INTRODUCTION TO RADARS

1. DEFINITION:
Radar is an acronym for RADIO DETECTION AND RANGING. Radar is a system that uses electromagnetic waves to identify the range, altitude, direction, or speed of both moving and fixed objects such as aircraft, ships, motor vehicles, weather formations, and terrain. A transmitter emits radio waves, which are reflected by the target and detected by a receiver, typically in the same location as the transmitter. Although the radio signal returned is usually very weak, radio signals can easily be amplified. This enables radar to detect objects at ranges where other emissions, such as sound or visible light, would be too weak to detect. Radar is used in many contexts, including meteorological detection of precipitation, air traffic control, police detection of speeding traffic, and by the military.
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The term radio refers to the use of electromagnetic waves with wavelengths in the so called radio wave portion of the spectrum, which covers a wide range from 100000 km to 1cm.It is a system used to detect, range and map objects. The electronic principle on which RADAR operates is very similar to the principle of sound wave reflection; the transmitted energy is reflected back and returns to the radar receiver. 

2.  History of RADAR development:

Neither a single nation nor a single person is able to say, that he (or it) is the inventor of the radar method. One must look at the „Radar” than an accumulation of many developments and improvements sooner, which scientists of several nations parallely made share. In the past there are nevertheless some milestones with the discovery of important basic knowledge and important inventions:

1865
The English physicist James Clerk Maxwell developed his electro-magnetic light theory (Description of the electro-magnetic waves and her propagation)

1886 The German physicist Heinrich Rudolf Hertz discovers the electro-magnetic waves and proves the theory of Maxwell with that.

1904
The German high frequency technician Christian Hülsmeyer invents the “Telemobiloskop” to the traffic supervision on the water. He measures the running time of electro-magnetic waves to a metal object (ship) and back. A calculation of the distance is thus possible. This is the first practical radar test. Hülsmeyer registers his invention to the patent in Germany and in the United Kingdom.

1921
The invention of the Magnetron as an efficient transmitting tube by Albert Wallace Hull.

1922
A. H. Taylor and L.C.Young of the Naval Research Laboratory (USA) locate a wooden ship for the first time.

1930
L. A. Hyland (also of the Naval Research Laboratory), locates an aircraft for the first time.

1931
A ship is equipped with radar. As antennae are used parabolic dishes with horn radiators.

1936
The development of the Klystron by Metcalf and Hahn. This will be an important component in radar units as an amplifier or an oscillator tube.

1940
Different radar equipments are developed in the USA, Russia, Germany, France and Japan.

Driven by the common war expiry and the general development of the air forces to meaning key players radar technology undergo a strong development push during the 2nd's World War and is used during the „cold war” in large quantities along the German domestic border.
3. Radar System & Components:

· Block Diagram
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The basic Block diagram representation of radar has been shown in the figure. Radar system is composed of several subsystem which itself is composed of various components. Some of the basics of the subsystems is described in the following paragraphs:-
· Transmitter Subsystem
The transmitter system is generally the main consumer of the power, cost, and weight budgets, and is the prime thermal load of radar systems. The transmitter must be of adequate power to obtain the desired radar range. The radar range equation shows that the transmitter power depends on the fourth power of radar range. Hence, to double the range, it is necessary to increase transmitter power 16-fold. The three main components in transmitters are the waveform generator, the up converting mixer, and the power amplifier, although it is possible to leave out one of these components. The transmission waveform is generated by the digital waveform generator. This waveform is in the base band frequency range the RF system.

· Receiver Subsystem                                                                                                                                                           
 The function of the radar receiver is to detect wanted echo signals in the presence of noise, clutter, and interference. It must separate desired signals from undesired signals, and amplify the desired signals for later processing. Receiver design depends on the design of the transmitted waveform, the nature of the targets, and the characteristics of noise, clutter, and interference. The goal of receivers is to maximize the SNR of the returned echo signal. The receiver system generally consists of an LNA, and down converting mixers. Limiters are often built into the front end to prevent inadvertent damage from reflected transmitter power or the high power signal which may enter the system. Sometimes analog to digital (A/D) converters are placed at the end of the receiver signal path, if digital signal processing is to take place.

· Duplexer
When a single antenna is used for both transmission and reception, as in most mono static radar systems, a duplexer must be used. A duplexer switches the radar system from transmit mode to receive mode. There are four main requirements that must be met by an effective radar duplexing system. During transmission, the switch must connect the antenna to the transmitter and disconnect it from the receiver. The receiver must be thoroughly isolated from the transmitter during the transmission of the high-power pulse to avoid damage to sensitive receiver components. After transmission, the switch must rapidly disconnect the transmitter and connect the receiver to the antenna. For targets close to the radar to be detected, the action of the switch must be extremely rapid. The switch should have very little insertion loss during both transmission and reception. The simplest solution to the duplexer problem is to use a switch to transfer the antenna.
Connection from the receiver to the transmitter during the transmitted pulse and back to the receiver during the return pulse. Since no practical mechanical switches are available that can open and close in a few microseconds, electronic switches are used. For radars with waveguide antenna feeds, waveguide junction circulators are often used as duplexers. 

· Radio Frequency Subsystem

The Radio Frequency (RF) system takes a signal from the transmitter and eventually propagates it in free space during transmission. The RF system takes a signal from free space and passes it to the receiver during reception. The RF system generally consists of an antenna feed and antenna, a duplexer, and some filters. Often devices are needed to convert waveguide propagation into coaxial cable propagation. Filtering is used to attenuate out-of-band signals such as images and interference from other radars or high-powered electrical devices during reception. During transmission, filtering is used to attenuate harmonics and images. The pre selector filter is a device that accomplishes these two filtering objectives. The duplexer provides isolation between the transmitter and receiver to protect the sensitive receiver during the high energy transmit pulse. The antenna feed collects energy as it is received from the antenna or transmits energy as it is transmitted from the antenna. The antenna is the final stage in the RF system during transmission or the first stage during reception. It is the interface with the medium of radio wave propagation.

· Waveform Generator

Digital waveform generators are constructed by linking a digital signal source with a digital to analog (D/A) converter. In general, digital memories are used to store the signal waveform. The memory is read out based on the timing characteristics of the desired waveform. There is a great deal of flexibility with digital waveform generators, which is not present for analog signal generators. Waveform design is a complex topic that will not be treated in this paper. The purpose of the radar, and the expected characteristics of the targets, in addition to the demands of moving target indication (MTI), electromagnetic compatibility (EMC), and electronic counter-countermeasures (ECCM) are some of the factors that determine waveform design.
· Frequency Synthesizers and Oscillators

Oscillators represent the basic microwave energy source for microwave systems such as radars. A typical oscillator essentially consists of an active device and a passive frequency determining resonant element. Dielectric resonant oscillators (DROs) are fixed-frequency m oscillators that use a dielectric resonator as the frequency-determining element. Tunable oscillators often use varactors as the tunable oscillator. A voltage controlled oscillator (VCO) is an oscillator where the principal variable or tuning element is a varactor diode. The VCO is tuned across its band by a clean direct current (DC) voltage applied to the varactor diode. Phase Locked Loop (PLL) circuits are used for frequency control of VCOs. A PLL is basically a feedback control system that controls the phase of a VCO. The input signal is applied to one input of a phase detector. The other input is connected to the output of a divider. 

