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CHAPTER – I
INTRODUCTION
1.1. ELECTRONICS:
The word electronics has derived from Greek word 'elektron', it means the study of the behaviour of an electron under different conditions of externally applied fields. It is a branch of physics and engineering which deals with the study, design and use of a class of devices, which depends on the conduction of electricity through a vacuum, gas or semiconductor and also pass through various materials and devices, such as resistors, capacitors, inductors, nano structures etc,.


Presently the progress and prosperity of a country is assessed on the base of its capabilities, in the field of electronics. Electronics is being utilized in each and every field of industry, organizations and of course in everyday life of human beings. In the developing society, electronics has come to stay as the most important branch of physics and engineering. As a matter of fact, it is a field in which rapid developments are taking place everyday.

1.2. IMPORTANCE OF ELECTRONICS:
            The specialities included in the field of electronics are, the design, manufacture and use of turbines, generators, transmission lines, electric light, power, transformer, motors, lighting systems, appliances, satellite communications and the transmission of voice and data by laser signals through optical fiber networks etc,.

            Science is expanding in the field of electronics everyday among the sciences like medicine, biology, oceanography, geosciences, nuclear science, laser physics, sonics, ultrasonics and acoustics. Theoretical specialities within electronics include circuit theory, information theory, radio waves propagation and microwave theory. Other specialties are improvement in materials and components used in electrical and electronic engineering such as conductive, magnetic, insulating materials and the semiconductors used in solid state devices.

One of the most active areas in the development of new electronic devices is, the integrated circuits used in computers, digital systems, automobiles, ships and 

other vehicles. The field of aerospace electronic systems include, navigation aids for aircraft, automatic pilots, altimeters and radar for traffic control, blind etc. Many of these devices are also widely used in the marine services.

1.3. ELECTRONIC INSTRUMENTATION:

Instrumentation is a technology of measurement which serves not only in science but also in all the branches of engineering, medicine, and almost every human endeavour. The knowledge of any parameters can be easily understood by the use of measurement and further modification can also be obtained. Measuring is basically used to monitor a process or operation as well as the controlling process. For example, thermometers, barometers, anemometers are used to indicate the environmental conditions. Similarly water, gas and electric meters are used to keep track of the quantity of the commodity used and also special monitoring equipments are used in hospitals. There are some basic measurement techniques and devices that are useful and will continue to be widely used also. There is always a need for improvement and development of new equipment to solve measurement problems.

Instrumentation plays an important role in the technological development. It helps in precise measurement and testing a number of quantities of interest and use. Electronics plays an increasingly important role in instrumentation. The cathode ray oscilloscopes (CRO's), frequency counter, pulse and signal generators, digital multimeters (DMM's), power supplies etc., are some of the instruments, which are found in every industry and research organizations. Although the sensory organs of the human body can be extremely sensitive and responsive, modern science and technology rely on the development of much more precise measuring and analytical tools for studying, monitoring or controlling all kinds of phenomena.

The industrial application of electricity, required instrument, to measure current, voltage, and resistance. Analytical methods using, such instruments as the microscope and spectrometer which analyses by wavelength the light radiation given off by incandescent substances. Most manufacturing processes rely on instrumentation, of monitoring chemical, physical, and environmental properties. Chemical properties include the refractometer, infrared analyzer, chromatographs and pH sensors etc,.

1.4. APPLICATIONS OF ELECTRONICS:
These days electronics has spread so vast, that it plays an important role in almost every activity of life. It has penetrated in to our homes, our places of work and our means of communication from one place to another.

Although electronics has large number of applications. Yet the following are important.

· Communication and entertainment

· Control applications

· Applications in medicine

1.4.1. COMMUNICATION AND ENTERTAINMENT:

It will be interesting to know that, in the 20th century, electronics was used in the field of telephony and telegraphy. It is possible to send or receive information from one place to another, without the use any wire. Such a communication is known as wireless communication. Today we have a push button telephones with memory. Such telephones can also record the message in the absence of its owner. It is possible to have live television communication from any where on the earth or infact millions of kilometers in space. It is surprising that someone sitting at a space center can instruct a space vehicle, million kilometers away, to turn on its TV camera and send pictures back to earth.

These days, the radio and television provides a means of communication, education and entertainment. The electronic gadgets like stereos, tape recorders, record players, pianos, toys and video games etc,. are widely used for entertainment. The uses of integrated circuits have improved both the reliability and performance of radios and television receivers. It has also helped to bring down their cost, because of the simple procedures adopted in assembly stages.

1.4.2. CONTROL APPLICATIONS:
The control industry has been drastically affected by the introduction of semiconductor electronics. In some traditional areas, such as motor speed control and power rectifiers and inverters, the silicon controlled rectifiers (SCR) has replaced the gas filled tube. Most of the control systems, which are available today are possible, only because of the recent advances in electronics, the introduction of microprocessors, micro computers and digital integrated circuits has led to "smart instruments” and continuously increasing variety of digital control systems with micro electronics, the computers have become integral component of our control system. Nowadays, we have an aeroplane, ships, anti-air craft, guns and guided missiles completely controlled by electronics.      

1.4.3. APPLICATIONS IN MEDICINE:

These days, hospitals and drug research organizations are utilizing an increasing role of electronic instrumentation. Electronic instruments used in medicine and biomedical research. A large number of electronic instruments are also used in the diagnosis and treatment of various diseases. Simple medical instruments measure temperature, blood pressure or lung capacity (Spiro meter). More complex instruments include the familiar X-ray machines and electro encephalographs and electrocardiographs, which detect electrical signals generated by the brain and heart respectively. Ultrasound scanner is used to take pictures and examine the functions of a brain, kidney etc,. It is also used for the treatment of some diseases. Two of the most complex medical instruments now in use are the computerized axial tomography (CAT) and Nuclear Magnetic Resonance (NMR) Scanners, which can-visualize body parts in three dimensions.

1.5. CONSTANT CURRENT SOURCE:
1.5.1. CURRENT: 

Current is a flow of electrical charge carriers, usually electrons or electron deficient atoms. The electric current is always produced due to the potential difference between the two plates. It may be noted that if one charge is different from the other there is a difference of potential between them is known as potential difference. The potential difference, forces the third charge to move. The charges that can be made to move are called charge carriers. Current depends up on the amount of the applied voltage. The greater the voltage then, the value of current produced is greater. 

The common symbol for current is ‘I’. The standard unit is the ampere symbolized by ‘A’. It is a measure of the amount of charges moving past a given point per unit time. One ampere (A) is the amount of current, which causes one coulomb of charges (equal to 6.25 X 1018 electrons) pass a given point in one second.

Electric current can be either direct or alternating current. Direct current (DC) flows in the same direction at all points in time, in an alternating current the flow of charge carriers reverse direction periodically. 

1.5.2. VOLTAGE:

Voltage, also called electromotive force or potential difference is a quantitative expression of the potential difference in charge between two points, in an electric field. The greater the voltage the greater the flow of electrical current through a conducting medium for a given resistance to the flow. 


Voltage is symbolized by the letter V or E. The standard unit is the volt, symbolized by the letter ‘V’. One volt is defined as the potential difference that requires one joule of energy to move one coulomb of charge carrier, (6.24 X 1018) such as electrons, through a resistance of one ohm in one second. Voltage can be either direct or alternating voltage.

