INTRODUCTION


This is a very interesting project with many practical applications in security and alarm systems for homes, shops and cars. It consists of a set of ultrasonic receiver and transmitter which operate at the same frequency. 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.


Technical Specifications – Characteristics
Working voltage: 12V DC
Current: 30 mA







                                                                      			
                   CIRCUIT DIAGRAM
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                 WORKING PRINCIPLE
As it has already been stated the circuit consists of an ultrasonic transmitter and a receiver both of which work at the same frequency. They use ultrasonic piezoelectric transducers as output and input devices respectively and their frequency of operation is determined by the particular devices in use.
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.

     CIRCUIT DIAGRAM CONSTRUCTION
                     																					       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. Soldering the components to the board is the only way to build our circuit and from the way we do it depends greatly your success or failure. This work is not very difficult and if we stick to a few rules we should have no problems. The soldering iron that we use 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 we can wipe the hot tip on them to remove all the residues that tend to accumulate on it.  There are many different types of solder in the market and we should choose a good quality one that contains the necessary flux in its core, to assure a perfect joint every time. We DO NOT use soldering flux apart from that which is already included in our solder. Too much                                                                                                                               flux can cause many problems and is one of the main causes of circuit malfunction. If nevertheless you have to use extra flux, as it is the case when we have to tin copper wires, clean it very thoroughly after we finish your work. 
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 we finish soldering, check our 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. We Do not take it out of its aluminium 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 us 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 till the LED lights when we move  fingers slightly in front of the transducers.  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 we want to know that there was an attempt to enter in the place which are protected by the radar.
                         COMPONENTS USED
R1 180 KOhm
R2 12 KOhm
R3, 8 47 KOhm
R4 3,9 KOhm
R5, 6, 16 10 KOhm
R7, 10, 12, 14, 17 100 KΩ
R9, 11 1 MOhm
R13, 15 3,3 KOhm
C1, C6 10uF/16V
C2 47uF/16V
C3 4,7 pF
C4, C7 1 nF
C5 10nF
C8, C11 4,7 uF/16V
C9 22uF/16V
C10 100 nF
C12 2,2 uF/16V
C13 3,3nF
C14 47nF
TR1, 2, 3 BC547 , BC548
P1 10 KOhm trimmer
P2 47 KOhm trimmer
IC1, 2 741 OP-AMP
IC3 4093 C-MOS
R TRANSDUCER 40KHz
T TRANSDUCER 40KHz
D1, 2, 3, 4 1N4148
                       IC-741(OP AMP)