· Mixer

Mixers are used to transform signals in one spectrum range to some other spectrum Range.  In radar transmitters, mixers are used to transform intermediate frequency (IF) signals produced by the waveform generator into RF signals. This process is called up conversion. In radar receivers, the opposite operation is performed. RF signals are down converted into IF signals   mixing are accomplished by combining either the RF or IF signal with another signal of known frequency from the local oscillator (LO), as shown in Figure 5. What results is either the sum or difference between the two, for up conversion and down conversion, respectively. Various kinds of oscillators and frequency synthesizers are used as the LO. Silicon point-contact and Schottky barrier diodes based on the nonlinear resistance characteristics of metal-to-semiconductor contacts have been used as the mixing element.
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Up conversion and down conversion                           Mixer Schematic

Fig: - Operations of a Mixer
· Power Amplifier
Power amplifiers are used to amplify the RF waveform for transmission. Historically, tube amplifiers, such as grid controlled tubes, magnetrons, klystrons, traveling-wave tubes (TWTs), and crossed field amplifiers (CFAs) have been used as power amplifiers for radar transmitters. These amplifiers generate high power, but usually operate with low duty cycle. The klystron amplifier offers higher power than the magnetron at microwave frequencies, and also allows the use of more complex waveforms. The TWT is similar to the klystron, but with wider bandwidth. CFAs are characterized by wide bandwidth, modest gain, and compactness Solid State Power Amplifiers (SSPAs) support long pulses and high duty cycle waveforms. Individual SSPA elements can be combined to produce sufficient amplification, despite the fact that individual SSPA elements have low power amplification. Silicon Bipolar transistors, and gallium arsenide Metal Semiconductor Field Effect Transistors (MESFETs), bulk-effect diodes, and avalanche diodes are some of the solid state elements used in SSPAs.

· Low Noise Amplifier
The purpose of a low noise amplifier (LNA) is to boost the desired signal power while adding as little noise and distortion as possible so that retrieval of this signal is possible in the later stages in the system. An LNA is an amplifier with low noise figure. Noise figure is defined as the input signal to noise ratio (SNR) divided by the output SNR. For an amplifier, it can also be interpreted as the amount of noise introduced by the amplifier seen at the output besides that which is caused by the noise of the input signal. LNAs are used as the front end of radar receivers. There are a few different kinds of amplifiers that can provide suitably low noise figures. Parametric amplifiers have low noise figure, especially at high microwave frequencies. The transistor amplifier can be applied over most of the range frequencies used for radar. The silicon bipolar transistor and the gallium arsenide field effect transistor have also been used as amplifiers. The lower the noise figure of the receiver, the less need there is for the transmitter power for the same performance. In addition to noise figure, cost, burnout, and dynamic range must also be considered when selecting a receiver front end.

· Antennas

The radar antenna acts as the interface between the radar system and free space through which radio waves are transmitted and received. The purpose of the radar antenna is to transduce free space propagation to guided wave propagation during reception and the opposite during transmission. During transmission, the radiated energy is concentrated into a shaped beam which points in the desired direction in space. During reception, the antenna collects the energy contained in the echo signal and delivers it to the receiver. In the radar range equation, these two roles were expressed by the transmitter gain, G, and effective receiving aperture 

· Signal Processing/Data Processing/Control Subsystems

Various signal processing techniques can be performed on raw receiver signals. Some common radar signal processing techniques are correlation, apodization, Doppler filtering, image rejection, detection processing, and tracking. Almost all modern radars use digital signal processors to perform these signal processing operations. These digital processors are very complex chips, implementing very complex algorithms. Specific signal processing techniques will not be discussed in this paper. Data processors are used to convert data produced by the signal processor into a form that is readily interpretable by radar operators. Human machine interface (HMI) designs are generally implemented in the data processing system. Data processors are also used to process inputs received from the operator. Often times tactical information is stored and used by the data processing system. The different subsystems of the radar are coordinated by the Control subsystem. Precise timing of events is required to optimize performance. As an example, the switch between transmit and receive mode for a pulsed radar requires a complete transformation that must occur in as little time as possible. Often the entire radar system is synchronized to a single clock, produced and distributed by the control subsystem.

· Antenna Positioning System
In some radar systems, antennas are positioned manually. In others, motors are used to rotate and position radar antennas. If an antenna is required merely to rotate at constant speed, a simple motor is sufficient. If several different motions, such as constant-speed rotation, scanning over a sector, and tracking a moving object, are required, then servomechanisms are used. Servomechanisms supply the large torque necessary to turn radar antennas, and also determine the antenna position. A servomechanism is comprised of an error indicator and a controller connected to an input shaft and an output shaft. The object of the servomechanism is to cause the output shaft to mirror the motion of the input shaft by keeping the error angle, deviation in angular position of output shaft from input shaft, as close to zero as possible. The error indicator determines the magnitude and direction of the error angle. Under control of the signal from the error indicator, the controller exerts a torque on the output shaft in a direction to reduce the error. The servo is a feedback system, because a signal applied to the controller causes rotation of the output shaft and thus changes the error angle with the result that an additional signal is applied to the controller. 

· Power System
Radars are complex electromechanical systems. Each of the components requires power to operate. In general, different components need different voltage levels. To satisfy these different voltage requirements, using only a single external voltage source, voltage converters are required. A DC to DC converter is a device that accepts a DC input voltage and produces a DC output voltage. Typically the output produced is at a different voltage level than the input. DC to DC converters often use switching regulators. A switching regulator is a circuit that uses an inductor, a transformer, or a capacitor as an energy-storage element to transfer energy from input to output in discrete packets. Feedback circuitry regulates the energy transfer to maintain a constant voltage within the load limits of the circuit. The basic circuit can be configured to step up (boost), step down (buck), or invert output voltage with respect to input voltage.
4. Principles of operation:

· Reflection 

. The radar's frequency, pulse form, and antenna largely determine what it can observe. Electromagnetic waves reflect (scatter) from any large change in the dielectric or diamagnetic constants. This means that a solid object in air or a vacuum, or other significant change in atomic density between the object and what's surrounding it, will usually scatter radar (radio) waves. This is particularly true for electrically conductive materials, such as metal and carbon fibre, making radar particularly well suited to the detection of aircraft and ships. Radar absorbing material, containing resistive and sometimes magnetic substances, is used on military vehicles to reduce radar reflection. This is the radio equivalent of painting something a dark color.

Radar waves scatter in a variety of ways depending on the size (wavelength) of the radio wave and the shape of the target. If the wavelength is much shorter than the target's size, the wave will bounce off in a way similar to the way light is reflected by a mirror. If the wavelength is much longer than the size of the target, the target is polarized (positive and negative charges are separated), like a dipole antenna. This is described by Rayleigh scattering, an effect that creates the Earth's blue sky and red sunsets. When the two length scales are comparable, there may be resonances. Early radars used very long wavelengths that were larger than the targets and received a vague signal, whereas some modern systems use shorter wavelengths (a few centimeters or shorter) that can image objects as small as a loaf of bread.

Short radio waves reflect from curves and corners, in a way similar to glint from a rounded piece of glass. The most reflective targets for short wavelengths have 90° angles between the reflective surfaces. A structure consisting of three flat surfaces meeting at a single corner, like the corner on a box, will always reflect waves entering its opening directly back at the source. These so-called corner reflectors are commonly used as radar reflectors to make otherwise difficult-to-detect objects easier to detect, and are often found on boats in order to improve their detection in a rescue situation and to reduce collisions. For similar reasons, objects attempting to avoid detection will angle their surfaces in a way to eliminate inside corners and avoid surfaces and edges perpendicular to likely detection directions, which leads to "odd" looking stealth aircraft. These precautions do not completely eliminate reflection because of diffraction, especially at longer wavelengths. Half wavelength long wires or strips of conducting material, such as chaff, are very reflective but do not direct the scattered energy back toward the source. The extent to which an object reflects or scatters radio waves is called its radar cross section.

· Radar equation

The amount of power ‘Pr’ returning to the receiving antenna is given by the radar equation:
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Where
Pt = transmitted power

Gt = gain of the transmitting antenna

Ar = effective aperture (area) of the receiving antenna

σ = radar cross section, or scattering coefficient, of the target

F = pattern propagation factor

Rt = distance from the transmitter to the target

Rr = distance from the target to the receiver.

In the common case where the transmitter and the receiver are at the same location, Rt = Rr and the term Rt2 Rr2 can be replaced by R4, where R is the range. These yields:
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This shows that the received power declines as the fourth power of the range, which means that the reflected power from distant targets is very, very small.The equation above with F = 1 is a simplification for vacuum without interference. The propagation factor accounts for the effects of multipath and shadowing and depends on the details of the environment. In a real-world situation, path loss effects should also be considered.