1.5.3. RESISTANCE:
The term ‘electrical resistance’ may be defined as a property of a substance due to which it opposes the flow of current through it. It results due to the collision, which takes place between electrons and atoms (or molecules) of a substance due to the flow of current. The collision produces heat which results in a loss of electrical energy. The resistance reduces magnitude of the current, which can be produced by the applied voltage. 
It is represented by the letter ‘R’. The standard unit of resistance is ohm. It is designated by a Greek capital letter Omega (Ω).
            When the applied voltage is held constant, the current in an electrical circuit is inversely proportional to the resistance. If the resistance is doubled, the current is 

made in to the value half; if the resistance is halved, the current is doubled. The electrical resistance per unit length, area, or volume of a substance is known as resistivity. 

1.5.4. OHM’S LAW:
Ohm’s law gives the relationship between the voltage, current and resistance for good conductors. The Ohm’s law states that the electric current passing through a conductor is directly proportional to the potential difference applied across the conductor.    

                                                        I α V

                                                        I = V/R   ……. (1)

Where, R is constant of proportionality, known as resistance of the conductor in ohms. 

The equation (1) may also be expressed in the following two different forms:   

                                                       V = I.R     ……. (2)
               and                                   R = V/I    …….. (3)     
When there is a current through a conductor, the potential difference or voltage drop across its two ends is equal to the product of current (I) passing through it and the resistor (R) of the conductor. Similarly, the ratio of potential-difference (V) across the two ends of a conductor to the current (I) passing through the conductor is constant and is equal to the resistance (R) of the conductor. 
1.6. SOURCES:                             

Every electronic circuit requires electrical source of energy for its operation. The source, which supplies energy in the form of a voltage, is called voltage source. And the source, which supplies energy in the form of a current, is called current source.           

1.6.1. CURRENT SOURCE:
A current source is an electrical or electronic device that delivers or absorbs electric current. In the circuit analysis, a current source is an active element which maintains a constant current through its terminals. Its behaviour is independent of any other element in the circuit. A dc current source produces a constant load current for different load resistances. An example of a current source is a battery with a large source resistance. 

1.6.2. VOLTAGE SOURCE:
A voltage source is any device or system that produces an electromotive force between its terminals, or derives a secondary voltage from a primary source of the electromotive force. A primary voltage source can supply       (or absorbs) energy to a circuit while a secondary voltage source dissipates energy from a circuit. An example of a secondary source is a voltage regulator, while an example of a primary source is a common battery. A dc voltage source produces a constant load voltage for different load resistances.

1.7. NEED FOR CONSTANT CURRENT SOURCE:  
During past years many vehicles such as automobiles, buses, cars, trucks etc, are driven by a dynamos, batteries, Dc generators, for ignition, lights, fans and so forth. LEDs (Light emitting Diode) consume a large portion of the battery current in many applications it is necessary and cost effective indicators. The circuit has to operate down  to 2.7V in order to extract most of the batteries available energy,  boosting the battery voltage to 5V,only to drop 3V across a resistor to drive a LED, wastes most of the available energy. Most of LEDs are driven by batteries.

            Nowadays, the use of Constant Current Source and Constant Voltage Source are employed in many applications. Mostly LEDs are driven by a constant current source for steady current outputs which are used in car alarm, warning signals, head lights, tail lights. Especially, the constant current power sources are used in cars and automobiles for lighting, ignition purposes.

Constant Current Source is used in many fields. It is a very useful instrument. Certain applications require some components such as, Sensors, DC motors, 

Induction motors and these components are driven by a constant current source for their stability. Many electronic devices has a constant current source for their steady state operations, ex: capacitor evaluator, ramp generator, shunt regulator, linear ohmmeter. Constant Current Source is used to operate ultra bright LEDs to ensure that they continue to emit light at the same brightness which is attractive for use in lighting and warning signal applications. Constant current source stability allows directly to drive the input of even the most sensitive SQUID devices without introducing high frequency noise or transients.

1.8. CONSTANT CURRENT SOURCE:

 
A constant current source is a current regulator circuit. It is a circuit that supplies a constant current in the conventional direction from positive to negative. Thus, current flows out of the positive terminal of the current source. It is an energy source that produces a constant current, through a load resistance as long as the load is with in a certain range; the source maintains the current at a constant value. This value can be varied over a range. When DC voltage source is applied to the circuit that voltage is regulated by LM317 T IC, it gives constant voltage supply to another current regulator LM317 T. It regulates the current at a constant value. 

1.8.1. CONSTANT VOLTAGE SOURCE: 

Constant voltage source is a voltage regulator. It is an energy source that produces a constant voltage. Many instrumental methods require a power source whose potential is precisely known and from which reasonable currents can be obtained without alternation of this potential. The voltage source is simply a potential divider and voltage follower with transistor included at the output. DC voltage to be maintained constant to electric loads, at least one load being connected via a series regulator to a supply loop fed with an impressed current. The circuit maintains its regulation even if the load fluctuates greatly with in a short time. Integrated circuit LM317 T voltage regulator is used to regulate the voltage at a constant value and gives the constant voltage to a current regulator. 

1.8.2. FEATURES OF CONSTANT CURRENT SOURCE:
· A good DC constant current source should have the following   features:

· Very low unwanted ripple and minimum intrinsic noise.

· It should not introduce ground loops or extraneous signals in to the system

· Very low current drift with temperature and time.

· Linear response to input voltage settings.

· Fast turn on and

· It should be simple, inexpensive and easy to fabricate.    
8.3. USES OF CONSTANT CURRENT SOURCE:

Constant Current Source is a useful source. It is used in many electronic devices. Sensors, DC generators, Induction motors are driven by a constant current source. It is used in the capacitor evaluator trigger or to start the ramp generator. It also used in the linear ohmmeter circuit, to measure the resistance values. Constant Current Power Supply is used to power a multilayer launching system. Mostly LEDs are driven by a constant current source. It is used in the DC electrical resistivity testing, of high temperature superconductors. Constant current source used in hybrid electric vehicle.

1.9. OBJECTIVES: 
The aim of the present work is to construct a constant current source and study its performance. It can further be used to carryout the various experiments in physics. Also to understand the fundamentals of electronics through the construction process and understand the concepts of electronics.
CHAPTER II

REVIEW OF LITERATURE
2.1. INTRODUCTION:
A Constant Current Source is an electronic device, which produces a specified current, independent of the load resistance or applied voltage. A device intended for providing a regulated power supply in which the current source an electrical or electronic circuit that delivers electric current. This chapter deals with the various works carried out with the Constant Current Source and Constant Voltage Source and its applications in the instrumentation process.

2.2. CONSTANT CURRENT SOURCE AND THEIR USES:
B.Nag and R.Krishna et al., (1964) described a constant current device consisting of a transistor   operating in a common base mode to generate a rectangular pulse whose duration is directly proportional to a regulated DC voltage.

R.H.Bradsell (1967) reported the use of constant current source in a plasma metal junction harmonic generator in order to maintain the inhibition of the transfer of metal from one electrode to the other arc.

T.Hall book et al., (1970) studied the use of Constant Current Source in a Strain Gauge Pelthysmosgraph device which supplied a regulated supply of a DC voltage for the evaluation of the peripheral circulation and to overcome the drawbacks of the mechanical calibration procedure.

