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OBJECTIVE:


Our objective is to create a simple and low cost Road Safety System, which will warn the pedestrians of any danger while crossing the road.

PROJECT ABSRTACT:


 Our main goal is to create a Road Safety System. This system will warn the pedestrians of any incoming danger by playing an alarm tone, while they are crossing the road. 


For this purpose, our circuit consists of two main parts. One part that transmits the infrared radiations, which are given off by the light emitting diode (LED). The other part receives the radiations, consisting of a photodiode and the circuitry that contains a speaker and other components to activate the speaker.


Normally, when the circuit is supplied external voltage. The transmitter transmits the IR radiations and the receiver receives it, not activating the circuit connected with it. Thus no sound is heard. But when there is any interruption in the way of IR radiations, the receiver activates the connected circuit and an alarm tone is played as a warning sign.  


Our system works when the signal is red and pedestrians are crossing the roads. If any car will try to move across the zebra crossing, the system will detect an interruption in the way of IR radiations and then the receiver circuit would be activated. An alarm tone will be played to warn the pedestrians, which are crossing the roads.

COMPONENTS: 

The components that are used while making the system, are defined shortly ahead. The components are:
· Resistor

· Variable Resistor (Potentiometer)

· Capacitor

· Transistor 

· Light Emitting Diodes (LED)

· Relay

· Printed Circuit Board (PCB)

· Photodiode 

· LM555 Timer Chip

RESISTOR:
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A resistor is a passive component that opposes the flow of current through it and the resistance is measure of component’s opposition to the current flow. The basic unit of measurement of resistance of a resistor is ohm. The symbol used for resistor is shown in the figure.
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Based on the resistance type or the fabrication technique, the resistor can be classified as:

· Carbon Composition Resistors in which the resistance element is a slug of a resistive material (carbon in this case). 

· Film Resistors in which the resistive element is a relatively thin layer of resistive material painted or deposited on a ceramic or a glass tube. The resistive material is carbon in case of widely popular Carbon Film Resistors.

· Wirewound Resistors in which the resistive element is a length of wire wound in one or more than one layer on an insulating core.

We can find the value of resistance simply by using ohms law i.e.





V = IR



Where,     V is the voltage across the resistor 




     I is the current passing through it 



And
     R is the resistance of the resistor

Another way of finding the resistance is to use the method of colour coding. Carbon composition, Semi-precision and Wirewound resistors are colour coded by three or four bands indicating their resistance value and another colour band indicating the tolerance. The first three or four bands give the resistance value and another band the tolerance. Width of the first band often indicates the type of the resistor. A first band wider than the other band indicates a wire wound resistor. Colours are given specified number.

· The first colour of the first band represents the significant digit of the resistance value.

· The second colour of the first band represents the second significant number of the resistance.

· The third colour of the first band specifies the number of zeros to follow.

· The colour of second band represents the tolerance of the resistor.

The figure below shows the colour coding of a resistor. 
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The table below shows the number which are assigned to the colours.


	      Colour
	      Digit 
	  Multiplier 
	     Tolerance 

	Black
	0
	1
	---

	Brown
	1
	10
	---

	Red
	2
	100
	---

	Orange
	3
	1000
	---

	Yellow
	4
	10000
	---

	Green
	5
	100000
	---

	Blue
	6
	1000000
	---

	Violet
	7
	10000000
	---

	Grey
	8
	---
	---

	White
	9
	---
	---

	Gold
	---
	0.1
	± 5%

	Silver
	---
	---
	± 10%

	No colour
	---
	---
	± 20%


VARIABLE RESISTORS (Potentiometer):


The resistance value of variable resistors can be varied over the specified resistance range. Variable resistors can be classified as:

· Potentiometers 

· Rheostats 

· Trimmers (Presets)    

 Construction:  