· Distance-determination

The distance is determined from the running time of the high-frequency transmitted signal and the propagation C0. The actual range of a target from the radar is known as slant range. Slant range is the line of sight distance between the radar and the object illuminated. While ground range is the horizontal distance between the emitter and its target and its calculation requires knowledge of the target's elevation. Since the waves travel to a target and back, the round trip time is divided by two in order to obtain the time the wave took to reach the target. Therefore the following formula arises for the slant range:

R = C0*T/2

C0 = speed of light = 3*108 m/s 

t = measured time [s] 

R = slant range [m]

· Direction-determination

The angular determination of the target is determined by the directivity of the antenna. Directivity, sometimes known as the directive gain, is the ability of the antenna to concentrate the transmitted energy in a particular direction. An antenna with high directivity is also called a directive antenna. The accuracy of angular measurement is determined by the directivity, which is a function of the size of the antenna.

Radar units usually work with very high frequencies. Reasons for this are:

· Quasi-optically propagation of these waves.

· High resolution (the smaller the wavelength, the smaller the objects the radar is able to detect).

· Higher the frequency, smaller the antenna size at the same gain.

The antennas of most radar systems are designed to radiate energy in a one-directional lobe or beam that can be moved in bearing simply by moving the antenna. As you can see in the Figure 2, the shape of the beam is such that the echo signal strength varies in amplitude as the antenna beam moves across the target. In actual practice, search radar antennas move continuously; the point of maximum echo, determined by the detection circuitry or visually by the operator, is when the beam points direct at the target. Weapons-control and guidance radar systems are positioned to the point of maximum signal return and maintained at that position either manually or by automatic tracking circuits.
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Fig2:- Variation of echo signal strength

· Polarization

In the transmitted radar signal, the electric field is perpendicular to the direction of propagation, and this direction of the electric field is the Polarization of the wave. Radars use horizontal, vertical, linear and circular polarization to detect different types of reflections. For example, circular polarization is used to minimize the interference caused by rain. Linear polarization returns usually indicate metal surfaces. Random polarization returns usually indicate a fractal surface, such as rocks or soil, and are used by navigational radars.

· Interference

Radar systems must overcome several different sources of unwanted signals in order to focus only on the actual targets of interest. These unwanted signals may originate from internal and external sources, both passive and active. The ability of the radar system to overcome these unwanted signals defines its signal-to-noise ratio (SNR): the higher a system's SNR, the better it is in isolating actual targets from the surrounding noise signals.

· Noise

Signal noise is an internal source of random variations in the signal, which is inherently generated to some degree by all electronic components. Noise typically appears as random variations superimposed on the desired echo signal received in the radar receiver. The lower the power of the desired signal, the more difficult it is to discern it from the noise (similar to trying to hear a whisper while standing near a busy road). Therefore, the most important noise sources appear in the receiver and much effort is made to minimize these factors. Noise figure is a measure of the noise produced by a receiver compared to an ideal receiver, and this needs to be minimized.

Noise is also generated by external sources, most importantly the natural thermal radiation of the background scene surrounding the target of interest. In modern radar systems, due to the high performance of their receivers, the internal noise is typically about equal to or lower than the external scene noise. An exception is if the radar is aimed upwards at clear sky, where the scene is so cold that it generates very little thermal noise.
· Clutter

Clutter refers to actual radio frequency (RF) echoes returned from targets which are by definition uninteresting to the radar operators in general. Such targets mostly include natural objects such as ground, sea, precipitation (such as rain, snow or hail), sand storms, animals (especially birds), atmospheric turbulence, and other atmospheric effects (such as ionosphere reflections and meteor trails). Clutter may also be returned from man-made objects such as buildings and, intentionally, by radar countermeasures such as chaff. Some clutter may also be caused by a long waveguide between the radar transceiver and the antenna. In a typical plan position indicator (PPI) radar with a rotating antenna, this will usually be seen as a "sun" or "sunburst" in the centre of the display as the receiver responds to echoes from dust particles and misguided RF in the waveguide. Adjusting the timing between when the transmitter sends a pulse and when the receiver stage is enabled will generally reduce the sunburst without affecting the accuracy of the range, since most sunburst is caused by diffused transmit pulse reflected before it leaves the antenna.

While some clutter sources may be undesirable  for some radar applications (such as storm clouds for air-defense radars), they may be desirable for others (meteorological radars in this example). Clutter is considered a passive interference source, since it only appears in response to radar signals sent by the radar.

There are several methods of detecting and neutralizing clutter. Many of these methods rely on the fact that clutter tends to appear static between radar scans. Therefore, when comparing subsequent scans echoes, desirable targets will appear to move and all stationary echoes can be eliminated. Sea clutter can be reduced by using horizontal polarization, while rain is reduced with circular polarization (note that meteorological radars wish for the opposite effect, therefore using linear polarization the better to detect precipitation). Other methods attempt to increase the signal-to-clutter ratio.

CFAR (Constant False-Alarm Rate, a form of Automatic Gain Control, or AGC) is a method relying on the fact that clutter returns far outnumber echoes from targets of interest. The receiver's gain is automatically adjusted to maintain a constant level of overall visible clutter. 
· Jamming

Radar jamming refers to RF signals originating from sources outside the radar, transmitting in the radar's frequency and thereby masking targets of interest. Jamming may be intentional (as an anti-radar electronic warfare (EW) tactic) or unintentional (e.g., by friendly forces operating equipment that transmits using the same frequency range). Jamming is considered an active interference source, since it is initiated by elements outside the radar and in general unrelated to the radar signals.

Jamming is problematic to radar since the jamming signal only needs to travel one-way (from the jammer to the radar receiver) whereas the radar echoes travel two-ways (radar-target-radar) and are therefore significantly reduced in power by the time they return to the radar receiver. Jammers therefore can be much less powerful than their jammed radars and still effectively mask targets along the line of sight from the jammer to the radar (Mainlobe Jamming). Jammers have an added effect of affecting radars along other line-of-sights, due to the radar receiver's sidelobes (Sidelobe Jamming).

5. Radar signal processing:
· Distance measurement

One way to measure the distance to an object is to transmit a short pulse of radio signal (electromagnetic radiation), and measure the time it takes for the reflection to return. The distance is one-half the product of round trip time (because the signal has to travel to the target and then back to the receiver) and the speed of the signal. Since radio waves travel at the speed of light (186,000 miles per second or 300,000,000 meters per second), accurate distance measurement requires high-performance electronics.

In most cases, the receiver does not detect the return while the signal is being transmitted. Through the use of a device called a diplexer, the radar switches between transmitting and receiving at a predetermined rate. The minimum range is calculated by measuring the length of the pulse multiplied by the speed of light, divided by two. In order to detect closer targets one must use a shorter pulse length.

A similar effect imposes a maximum range as well. If the return from the target comes in when the next pulse is being sent out, once again the receiver cannot tell the difference. In order to maximize range, one wants to use longer times between pulses, the inter-pulse time.

These two effects tend to be at odds with each other, and it is not easy to combine both good short range and good long range in single radar. This is because the short pulses needed for a good minimum range broadcast have less total energy, making the returns much smaller and the target harder to detect. This could be offset by using more pulses, but this would shorten the maximum range again. So each radar uses a particular type of signal. Long range radars tend to use long pulses with long delays between them, and short range radars use smaller pulses with less time between them. This pattern of pulses and pauses is known as the pulse repetition frequency (or PRF), and is one of the main ways to characterize a radar. As electronics have improved many radars now can change their PRF thereby changing their range.

The distance resolution and the characteristics of the received signal as compared to noise depend heavily on the shape of the pulse. The pulse is often modulated to achieve better performance thanks to a technique known as pulse compression.

· Frequency modulation

Another form of distance measuring radar is based on frequency modulation. Frequency comparison between two signals is considerably more accurate, even with older electronics, than timing the signal. By changing the frequency of the returned signal and comparing that with the original, the difference can be easily measured.

This technique can be used in continuous wave radar, and is often found in aircraft radar altimeters. In these systems a "carrier" radar signal is frequency modulated in a predictable way, typically varying up and down with a sine wave or sawtooth pattern at audio frequencies. The signal is then sent out from one antenna and received on another, typically located on the bottom of the aircraft, and the signal can be continuously compared.