F. Kappeler et al., (1978) in their investigation of the synchronization of an S-band Trapatt oscillator employed a Constant Current Source for the regulation of the output power within the locking range.

Budak, A. and Gieger, R (1978) developed a Constant Current Source employing an operational amplifier with improved bandwidth and reduced slew rate limitations.

V.Vidyalal and C.P.G.Vallabhan (1993) designed an inexpensive, precision DC Constant Current Source for measuring the resistance of high TC super conductors based on IC’s and precision voltage regulators.

Ford et al., (1994) demonstrated a Constant Current Source with improved dynamic range including a current control network to charge the battery of electrochemical cells.
N.Howell Furman et al., (1995) described the characteristics of an electrical circuit based on the p-n-p transistor, which gave a constant current of about 0.02% for half-an hour intervals.

T.Walker et al., (1995) described a sophisticated Constant Current Source that uses a power supply to generate controllable voltage and an operational amplifier circuit to regulate current and made it useful for extra cellular microiontophoresis. Of tract tracing substances.

M.Abdel-Salam (1999) reported the use of Constant Current Source in a theoretical model of induction motor to account for the magnetic circuit saturation. He found the transient and steady characteristic to be significant and improved the performance of the motor.

In the designing process of an electronic simulator Shuping Bi et al., (2000) used a Constant Current Source for its (electronic simulators) practical analysis.

Mendoza William (2005) constructed a low cost, Lab built Constant Current Power Source to be used in the DC electrical resistivity testing of a high temperature superconductor. They found the constructed source provided a variable potential and regulated the output by the use of a current mirror device.

Meiwu Li et al., (2005) described the use of a Constant Current Power Supply to power a multilayer Launching system in which the power supply showed a good constant current performance and satisfactorily gave a constant acceleration to the launch package.

Masataka et al., (2006) in their process testing a high power monochromatic Light Emitting Diode (LED) used a custom designed, non-feedback-controlled Constant Current Source for generating a stable light with rapid on /off.

F.T.Zhang et al., (2006) described the application of Constant Current Source in a Pirani Vacuum Gauge based on a micro hot plate to obtain a measured sensitive range of the gauge of the order of 10-1 to 105.
D.Liu and S.Case (2006) found that the hydrogen crossover in an membrane electrode assembly (MEA) was controlled by the use of a Constant Current Source and with it the hydrogen cross over rate was maintained constant.

H.Wong et al., (2006) studied the use of Constant Current Source which produced a stressing effect on the ultra thin oxides prepared by thermal oxidation of silicon in nitric oxide.                  

Marc Weber et al., (2007) found the use of Constant Current Source in a serial powering technique to power a large number of detector molecules for stable operation of the modules with no indication of any extra noise source.

The circuit used to construct this Constant Current Source along with Constant Voltage Source is taken from the manual on experimental physics provided by Indian Academy of Sciences.
CHAPTER-III

MATERIALS AND METHODS

3.1. INTRODUCTION:
The simplest current source consists of a voltage source in series with a resistor. The current available from such a source is given by the ratio of the voltage across the voltage source to the resistance of the resistor. For a nearly ideal current source, the value of this resistor should be very large but this implies that, for a specified current, the voltage source must be very large. Thus, efficiency is low (due to power loss in the resistor).The zener diode regulator is used for very simple low power applications where the currents are very small and the load is permanently connected across the zener diode.  The regulation of this circuit is also not very good due to the fact that the zener current and hence the zener voltage will vary depending on secondary voltage (Vs) and inversely depending on the load current.

      
To overcome these difficulties there is a need for the active current source for constant current power supply; it has many important applications in electronic circuits. Current sources are often used in place of resistors in analog integrated circuits to generate a current without causing attenuation at a point in the signal path to which the current source is attached. The collector of a bipolar transistor naturally behaves as current sources. To overcome the difficulties of zener voltage regulator there is a need of series voltage regulator. It’s a transistorized voltage regulator. It improves the regulation of the circuit. It gives much better regulation than the simple zener regulator; this series voltage regulator is used for the low current ranges and also for low voltage.

For high current ranges there is a use of IC voltage regulator is an adjustable voltage regulator. IC regulators are three terminal devices that provide a constant DC output voltage that is independent of the input voltage, output load current, and temperature. 

3.1. PRINCIPLE OF CONSTANT CURRENT SOURCE:
Constant Current Source is working under the principle of Ohm’s law. The Ohm’s law states that the electric current passing through a conductor is directly proportional to the potential difference applied across the conductor.

                                    I α V

                                    I = V/R ………  (1)        

Where, R is constant of proportionality, known as resistance of the conductor in ohms. 

The equation (1) may also be expressed in the following two different forms:

                                    V = I.R ……..    (2)       
                                    
          R = V/I ……..   (3)      
When there is a current through a conductor, the potential difference or voltage drop across its two ends is equal to the product of current (I) passing through it and the resistor (R) of the conductor. Similarly, the ratio of potential-difference (V) across the two ends of a conductor to the current (I) passing through the conductor is constant and is equal to the resistance (R) of the conductor.  

3.2. MAJOR COMPONENTS: 
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Figure No 3.2 Circuit Diagram of Constructed Constant Current Source

a. PRINTED CIRCUIT BOARD:

            All types of electronic circuits are assembled on PCB. Printed circuit board (PCB) is used to mechanically support and electrically connect electronic components using conductive pathways, or traces, etched from copper sheets laminated on a base material. The circuit is made of copper foil so thin that it needs a base to support it. The base is also a mounting device, used to fasten the complete package to the case. An etched or printed circuit consists of a thin layer of copper foil. The final circuit is shaped by etching the copper in a chemical. The copper foil acts as the wire or conductor in the circuit. Printed circuit board is also have alternative names or known as printed wiring board (PWB), and etched wiring board. A printed circuit board populated with electronic components is a printed circuit assembly (PCA).Printed circuit boards are rugged, inexpensive, and can be highly reliable.                

The Printed Circuit Board (PCB) needed for the construction of Constant Current Source is purchased along with the Constant Voltage Source. Then the process is carried out.                   

               (i)    LM 317 T

                                 (ii)   Transistor

                                 (iii)  Zener Diode

                                 (iv)  Resistors and Capacitors
b. DIODE:

A diode is a two-terminal device. Diodes have two active electrodes between which the signal of interest may flow, and most are used for their unidirectional current property. The most common function of a diode is to allow an electric current to pass in one direction (called the forward biased condition) and to block it in the opposite direction (the reverse biased condition). It is used as a rectifier. The arrow in the diode, it indicates the direction of easier conventional current flow. In this circuit IN 4007 diode is used for the proper rectification process.  

c. CAPACITOR:

A capacitor is an electronic component; it has a specified amount of capacitance. It has an ability to charge or store energy, which neither a resistance nor an inductor can do. It opposes any change of voltage in the circuit in which it is connected. A capacitor is used in a number of applications, which are highly specialized. Some of the important applications of a capacitor is filtering unwanted signals, bypassing signals etc,. In the construction of Constant Current Source 1000µF, 10µF, 1.0µF and 0.1µF capacitors are used for filtering process. 

d. RESISTOR:

It is an electrical component that opposes the flow of direct current employed to protect, operate or control the circuit. Voltage can be divided with the use of resistors and combine with other components, resistors can be used to make electrical waves in to shapes most suited for the electrical designer’s requirements. Resistors can have a fixed value of resistance or they can be made variable or adjustable with in a certain range, in which case they may be called rheostat.          
3.4. BLOCK DIAGRAM:    [image: image2.emf]
Figure No. 3.3. LM 317 T TO-220 PACKAGE
The block diagram of a typical power supply. The a.c. voltage 230 Vrms is connected to a transformer which steps down that a.c. voltage to the level for the desired d.c.output. A diode rectifier then provides a full wave rectified voltage that is initially filtered by a simple capacitor filter to produce a d.c. voltage. This resulting d.c. voltage usually has some ripple. A regulator circuit can be  used to d.c. input provide a d.c. voltage that not only has much less ripple voltage but also remains in the  same d.c. value even if the input d.c. voltage varies or the load connected to the output d.c. voltage changes. This voltage regulation is usually obtained using number of popular voltage regulator IC units. The diagram is attached at the end of this chapter.