All the three types of variable resistors have the same construction but differ in the way they are connected and hence performing different jobs.
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All the three types are three terminal resistors with two fixed terminals and a third terminal (wiper) that is attached to a moveable tap that can be moved along the length of the resistive element thus varying the resistance between the movable terminal and the fixed terminal. These three types are simply and collectively known as potentiometers. 
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Construction of a flat semi-circular graphite potentiometer with a sliding contact (wiper) is shown in the figure. The wiper is connected through another sliding contact to the third terminal. On panel pots, the wiper is usually the centre terminal. For single turn pots, this wiper typically travels just under one revolution around the contact. 'Multiturn' potentiometers also exist, where the resistor element may be helical and the wiper may move 10, 20, or more complete revolutions. Besides graphite, other materials may be used to make the resistive element. These may be resistance wire, or carbon particles in plastic, or a ceramic/metal mixture called cermet.  
· Potentiometer:
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Variable resistors used as potentiometers have all three terminals connected. This arrangement is normally used to vary voltage, for example to set the switching point of a circuit with a sensor, or control the volume (loudness) in an amplifier circuit. If the terminals at the ends of the track are connected across the power supply then the wiper terminal will provide a voltage which can be varied from zero up to the maximum of the supply. Symbol used for the potentiometer is shown in the figure.

· Rheostats:
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A rheostat is a two-terminal variable resistor. Often these are designed to handle much higher voltage and current. Any three-terminal potentiometer can be used as a two-terminal variable resistor, by not connecting to the 3rd terminal. Two terminals are used one connected to an end of the track, the other to the moveable wiper. Turning the spindle changes the resistance between the two terminals from zero up to the maximum resistance. 

Rheostats are often used to vary current, for example to control the brightness of a lamp or the rate at which a capacitor charges. Symbol used for rheostat is shown in the figure.
· Trimmers (Presets):
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These are miniature versions of the standard variable resistor. They are designed to be mounted directly onto the circuit board and adjusted only when the circuit is built. For example to set the frequency of an alarm tone or the sensitivity of a light-sensitive circuit a small screwdriver or similar tool is required to adjust presets. Presets are much cheaper than standard variable resistors. Symbol used for trimmer is shown in the figure.

Multiturn presets are used where very precise adjustments must be made. The screw must be turned many times (10+) to move the slider from one end of the track to the other, giving very fine control. Figure below shows two types of presets.
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CAPACITOR:  

A capacitor is an electrical/electronic device that can store energy in the electric field between a pair of conductors (called "plates").

A capacitor consists of two conductive electrodes, or plates, separated by a dielectric. Capacitors are often used in electrical circuits as energy-storage devices. They can also be used to differentiate between high-frequency and low frequency signals. This property makes them useful in electronic filters.

Capacitance:
The capacitor's capacitance (C) is a measure of the amount of charge (Q) stored on each plate for a given potential difference or voltage (V) which appears between the plates:

Q = CV

Where,    Q is the charge stored


    C is the capacitance

  And
    V is the voltage applied across the electrodes  

Charging and Discharging of a Capacitor: 
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When a capacitor is connected to a DC voltage source then a steady current through a capacitor deposits electrons on one plate and removes the same quantity of electrons from the other plate. This process is commonly called 'charging' the capacitor.

Now if any load is connected across this charged capacitor then it will discharge through this load. The charging and discharging time of a capacitor is determined by the time constant which is determined by the following formula

                                          T=R.C

Where ‘R’ is the resistance of load and C is the capacitance of the capacitor.

Stored Energy:
As opposite charges accumulate on the plates of a capacitor due to the separation of charge, a voltage develops across the capacitor due to the electric field of these charges. Ever-increasing work must be done against this ever-increasing electric field as more charge is separated. The energy (measured in joules, in SI) stored in a capacitor is equal to the amount of work required to establish the voltage across the capacitor, and therefore the electric field. The energy stored is given by:



U = (1/2) CV2 = (1/2) Q2/C = (1/2) VQ

                       Where,        V is the voltage across the capacitor.