Since the signal frequency is changing, by the time the signal returns to the aircraft the broadcast has shifted to some other frequency. The amount of that shift is greater over longer times, so greater frequency differences mean a longer distance, the exact amount being the "ramp speed" selected by the electronics. The amount of shift is therefore directly related to the distance traveled, and can be displayed on an instrument. This signal processing is similar to that used in speed detecting Doppler radar.

· Speed measurement

Speed is the change in distance to an object with respect to time. Thus the existing system for measuring distance, combined with a memory capacity to see where the target last was, is enough to measure speed. At one time the memory consisted of a user making grease-pencil marks on the radar screen, and then calculating the speed using a slide rule. Modern radar systems perform the equivalent operation faster and more accurately using computers.

However, if the transmitter's output is coherent (phase synchronized), there is another effect that can be used to make almost instant speed measurements (no memory is required), known as the Doppler Effect. Most modern radar systems use this principle in the pulse-doppler radar system. Return signals from targets are shifted away from this base frequency via the Doppler Effect enabling the calculation of the speed of the object relative to the radar. The Doppler Effect is only able to determine the relative speed of the target along the line of sight from the radar to the target. Any component of target velocity perpendicular to this line of sight cannot be determined by Doppler alone tracking the target's azimuth over time must be used. Additional information of the nature of the Doppler returns may be found in the Radar signal characteristics article.

It is also possible to make a radar without any pulsing, known as a continuous-wave radar (CW radar), by sending out a very pure signal of a known frequency. CW radar is ideal for determining the radial component of a target's velocity, but it cannot determine the target's range. CW radar is typically used by traffic enforcement to measure vehicle speed quickly and accurately where range is not important

.

· Reduction of interference effects

Signal processing is employed in radar systems to reduce the interference effects. Signal processing techniques include moving target indication (MTI), pulse doppler, moving target detection (MTD) processors, correlation with secondary surveillance radar (SSR) targets and space-time adaptive processing (STAP). Constant false alarm rate (CFAR) and digital terrain model (DTM) processing are also used in clutter environments.

6. Classification Of  RADAR:
Depending on the desired information, radar sets must have different qualities and technologies. One reason for these different qualities and techniques radar sets are classified in:
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· Imaging Radar / Non-Imaging Radar
An Imaging Radar forms a picture of the observed object or area. Imaging radars have been used to map the Earth, other planets, asteroids, other celestial objects and to categorize targets for military systems.

Typically implementations of a Non-Imaging Radar system are speed gauges and radar altimeters. These are also called scatterometers since they measure the scattering properties of the object or region being observed. Non-Imaging Secondary Radar applications are immobilizer systems in some recent private cars.

· Primary Radar

A Primary Radar transmits high-frequency signals which are reflected at targets. The arised echoes are received and evaluated. This means, unlike secondary radar sets a primary radar unit receive it's own emitted signals as an echo again.

· Secondary Radar
At these radar sets the airplane must have a transponder (transmitting responder) on board and this transponder responds to interrogation by transmitting a coded reply signal. This response can contain much more information, than a primary radar unit is able to acquire (E.g. an altitude, an identification code or also any technical problems on board such as a radio contact loss ...).
· Pulsed Radars

Pulse radar sets transmit a high-frequency impulse signal of high power. After this impulse signal, a longer break follows in which the echoes can be received, before a new transmitted signal is sent out. Direction, distance and sometimes if necessary the height or altitude of the target can be determined from the measured antenna position and propagation time of the pulse-signal.

· Continuous- Wave Radar

CW radar sets transmit a high-frequency signal continuously. The echo signal is received and processed. The receiver needs not to be mounted at the same place as the transmitter. Every firm civil radio transmitter can work as a radar transmitter at the same time, if a remote receiver compares the propagation times of the direct signal with the reflected one. Types of continuous wave radar are as follows:
· Unmodulated CW- Radar
The transmitted signal of these equipments is constant in amplitude and frequency. This equipment is specialized in speed measuring. Distances cannot be measured. E.g. they are used as speed gauges for police. Newest equipments (LIDAR) work in the laser frequency range and measure not only the speed.

· Modulated CW- Radar
The transmitted signal is constant in the amplitude but modulated in the frequency. This one gets possible after the principle of the propagation time measurement with that again. It is an advantage of this equipment that an evaluation is carried out without reception break and the measurement result is therefore continuously available. 

7. RADAR Displays:

· The A-scope Display

The A-scope display, shown in the figure, presents only the range to the target and the relative strength of the echo. Such a display is normally used in weapons control radar systems. The bearing and elevation angles are presented as dial or digital readouts that correspond to the actual physical position of the antenna. The A-scope normally uses an electrostatic-deflection crt. The sweep is produced by applying a sawtooth voltage to the horizontal deflection plates. The electrical length (time duration) of the sawtooth voltage determines the total amount of range displayed on the crt face.

The A- scope display is using in older radar sets only as monitoring oscilloscope. In modern digital radar sets don't exist a similar targets video signal. The target messages are transmitted to the displays as a digital word. There isn't any possibility to get a synchronizing signal for these asynchronous serial digital signals. Well, the oscilloscope can get an internal trigger only. Therefore it is impossible to analyze the bit sequence with a simple oscilloscope. The only one statement is possible: a digital word is existent, which means, obviously the driver module for this line works.
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View of an A-scope 


attempt to see digital signals with an A-scope   
· Radar B-Scope

An B-Scope shows a picture like a Cartesian diagram. The abscissa is the measurement of the bearing (azimuth), and the ordinate is the measurement of the range. This form of the monitors is preferred with fire-control radars.

The center of the bearing usually is movable through hand wheels. The antenna turntable then is turned into the new direction. The screens middle is defined as the main reception direction of the antenna normally. The bearing area is covered through an electro-mechanical one or electronic beam steering.
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· Radar PPI-Scope
 The PPI-scope shown in this figure is by far the most used radar display. It is a polar coordinate display of the area surrounding the radar platform. Own position is represented as the origin of the sweep, which is normally located in the center of the scope, but may be offset from the center on some sets. The ppi uses a radial sweep pivoting about the center of the presentation. This results in a map-like picture of the area covered by the radar beam. A long-persistence screen is used so that the display remains visible until the sweep passes again.
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Fig :-View of a PPI-scope
· Range-Height Indicator

The range-height indicator (RHI- scope), shown in figure 1, is used with height-finding search radars to obtain height information. The rhi is a two-dimensional presentation indicating target range and height. The sweep originates in the lower left side of the scope It moves across the scope, to the right, at an angle that is the same as the angle of transmission of the height-finding radar. The line of sight to the horizon is indicated by the bottom horizontal line. The area directly overhead is straight up the left side of the scope. Target echoes are displayed on the scope as vertical blips (spots of increased intensity that indicate a target location). The operator determines height by adjusting a movable height line to the point where it bisects the center of the blip. Target height is then read directly from an height dial or digital readout. Vertical range markers are also provided to estimate target range.
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Fig:-View of a RHI-scope
· Beta Scan Scope
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7. Applications Of  RADAR:
 
Applications of Radar systems may be divided into types based on the designed use. This section presents the general characteristics of several commonly used radar systems. Thus in brief this gives a classification of the application of radar in various fields.
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INTRODUCTION TO PROJECT
This is a very interesting project which consists of a set of ultrasonic receiver and transmitter which operate at the same frequency. The circuit uses ultrasonic piezoelectric transducers as output and input devices respectively and their frequency of operation is determined by the particular devices in use. When something moves in the area covered by the circuit the circuit’s fine balance is disturbed and the alarm is triggered. The circuit is very sensitive and can be adjusted to reset itself automatically or to stay triggered till it is reset manually after an alarm. 

In this project, the pulse turns on a LED. J1 pads are provided to take this pulse to add-on circuits where it may be used to turn on BUZZER, RELAY etc. A PCB mounted switch (S1) can be used to switch between and automatic reset after the detector has been triggered or to stay triggered. The unit will work reliably up to five meters after proper calibration. 