3.4.1. TRANSFORMER:               
              

A transformer is a static device which transfers electrical energy from one circuit to another through inductively coupled electrical conductors. A changing current in the first circuit (the primary) creates a changing magnetic filed; in turn, this magnetic filed induces a changing voltage in the second circuit (the secondary). By adding a load to the secondary circuit, one can make current flow in the other. The secondary induced voltage Vs is scaled from the primary Vp by a factor ideally equal to the ratio of turns of wire in their respective windings. By appropriate selection of the numbers of turns, a transformer thus allows an alternating voltage to be stepped up by making Ns more than Np or stepped down, by making it less. Transformers are some of the most efficient electrical machines, with some large units able to transfer 99.75% of their input power to their output. 

It does so without change in frequency. It can raise or lower the voltage in a circuit but with a corresponding decrease or increase in current. It works on the principle of mutual induction. In the construction of Constant Current Source step-down transformer is used.
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Figure No. 3.4. FRONT VIEW OF LM 317 T

3.4.1.1. VOLTAGE STEP-DOWN TYPE:   

In this type of transformer, the voltage available at the secondary winding is lesser than the voltage applied at the primary winding. Its secondary winding consists of a lesser number of turns in comparison to that of the primary winding. It is used in electricity distribution system, electric welding, electroplating etc,. And for such purpose its size is made quite large. The transformer which is used in the circuit provides us a secondary voltage of 50 volts a.c.

3.4.2. RECTIFIER:  

A rectifier is a circuit, used in the initial stages of a.c. power supply. It uses one or more diodes to convert a.c. voltage into pulsating d.c. voltage. The full wave bridge rectifier uses four diodes (IN4007) connected across the main supply. When the input voltage is positive, the diodes D1 and D2 are forward biased and conduct current. A voltage is developed across the resistance R1 due to the current flow through it. The voltage looks like the positive half of the input cycle. During this time, diodes D3 and D4 are reverse biased.


When the input voltage is negative, the Diodes D3 and D4 are forward biased and conduct current in the same direction through R1 as during the positive half-cycle. During this time, Diodes D2 and D3 are reverse biased. The output voltage across R1 is a full wave rectified signal. In both cases, the current passes through the load resistance R1 in the same direction. Hence a fluctuating unidirectional voltage is developed across the load.

3.4.3. FILTER:

The output voltage of the rectifier circuit consists of a d.c. component and a.c. component known as ripple voltage. The presence of an a.c. component is most undesirable and therefore must be removed from the rectifier output. It is achieved by a circuit called filter.
A rectified voltage is a pulsating d.c. voltage. For many applications, a constant voltage is required, so the pulsating d.c. must be smooth out. The filtering action depends up on the basic electrical properties of passive circuit elements. A common way to filter is to use a large capacitor across the output of the rectifier. The operation of a capacitor filter depends upon the property of a capacitor to oppose any change in voltage, when it is connected across a pulsating d.c. voltage. The action of a capacitor filter is to smooth out (or filter out) the voltage ripples or pulsations.            

 
The capacitor charges up to the peak of the output voltage. When the input voltage begins to decrease below its peak, the rectifier diodes are reverse biased. So the capacitor discharges only through the load. If the time constant is very large compared to the input period the capacitor will discharge only a small amount and the output voltage will be close to a constant d.c. value equal to the peak of the rectified voltage.

3.4.4. VOLTAGE REGULATOR: 
Voltage regulator is a device which maintains the output voltage of an ordinary power supply constant irrespective of load variations or changes in the input a.c. voltage.

In the Constant Current Source, there are two ranges are used. In the first range the current can go from 12.5 mA to 1.25A. In the second range the current goes from 100micro Ampere to 25mA. For both the ranges we need a regulated output voltage. This regulated output voltage is provided by the IC LM 317 T, which is an adjustable voltage regulator. It is used for the high current range. The voltage for high current range is 20 to 32 volts and for low current range 10 to 25 volts. 

3.4.5. CURRENT REGULATOR:  
Current regulator is a device that regulates current delivery, limit in it to a constant value. 
3.5. DESCRIPTION OF LM 317 T:

The LM317 T is an adjustable three terminal positive voltage regulator capable of supply in excess of 1.5 amps over an output range of 1.25 to 37 volts. This voltage regulator is easy to use and requires only two external resistors to set the output voltage. Both input and output regulation is better than standard fixed regulators, these regulators offer full over load protection available only in integrated circuits. Included on the chip are current limit, thermal over load protection circuit. The figures and circuit diagrams are attached at the end of this chapter.
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Figure No. 3.5. SCHEMATIC DIAGRAM OF LM 317 T

3.5.1. FUNCTIONING OF LM 317 T:
Current limiting is the practice in electrical or electronic circuits of imposing an upper limit on the current that may be delivered to a load with the purpose of protecting the circuit generating or transmitting the current from harmful effects due to a short-circuit or similar problem in the load.

Over load protection circuit remains fully functional even if the adjustment terminal is disconnected. Normally no capacitors are needed unless the device is situated far from the input filter capacitor in which case an input bypass is needed. An optional output capacitor can be added to improve transient response. Thus LM 317 T has an internal shutdown to protect from over heating. But in all working conditions, the junction temperature must be with in the range of 0 to 125 degree Celsius a heat sink is required at maximum power loads and maximum ambient temperature. The IC LM 317 T is placed at the backside of the kit on the heat sink, in order to dissipate the excess of heat produced.

The LM 317 T serves a wide variety of applications including local, oncard regulation. This device can also be used to make a programmable output regulator, or by connecting a fixed resistor between the adjustment and output, the LM 317 T can be used as a precision current regulator.

In the constant current source there is use of an IC LM 317 T voltage regulator it is in the package of TO-220. TO-220 is suitable for high power, medium-current and fast switching products.

3.5.2. TO-220 PACKAGE: 

The TO-220 is a style of electronic component package, commonly used for transistors, silicon-controlled rectifiers, and integrated circuits. TO-220 packages commonly have three leads. A notable characteristic is a metal tab with a hole, used in mounting the case to a heat sink. Components made in TO-220 packages can handle more power.