An operational amplifier, which is often called an op-amp, is a DC-coupled high-gain electronic voltage amplifier with a differential input and, usually, a single-ended output.[1] An op-amp produces an output voltage that is typically millions of times larger than the voltage difference between its input terminals.
Typically the op-amp's very large gain is controlled by negative feedback, which largely determines the magnitude of its output ("closed-loop") voltage gain in amplifier applications, or the transfer function required (in analog computers). Without negative feedback, and perhaps with positive feedback for regeneration, an op-amp essentially acts as a comparator. High input impedance at the input terminals (ideally infinite) and low output impedance at the output terminal(s) (ideally zero) are important typical characteristics.
									              			The circuit symbol for an op-amp is shown to the right, where:
· [image: V_{\!+}]: non-inverting input                                  
· [image: V_{\!-}]: inverting input [image: C:\Users\ABC\Desktop\150px-Op-amp_symbol.svg.png]
· [image: V_{\!\text{out}}]: output
· [image: V_{\text{S}\!+}]: positive power supply
· [image: V_{\text{S}\!-}]: negative power supply
It consists of four independent, high gain, internally compensated, low power operational amplifiers which have been designed to provide functional characteristics identical to those of the familiar 
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LM741 operational amplifier. In addition the total supply current for all four amplifiers is comparable to the supply current of a single LM741 type op amp. Other features include input offset currents and input bias current which are much less than those of a standard LM741. Also, excellent isolation between amplifiers has been achieved by independently biasing each amplifier and using layout techniques which minimize thermal coupling. The LM148 can be used anywhere multiple LM741 or LM1558 type amplifiers are being used and in applications where amplifier matching or high packing density is required.
Features
n n n n n n n n n n 741 op amp operating characteristics Class AB output stage - no crossover distortion Pin compatible with the LM124 Overload protection for inputs and outputs Low supply current drain: 0.6 mA / Amplifier Low input offset voltage: 1 mV Low input offset current: 4 nA Low input bias current 30 nA High degree of isolation between amplifiers: 120 dB Gain bandwidth product (unity gain): 1.0 MHz
In the proliferation of quad op amps, these are the first to offer the convenience of familiar, easy to use operating characteristics of the LM741 op amp. In those applications where LM741 op amps have been employed, the LM148 series op amps can be employed directly with no change in circuit performance. The package pin-outs are such that the inverting input of each amplifier is adjacent to its output. In addition, the amplifier outputs are located in the corners of the package which simplifies PC board layout and minimizes package related capacitive coupling between amplifiers. The input characteristics of these amplifiers allow differential input voltages which can exceed the supply voltages. In addition, if either of the input voltages is within the operating common-mode range, the phase of the output remains correct. If the negative limit of the operating common-mode range is exceeded at both inputs, the output voltage will be positive. For input voltages which greatly exceed the maximum supply voltages, either differentially or common-mode, resistors should be placed in series with the inputs to limit the current. Like the LM741, these amplifiers can easily drive a 100 pF capacitive load throughout the entire dynamic output voltage and current range. However, if very large capacitive loads must be driven by a non-inverting unity gain amplifier, a resistor should be placed between the output (and feedback
connection) and the capacitance to reduce the phase shift resulting from the capacitive loading. The output current of each amplifier in the package is limited. Short circuits from an output to either ground or the power supplies will not destroy the unit. However, if multiple output shorts occur simultaneously, the time duration should be short to prevent the unit from being destroyed as a result of excessive power dissipation in the IC chip. As with most amplifiers, care should be taken lead dress, component placement and supply decoupling in order to ensure stability. For example, resistors from the output to an input should be placed with the body close to the input to minimize "pickup" and maximize the frequency of the feedback pole which capacitance from the input to ground creates. A feedback pole is created when the feedback around any amplifier is resistive. The parallel resistance and capacitance from the input of the device (usually the inverting input) to AC ground set the frequency of the pole. In many instances the frequency of this pole is much greater than the expected 3 dB frequency of the closed loop gain and consequently there is negligible effect on stability margin. However, if the feedback pole is less than approximately six times the expected 3 dB frequency a lead capacitor should be placed from the output to the input of the op amp. The value of the added capacitor should be such that the RC time constant of this capacitor and the resistance it parallels is greater than or equal to the original feedback pole time constant.
The 741 integrated circuit looks like any other ‘chip’. However, it is a general purpose OP-AMP. You need only to know basic information about its operation and use. The diagram opposite shows the pins of the 741 OP-AMP. The important pins are 2, 3 and 6 because these represent inverting, non-inverting and voltage out. Notice the triangular diagram that represents an Op-Amp integrated circuit.
	



THE 741 IS USED IN TWO WAYS

	 

	 
	 

	1. An inverting amplifier. Leg two is the input and the output is always 
reversed.

In an inverting amplifier the voltage enters the 741 chip through leg two
 and comes out of the 741 chip at leg six. If the polarity is positive going
 into the chip, it negative by the time it comes out through leg six. The
 polarity has been ‘inverted’.

2. A non-inverting amplifier. Leg three is the input and the output is not reversed.

In a non-inverting amplifier the voltage enters the 741 chip through leg
 three and leaves the 741 chip through leg six. This time if it is positive
 going into the 741 then it is still positive coming out. Polarity remains the
 same.