Technical Specification:
Working Voltage


-

  9 to 12 V DC

Operating Current 


-        
 
 100mA

Transducer’s Frequency   
-
           40 kHz

Sensitivity


          -

 ADJUSTABLE

Range




-

 4 to 6 meters 

Contact Rating 

          -

 230 V AC/1000W

The circuit works in the frequency range above 20 KHz i.e. in the ultrasonic range of frequency spectrum. In the particular application we have used the transducers of 40 KHz which decides its frequency of operation. The presence of an obstacle in the range of 10m approx disturbs the synchronization of the receiver with the transmitter and the Schmitt trigger implemented in the Cmos IC is triggered. The triggering activates the transistors and the alarm sounds .Once disturbed the device needs to be reset manually.

Features:

1. It is a sensitive device which can be fabricated easily.

2. It has many practical applications for security purposes such as in cars, home etc.

3. The operating parameters of the device are optimal and thus convenient to use.

4. The range of the device is approx 10m due to the low power of transmitter.
NOTE: - This circuit is very sensitive. Even air moving (hot air rising, wind blowing) will trigger it when the trim pot is set near the most sensitive position. That is why we say to set it for your particular need.

Circuit Diagram
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This is the circuit diagram representation of the device which has been implemented. The circuit is basically built around the following modules:

1. Transmitter

The transmitter is built around two NAND gates of the four found in IC3 which are used here wired as inverters and in the particular circuit they form a multivibrator the output of which drives the transducer. The transducer converts the output of the multivibrator into mechanical vibrations of 40 KHz.

2. Receiver

The receiver is synchronized with transmitting transducer. The mismatch in the received frequency disturbs the balance and the circuit is triggered and the amplified signals activate the Schmitt trigger built in the CMOS IC.

3. Waveform generators:

The NAND IC works as the waveform generators in the form of ASTABLE MULTIVIBRATOR and the SCHMITT TRIGGER. The output of these generators is used for producing vibrations by the transducers. 

4. Amplification Block

The IC741 is used for the amplification of the signals which are fed to the Transistors.

Circuit Explanation:
Two NAND Schmitt trigger circuits are connected as a multivibrator circuit, which delivers approximate square wave pulses to the transmitter unit; the frequency can range from about 11 kHz to 55 kHz and is controlled by 50 k preset.

The receiver uses a similar transducer to it; the electrical signals produced by it are then amplified by transistor T3. The op-amp IC1 that also references the negative picks of the signal to a predetermined PC level further amplifies them. The output of IC1 is converted the DC in a peak detector and then taken to the non inverting input of IC2, the feedback circuit on this op-amp can be adjusted by the sensitivity preset to control there is no change in incoming signal level IC2 quickly adjusts to a steady high output.

Sound waves reflected by different objects arrive at the receiver in different phases, if they are in phase they add to create a larger signal. If they are out of phase they cancel to give a smaller signal. As an object moves towards or away from the Rx unit by a smaller distance (about 1 cm) it causes the receiver signal to a cycle through a high/low cycle. It is this change from in-phase to out-of phase, which triggers the unit. The steady high output of IC2 is pulled down causing the NAND Gate output to go high turns on the Darlington arrangement of transistors, which turns on the LED. This 6v signal is available at pads 1 and 2 where it can be taken to manage other devices such as relays, buzzers up to-couplers etc.

Working Of Circuit: 

· The transmitter is built around two NAND gates of the four found in IC3 which are used here wired as inverters and in the particular circuit they form a multivibrator the output of which drives the transducer.

· The trimmer P2 adjusts the output frequency of the transmitter and for greater efficiency it should be made the same as the frequency of resonance of the transducers in use.

· The receiver similarly uses a transducer to receive the signals that are reflected back to it the output of which is amplified by the transistor TR3, and IC1 which is a 741 op-amp.

· The output of IC1 is taken to the non inverting input of IC2 the amplification factor of which is adjusted by means of P1.

· The circuit is adjusted in such a way as to stay in balance as long the same as the output frequency of the transmitter.
· If there is some movement in the area covered by the ultrasonic emission the signal that is reflected back to the receiver becomes distorted and the circuit is thrown out of balance.

· The output of IC2 changes abruptly and the Schmitt trigger circuit which is built around the remaining two gates in IC3 is triggered.

· This drives the output transistors TR1,2 which in turn give a signal to the alarm system or if there is a relay connected to the circuit, in series with the collector of TR1, it becomes activated.

· The circuit works from 9-12 VDC and can be used with batteries or a power supply.

Steps of Construction:
1. First of all the PCB layout was drawn on an inch graph paper.
2. This layout was transferred on the copper sheet with the help of carbon and trace papers.
3. Then the sheet was marked with permanent markers
4. This sheet was etched in the solution of ferric chloride.
5. After etching the sheet was washed properly and the punching was done.
Mounting of components:

First of all let us consider a few basics in building electronic circuits on a printed circuit board. The board is made of a thin insulating material clad with a thin layer of conductive copper that is shaped in such a way as to form the necessary conductors between the various components of the circuit. The use of a properly designed printed circuit board is very desirable as it speeds construction up considerably and reduces the possibility of making errors. Smart Kit boards also come pre-drilled and with the outline of the components and their identification printed on the component side to make construction easier. To protect the board during storage from oxidation and assure it gets to you in perfect condition the copper is tinned during manufacturing and covered with a special varnish that protects it from getting oxidized and also makes soldering easier. Soldering the components to the board is the only way to build the circuit and from the way it is done depends greatly your success or failure. This work is not very difficult and if we stick to a few rules. The soldering iron that is used must be light and its power should not exceed the 25 Watts. The tip should be fine and must be kept clean at all times. For this purpose come very handy specially made sponges that are kept wet and from time to time you can wipe the hot tip on them to remove all the residues that tend to accumulate on it. DO NOT file or sandpaper a dirty or worn out tip. If the tip cannot be cleaned, replace it. There are many different types of solder in the market and you should choose a good quality one that contains the necessary flux in its core, to assure a perfect joint every time. DO NOT use soldering flux apart from that which is already included in your solder. Too much flux can cause many problems and is one of the main causes of circuit malfunction. If nevertheless we have to use extra flux, as it is the case when you have to tin copper wires, clean it very thoroughly after you finish your work. In order to solder a component correctly you should do the following:

· Clean the component leads with a small piece of emery paper.

· Bend them at the correct distance from the component’s body and insert the component in its place on the board.

· You may find sometimes a component with heavier gauge leads than usual, that are too thick to enter in the holes of the p.c. board.

· In this case use a mini drill to enlarge the holes slightly. Do not make the holes too large as this is going to make soldering difficult afterwards.

· Take the hot iron and place its tip on the component lead while holding the end of the solder wire at the point where the lead emerges from the board. The iron tip must touch the lead slightly above the p.c. board.

· When the solder starts to melt and flow wait till it covers evenly the area around the hole and the flux boils and gets out from underneath the solder. The whole operation should not take more than 5 seconds. Remove the iron and allow the solder to cool naturally without blowing on it or moving the component. If everything was done properly the surface of the joint must have a bright metallic finish and its edges should be smoothly ended on the component lead and the board track. If the solder looks dull, cracked, or has the shape of a blob then you have made a dry joint and you should remove the solder (with a pump or a solder wick) and redo it.

· Take care not to overheat the tracks as it is very easy to lift them from the board and break them.

· When you are soldering a sensitive component it is good practice to hold the lead from the component side of the board with a pair of long-nose pliers to divert any heat that could possibly damage the component.

· Make sure that you do not use more solder than it is necessary as you are running the risk of short-circuiting adjacent tracks on the board, especially if they are very close together.

· When you finish your work cut off the excess of the component leads and clean the board thoroughly with a suitable solvent to remove all flux residues that may still remain on it.

· There are quite a few components in the circuit and you should be careful to avoid mistakes that will be difficult to trace and repair afterwards. Solder first the pins and the IC sockets and then following if that is possible the parts list the resistors the trimmers and the capacitors paying particular attention to the correct orientation of the electrolytic.

