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This assignment will show the use of a 555 timer in a circuit, showing electrical and electronic measurements; record and analyse of data. The aim is to use calculations and recordings to show the use of a 555 timer in a simulation and breadboard.
[bookmark: _Toc203839768]Circuit Description and Operation
A 555 timer is a readily available integrated circuit accurately serving as a free-running astable multivibrator, square-wave generator or signal source. The device is a collection of elements, which work together as a timer. [1] A 555 timer has eight pins – the pins are numbered 1 through 8, with the first pin located to the left of the dot on the exterior of the device. 
Pin 1: Ground Connection – connects to the ground or 0V reference.
Pin 2: Trigger – input for triggering the 555 timer. A signal below a third of the supply voltage applied to this pin initiated the timing process.
Pin 3: Output – provides the pulse or square wave generated by the 555 timer. The waveform depends on the configuration mode (monostable, astable, or bistable).
Pin 4: Reset – a signal below a third of the supply voltage applied to this pin resets the internal flip-flop and stops the timer operation. 
Pin 5: Control Voltage – this pin allows control of the reference voltage for the internal comparators.
Pin 6: Threshold – the non-inverting input of the voltage comparator. When the voltage at this pin exceeds two-thirds of the power supply, the internal flip-flop is reset.
Pin 7: Discharge – the collector of the discharge transistor that discharges the external capacitor (in monostable and astable modes).
Pin 8: Supply Voltage – connected to the positive supply voltage.
The circuit is comprised of a 555 timer, Capacitor C1 (100 microfarads), Capacitor C2 (100 nanofarads), Resistor R1 (1000 ohms), Resistor R2 (10000 ohms), Resistor R3 (unknown resistance), Resistor R4 (unknown resistance), LED (green), LED (red), Power Supply (9 volts) and a ground wire.
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[bookmark: _Toc203839771]On Time, Off Time
Thigh = ln2 (R1 + R2) C1
Thigh = ln2 (1000Ω + 10000Ω) x 100µF 
Thigh = 0.76246 seconds


Tlow = ln2 x R2 x C1
Tlow = ln2 x 10000Ω x 100µF
Tlow = 0.69314 seconds

Time On = 0.76246s
Time Off = 0.69314s
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f = 0.687 Hertz
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	Parameters
	Results

	On Time
	0.762s

	Off Time
	0.693s

	Total Time
	1.455s

	Frequency
	0.687Hz



On time – this represents the high output from pin three. During this period, the first LED (red) will receive voltage and illuminate. This shows that the current is flowing through the red LED and proceeds to the ground. The voltage remains high while the timing capacitor expels through R2 and R4. 
Off time – this shows when the output from pin three switches to low. This represents the time in which the green LED is lit. When the charge is high and the output is starting to transition to low, the 555 timer allows the capacitor to discharge thus turning on the second LED.
Total time – this portrays the time in where one full cycle is completed. The red LED turning on and off, the green LED turning on and off – this represents one full cycle. In terms of the C1 capacity, from the peak to the trough, this represents one full cycle. This time combines on and off time into one whole cycle.
Frequency – this depicts how many cycles happen per second. In this case is just under 1 cycle per second. This is calculated by the equation:
 