                       IC3 4093 C-MOS
General characteristics
· Supply: 3 to 15V, small fluctuations are tolerated. 
· Inputs have very high impedance (resistance), this is good because it means they will not affect the part of the circuit where they are connected. However, it also means that unconnected inputs can easily pick up electrical noise and rapidly change between high and low states in an unpredictable way. This is likely to make the IC behave erratically and it will significantly increase the supply current. To prevent problems all unused inputs MUST be connected to the supply (either +Vs or 0V), this applies even if that part of the IC is not being used in the circuit! 
· Outputs can sink and source only about 1mA if you wish to maintain the correct output voltage to drive CMOS inputs. If there is no need to drive any inputs the maximum current is about 5mA with a 6V supply, or 10mA with a 9V supply (just enough to light an LED). To switch larger currents you can connect a transistor. 
· Fan-out: one output can drive up to 50 inputs. 
· Gate propagation time: typically 30ns for a signal to travel through a gate with a 9V supply, it takes a longer time at lower supply voltages. 
· Frequency: up to 1MHz, above that the 74 series is a better choice. 
· Power consumption (of the IC itself) is very low, a few µW. It is much greater at high frequencies, a few mW at 1MHz for example. 
There are many ICs in the 4000 series and this page only covers a selection, concentrating on the most useful gates, counters, decoders and display drivers. For each IC there is a diagram showing the pin arrangement and brief notes explain the function of the pins where necessary. The notes also explain if the IC's properties differ substantially from the standard characteristics listed above. 
If you are using another reference please be aware that there is some variation in the terms used to describe input pins. I have tried to be logically consistent so the term I have used describes the pin's function when high (true). For example 'disable clock' on the 4026 is often labelled 'clock enable' but this can be confusing because it enables the clock when low (false). An input described as 'active low' is like this, it performs its function when low. If you see a line drawn above a label it means it is active low

4093 quad 2-input NAND with Schmitt trigger inputs

[image: ]
Capacitor
A capacitor or condenser is a passive electronic component consisting of a pair of conductors separated by a dielectric (insulator). When a potential difference (voltage) exists across the conductors, an electric field is present in the dielectric. This field stores energy and produces a mechanical force between the conductors. The effect is greatest when there is a narrow separation between large areas of conductor, hence capacitor conductors are often called plates.
An ideal capacitor is characterized by a single constant value, capacitance, which is measured in farads. This is the ratio of the electric charge on each conductor to the potential difference between them. In practice, the dielectric between the plates passes a small amount of leakage current. The conductors and leads introduce an equivalent series resistance and the dielectric has an electric field strength limit resulting in a breakdown voltage.
Capacitors are widely used in electronic circuits to block the flow of direct current while allowing alternating current to pass, to filter out interference, to smooth the output of power supplies, and for many other purposes. They are used in resonant circuits in radio frequency equipment to select particular frequencies from a signal with many frequencies
                       [image: C:\Users\ABC\Desktop\250px-Photo-SMDcapacitors.jpg]

Capacitor types

Practical capacitors are available commercially in many different forms. The type of internal dielectric, the structure of the plates and the device packaging all strongly affect the characteristics of the capacitor, and its applications.
Values available range from very low (picofarad range; while arbitrarily low values are in principle possible, stray (parasitic) capacitance in any circuit is the limiting factor) to about 5 kF supercapacitors.
Above approximately 1 microfarad electrolytic capacitors are usually used because of their small size and low cost compared with other technologies, unless their relatively poor stability, life and polarised nature make them unsuitable. Very high capacity supercapacitors use a porous carbon-based electrode material.


                [image: http://upload.wikimedia.org/wikipedia/commons/thumb/d/de/Condensators.JPG/220px-Condensators.JPG]


Diode
In electronics, a diode is a two-terminal electronic component that conducts electric current in only one direction. The term usually refers to a semiconductor diode, the most common type today, which is a crystal of semiconductor connected to two electrical terminals, a P-N junction. A vacuum tube diode, now little used, is a vacuum tube with two electrodes; a plate and a cathode.
The most common function of a diode is to allow an electric current in one direction (called the diode's forward direction) while blocking current in the opposite direction (the reverse direction). Thus, the diode can be thought of as an electronic version of a check valve. This unidirectional behavior is called rectification, and is used to convert alternating current to direct current, and extract modulation from radio signals in radio receivers.
					               