· Solder then the transistors and the diodes taking care not to overheat them during soldering. The transducers should be positioned in such a way as they do not affect each other directly because this will reduce the efficiency of the circuit. When you finish soldering, check your work to make sure that you have done everything properly, and then insert the IC’s in their sockets paying attention to their correct orientation and handling IC3 with great care as it is of the CMOS type and can be damaged quite easily by static discharges. Do not take it out of its aluminum foil wrapper till it is time to insert it in its socket, ground the board and your body to discharge static electricity and then insert the IC carefully in its socket. In the kit you will find a LED and a resistor of 560 — which will help you to make the necessary adjustments to the circuit. Connect the resistor in series with the LED and then connect them between point 9 of the circuit and the positive supply rail (point 1).

· Connect the power supply across points 1 (+) and 2 (-) of the p.c. board and put P1 at roughly its middle position. Turn then P2 slowly tills the LED lights when you move your fingers slightly in front of the transducers. If you have a frequency counter then you can make a much more accurate adjustment of the circuit. Connect the frequency counter across the transducer and adjust P2 till the frequency of the oscillator is exactly the same as the resonant frequency of the transducer. Adjust then P1 for maximum sensitivity. Connecting together pins 7 & 8 on the p.c. board will make the circuit to stay triggered till it is manually reset after an alarm. This can be very useful if you want to know that there was an attempt to enter in the place which is protected by the radar.

ASSEMBLY LAYOUT OF MAIN BOARD
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Part (Components) Explanation:
· ULATRASONIC SENSOR

The ultrasonic sensor for the air which is made by the Nippon Ceramic company. This sensor separates into the two kinds for the transmitter and the receiver. For the transmitter, it is T40-16 and for the receiver, it is R40-16. T shows the thing for the transmitter and R shows the thing for the receiver. 40 show the resonant frequency of the ultrasonic. (40 kHz) 16 shows the diameter of the sensor. The one of the terminal is connected with the case, when grounding; the terminal on the side of the case should be used.

· PARTS LIST

R1



-

3k3

R3, 20

 
-

1MΩ

R4, 6,11,13,15

-

100kΩ

R5



-

470kΩ

R8, 18, 19


-

10kΩ 

R9



-

180kΩ

R10



-

12kΩ

R12Ω, 16


-

47kΩ

R17



-

3k9

R2



-

50kΩ

R14



-

10kΩ

R7



-

3.3kΩ

C1



-

2.2 µF/25V

C2



-

47µF/25V

C3, 13


-

4.7µF/25V

C4



-

3.3 pF

C5, C11


-

10µF/25V

C6, C8


-

1pF

C7



-

47pF

C9



-

100 pF

C10



-

22µF/25V

C12



-

10pF

C14



-

1000µF/16V

D1, 2, 4, 5


-

1N4148

D3



-

3mm GREEN LED

D6, 7



-

1N 4007

Q1, 2, 3


-

BC 548B

U1



-

CD4093



U2, U3


-

LM 741

Tx1, Rx1


-

40 kHz 

SW



-

Switch to ON/OFF

Description of Components:
1. Resistors:   
A resistor is a two-terminal electrical or electronic component that resists an electric current by producing a voltage drop between its terminals in accordance with Ohm's law: 
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The electrical resistance is equal to the voltage drop across the resistor divided by the current through the resistor. Resistors are used as part of electrical networks and electronic circuits.

Identifying resistors:


Most axial resistors use a pattern of colored stripes to indicate resistance. SMT ones follow a numerical pattern. Cases are usually brown, blue, or green, though other colors are occasionally found like dark red or dark gray. One can use a multimeter to test the values of a resistor.

Resistor standards:

· MIL-R-11 

· MIL-R-39008 

· MIL-R-39017 

· BS 1852 

· EIA-RS-279

Four-band axial resistors:


Four-band identification is the most commonly used color coding scheme on all resistors. It consists of four colored bands that are painted around the body of the resistor. The scheme is simple: The first two numbers are the first two significant digits of the resistance value, the third is a multiplier, and the fourth is the tolerance of the value. Each color corresponds to a certain number, shown in the chart below. The tolerance for a 4-band resistor will be 2%, 5%, or 10%.

The Standard EIA Color Code Table per EIA-RS-279 is as follows:

[image: image18.jpg]Color 15 band 2™ band 3™ band (multiplier) 4™ band (tolerance) Temp. Coefficient

____

Brown 1 x10t +1% (F) 100 ppm-

Orange 3 x10° 15 ppm

Yellow 4 4 x10% 25 ppm.
x10° +0.5% (D)

Wiolet 7 x107 +0.1% (B)

Gray 8 8 x108 £0.05% (A)

White 9 9 x10°

Geld x0.1 £5% ()

Silver x0.01 £10% (&)

None 20% Q)




Preferred values:

Resistors are manufactured in values from a few milliohms to about a gigaohm; only a limited range of values from the IEC 60063 preferred number series are commonly available. These series are called E6, E12, E24, E96 and E192. The number tells how many standardized values exist in each decade (e.g. between 10 and 100, or between 100 and 1000). So resistors confirming to the E12 series, can have 12 distinct values between 10 and 100, whereas those confirming to the E24 series would have 24 distinct values. In practice, the discrete component sold as a "resistor" is not a perfect resistance, as defined above. Resistors are often marked with their tolerance (maximum expected variation from the marked resistance). On color coded resistors the color of the rightmost band denotes the tolerance:

· Silver 10% 

· Gold 5% 

· Red 2% 

· Brown 1% 

· Green 0.5%.

Since manufacturers may sort resistors into tolerance classes, prudent design of circuits should assess the effect of any or all resistors being at the upper limits of the tolerance range.
E12 preferred values: 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82

Multiples of 10 of these values are used, eg. 0.47 Ω, 4.7 Ω, 47 Ω, 470 Ω, 4.7 k Ω, 47 kΩ, 470 kΩ, and so forth. E24 preferred values, includes E12 values and: 11, 13, 16, 20, 24, 30, 36, 43, 51, 62, 75, 91
Mnemonic phrases for remembering codes:

There are many mnemonic phrases used to remember the order of the colors.

The easiest way to remember the colours is probably to think of the colour spectrum, then add in the numbers. Starting at the lowest values, one goes from black (no colour) to brownish (infrared) red (2) green (5) to blue (6) and from there to ultraviolet, almost white, and white light. Basically, the higher the energy, the higher the number code. In this way, one learns both the basics of visible light in the electromagnetic spectrum and the color codes. They are, but are not limited to, and variations of:

· Bad Boys Ring Our Young Girls But Violet Giggles Willingly 

· Bad Bacon Rots Our Young Guts But Venison Goes Well. Get Some Now! 

· B.B. ROY of Great Britain had a Very Good Wife, Good Son 

· Buffalo Bill Roamed Over Yellow Grass Because Vistas Grand Were God's Sanctuary 

· Bully Brown Ran Over a Yodeling Goat, Because Violet's Granny Was Gone Snorkeling 

· Buy Better Resistance Or Your Grid Bias May Go Wrong 

· Bad Beer Rots Our Young Guts But Vodka Goes Well Good Sir. 

· Black Bart Raped Our Young Girl But Violet Gave Willingly 

· Bongo's Buy Randy Ocelot Young Girls Buy Very Groovy Walruses 

· Black Brown Red Orange Yellow Green Blue Violet Gray White (Gold Silver)

Types of Resistors:

· Carbon composition 

· Carbon film 

· Metal film 

· Metal oxide 

· Wire wound (usually has higher parasitic inductance) 

· Cermet 

· Phenolic 

· Tantalum

2. Capacitor:


A capacitor is an electrical device that can store energy in the electric field between a pair of closely-spaced conductors (called 'plates'). When voltage is applied to the capacitor, electric charges of equal magnitude, but opposite polarity, build up on each plate. Capacitors are used in electrical circuits as energy-storage devices. They can also be used to differentiate between high-frequency and low-frequency signals and this makes them useful in electronic filters.Capacitors are occasionally referred to as condensers. This is now considered an antiquated term.
Physics:
A capacitor consists of two conductive electrodes, or plates, separated by an insulator.




Capacitance:
When electric charge accumulates on the plates, an electric field is created in the region between the plates that is proportional to the amount of accumulated charge. This electric field creates a potential difference V = E·d between the plates of this simple parallel-plate capacitor.