Applications:

· Reservoir capacitors are used in power supplies where they smooth the output of a full or half wave rectifier.

· They are often used to separate the AC and DC components of a signal. This method is known as AC coupling or “capacitive coupling”
· Capacitor is used to decouple one part of a circuit from another. Noise caused by other circuit elements is shunted through the capacitor reducing the effect they have on the rest of the circuit. It is most commonly used between the power supply and ground.

TRANSISTOR: 
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A transistor is a semiconductor device, commonly used to amplify or switch electronic signals. The transistor is the fundamental building block of computers, cellular phones, and all other modern electronic devices. The symbol used for transistor is shown in the figure.  

Transistors are composed of three parts: 

· A Base

· A Collector
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An Emitter 
One of the outside layers is called the emitter, and the other is known as the collector. The middle layer is the base. The places where the emitter joins the base and the base joins the collector are called junctions.

Emitter: The emitter region is heavily doped as compared to the other two regions and thickest among all.
Base: The base is the gate controller device for the larger electrical supply. Base is very lightly doped region and thin as compared to the other two regions.
Collector: The collector region is normally doped and thicker as compared to the base but a little thinner as compared to emitter.
Structure:
A transistor consists of a thin piece of one type of semiconductor material between two thicker layers of the opposite type (also called junction transistor). 

If the middle layer is p-type, the outside layers must be n-type. Such a transistor is an NPN transistor.
If the middle layer is n-type and the outer layers are p-type, such a transistor is called PNP transistor. The symbols are shown in the figure.

    The layers of a transistor must have the proper voltage connected across them. The voltage of the base must be more positive than that of the emitter. The voltage of the collector, in turn, must be more positive than that of the base. The voltages are supplied by a battery or some other source of direct current. The emitter supplies electrons. The base pulls these electrons from the emitter because it has a more positive voltage than does the emitter. This movement of electrons creates a flow of electricity through the transistor.

 The current passes from the emitter to the collector through the base. Changes in the voltage connected to the base modify the flow of the current by changing the number of electrons in the base. In this way, small changes in the base voltage can cause large changes in the current flowing out of the collector.

Applications:


By changing the biased voltages transistor can be used in a circuit for different purposes e.g.

· It can act as an amplifier when the emitter-base junction is forward biased and collector-base junction is reverse biased.

· It acts like a switch when the emitter-base and collector-base junctions are reversed biased. 

LIGHT EMITTING DIODES (LED):


A light-emitting diode (LED) is a semiconductor diode that emits incoherent narrow-spectrum light when electrically biased in the forward direction of the p-n junction. The symbol used for light emitting diode is shown in the figure.


An LED is usually a small area source, often with extra optics added to the chip that shapes its radiation pattern. LED's are often used as small indicator lights on electronic devices and increasingly in higher power applications such as flashlights and area lighting. The color of the emitted light depends on the composition and condition of the semiconducting material used, and can be infrared, visible, or near-ultraviolet.

LED's operate at relative low voltages between about 1 and 4 volts, and draw currents between about 10 and 40 miliamperes. Voltages and currents substantially above these values can melt a LED chip.
Production of light in a LED: 

Like a normal diode, an LED consists of a chip of semiconducting material doped with impurities to create a p-n junction. As in other diodes, current flows easily from the p-side, or anode, to the n-side, or cathode, but not in the reverse direction. Likewise in a LED when a p-n junction is forward biased, the electrons from N type material (forming the majority carriers) and the holes in the P type material (again constituting the majority carriers) travels towards the junction to recombine. When an electron moves sufficiently close to a hole in the p region, the two charges "re-combine". 