Or 
 

From this, it is clear that the lower the frequency, the fewer the blinks. The higher the frequency, there is an increase in blinks.
[bookmark: _Toc203839776]Capacitor C1 Voltage and Output Voltage against Time
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In this graph, it is shown that the voltage switches between high and low; the 555 timer causes this. This is controlled by pin three (output), utilising the internal flip-flop, it can generate rhythmic pulses that cause the LEDs to switch on and off. Using the resistors and timing capacitor, the voltage fluctuates between high and low. When the voltage reaches a high, this travels through the first LED causing it to illuminate. When the capacitor stores its maximum, it expels this charge and switching the internal flip-flop which then changes pin three (output) to drop to a very low voltage. This change eliminates the supply to the first LED, thus turning it off, and allows power to travel to the second LED – causing a blinking effect. The result of this is a clean, rhythmic transition between the two diodes. This can be seen through the graph above – when the voltage climbs, this is the brightness of the first LED increasing. When the voltage drops, this is turning off the first LED and illuminating the second. Using the stabilizing capacitor, the flow of energy is constant and even, producing the stabilised pattern of the LEDs.
[bookmark: _Toc203839777]555 Timer Built on Breadboard
[image: C:\Users\jframpton\Desktop\UNI ASSIGNMENTS\FofE Records\Plan View Breadboard.jpeg]
There are twelve components to the 555 timer circuit; 555 timer, which generates the time pulses to create the ‘blinking’ of the LEDs; resistors (R1 and R3), these components limit the current to the green and red LEDs which prevents the diodes burning out and retain an even brightness; resistors (R2 and R4), connected through a junction on the series of R3 and R4 to set the timing interval; capacitor (C2), this stores and discharges through R2 and R4 resistors which forms the timing interval; capacitor (C1), this capacitor connects to the fifth pin on the 555 timer which steadies the voltage; LEDs (red and green), these diodes create a visual output which allows the circuit to easily identified as working or not working; breadboard, allows the user to create a temporary circuit without the need for soldering or permanent placement of components; wires, connects all components to the 55 timer and together allowing them to individually complete their task; power supply, provides power to the breadboard allowing the devices to work. 

[bookmark: _Toc203839778]Testing of the Circuit
After assembling the breadboard, a 9V power supply is connected to allow a current through the breadboard. It is known if it is functional, as the LEDs will blink in an alternating pattern. 
555 timer – this component acts as the ‘brain’ of the circuit as it releases electrical pulses. The device switches between on and off modes (high and low output states) as to create the blinking.
R1 and R3 resistors – these resistors act as protection from the LEDs, preventing from too much current entering the diodes, which can overload them and cause them to burn out. Furthermore, it keeps the brightness and power supply to the LEDs steady, causing an even-performance.
R2 and R4 resistors – these resistors are in series to control the timing of the blinking. They are connected to C2 (timing capacitor) and determines how long the output stays on and off. This creates and sets the blinking tempo.
C2 capacitor (timing capacitor) – this capacitor is the storage and release of energy. When it stores, the output state is high and when it expels, the state switches to low. This is an important piece of the circuit as it is the sole component behind the blinking intervals.
C1 capacitor (stabilizing capacitor) – this capacitor is responsible for the accuracy of the 555 timer. As it connects to the ground, it creates a stable voltage reference so the timing remains accurate through the cycles. 
Red and green LEDs – these are the visual indicators of the 555 timer. When the output is high, one LED turns on and when the output is low, the other LED turns on. This represents the switching of states between high and low amongst the circuit. 
Breadboard – this acts as a temporary circuit board. It has holes on the face and hidden connections underneath to allow experimental circuits to be created without the need for permanently fixing components to the board.
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	Time (s)
	Voltage (C1) (V)

	1
	7.69

	2
	0.05

	3
	0.08

	4
	7.73

	5
	6.27

	6
	8.96

	7
	0.91

	8
	7.6

	9
	0.06

	10
	0.10

	11
	7.75

	12
	5.68

	13
	0.47

	14
	7.70

	15
	7.62

	16
	0.07

	17
	7.21

	18
	6.73

	19
	4.86

	20
	0.64

	21
	7.69

	22
	0.05

	23
	0.08

	24
	7.71

	25
	6.33

	26
	0.34

	27
	0.87

	28
	7.66

	29
	0.06

	30
	7.5





[bookmark: _Toc203839780]Capacitor C1 Voltage against Time


C1 (V)
T (s)


Through these last two graphs displayed, it is clear that compared to the simulation, the readings are not as smooth or clean in their transitions between on and off. This is due to that the simulation is a perfect system, meaning all components used are perfect, they have no wear and tear. Whereas, on the breadboard, the components used have been used multiple times and when installed may have been damaged which affects the performance of crucial components. Furthermore, the simulation does not take into account the law of conservation of energy, which states that energy cannot be created nor destroyed only converted from one form to another. [2] Therefore, it creates it as a perfect system without the loss of energy through thermal energy. Hence the steady increase and decrease of voltage across capacitor C1. Furthermore, the wires introduce a resistance, no matter how small. This will skew the results in the real time recordings. 
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