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:
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In SI units, a capacitor has a capacitance of one farad when one coulomb of charge is stored due to one volt applied potential difference across the plates. Since the farad is a very large unit, values of capacitors are usually expressed in microfarads (µF), nanofarads (nF), or picofarads (pF).

The capacitance is proportional to the surface area of the conducting plate and inversely proportional to the distance between the plates. It is also proportional to the permittivity of the dielectric (that is, non-conducting) substance that separates the plates.

The capacitance of a parallel-plate capacitor is given by:

[image: image21.png]


[1]
Where: ε is the permittivity of the dielectric, A is the area of the plates and d is the spacing between them.

In the diagram, the rotated molecules create an opposing electric field that partially cancels the field created by the plates, a process called dielectric polarization.

Stored energy:
As opposite charges accumulate on the plates of a capacitor due to the separation of charge, a voltage develops across the capacitor owing 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:

	[image: image22.png]





Where V is the voltage across the capacitor.

The maximum energy that can be (safely) stored in a particular capacitor is limited by the maximum electric field that the dielectric can withstand before it breaks down. Therefore, all capacitors made with the same dielectric have about the same maximum energy density (joules of energy per cubic meter).
Electrical circuits:






The electrons within dielectric molecules are influenced by the electric field, causing the molecules to rotate slightly from their equilibrium positions. The air gap is shown for clarity; in a real capacitor, the dielectric is in direct contact with the plates. Capacitors also allow AC current to flow and block DC current.

DC sources:

Electrons cannot easily pass directly across the dielectric from one plate of the capacitor to the other as the dielectric is carefully chosen so that it is a good insulator. When there is a current through a capacitor, electrons accumulate on one plate and electrons are removed from the other plate. This process is commonly called 'charging' the capacitor -- even though the capacitor is at all times electrically neutral. In fact, the current through the capacitor results in the separation of electric charge, rather than the accumulation of electric charge. This separation of charge causes an electric field to develop between the plates of the capacitor giving rise to voltage across the plates. This voltage V is directly proportional to the amount of charge separated Q. Since the current I through the capacitor is the rate at which charge Q is forced through the capacitor (dQ/dt), this can be expressed mathematically as:
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Where

I is the current flowing in the conventional direction, measured in amperes, 

 dV/dt is the time derivative of voltage, measured in volts per second, and  

C is the capacitance in farads. 

Impedance:
The ratio of the phasor voltage across a circuit element to the phasor current through that element is called the impedance Z. For a capacitor, the impedance is given by
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Where
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  is the capacitive reactance, 
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  is the angular frequency, 

f is the frequency, 

C is the capacitance in farads, and 

j is the imaginary unit. 

While this relation (between the frequency domain voltage and current associated with a capacitor) is always true, the ratio of the time domain voltage and current amplitudes is equal to XC only for sinusoidal (AC) circuits in steady state.

Types of Capacitors:
· Metal film: Made from high quality polymer film and metal foil (usually polycarbonate, polystyrene, polypropylene, polyester (Mylar), and for high quality capacitors polysulfone), with a layer of metal deposited on surface. They have good quality and stability, and are suitable for timer circuits. Suitable for high frequencies. 

· Mica: Similar to metal film. Often high voltage. Suitable for high frequencies. Expensive. 

· Paper: Used for high voltages. 

· Glass: Used for high voltages. Expensive. Stable temperature coefficient in a wide range of temperatures. 

· Ceramic: Chips of altering layers of metal and ceramic. Depending on their dielectric, whether Class 1 or Class 2, their degree of temperature/capacity dependence varies. They often have (especially the class 2) high dissipation factor, high frequency coefficient of dissipation, their capacity depends on applied voltage, and their capacity changes with aging. However they find massive use in common low-precision coupling and filtering applications. Suitable for high frequencies. 

· Electrolytic: Polarized. Constructionally similar to metal film, but the electrodes are made of aluminum etched to acquire much higher surfaces, and the dielectric is soaked with liquid electrolyte. They suffer from poor tolerances, high instability, gradual loss of capacity especially when subjected to heat, and high leakage. Special types with low equivalent series resistance are available. Tend to lose capacity in low temperatures. Can achieve high capacities. 

· Tantalum: Like electrolytic. Polarized. Better performance with higher frequencies. High dielectric absorption. High leakage. Has much better performance in low temperatures. 

· Super capacitors: Made from carbon aerogel, carbon nanotubes, or highly porous electrode materials. Extremely high capacity. Can be used in some applications instead of rechargeable batteries. 

3. SCHMITT Trigger:
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In electronics, a Schmitt (or Schmidt) trigger is a comparator circuit that incorporates positive feedback. When the input is higher than a certain chosen threshold, the output is high; when the input is below another (lower) chosen threshold, the output is low; when the input is between the two, the output retains its value. The trigger is so named because the output retains its value until the input changes sufficiently to trigger a change. This dual threshold action is called hysteresis, and implies that the Schmitt trigger has some memory. The benefit of a Schmitt trigger over a circuit with only a single input threshold is greater stability (noise immunity). With only one input threshold, a noisy input signal near that threshold could cause the output to switch rapidly back and forth from noise alone. A noisy Schmitt Trigger input signal near one threshold can cause only one switch in output value, after which it would have to move to the other threshold in order to cause another switch.

The Schmitt trigger was invented by US scientist Otto H. Schmitt. The symbol for Schmitt triggers in circuit diagrams is a triangle with a hysteresis symbol:

Operational Amplifier Implementation:
Today Schmitt triggers are typically built around operational amplifiers, connected to have positive feedback instead of the usual negative feedback. The reference voltage levels can be adjusted by controlling the resistances of R1 and R2.



An op-amp comparator simply gives out the highest voltage it can, +VS when the positive input is at a higher voltage than the negative, and then switches to the lowest output voltage it can, −VS, when the positive input drops below the negative.

For instance, if the Schmitt Trigger is currently in the high state, the output will be at the positive power supply rail (+VS). V+ is then a voltage divider between Vin and +VS. The comparator is comparing V+ to ground. VinR2 must be equal to −VSR1 for V+ to equal zero, so Vin must drop below −(R1/R2)VS to get the output to switch. At this point, the output becomes −VS, and the threshold becomes +(R1/R2)VS to switch back to high.




So this circuit creates a switching band centered around zero, with trigger levels ±(R1/R2)VS. The input voltage must rise above the top of the band, and then below the bottom of the band, for the output to switch on and then back off. If R1 is zero or R2 is infinity (an open circuit), the band collapses to zero width, and it behaves as a standard comparator. The output characteristic is shown in the picture on the right. The value of the threshold T is given by (R1/R2)VS and the maximum value of the output M is the power supply rail.A possible structure of a more realistic configuration is the following:



The output characteristic has exactly the same shape of the previous basic configuration and the threshold values are the same as well. On the other hand, in the previous case the output voltage was depending on the power supply, while now it is defined by the Zener diodes: this way the output can be modified and it is much more stable. The resistor R3 is there to limit the current through the diodes, while R4 is there to minimize the input voltage offset caused by the op-amp's input bias currents. 

Schmitt Trigger with Two Transistors:
A Schmitt trigger is still frequently made using two transistors as shown. The chain RK1 R1 R2 sets the base voltage for transistor T2. This divider, however, is affected by transistor T1, providing higher voltage if T1 is opens. Hence the threshold voltage for switching between the states depends on the present state of the trigger.



For NPN transistors as shown, when the input voltage is well below the shared emitter voltage, T1 does not conduct. The base voltage of transistor T2 is determined by the mentioned divider. Due to negative feedback, the voltage at the shared emitters must be almost as high as that set by the divider so that T2 is conducting, and the trigger output is in the low state. T1 will conduct when the input voltage (T1 base voltage) rises slightly above the voltage across resistor RE (emitter voltage). When T1 begins to conduct, T2 ceases to conduct, because the voltage divider now provides lower T2 base voltage while the emitter voltage does not drop because T1 is now drawing current across RE. With T2 now not conducting the trigger has transitioned to the high state.

With the trigger now in the high state, if the input voltage lowers enough, the current through T1 reduces, lowering the shared emitter voltage and raising the base voltage for T2. As T2 begins to conduct, the voltage across RE rises, further reducing the T1 base-emitter potential and T1 ceases to conduct.