3.5.3. APPLICATIONS OF TO-220 PACKAGE:
TO-220 packages are heat sinkable, and thus can be used in projects where a large amount of power is being drawn. The top of the package has a metal tab with a hole used in mounting the component to a heat sink. Thermal compound is also used to provide greater heat transfer. The metal tab is often connected electrically to the internal circuitry. This does not normally pose a problem when using isolated heat sinks, but a mica insulator is required to electrically isolate the component from the heat sink if the heat sink is grounded mica insulators are favourable because they have excellent thermal conductivity while acting as an electrical insulator. In applications by vertical clearance is at a premium (such as ISA cards in computers), it is often feasible to bend the leads at a right angle and mount the component flat to the printed wiring board using a screw and nut. This often provides enough surface area to heat sink the component when power dissipation is moderately high.

3.5.4. ADVANTAGES OF TO-220 PACKAGE:
· Can be used in high-power and high-current applications where

            equivalent components of other cases may be susceptible to

            damage. 

· Grounding area makes handling easier by reducing the 

            possibility of damage from electrostatic discharge.

· Mounting with the tab ensures the component to be held firmly

            in place.

       .  

3.5.5. EXTERNAL CAPACITORS:

The adjustment terminal may be bypassed to ground to improve ripple rejection. This capacitor Cadj prevents ripple from being amplified as the output voltage is increased. A 10µF capacitor should improve ripple rejection about 15 dB at 120HZ in a 10V application. Although the LM 317 T is stable with no output capacitance, like any feedback circuit, certain values of external capacitance can cause excessive ringing. 

3.5.6. FEATURES OF LM 317 T:  

· Output current in excess of 1.5A

· Output adjustable between 1.2V and 37V

· Internal thermal overload protection

· Internal short circuit current limiting constant with temperature

· Output transistor safe-area compensation.

· Floating operation for high voltage applications

· Eliminates stocking many fixed voltages.

· Pb –free packages are available IC during an input short circuit        

      LM 317 T, 1.5 A adjustable output positive voltage regulator.                          

· Input regulation typically 0.01% per input-volt change.

· Output regulation typically 0.1% peak out current constant over temperature ranges of regulator. 

· Popular 3-lead TO-220 AB package, ripple rejection typically 80dB.

3.5.7. USES OF LM 317T VOLTAGE REGULATOR:

LM 317 T is used to recharge a mobile phone. It is used in the solar    battery charger; also it is used to regulate the current following through an LED circuit.
3.5.8. SPECIFICATIONS OF LM 317 T:

	Vout range
	1.25 – 37 V

	Vin- Vout difference
	3V- 40 V

	Operation ambient temperature
	0-125˚C

	Output Imax
	> 1.5 A

	Minimum Load currentmax
	10mA

	Package
	TO-220

	Pd
	16 W


3.6. TRANSISTOR:

A transistor is a semiconductor device, commonly used to amplify the signals. The transistor is the fundamental building block of all modern electronic system. Some 
transistors are packaged individually but most are found in integrated circuits. The purpose of the transistor is to control the flow of electrical current to produce, amplify the signals. A transistor which amplifies a signal is known as an amplifier. The amplifying action of a transistor is basically due to its capacity of transforming its signal current from a low resistance circuit to a high resistance circuit. It is this property of the transistor that gives it, its name which is derived by combining the terms ‘transfer between resistors’.                  

Modern transistors are divided in to two main categories: Bipolar junction transistors (BJTs) and Field effect transistor (FET). In the construction of Constant Current Source, Bipolar junction transistor is used.  
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Figure No. 3.6. INTERNAL BLOCK DIAGRAM OF LM 317 T

3.6.1. BIPOLAR JUNCTION TRANSISTOR:
The bipolar junction transistor (BJT) was the first type of transistor to be mass-produced. Bipolar transistors are so named because they conduct by using both majority and minority carriers. Junction transistors are more stable both mechanically and electrically and (or) they can handle large magnitude of power, can be fabricated economically, generate little noise and are operable to the kilo mega cycle region.           
 
A junction transistor can function as an amplifier, as can a triode tube, but has the additional advantages of long life, small size, ruggedness etc. The bipolar junction transistor is more commonly known as junction transistor or simply transistor. It is a three terminal device whose output current, voltage and or power are controlled by its input current. A transistor has a very important property that it can raise the strength of a weak signal. This property is called amplification. Because of this property, the transistor is one of the most widely used semiconductor device.

The three terminals of the BJT are named emitter, base and collector. Two p-n junctions exist inside a BJT the base-emitter junction and base-collector junction. The transistor is useful in amplifiers because the currents at the emitter and collector are controllable by the relatively small base current. In the construction of constant current source BD 140 P-N-P transistor is used. 

3.6.2. ACTION OF TRANSISTOR:     
The emitter-base junction of a transistor is forward biased where as collector-base junction is reverse biased. It for a moment, ignore the presence of emitter-base junction, and then practically no current would flow in the collector circuit because of the reverse bias. If the emitter-base junction is also present, then forward bias on it causes the emitter current to flow. This emitter current almost entirely flows in the collector circuit. Therefore, the current in the collector circuit depends on the emitter current. 

A transistor consists of two p-n junctions. This is indeed the case, and the modern P-N-P or N-P-N junction triode transistors are in many respects analogous to triode electron tubes. In the construction of Constant Current Source P-N-P transistor is used. It can act on the Common Base (CB) mode.

3.6.3. P-N-P TRANSISTOR:
The other type of BJT is the P-N-P with the letters “P” and “N” referring to the majority charge carriers inside the different regions of the transistor. P-N-P transistors consist of a layer of N-doped semiconductor between two layers of P-doped material. The operation of a P-N-P transistor is similar to that of an NPN transistor. However, the current with in a P-N-P transistor is due to the movement of holes. PNP transistor with its emitter-base junction as forward biased and collector-base junction as reverse biased. The forward bias on the emitter-base junction causes the holes in the emitter region to flow towards the base region. This constitutes the emitter current (IE). The holes, after reaching the base region, tend to combine with the electrons. If these holes combine with the electrons in the base, they constitute base current (IB). However, most of the holes do not combine with the electrons in the base region. It is due to the fact that base width is made extremely small and holes do not get sufficient electron for recombination. Thus most of the holes diffuse to the collector regions and constitute collector current (Ic). This collector current is called injected current because this current is produced due to the holes injected from the emitter region. There is another small component of collector current due to thermally generated carriers. This current component is called reverse saturation current.  
3.6.4. TRANSISTOR CONFIGURATION:  
A transistor has essentially, three terminals known as emitter, base and collector. Any one of the three terminals of a transistor can be made common to the input and output circuits. This common terminal is usually grounded. The connection is described in terms of the common electrodes. We use a common-base configuration. In this configuration, the transistor is connected with the base as a common terminal. The input is applied between the emitter and base terminals. The output is taken from the collector and base terminals.    
3.7. ZENER DIODE: 
Zener or break down diode is a semiconductor device. PN junction diodes with controlled reverse-bias properties which make them extremely useful in many applications especially as voltage-reference device. It’s a type of diode that permits current to flow in the forward direction like a normal diode but also in the reverse direction if the voltage is larger than the break down voltage known as “zener knee voltage” or “zener voltage”. And sudden increase in current is known as zener current. At some value of reverse voltage the theoretical voltage-current relation of the diode fails and the reverse current increases abruptly. The voltage at which breakdown occurs is stable and the diode can be used in circuits to maintain a Constant voltage drop. Such a device is known as zener diode

Such constant-voltage diodes are used as series circuit elements, which maintain a fixed voltage across their terminals. The abrupt rise in current at the zener voltage indicates a very low dynamic resistance. So that as a series element the voltage drop is almost independent of the current. The diode will maintain a constant voltage from some minimum current near the knee of this curve, up to a maximum established by the power limits of the diode. The voltage maintained by the diode is a function of temperature and at design voltages below 6v may have a negative temperature co-efficient of voltage change. At higher voltages the temperature co-efficient of the regulated voltage is about 0.1 percent/◦c. Here zener diode is used for low current range.

