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Electronic or mechanical door and window alarms can frighten a burglar away if your house is close enough to neighbors for the alarms to be heard. Perimeter sensor systems, window-foil or glass breakage sensors will help in the same way.  House alarm systems to inhibit the progress of burglars include under-carpet pressure sensing devices, passive infrared, ultrasonic, microwave and photo electric beam alarm systems. The more sensitive and reliable alarm systems are likely to cost more.   Our project goal was to design a low cost infrared break-beam detection system, which when activated would sound an alarm until it was manually reset.



BACKGROUND



Home security devices represent a multibillion dollar industry in the United States.  Security  systems used for such things as smoke detecting, forced entry deterrent, intruder alarm, property safety, and around the clock observation for those times when the clients aren’t home to call the authorities, prevent catastrophic events.  These events, which occur only infrequently, are what the home security systems are designed to prevent, but the devices themselves represent a daily cost and nuisance, so they tend to be undervalued.  The most serious problems are the daily adjustments and manipulations, and the false alarms.  In the first generation of burglar and fire alarms, false alarms occurred so frequently and at such inopportune times (late at night and when the home was vacant) and so many daily manipulations were required that many people simply inactivated the devices to be free of the nuisance.  On March 6, 1982, in Houston, Texas, a Hilton Hotel employee inactivated the smoke alarms at the Westchase Hilton so that he wouldn’t be disturbed at night, and 20 people died of smoke inhalation from a fire started in a room where two young men had consumed three eight-packs of ale and seven marijuana cigarettes.  The lawsuits will surely run into the hundreds of millions.  The Hilton employee was arraigned for manslaughter but not indicted.  Clearly, this past generation of home monitors was primitive and failure prone.  Even nowadays with the micro-computerization of security and safety systems, many say that false triggering is a large problem with home security systems.  However, the daily adjustments are no longer necessary due to the initial setup of the system.  Furthermore, home security systems are prohibitively expensive, and as a result are often seen as unworthy of such cost expenditure.  Systems range in cost from hundreds of thousands of dollars to a mere $200 dollars plus upkeep and monitoring costs.  These cheaper systems, much more sought out by the middle-class income bracket than others for obvious reasons, often times do not protect the homes of the consumers as well as they could, but buyers often times base their purchasing decisions on the persuasiveness of the respective security system commercials, and not on true capabilities.

	Our goal was to construct an infrared break beam detection system which could be used to provide a reasonable degree of home security.  The system consisted of several components, which included “active” components such as 741 Operational-Amplifier (Op-Amp) Comparators, 555 Timers, NPN2222 transistors, and a photo-transistor.  Also the systems used “passive” components such as resistors, capacitors, diodes, and an infrared lens, filter, and LED.

	The 741 op-amp is used as a comparator. A comparator compares the input (positive terminal) with the reference voltage (negative terminal) and gives an output of either positive or negative saturation based upon the comparison.  The reference voltage is controlled by using the steady DC into the circuit and placing it in series with a variable resistor.� 



Figure 1: Simple Comparator Circuit with 741 Op-amp
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	A common type of active component used in oscillation circuits is the 555 timer chip.  The 555 uses a combination of 2 diodes, 16 resistors, 23 transistors and other elements to produce a distinctive oscillation pattern.  The 555 works on a few simple principals.  The output of the 555 goes to saturation (Vcc) when a trigger input is received and it stays at that saturation until the threshold limit is reached.  Once reaching the threshold limit of 2/3*VCC, the output goes towards ground.  The trigger input is 1/3*VCC.  By properly using the 555 in an oscillation circuit complete with capacitors and resistors, a cyclic signal can be attained.  The 555 has a stability approaching 1% and can run from a voltage supply of 4.5 Volts to a higher voltage supply of 16 Volts.  One of the problems with the 555, however, is its high supply current and high trigger current.  To bypass these problems, engineers have used the 555 timer chip as the basis for more advanced circuit components.� 

	The transistor is our most important example of an “active” component, a device that can amplify, producing an output signal with more power in it than the input signal. 	A transistor takes a set amount of input voltage into the base(between 2.5 Volts and 5 Volts for the transistor used) and ‘turns on’ the transistor when at the appropriate voltage.  When the voltage is lower or higher than needed, the transistor is pulled back into the ‘off’ state by the use of  a high resistance.