In the high state, the output voltage is close to V+, but in the low state it is still well above V−. This may not be low enough to be a “logical zero” for digital circuits. This may require additional amplifiers following the trigger circuit.
Devices that include a built-in Schmitt Trigger:
The following 7400 series devices include a Schmitt trigger on their input or on each of their inputs:

· 7413: Dual Schmitt trigger 4-input NAND Gate 

· 7414: Hex Schmitt trigger Inverter 

· 7419: Hex Schmitt trigger Inverter 

· 74132: Quad 2-input NAND Schmitt Trigger 

· 74221: Dual Monostable Multivibrator with Schmitt Trigger Input 

· 74232: Quad NOR Schmitt Trigger 

· 74310: Octal Buffer with Schmitt Trigger Inputs 

· 74340: Octal Buffer with Schmitt Trigger Inputs and Three-State Inverted Outputs 

· 74341: Octal Buffer with Schmitt Trigger Inputs and Three-State Noninverted Outputs 

· 74344: Octal Buffer with Schmitt Trigger Inputs and Three-State Noninverted Outputs 

· 747541: Octal Schmitt Trigger Buffer/Line Driver 

A number of 4000 series devices include a Schmitt trigger on inputs, for example:

· 14093: Quad 2-Input NAND 

· 40106: Hex Inverter 

· 14538: Dual Monostable Multivibrator 

· 4020: 14-Stage Binary Ripple Counter 

· 4024: 7-Stage Binary Ripple Counter 

· 4040: 12-Stage Binary Ripple Counter 

· 4017: Decade Counter with Decoded Outputs 

· 4022: Octal Counter with Decoded Outputs 

4. MULTIVIBRATOR:
A multivibrator is an electronic circuit used to implement a variety of simple two-state systems such as oscillators, timers and flip-flops. The most common form is the astable or oscillating type, which generates a square wave - the high level of harmonics in its output is what gives the multivibrator its common name.

There are three types of multivibrator circuit:

· Astable: in which the circuit is not stable in either state - it continuously oscillates from one state to the other. 

· Monostable: in which one of the states is stable, but the other is not - the circuit will flip into the unstable state for a determined period, but will eventually return to the stable state. Such a circuit is useful for creating a timing period of fixed duration in response to some external event. This circuit is also known as a one shot. A common application is in eliminating switch bounce. 

· Bistable: in which the circuit will remain in either state indefinitely. The circuit can be flipped from one state to the other by an external event or trigger. Such a circuit is important as the fundamental building block of a register or memory device. This circuit is also known as a flip-flop. A similar circuit is a Schmitt trigger. 

In its simplest form the multivibrator circuit consists of two cross-coupled transistors. Using resistor-capacitor networks within the circuit to define the time periods of the unstable states, the various types may be implemented. Multivibrator find applications in a variety of systems where square waves or timed intervals are required, but the simple circuits tend to be fairly inaccurate, so are rarely used where precision is required. An integrated circuit multivibrator, the 555, is very common in electronics. 

Astable Multivibrator Circuit:



This circuit shows a typical simple astable circuit, with an output from the collector of Q1, and an inverted output from the collector of Q2.

Suggested values which will yield a frequency of about 0.48Hz:

R1, R4 = 10K 

R2, R3 = 150K 

C1, C2 = 10μF 

Q1, Q2 = BC547 or similar NPN switching transistor 

Basic mode of operation:
The circuit keeps one transistor switched on and the other switched off. Suppose that initially, Q1 is switched on and Q2 is switched off.
· State 1:
Q1 holds the bottom of R1 (and the left side of C1) near ground (0V). 

The right side of C1 (and the base of Q2) is being charged by R2 from below ground to 0.6V. 

R3 is pulling the base of Q1 up, but its base-emitter diode prevents the voltage from rising above 0.6V. 

R4 is charging the right side of C2 up to the power supply voltage (+V). Because R4 is less than R2, C2 charges faster than C1. 

When the base of Q2 reaches 0.6V, Q2 turns on, and the following positive feedback loop occurs:

Q2 abruptly pulls the right side of C2 down to near 0V. 

Because the voltage across a capacitor cannot suddenly change, this causes the left side of C2 to suddenly fall to almost -V, well below 0V. 

Q1 switches off due to the sudden disappearance of its base voltage. 

R1 and R2 work to pull both ends of C1 toward +V, completing Q2's turn on. The process is stopped by the B-E diode of Q2, which will not let the right side of C1 rise very far. 
· State 2:
 
The mirror image of the initial state, where Q1 is switched off and Q2 is switched on. Then R1 rapidly pulls C1's left side toward +V, while R3 more slowly pulls C2's left side toward +0.6V. When C2's left side reaches 0.6V, the cycle repeats.

Multivibrator Frequency
F = 1 / TC

= 1 / (0.693 RC)

= 1 / [0.693 * ((R1 * C1) + (R2 * C2))]

Where...

F is frequency in Hz. 

R1 & R2 are resistor values in ohms. 

C1 & C2 are capacitor values in farads. 

TC = time constant (In this case, the sum of two time constants). 

Monostable Multivibrator Circuit:



Need to expand this section. Similar to the astable but only one capacitor, hence one of the states is stable. Need to add an input to the above circuit. Output is from the Q2 collector. With R1, R2, R3, R4 = 10K, C1=220μF, period is about 0.5 seconds.

Bistable Multivibrator Circuit:



Suggested values:
R1, R2 = 1K 

R3, R4 = 10K 

This circuit is similar to astable multivibrator, except that there is no charge or discharge time, due to the absence of capacitors. Hence, when the circuit is switched on, if Q1 is on, its collector is at 0 V. As a result, Q2 gets switched off. This results in nearly +V volts being applied to base of Q1, thus keeping it on. Thus, the circuit remains stable in a single state continuously.

Similarly, Q2 remains on continuously, if it happens to get switched on first. However, in practice, it is preferable to determine the switching of the transistor manually. For this, the Set and Reset terminals are used. For example, if when Q2 is on, Set is grounded, this switches Q2 off, and as described above, makes Q1 on. Thus, Set is used to 'set' Q1 on, and Reset is used to 'reset' it to off state.

5. DIODE:
The material made by the combination of P-type semiconductor and N-type semiconductor is known as diode. The N-type portion of diode has electrons and P-type proton has holes. There is a semiconductor known as junction barrier.

P–type portion of diode is known as anode and N-type portion of it is known as cathode. Normally there is a flow of electron in the diode. An external potential is needed in perfect direction and quantity in order to make flow of current.

These devices allow current to flow in only one direction. These devices are also called unidirectional devices. Earlier these devices were made of vacuum tubes; now a day these are semi conductor solid-state devices. These are PN junction devices. The PN means doping of the semi-conductor with positive and negative electronic valence atoms. The silicon diodes have knee voltage drop of 0.7 volts i.e. forward biased voltage drop. The diodes work in forward biased condition or reverse biased conditions.
These are available with different current rating, voltage rating, power rating and are used for different applications. The diodes of higher wattage are of bigger sizes. The Symbol of Diode and the ideal curves of diodes are shown below: -
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SYMBOL OF DIODE

Types of Diode: 
  
Diodes are of different types like photodiode Varactor diode, Scotched Diode, PIN diode, Zener Diode etc,
· Zener Diode: Small signal and rectifier diodes are never operated in the break down region because this may damage them. The Zener diode is made to operate in breakdown region, sometimes called breakdown diode. The Zener diode is the backbone of voltage regulators.
       Current

                           
      




Forward Region

Break Down Voltage

                                                                                                                 Voltage
Knee Voltage = 0.7 V


Reverse Region



V-I characteristics of Zener diode

· Light Emitting Diode: 
In a forward biased diode, free electrons cross the junction and fall in to holes. As these electrons fall from a higher to a lower energy level, they radiate energy. In ordinary diodes this energy goes off in the form of heat. But in the light form of heat. But in the light emitting diode (LED) the energy radiates as light. LED’s that radiate red, green, yellow, blue, orange or infrared are manufactured by using elements like gallium. Arsenic, and phosphorous, LED’s that produce visible radiations are useful with instruments, calculators etc.