3.7.1. ZENER DIODE AS A VOLTAGE STABILISER:

           

A zener diode operates in the breakdown or zener region. Zener diode can be used as a voltage regulator to provide a constant voltage from a source whose voltage may vary over sufficient range. The zener diode of zener voltage Vz is reverse connected across the load RL across which constant output is desired. The series resistance R absorbs the output voltage fluctuations so as to maintain constant voltage across the load. It may be noted that the zener will maintain a constant voltage Vz (= Eo) across the load as long as the input voltage does not fall below Vz. The load voltage Eo remains constant (equal to Vz) even though the input voltage Ei and load resistance RL may vary over a wide range.

If the input voltage increases since the zener is in breakdown region, the diode maintains a constant voltage across the load so that the voltage drop across R must increase. The resultant increase in input current flows through the diode while the load current remains constant. Hence output voltage Eo remains constant irrespective of the changes in the input voltage Ei. If the input voltage remain constant but decrease the load resistance. This requires an increase in load current. This extra current cannot come from the source since the drop in resistance R and therefore the source current, will not change as long as the zener diode is within its regulating range. The additional load current will of course come from a decrease in the zener-diode current Ez. Consequently the output voltage stays a constant value.
   


Both these regulating actions depend on the operation of the diode below the knee of the curve. Where the diode voltage remains nearly constant and the range of the regulation will depend on the value of resistance R.

3.7. a. PRESET RESISTOR:

Preset resistors are used in circuits to alter the resistance. A small screwdriver can be used to turn the center part of the preset resistor, altering the value of the resistance.  The range of resistance varies, for example: 0 to 100 ohms, 0 to 1 M ohms. Using this preset resistor adjust the output of the constructed constant current source is made 25 volts for the high current range and 12 volts for the low current range.

3.7. b. DIGITAL PANEL METER:

Digital panel meter is used to display the output current. 
3.8. FRONT PANEL:  
3.8.1. SWITCH:    

A switch is a mechanical device used to connect and disconnect a circuit. Switch is used in series with the load and source to switch the power ON and OFF to the load. When the switch is in its closed position (or 'ON ' position) the current flows through the load, because resistance of the switch contacts is very small. When the switch is in its open position ('OFF' position),the current does not flow through the load because of the high resistance between the switch contacts, therefore the air gap between the switch contacts must have a break down voltage rating higher than the voltage of the source.

3.8.2. SINGLE POLE DOUBLE THROW (SPDT):  
This switch has two ON positions (1and 2) and one OFF position. It one lever that can be moved into either of the two ON positions. This switch can connect either of the two circuits. 

3.8.3. DOUBLE POLE DOUBLE THROW:

The switch has two ON positions and makes two contacts simultaneously. This switch can also be used as two (DPST) DOUBLE POLE SINGLE THROW switches together.  

3.8.4. POTENTIOMETER (100 Ω, 100K pot):  

A potentiometer is a variable tapped resistor that can be used as a voltage divider. A form of potentiometer is used as an instrument to measure the potential (or voltage in a circuit). Potentiometer (or ‘pot’) is a three-terminal resistor with a sliding contact that forms an adjustable voltage divider. If all three terminals are used, it can act as a variable voltage divider. If only two terminals are used it acts as a variable resistor. Potentiometers are commonly used as controls for electrical devices. Potentiometers operated by a mechanism can be used as position transducers.

3.8. BACK PANEL:
3.8.a. HEATSINK:
Heat sinks are widely used in electronics and have become almost essential to modern central processing units. In common use, it is a metal object brought into contact with an electronic components hot surface- though in most cases, a thin thermal interface material mediates between the two surfaces. Heat sinks have become almost essential to modern integrated circuits. A heat sink usually consists of a metal structure with one or more flat surfaces to ensure good thermal contact with the components to be cooled, and an array of comb or fin like protrusions to increase the surface contact with the air, and thus the rate of heat dissipation. A heat sink is an environment or object that absorbs and dissipates heat from another object using thermal contact. Heat sinks are used in a wide range of applications wherever efficient heat dissipation is required: major examples include refrigeration, heat engines and cooling electronic devices. Heat sinks function by efficiently transferring thermal energy from an object at high temperature to a second object at a lower temperature with a much greater heat capacity. This rapid transfer of thermal energy quickly brings the first object into thermal equilibrium with the second, lowering the temperature of the first object, fulfilling the heat sink’s role as a cooling device. Efficient function of a heat sink relies on rapid transfer of thermal energy from the first object to the heat sink, and the heat sink to the second object. The most common design of a heat sink is a metal device with many fins. The high thermal conductivity of the metal combined with its large surface area result in the rapid transfer of thermal energy to the surrounding, cooler, air.  

3.8.b. FUSE: 
In electronics a fuse is a type of over current protection device. Its essential component is a metal wire or strip that melts when too much current flows, which breaks the circuit in which it is connected, thus protecting the circuit’s other components from damage due to excessive current. Fuses are an essential part of a power distribution system to prevent fire or damage. When too much current flows through a wire, it may overheat and be damaged or even start a fire. Wiring regulations give the maximum rating of a fuse for protection of a circuit.  
3.9. DESCRIPTION OF CONSTRUCTED CONSTANT CURRENT

       SOURCE: 
There are two ranges for the constant current source. In the first range the current can go from 12.5 mA to 1.25 A. In the second range the current goes from 100µA to 25mA.For both the ranges we need a regulated output voltage. This regulated output voltage is provided by the IC LM 317 T, which is an adjustable voltage regulator.

The input of LM 317 T is connected to a source of DC voltage of 50V. This d.c. voltage should not exceed 70V. The 0.1µF capacitor connected between the input and the ground serves to bypass high frequency ripple. In the LM 317 T a constant voltage of 1.25 V appears between the adjustment terminal ‘A’ and the output terminal ‘O’. The resistance R1 of 220 Ohms connected between the two terminals then decides the current I=1.25/220 A which flows through the output set resistor. In the high current range the band switch S1 is in position 1 and connects a resistor R6 of 3.3K in series with a potentiometer R8 of 2K as the output set resistor. The voltage appearing between the output terminal S2 and the ground is

V=1.25(1+ [output set resistor/220])

Thus the output voltage can be varied between 20 to 32 V. In the low current range, the same band switch set to position 2 connects a resistor R7 of 4.7K in series with a potentiometer R9 of 2K and therefore the output voltage can be varied from 10 to 25V.  