	A transistor is useful because a small voltage can be used to control a much larger source voltage.  With two power sources, a large power source can be turned on or off by the simple use of a small power source going to many different transistor-transistor-logic (TTL) circuits if needed.  

	There are a few governing rules regarding the setup of a TTL circuit.  First, the voltage into the base must be between 2.4 and 5 Volts for the ‘on’ state.  Second, the base current is related to the collector current through a proportionality called ( where:

� EMBED Equation.2  ���

And lastly, the TTL must be pulled back down to ground through the use of resistors when switching from the on to off phase.

Figure 2: Transistor Symbol
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	The final “active” component is a variation of the transistor known as a photo-transistor.  The photo transistor behaves in much the same way that the npn transistor.  The receiver uses the photo-transistor to determine the presence of a light beam.  The photo-transistor is a transistor with the base being the active light part (it looks just like a basic LED with a white/clear ‘head’ that is the base of the transistor).�

	Some “passive” components of the system consisted of resistors, which were used mainly as voltage dividers, capacitors, which were used to decrease the rate of false triggering, and diodes, which insured that no negative current flowed through critical components of the circuit.  



*-see Appendix for additional device specifications.







� SYSTEM OVERVIEW



Materials

Two 555 chips were used.

Two 741 op-amps were used.

The resistor and capacitor values that were used:

		R1=10K(	C1=0.22nF

R2= 2K(	C2=0.047(F

R3=3.3K(	R4=1K(

R5=1K(	R6=22K(

R7=100K(	R8=120(

R9=220(

NPN2222 transistor was used.  

a Jameco Mini Buzzer (6Vinput, 80 dB output)

Two 9 V DC power supplies (batteries)

an infared lens (Commercial IR Fresnel Lens: A43,794 in Edmund Scientific Catalog.  Thickness: 0.015 in.  Focal Length: 0.37 in.)

phototransitor (LPT202X series)

an LED (TLN110)

two bread boards

A battery clip

Various wires to complete the circuitry (22 gage)

Two boxes (courtesy of Dunkin’ Donuts)

An infared filter (IR only filter: A43,952 in Edmund Scientific Catalog.  Size: 1” by 1”.)

Aluminum foil

�

Figure 3:  Final Circuit for Receiver

Break Beam Detection
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�

Figure 4: Original Design for Receiver
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Progression from Original to Final Design of Receiver



The original break beam receiver design (Figure 4) incorporated a comparator circuit (based on a 741 op-amp) with the LPT202X series phototransistor and a Jameco 80 dB buzzer.  The basic concept behind the design was to change the reference voltage into the 741 op-amp comparator and have the comparator turn on the 6 V buzzer.  After construction, it was found that the difference between the reference and comparing nodes of the 741 (+ and - respectively) was 0.15 V ( .005 V when the phototransistor was in the off mode (light hitting the transistor) and the output of the comparator was only 2.16 V ( .005 V.  When the phototransistor was in the on mode, there was only a change of 25 mV( 0.5 mV into the reference of the op-amp ( a change from 4.31 V ( .005 V to 4.34 V ( .005 V).  Compared to the voltage of 4.45 V ( .005 V into the positive input of the 741, the change of 25 mV ( .5 mV was not sufficient to flip the output of the comparator from high to low.  



In order to compensate for the small changes in voltage, three different options were considered: 1) use a transistor in series with the comparator to create a feedback into the reference (+) since the output of the comparator was high when the reference was low, 2) use an amplifying circuit to amplify both the voltages and the differences in voltage between the on and off stage or 3) integrate a 555 timer equipped with its own comparators and three separate inputs (Vcc, threshold and trigger) and keep one of the inputs constant.  Option #1 was discarded due to the design need for a base voltage that would be greater than the comparator output voltage.  Option #2 was discarded based on the need for two different amplifications for the reference and comparing nodes of the comparator and the need for the amplifications to be so close that the uncertainty associated with the operation of the circuit (because of resistor uncertainties and small fluctuations in the DC voltage supplied by the 9 V batteries) would affect the performance of the design.  Option #3 was implemented through the use of an Infrared Security Alarm circuit.� 