                                                                                                                                                    [image: C:\Users\ABC\Desktop\220px-Diodes.jpg]              [image: C:\Users\ABC\Desktop\500px-Diode-IV-Curve_svg.png]                              


Resistor
	 Electronic symbol                                              

	  [image: Resistor symbol Europe.svg](Europe)                               [image: C:\Users\ABC\Desktop\225px-3_Resistors.jpg]                                         
    [image: Resistor symbol America.svg](US)


A resistor is a two-terminal electronic component that produces a voltage across its terminals that is proportional to the electric current passing through it in accordance with Ohm's law:
V = IR 
Resistors are elements of electrical networks and electronic circuits and are ubiquitous in most electronic equipment. Practical resistors can be made of various compounds and films, as well as resistance wire (wire made of a high-resistivity alloy, such as nickel/chrome).
The primary characteristics of a resistor are the resistance, the tolerance, maximum working voltage and the power rating. Other characteristics include temperature coefficient, noise, and inductance. Less well-known is critical resistance, the value below which power dissipation limits the maximum permitted current flow, and above which the limit is applied voltage. Critical resistance is determined by the design, materials and dimensions of the resistor.
Resistors can be integrated into hybrid and printed circuits, as well as integrated circuits. Size, and position of leads (or terminals) are relevant to equipment designers; resistors must be physically large enough not to overheat when dissipating their power. 
10 K ohm Trimmer
A 10K 2 Watts linear potentiometer, also called trimmer selector is an electronic component that can be used to control the sound system, power limited, current, resistance, capacitor and so on.

It is mounted in a 9mm-diameter hole including the nut and washer

 Product Details         
· Net weight: 20grams/pc 
· With 3 terminals 
· 10K OHM available 
· Resistance tolerance: +/-10% 
· Power rating: 2 Watts 
· Original from Japan 
· Body size: H34.25 x D25.25 mm 
· Resistance behaviour in linear 
· Rotational life in 40,000 
· Shaft in 20.6mm length 
· Including nut and washer 
· Shaft in 270 degree angle turn 
· Each piece packed into a poly bag 
        [image: C:\Users\ABC\Desktop\220px-PCB_variable_resistors.jpg]    
we also use 47k ohm trimmer in our project..            
Ultrasonic Transducer pair 40KHz
40KHz Ultrasonic Transducer Transmitter and Receiver Pair. These transducers are very useful in making various sensors for detecting obstacles and measuring distances.

                        [image: C:\Users\ABC\Desktop\0e3c3f2ec3b39f0755317cc238dbb65e_image_150x150.jpg]


Features
· Use for motion or distance sensing 
· Frequency: 40kHz ±1.0kHz 
· Aluminum case 
· Capacitance: 2000pF ±20% 
· Transmitter: bandwidth 5.0kHz/100dB, sound pressure level 112dB/40 ±1.0kHz 
· Receiver: bandwidth 5.0kHz @ -75dB, min. sensitivity 67dB/40 ±1.0kHz (0dB vs. 1V µbar) R=3.9k. 
· Lead length/spacing: 0.28" 
· Case size: 0.30"H x 0.43" Dia. 


Transistor (BC457,458)
A transistor is a semiconductor device used to amplify and switch electronic signals. It is made of a solid piece of semiconductor material, with at least three terminals for connection to an external circuit. A voltage or current applied to one pair of the transistor's terminals changes the current flowing through another pair of terminals. Because the controlled (output) power can be much more than the controlling (input) power, the transistor provides amplification of a signal. Some transistors are packaged individually but many more are found embedded in integrated circuits.
The transistor is the fundamental building block of modern electronic devices, and its presence is ubiquitous in modern electronic systems
                           [image: BJT PNP symbol.svg]PNP                                    [image: JFET P-Channel Labelled.svg]P-channel


                        [image: BJT NPN symbol.svg] NPN                       [image: JFET N-Channel Labelled.svg]
                                                                                                                                           N-channel 
                              BJT                                                                                                      JFET
 Types
Transistors are categorized by
· Semiconductor material: germanium, silicon, gallium arsenide, silicon carbide, etc. 
· Structure: BJT, JFET, IGFET (MOSFET), IGBT, "other types" 
· Polarity: NPN, PNP (BJTs); N-channel, P-channel (FETs) 
· Maximum power rating: low, medium, high 
· Maximum operating frequency: low, medium, high, radio frequency (RF), microwave (The maximum effective frequency of a transistor is denoted by the term fT, an abbreviation for "frequency of transition". The frequency of transition is the frequency at which the transistor yields unity gain). 
· Application: switch, general purpose, audio, high voltage, super-beta, matched pair 
· Physical packaging: through hole metal, through hole plastic, surface mount, ball grid array, power modules 
· Amplification factor hfe (transistor beta)[13] 
Thus, a particular transistor may be described as silicon, surface mount, BJT, NPN, low power, high frequency switch.
Part numbers
	Prefix class
	                                      Usage                                       
	                                Example