As the electrons are in conduction band (higher energy level) and the holes are in valence band (lower energy level), each time an electron recombines with a hole electric potential energy is converted into electromagnetic energy. For each recombination of a negative and a positive charge, a quantum of electromagnetic energy is emitted in the form of a photon of light with a frequency characteristic of the semi-conductor material (usually a combination of the chemical elements gallium, arsenic and phosphorus). Only photons in a very narrow frequency range can be emitted by any material.

 LED's that emit different colors are made of different semi-conductor materials, and require different energies to light them. The wavelength of the light emitted, and therefore its color, depends on the band gap energy of the materials forming the p-n junction. In silicon or germanium diodes, the electrons and holes recombine by a non-radiative transition which produces no optical emission.


LEDs will only light with correct electrical polarity. When the voltage across the p-n junction is in the correct direction, a significant current flows and the device is said to be forward-biased. If the voltage is of the wrong polarity, the device is said to be reverse biased and very little current flows, and no light is emitted.
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Conventional LEDs are made from a variety of inorganic semiconductor materials, producing the following colors:

· Aluminium gallium arsenide (AlGaAs) — red and infrared

· Aluminium gallium phosphide (AlGaP) — green

· Aluminium gallium indium phosphide (AlGaInP) — high-brightness orange-red, orange, yellow, and green

· Gallium phosphide (GaP) — red, yellow and green
· Diamond (C) — ultraviolet

Advantages:

· LEDs produce more light per watt than do incandescent bulbs; this is useful in battery powered or energy-saving devices.

· LEDs can emit light of an intended color without the use of color filters that traditional lighting methods require.

· LEDs are ideal for use in applications that are subject to frequent on-off cycling

· LEDs, being solid state components, are difficult to damage with external shock.

· LEDs can be very small and are easily populated onto printed circuit boards.
· LEDs can be used in optical fiber and Free Space Optics communications
RELAY: 

         


A relay is an electromechanical device that operates on the basis of electromagnetic induction. It uses either an AC or a DC actuated electromagnet to open or close one or more sets of contacts. Relay contacts that are open when the relay is not energized are called normally open (NO) contacts. Conversely, relay contacts that are closed when the relay is not energized are called normally closed (NC) contacts. Relay contacts are held in their resting and normal position either by a spring or by some type of gravity-actuated mechanism. 

Basically, a relay is used to isolate one electrical circuit from another. It allows a low current control circuit to make or break an electrically isolated high current circuit path. The basic relay consists of a coil and a set of contacts. The most common relay coil is a length of magnet wire wrapped around a metal core. When voltage is applied to the coil, current passes through the wire and creates a magnetic field. This magnetic field pulls the contacts together and holds them there until the current flow in the coil has stopped. The diagram below shows the parts of a simple relay.
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Relay Specifications: 

There are two specifications that you must consider when selecting a relay for use in an automobile, the coil voltage and the current carrying capability of contacts. 

The coil voltage for relays used in automobiles is ~12 volts. This means that if you apply 12 volts to the coil, it will pull in and stay there until the applied voltage is removed from the coil. The current rating on relay contacts tells how much current can be passed through the contacts without damage to the contacts. Some relays have different current ratings for the NC contacts (which are held together by spring tension) and the NO contacts (which are held together by the electromagnet).

PRINTED CIRCUIT BOARD (PCB):

The boards are made from glass reinforced plastic with copper tracks in place of wires. Components are fitted to the boards by drilling holes through the board. The copper tracks links the components forming the circuit.

A PCB is found in almost every electronic device. If you have electronic components in a device, that are mounted on a PCB, big or small. Besides keeping the components in place, the purpose of the PCB is to provide electrical connections between the components mounted on it. As the electronic devices have become more complex, and require more components, the PCB has become more populated, and dense with wiring and components. 

