60

	10
	3.75
	25
	5.45

	11
	4.00
	26
	3.60

	12
	5.85
	27
	4.25

	13
	4.00
	28
	5.65

	14
	3.75
	29
	4.00

	15
	6.00
	30
	3.90


[bookmark: _Toc203940400]Table 1 Table of the input voltages of C1
This table shows the fluctuation of the voltages through C1.  This is due to the reset and trigger within the 555-timer changing from high to low.
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[bookmark: _Toc203940418]Bread Board
[bookmark: _Toc203940419]Bread Board Build

The bread board was used to put the theory shown on the proteus simulations into reality with the physical object.  The bread board would use the same components as the Proteus simulation along with wires for connections and the bread board itself.  This is where the student began to experience issues as there was no way to effectively check the components for defects or failures.  This began with the student building the full circuit as shown in figure 5:
[image: ]
[bookmark: _Toc203940393]Figure 5 Bread Board Construction
The issues the student found first related to the LEDs.  The red LED failed to light even when tested with the multi meter.  After replacement the student then connected everything as shown in figure 5.  This again lead to issues as the student found that either the bead board or the wire connections failed to work.  Due to this the student then asked for assistance from a fellow student in the use of their bread board.  With this board the expected result of the lights coming on and off was seen. Figure 5 shows the set up of the bread board used.
[image: ]
[bookmark: _Toc203940394]Figure 6 Voltage test [3]
Figure 6 shows the bread board used along with a test that will be explained later.
[bookmark: _Toc203940420]Testing and measurements
The way the student tested the bread board was uses of the multi meter in figure 6.  The student tested many components and values.  The student first tested the components with the multi meter which is how the determined that not all pieces of equipment were working.  The student then tested both KVL and KCL by connecting the multi meter to the wires entering the left side of the bread board which is the ground point.  These tests were conducted to confirm the correct operation of the circuit and confirm the findings from the proteus simulation.  All of these found that the voltages were 0 and the current was the expected value.  The next test was the input and output voltages over capacitor 1 which was done by connecting the multi meter to the capacitor on the input for 30 seconds while recording results and again for the output.  This was done to complete the next task from the brief which was to create tables and graphs over the course of 30 seconds measuring the input and output voltage over C1.
As stated previously the student’s own bread board failed to work which his why another student’s bread board was used. They each conducted the tests before recording the results and doing their calculations separately.
[bookmark: _Toc203940421]Tables and Graphs from the Bread Board construction
To create the tables and graphs the student had to enlist the help of another student as the student’s own bread board failed to work.  Due to this the results are taken from the bread board construction shown in figure 6.
[image: ]
[bookmark: _Toc203940395]Figure 7 Table of results from the bread board construction [3]
Figure 7 shows the results from the input voltage into C1.  When compared to the results in table 1 there are differences as these values have a much larger range going from 0.05V to 7.71V whereas the results in table 1 stayed within the 3V to 6V range.  Regarding the output voltage a test was conducted and found that KVL applied meaning the output voltage was 0V. 

[bookmark: _Toc203940396]Figure 8 Graph of input voltage over time (C1)
When figure 8 is compared to figure 4 it is clear that figure 8 has more variation.  This is to be expected as internal resistances within the wires and components may not be consistent.  Also, this test was conducted with crocodile clips meaning that it could be poor connections that cause some anomalies.
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[bookmark: _Toc203940422]Conclusions



[bookmark: _Toc51833404]The student drew their own conclusions from these simulations.  Equipment errors being the main cause of issues could be resolved by future test being conducted with more reliable and tested equipment.  This would reduce the chance of equipment failure.  The relation between the simulated results and those that were found using the multi meter is clear but as stated in section 3.3 errors are present due to human involvement.  These tests would be refined or repeated to increase the accuracy and improve the overall quality of the results.  In conclusion the student has identified the limitations present while also finding all necessary information as per the assignment brief with a set of lessons learnt that could be applied to future tests.
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[bookmark: _Toc203940397]Figure 9 Calculations done in class
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[bookmark: _Toc203940398]Figure 10 Further calculations done in class
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Input voltage over time (C1)
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