3.9.a. HIGH CURRENT RANGE:
This regulated voltage is fed to a second LM 317 T, which is used to regulate the current. Switch S1 is in position 1 and Switch S2 is also in position 1.Between the adjustment and the output terminal of the second LM 317 T we connect a resistance R made up of a one ohm resistor (R4) in series with a potentiometer R5 of 100 ohms (current set resistor). Thus the current between the adjust and output terminals varies from 1.25A to approximately 12.5 m-ampere. This constant current will flow through the load resistance. The voltage across the load resistance is then 

                                             (1.25/R + Iadj) RL
Iadj for the LM 317 T is only 0.2 microampere and this current can be neglected even with respect to 12.5milliampere that is the smallest current in this range.

The current will be regulated to 0.01 % as long as the total output voltage of the LM 317 T, which is 

                           Voutput = 1.25 (1+RL/R),

does not exceed 30V. For a given current 1.25/R this gives the maximum load up to which the current will be regulated. For I=12.5 mA, R= 100 ohms RLmax is 

                                       RLmax = 23 R1 or 2.3 K-ohms.

For a current of 1.25Amp R will be 1ohm and RLmax will be 23 ohms. The current will be regulated to 0.01 % as long as the load is less than RLmax for the given current.

3.9.b. LOW CURRENT RANGE:

The constant current for low current (0.1 mA-25 mA) is based on emitter bias a prototype called voltage divider bias circuit, which is noted for its stable operating point. The key idea in this circuit is for the base current of the transistor to be much smaller than the current through the voltage divider formed by the two resistors R and R'. When this condition is satisfied the voltage divider holds the base voltage almost constant and equal to the unloaded voltage out of the divider (Vb = Vcc R'/(R+R')). The voltage divider network, when replaced by the Thevenin equivalent circuit between the base and ground (across R' gives Vth = Vcc R'/(R +R') and Rth = RR' /(R+R')). The constant base voltage sets up a fixed value of emitter current resulting in a solid operating point that is independent of current gain. The emitter voltage is given by the relation VE = Vth-VBE-IB Rth =IERE = (IB + IC) RE.Since IB=IC/β, IC=IE. Therefore IE = Vth – VBE/ (RE + Rth/β) = IC. IC does not depend on RC or RL but depends on RE.

 
In the present design of the constant current source, the transistor used in the voltage divider bias circuit is of the PNP type and a zener diode of voltage Vz is used in the place of resistor R' in the voltage divider network provides appropriate Zener current Iz = (Vcc-Vz)/R10.If Rz is the dynamic resistance of the zener diode, the value of the Thevenin equivalent resistance Rth becomes smaller than Rz, and the term Rth/β in the equation for the emitter current can be neglected, giving 

                                           IE = IC = (Vz-VBE) / RE.

The resistance RE is made up of resistance R2 (470 Ohms) and a potentiometer R3 of 200K. So the current IC will vary from (12-0.7) / 2x105 = 60 µA to (12-0.7) / 470 = 25mAmp. For 25 mA the load resistance RL can vary from zero to about 1.5 K and for 100µA, RL can vary from zero up to approximately 500 K. The circuit diagram of a Constant Current Source is attached at the end of this chapter.

CHAPTER – IV
RESULTS AND DISCUSSION

4.1. INTRODUCTION:
Constant Current Source is an energy source. It is a current regulator which produces a constant current through a load resistance as long as the load is with in a certain range, the source maintains the current at a constant value constructed with the aid of a LM 317 T an adjustable voltage regulator as well as a current regulator. In the carried out dissertation work, the Constant Current Source is constructed and the performance is analyzed. In the experimental part specific resistance of a nichrome wire is determined by employing a constant current source in the secondary circuit and 
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Figure No. 3.1. Block Diagram for supply to kit

compared with that found using an IC voltage regulated power supply. The results obtained in the study entitled “Construction of a Constant Current Source and study on its performance” are discussed under the following topics

· Construction of Constant Current Source.

· Performance Analysis.

· Specific Resistance of a nichrome wire using IC voltage regulated power supply.

· Specific resistance of a nichrome wire using Constant Current Source.
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· Plate No. 4.1. Printed Circuit Board for Constant Current Source

4.2. CONSTRUCTION OF CONSTANT CURRENT SOURCE:

In the constructed Constant Current Source, the main components PCB (Printed Circuit Board), operational amplifier LM 317 T (a voltage regulator), BD 140 PNP transistor, Zener diode and other required components such as capacitors, resistors are purchased. The soldering process was carried out on the printed circuit board (PCB).

The construction process is split in to two stages as given below.

· Voltage Regulation stage.

· Current Regulation stage.
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· Plate No. 4.2. Circuit assembly of components and printed circuit board 

                          With kit 

(i) VOLTAGE REGULATION STAGE:

In this stage, the transformer is fixed to step down the input 230 volts to 50 volts. The diodes (IN 4007) and capacitors (1000 µF, 10µF, 1.0 µF, and 0.1 µF) are soldered on printed circuit board for the rectification and filtering process respectively. The voltage regulator LM 317 T is connected in the heat sink kept at the back panel of the device in order to dissipate the excess of heat produced during working condition.
(ii) CURRENT REGULATION STAGE:
In this stage the current regulator LM 317 T is fixed in the heat sink. This consists of two internal ranges.                

· High current range

· Low current range

In the high current range, the output from the voltage regulator LM 317 T is connected to the input terminal of the current regulator LM 317 T through the DPDT switch. The adjust terminal is connected to a current set resistor R5 (100 Ω). The output terminal is connected R4 (1Ω) to get a regulated current.

In the low current range, the output from voltage regulator is connected to resistance R2 (470 Ω) and R3 (100KΩ) through DPDT switch in the printed circuit board followed by a transistor in common base mode and a zener diode is soldered and the output is connected to the Digital Panel Meter (DPM) through SPDT switch  provided in the front panel.

Constructed Printed Circuit Board (PCB) along with transformer and other components are assembled inside an outer box. In the outer box, Digital Panel Meter (DPM), sockets and potentiometer (100 Ω, 100 KΩ) are soldered for the measurement purposes. The device was made ready to analyze its performance.

4.3. PERFORMANCE ANALYSIS OF CONSTRUCTED

       CONSTANT CURRENT SOURCE:

The performance of constructed Constant Current Source    is analyzed in the high current range. For this purpose both the Double Pole Double Throw (DPDT) and Single Pole Double Throw (SPDT) switches are thrown to its down side and the regulated voltage measured was found to be 25 volts from the output of LM 317 T. The potentiometer which acts as a current set resistor is adjusted and a regulated current of the order of 18 milli amperes is obtained from the output of LM 317 T current regulator. Using preset resistor adjust the output of the constructed Constant Current Source is made 25 volts for high current range and 12 volts in the low current range. The photograph shown the Printed Circuit Board (PCB), circuit assembly of components and PCB in the kit, front view, back view and are shown in plate number 4.1, 4.2, 4.3, 4.4.
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Plate No. 4.3. Front Panel of the constructed Constant Current Source

4.4. SPECIFIC RESISTANCE OF THE NICHROME WIRE USING IC  

       VOLTAGE REGULATED POWER SUPPLY:

The specific resistance of nichrome wire of length 50 cm and radius is 0.2016X 10-3 m was determined using IC voltage regulated power supply with current 2.46 amperes and voltage  4.5 volts by employing a potentiometer circuit. In this process, the resistance in the resistance box is kept fixed at 2 Ω and the rheostat is kept in various position and the balancing lengths l1 and l2 are measured for the corresponding change in the rheostat and the values are tabulated in the Table-I.