Types of PCB:

Different types of PCBs are available in the market according to the requirements and advantages. These are:

· Single-sided Boards

· Double-sided boards

Single-sided Boards:

           The most basic boards have the components mounted on one side of the board and the conductor pattern on the opposite side. Since there only is a conductor pattern on one side, this type of PCB is called ‘single-sided’. This type of board has limitations when it comes to routing the wires in the conductor pattern (since there is only one side no wires can cross and they have to be routed around each other). It is only used in very primitive circuits.
Double-sided Boards:
These types of boards have a conductor pattern on both sides of the board. Having two separate conductors requires some kind of electrical connections between them. Since the surface available for the conductor pattern is twice as large compared to a single-side board and that wires now can cross (by routing them on opposite sides of the board). Double-sided are much bore suited for complex circuits than the single-sided.
Advantages of PCB:

PCB has the following advantages:

1. PCB requires less space and is light weight.

2. As there are copper tracks embedded on the board, there is no possibility of wire disconnection.

3. The components are soldered on the board so their joints are less prone to external damage.

PHOTODIODE:    


Photodiodes are semiconductor light sensors that generate a current or voltage when P-N junction in the semiconductor is illuminated by light. The term photodiode can be broadly defined to include even solar batteries, but it usually refers to sensors used to detect the intensity of light. Photodiodes can be classified by function and construction. The systematic symbol used is shown in the figure.

Principle of operation: 
The following figure shows a cross section of a photodiode. The P- layer material at the active surface and the N material at the substrate form a PN junction which operates as a photoelectric converter. The usual P- layer for a silicon photodiode is formed by selective diffusion of boron, to a thickness of approximately 1 µm or less and the neutral region at the junction between the P- and N- layers is known as depletion layer. By varying and controlling the thickness of the outer P- layer, substrate N- layer and bottom N+ - layer as well as the doping concentration, the spectral response and frequency response can be controlled. 

When light strikes a photodiode, the electron within the crystal structure becomes stimulated. If the light energy is greater than the band gap energy Eg, the electrons are pulled up into the conduction band, leaving holes in their place in the valence band (see figure (b)). These electron-hole pairs occur throughout the P-layer, depletion layer and N- layer materials. In the depletion layer the electric field accelerates these electrons toward the N- layer and the holes toward the P- layer.     

 Of the electron-hole pairs generated in the N- layer, the electrons, along with electrons that have arrived from the P- layer, are left in the N- layer conduction band. The holes at this time are being diffused through the N- layer up to the depletion layer while being accelerated, and collected in the P- layer valence band. In this manner, electron-hole pairs which are generated in proportion to the amount of incident light are collected in the N- and P- layers. This results in a positive charge in the P- layer and a negative charge in the N- layer. If an external circuit is connected between the P- and N- layers, electrons will flow away from N- layer, and holes will flow away from the P- layer towards the opposite respective electrodes. 
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Applications:
· Photodiodes are used in consumer electronics devices such as compact disc players, smoke detectors, and the receivers for remote controls in VCRs and televisions.
· Photodiodes are often used for accurate measurement of light intensity in science and industry.
· They are also widely used in various medical applications, such as detectors for computed tomography

LM555 TIMER CHIP:


LM555 timer chip is most commonly used chip, to produce an output rectangular waveform at regular intervals when required. It provided circuit designers with a relatively cheap, stable, and user-friendly integrated circuit for monostable and applications.

Following block diagram is used to explain the internal organizations of the 555.
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Basic Operation:


The supply current, when the output is 'high', is typically 1 mili-amp (mA) or less. The initial monostable timing accuracy is typically within 1% of its calculated value, and exhibits negligible (0.1%/V) drift with supply voltage. Thus long-term supply variations can be ignored and the temperature variation is only 50ppm/°C (0.005%/°C).

All IC timers rely upon an external capacitor to determine the off-on time intervals of the output pulses. It takes a finite period of time for a capacitor (C) to charge or discharge through a resistor (R).

The basic RC charging circuit is shown in figure. Assume that the capacitor is initially discharged. When the switch is closed, the capacitor begins to charge through the resistor. The voltage across the capacitor rises from zero up to the value of the applied DC voltage. 