	            AC
	                                        Germanium small signal transistor
	                                   AC126

	AF
	Germanium RF transistor   
	         AF117

	BC
	Silicon, small signal transistor ("allround")
	        BC548B

	BD
	Silicon, power transistor
	        BD139

	BF
	Silicon, RF (high frequency) BJT or FET
	        BF245

	BS
	Silicon, switching transistor (BJT or MOSFET)
	        BS170


BC547
BC547 er en bipolar transistor med tre ben. Det midterste er basen (terminalen hvor "kontrol"-strømmen sendes ind), der skal styre strømgennemgangen mellem de to andre ben (kollektoren og emitteren). Transistoren er en småsignaltransistor, og f.eks. BC547B kan klare op til 50 volt, men højst ca. 100 milliampere.
BC548
The BC548 is a general purpose silicon, NPN, bipolar junction transistor found commonly in European electronic equipment. It is electrically similar to the North American 2N3904 and Japanese 2SC1815 but has different lead assignments.
If the TO-92 package is held in front of one's face with the flat side facing away and the leads downward, the order of the leads. from left to right is emitter, base, collector.
Specifications
The exact specs of a given device depend on the manufacturer. It is important to check the datasheet for the exact device and brand you are dealing with. Philips and Telefunken are two manufacturers of the BC548.
Vcbo = 30 Volts, Ic = 100mA, Ptotal = 50mW and ft = 300MHz[1]
Relationships to the Family of "BC" Devices
The BC548 is a member of a larger group of similarly numbered transistors. Its complement is the BC558, which is similar to the North American 2N3906 and the Japanese 2SA1015. The BC548 is flanked by two similar transistors, the BC547 and the BC549. These are similar to the BC548 but the 547 has a greater Vcbo of 50 volts and the 549 has the same Vcbo of 30 volts but a lower noise figure. The 547 and 549 have complementary PNP versions numbered 557 

and 559. A 556 device also exists with a Vcbo of 80 volts, which device finds extensive use in the current mirror input stages of medium quality audio amplifiers with relatively high rail voltages. A family of older "BC" transistors predates the TO-92 BC54x series, the BC107, 108 and 109, (with complements BC177, 178 and 179). These are generally housed in the TO-18 metal package, the same as what the North American 2N2222 uses. These older transistors have similar characteristics as the TO-92 BC5xx devices and are generally interchangeable. For example, a damaged BC178 could be replaced with a BC558, taking the usual precautions to ensure that the three leads are correctly oriented.


The BC337, 338 and 339 are a range of higher current, slower devices with complementary PNP versions BC327, 328 and 329. These are similar to the North American 2N2222 and 2N2907 in Ic and ft values and have the same Vcbo ratings as the BC547, 548 and 549. The BC637, 638 and 639 possess an Ic value of 1A, a Vcbo of between 60 and 100 volts and an ft of 50 to 130MHz. These devices have a different lead configuration, with the collector lead in the middle. The complementary PNP version would be BC62x, but it is not clear if these devices are produced. There are many other devices based on the BC54x family, such as the surface-mount versions of the BC547, 548 and 549, the BC847, 548 and 549.









 MAXIMUM RATINGS
Rating           Symbol           BC547          BC548              Unit
Collector–Emitter Voltage      VCEO                      45 		 30 			     Vdc
Collector–Base Voltage          VCBO                     50 		 30  	                	   Vdc
Emitter–Base Voltage                                                      6.0                                                    Vdc
Collector Current — Continuous IC                                 100                                                   mAdc
Total Device Dissipation @ TA = 25C
Derate above 25C
                                                    PD                                 625
                                                                                           5.0
mW
mW/C
Total Device Dissipation @ TC = 25C
Derate above 25C
                                                    PD                                  1.5
                                                                                           12
Watt
mW/C

Operating and Storage Junction
Temperature Range
                                                TJ, Tstg                     –55 to +150 C








Future Scope of Work

This is a very interesting project with many practical applications in security and alarm systems for homes, shops and cars.
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