From the values obtained, the resistance x of the nichrome wire is determined using the formula,  
                            x= R. l2/l1 Ohms   
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Plate No. 4.4. Back Panel of the constructed Constant Current Source

        Where,
                  x = Resistance of the nichrome wire. 

                  R = Known resistance in resistance box.                       

                  l1 = Balancing length due to the resistance of the nichrome

                         wire.

                  l2 = Balancing length due to the known resistance. 

The calculated values of x are averaged and from the results obtained, it has been inferred that the unknown resistance of the nichrome wire is constant and is equal to 1.274 Ω. 

The specific resistance of the nichrome wire is determined by using the formula,  

                               S = x п r2/ l Ωm

               Where,
                            S = Specific resistance. 

                             r = radius of wire using screw gauge.

                             l = length of the wire.
CALCULATION:      

To determine the specific resistance of the nichrome wire,

                                   S = x п r2/ l Ωm

               x = 1.274 Ω;  п = 3.14;  r = 0.2016 X 10-3 m;  l = 50X 10-2 m.
                  S = 1.274 x 3.14 x (0.2016 x10-3)2 / 50 x 10-2 

                  S = 3.2516 x 10-7 Ωm                

   Resistance of the wire x = 1.274 Ohms.

   Specific resistance of the wire = 3.2516x10-7Ωm.     
The current in the IC voltage regulated power supply is kept at 2.46 amperes, and voltage is 4.5 volts.         

4.5. SPECIFIC RESISTANCE OF THE NICHROME WIRE USING     

       CONSTRUCTED CONSTANT CURRENT SOURCE: 

The specific resistance of nichrome wire is determined by replacing the IC voltage regulated power supply by the constructed Constant Current Source. The nichrome wire is connected to the input sockets of the Constant Current Source. The obtained value of current is 12 milli amperes and voltage is 16 volts by employing a potentiometer circuit. In this process the resistance in the resistance box is kept constant at 2Ω and the rheostat is moved to various positions and the corresponding balancing lengths l1and l2 are noted by moving DPDT switches up and down respectively and the readings are tabulated in Table-II.

From the obtained values the resistance x is found and averaged. From the obtained result it was found to be x = 1.23823Ω. The specific resistance is determined by employing the constant current source is found to be S = 3.1603x 10-7Ωm. 
Resistance of the wire x = 1.2382 Ohms.

Specific resistance of the wire = 3.16103x10-7Ωm.
 
From the results obtained it has been concluded that the constructed constant current source can be employed in various laboratory experiments due to its wide range of applications.    

4.6. COST ANALYSIS: 
The cost economic of a constructed Constant Current Source  is computed and the cost of the main component IC LM 317 T and other required components are taken in to account and the current market rate of Constant Current Source is analyzed and given below:
        COMPONENTS                                                           COST
                                                                                                Rs.ps
            Printed Circuit Board                                                     240.00

        Transformer                                                                    450.00

        Resistors, Capacitors, Transistors,

        Sockets, 3–Pin wire, Switch, preset                               150.00

        Resistors, potentiometers (100K pot, 

        100Ω pot), Diodes, IC LM 317 T  

        Digital Panel Meter                                                         400.00     
                                                                                          

                                                                         Total Rs = 1,240.00 
TABLE-I
SPECIFIC RESISTANCE OF THE NICHROME WIRE USING IC
VOLTAGE REGULATED POWERSUPPLY

	S.NO
	R in Ohms
	Balancing Length
	x = R. l1/l2 Ohms

	
	
	l1x10-2m
	l2x10-2m
	

	1
	2
	885.5
	569.5
	1.2863

	2
	2
	621
	391.3
	1.2593

	3
	2
	507.4
	323.3
	1.2743

	4
	2
	442
	282.5
	1.2783

	5
	2
	387.4
	246.5
	1.2726

	6
	2
	352
	224.3
	1.2744

	7
	2
	317
	201
	1.2681

	8
	2
	293.5
	187.5
	1.2777

	9
	2
	280
	178.5
	1.2750


                                                                                                      Mean x = 1.274 Ohms 

TABLE-II
SPECIFIC RESISTANCE OF THE NICHROME WIRE USING
CONSTRUCTED CONSTANT CURRENT SOURCE
	S.NO
	R in Ohms
	Balancing Length
	x = R. l1/l2 Ohms

	
	
	l1x10-2m
	l2x10-2m
	

	1
	2
	76.2
	46
	1.2073

	2
	2
	67
	43
	1.2835

	3
	2
	72.5
	42
	1.1586

	4
	2
	71
	43
	1.2113

	5
	2
	71.5
	44.2
	1.2364

	6
	2
	73.2
	46.3
	1.2650

	7
	2
	69.8
	44.5
	1.2751

	8
	2
	71.2
	45
	1.2640

	9
	2
	70
	43.5
	1.2429


                                                                                                       Mean x = 1.2382 Ohms 

CHAPTER – V
SUMMARY AND CONCLUSION
Constant Current Source is an energy source, it is a current regulator to produce a constant current through a load resistance, the load is with in a certain range. Constant Current Source uses IC LM 317 T for the regulation purpose.

            IC LM 317 T is a voltage regulator as well as a current regulator producing a Constant Current Source and Constant Voltage Source through a load resistance of any value with in a certain range. Here LM 317 T is placed at the back of the kit on the heat sink, in order to dissipate the excess of heat produced.

            In the constructed Constant Current Source there are two ranges (i.e.) 

· High current range

· Low current range

In the high current range, LM 317 T is connected with current set resistor, similarly in low current range transistor is connected with zener diode. 

            In the constructed Constant Current Source, using two IC LM 317 T regulators, one acting as a voltage regulator and another one acting as a current regulator. The range of LM 317 T is 1.25 to 37 volts.

            The given input 230 volts is step down to 50 volts, rectified, filtered and regulated output voltage is obtained from the IC LM 317 T voltage regulator through the load resistance. By using the preset resistor adjusts the output of the constructed Constant Current Source is made as 25 volts. The regulated output voltage is maintain constant by the current regulator LM 317 T. In the high current range the output voltage is 25 volts and current is 18 mA similarly in low current range the output voltage is 12 volts and current is 8 mA.

            An experiment is carried out using potentiometer to find the specific resistance of a nichrome wire using IC voltage regulated power supply. The value of resistance of the wire is found to be 1.274 Ohms, Specific resistance 3.2516X 10-7Ωm. The supply used has output voltage 4.5 volts and current 2.6 A. The same experiment is repeated by connecting the constructed Constant Current Source in the secondary of the circuit used for the experiment in the high range with output voltage 16 volts and current 12 milliAmperes. The value of resistance of the wire is found to be 1.2382 Ohms, specific resistance 3.1603 X 10-7 Ωm. In comparison with the IC voltage regulated power supply, which operates in amperes range the constructed Constant Current Source can be used in milli ampere range.  

HIGHLIGHTS OF THE CONSTRUCTED CONSTANT CURRENT 

SOURCE:               

· Constructed constant current source is portable. 

· It is inexpensive.

· Economically favourable.

· Easy to fabricate.

· Can be employed in many laboratory experiments like Halleffect, Potentiometer etc,.

· It can be used in low current range as well as high current range.

· It contains Constant Voltage Source.
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