Definition of Pin Functions:

· Pin 1 (Ground): 

The ground (or common) pin is the most-negative supply potential of the device, which is normally connected to circuit common (ground) when operated from positive supply voltages. 

· Pin 2 (trigger):

This is the beginning of the timing sequence in monostable operation. Triggering is accomplished by taking the pin from above to below a voltage level of 1/3 V+. The action of the trigger input is level-sensitive, allowing slow rate-of-change waveforms, as well as pulses, to be used as trigger sources.

Note:

· One precaution that should be observed with the trigger input signal is that it must not remain lower than 1/3 V+ for a period of time longer than the timing cycle. Thus, when the timer is driven in the monostable mode with input pulses longer than the desired output pulse width, the input trigger should effectively be shortened by differentiation.
The minimum-allowable pulse width for triggering is somewhat dependent upon pulse level, but in general if it is greater than the 1uS (micro-Second), triggering will be reliable.

· A second precaution with respect to the trigger input concerns storage time in the lower comparator. This portion of the circuit can exhibit normal turn-off delays of several microseconds after triggering. In practice, this means the minimum monostable output pulse width should be in the order of 10uS to prevent possible double triggering due to this effect.

· Pin 3 (Output):  

The output of the 555 comes from a high-current totem-pole stage made up of transistors. Two of the transistors provide drive for source-type loads, and their Darlington connection provides a high-state output voltage about 1.7 volts less than the V+ supply level used. 

Exact output saturation levels vary markedly with supply voltage, however, for both high and low states. The output voltage available at this pin is approximately equal to the Vcc applied to pin 8 minus 1.7V.

· Pin 4 (Reset): 

This pin is used to reset the latch and return the output to a low state. The reset voltage threshold level is 0.7 volt, and a sink current of 0.1mA from this pin is required to reset the device. These levels are relatively independent of operating V+ level. The reset input is an overriding function; that is, it will force the output to a low state regardless of the state of either of the other inputs. It may thus be used to terminate an output pulse prematurely, to gate oscillations from "on" to "off", etc. Delay time from reset to output is typically on the order of 0.5 µS, and the minimum reset pulse width is 0.5 µS. The reset pin is used to reset the flip-flop that controls the state of output pin 3. The pin is activated when a voltage level anywhere between 0 and 0.4 volt is applied to the pin. The reset pin will force the output to go low no matter what state the other inputs to the flip-flop are in. 
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· Pin 5 (Control Voltage):  

This pin allows direct access to the 2/3 V+ voltage-divider point, the reference level for the upper comparator. It also allows indirect access to the lower comparator, as there is a 2:1 divider (R8 - R9) from this point to the lower-comparator reference input, Q13. When the 555 timer is used in a voltage-controlled mode, its voltage-controlled operation ranges from about 1 volt less than V+ down to within 2 volts of ground. Voltages can be safely applied outside these limits, but they should be confined within the limits of V+ and ground for reliability.
By applying a voltage to this pin, it is possible to vary the timing of the device independently of the RC network. 

· Pin 6 (Threshold):  

Pin 6 is one input to the upper comparator (the other being pin 5) and is used to reset the latch, which causes the output to go low. Resetting via this terminal is accomplished by taking the terminal from below to above a voltage level of 2/3 V+ (the normal voltage on pin 5). The action of the threshold pin is level sensitive, allowing slow rate-of-change waveforms.
The voltage range that can safely be applied to the threshold pin is between V+ and ground. A dc current, termed the threshold current, must also flow into this terminal from the external circuit. This current is typically 0.1µA, and will define the upper limit of total resistance allowable from pin 6 to V+. 

· Pin 7 (Discharge):  

This pin is connected to the open collector of a NPN transistor, the emitter of which goes to ground, so that when the transistor is turned "on", pin 7 is effectively shorted to ground. Usually the timing capacitor is connected between pin 7 and ground and is discharged when the transistor turns "on". The conduction state of this transistor is identical in timing to that of the output stage. It is "on" (low resistance to ground) when the output is low, and "off" (high resistance to ground) when the output is high. In both the monostable and astable time modes, this transistor switch is used to clamp the appropriate nodes of the timing network to ground. Saturation voltage is typically below 100mV (mili-Volt) for currents of 5 mA or less, and off-state leakage is about 20nA.

· Pin 8 (V +):  

The V+ pin (also referred to as Vcc) is the positive supply voltage terminal of the 555 timer   IC. Supply-voltage operating range for the 555 is +4.5 volts (minimum) to +16 volts (maximum), and it is specified for operation between +5 volts and + 15 volts. The device will operate essentially the same over this range of voltages without change in timing period. Actually, the most significant operational difference is the output drive capability, which increases for both current and voltage range as the supply voltage is increased. Sensitivity of time interval to supply voltage change is low, typically 0.1% per volt.

CURCUIT DIAGRAM:
Transmitter:
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Components used for transmitter are:

1 PCB                                 1   8 pin base 
1 47 Ω                                 1    555 timer chip            

1 470Ω                                1     NPN D111  

1 2.2KΩ                               2    transmitter LED   

1 103µF

1 474nF

1 10µF

1 VR  5K

Receiver: 
                                             
[image: image7]
Components used are:
1 PCB

2    1k

     1   4.7k

3   10k
1 470 k

1    103uF

      2   104uF
1 100uF
1 470uF

1 7806

1 A564

1 C828

1 LED

1 4148 rely

1 LM555 timer chip

1 8 pin base

1 737 sensor

CIRCUIT OPERATION:

TRANMITTER:



In the transmitter, a 9V battery is supplied. The timer chip produces a rectangular waveform as output. The frequency of the signal is determined by the RC combination circuit. This output is given then to the amplifier, which is then supplied to the LEDs which produces infrared radiations.


RECEVIER:



The receiver is supplied 12V AC supply with help of external adopter. The 12V supply is rectified and a regulator chip (7806) maintains 6V across the rest of the circuit and 12V are given to the relay in parallel with rectifier. When the receiver receives radiations, cascaded amplifiers amplify the signal and give it to the chip. But as the 555 timer chip’s output is low and it does not activate the relay and the switch linked with the speaker remains open. Thus no sound is produced.  



When there is any interruption in the path of radiations, the timer chip output becomes high, which activates the relay. Relay closes the switch and the alarm start ringing. The alarm rings only as long as there is any interruption between the transmitter and receiver.

REFRENCENCES:
Books:

· Maini, A. K. 2000. Handbook of electronics, 3rd edition,  khanna publishernath market, Dehli, India.
· Amos, S. W. and James, M. R. 1999. Principles Of Transistor Circuits 

· Grob and Schultz. 2003. Basic Electronics,  9th edition (McGraw Hill) 2003
Websites:

· www.wikipedia.org
·  http://www.tau.ac.il/~phchlab/experiments/Sucrose/Additional_information.htm
· www.uogelph.ca/~antoon/tutorial/xtor/xtor4/xtor4.html 
· www.national.com/pf/LM/LM555.html#datasheet
· http://www.w8ji.com/relay.htm  

Resistor symbol





Construction of a wire-wound circular potentiometer. The resistive element (1) of the shown device is trapezoidal, giving a non-linear relationship between resistance and turn angle. The wiper (3) rotates with the axis (4), providing the changeable resistance between the wiper contact (6) and the fixed contacts (5) and (9). The vertical position of the axis is fixed in the body (2) with the ring (7) (below) and the bolt (8) (above).





Potentiometer Symbol





Rheostat Symbol





Preset Symbol





Preset / trimmer


(Open style)





Preset/trimmer


(Closed style)





Transistor symbol





    Relay