Figure 5: Infrared Security Alarm



� EMBED ShapewareVISIO20  ���



The Infrared Security Alarm circuit used the 555 timer and two transistors (one photo, one NPN2222) as the active components.   The basis of the Infrared Security Alarm circuit was the reverse of our original goal: as the light came in contact with the phototransistor, the alarm went on.  To try to change this, the circuit found in the Engineer’s Mini-Notebook was changed so that the output of the emitter of the NPN2222 transistor went into the threshold of the 555 timer rather than the trigger.  The 555 timer works on the principal that a reference voltage is applied to the chip; if the trigger is less than one-third of the reference voltage, the 555 outputs high but if the threshold is greater than two-thirds of the reference voltage, the output goes low.  The basic premise was this:  if light was striking the phototransistor, the NPN2222 would receive a voltage at the base essentially turning it on via TTL and the voltage into node 6 of the 555 would go higher, turning off the 555 timer.  If light was not striking the phototransistor, the voltage into the threshold would be low and the trigger would dominate, thereby turning on the alarm.  



The Infrared Security Alarm circuit was built.  After testing, it was found that the output of the 555 between the on and off stages was opposite of the wanted response.  The circuit had one redeeming quality for the project: once it was triggered, the output of the 555 timer did not change again until the 555 timer was reset.  This circuit could be coupled with the buzzer to keep the buzzer on rather than flipping between on and off.  Once again different options were available to complete the design: 1) try to change the existing circuit to bring it in line with the goal of the on/off characteristics project or 2) use the property of the circuit that it kept the alarm on once triggered and couple it with a separate triggering circuit.  Option #2 was chosen for its fulfillment of one of the goals of the project: keeping the alarm on once triggered.



In order to trigger the circuit in Figure 5, it was decided to do a combination comparator and 555 timer.  This last circuit yielded the final result (See Figure 3).  The comparator in Part A gave an output of -6.63 V ( .005 V when light was striking the phototransistor and an output of 6.69 V ( .005 V when the light was blocked.  The output of the comparator was fed into Vcc of the 555 timer in Part A via a diode to block out the negative voltage.  By changing the Vcc voltage of the 555 timer and keeping a constant voltage into the trigger and connecting the threshold to ground, an on and off stage could be triggered.  Feeding the output of Part A into Part B could turn on the alarm at the appropriate time once the output of the second 555 timer was connected to another comparator.  



Final Circuit



The Break Beam Receiver circuit starts and ends with 741 comparators and couples two 555 timers together in the middle to give a constant alarm once triggered.  Beginning with the Part A comparator and working through the system (See Figure 6 for detailed numbered progression):



A reference voltage into the positive terminal of the 741 op-amp was connected after the emitter of the phototransistor changing the voltage from 0.30 V ( .005 V when light was striking the system, to 1.50 V ( .005 V when the system was in the dark (and the alarm in the ‘on’ state).

A constant voltage into the negative terminal of the 741 op-amp was achieved through a voltage divider coming straight off the positive input of the system (from the two 9 V coupled batteries).  The constant voltage was set at 1.31 V ( .005 V to fall in between the on/ off of the reference voltage.

The output would swing from -6.63 V ( .005 V when light was hitting the system to 6.69 V ( .005 V when the light was blocked from the system.  

The output from 3) above was fed into the Vcc reference voltage of the first 555 timer through the diode to control the negative input and burning out of the circuit.  The input into Vcc was 1.26 V ( .005 Volts when light was striking the system to 6.01 V ( .005 V when light was blocked from the phototransistor.  ( The appearance of a voltage although the output of step #3 above was negative was attributed to feedback within the 555 timer itself.)

The threshold was connected to ground so that the trigger voltage alone could be used to control the on/off characteristics.

The control voltage of the 555 was connected to ground to keep the system from false triggering.

The voltage into the trigger was kept at a constant 1.81 V ( .005 V by a voltage divider connected to the positive terminal of the battery.

The output of the 555 timer changed from 1.91 V (.005V when light was striking the system to 4.70 V ( .005 V when light was blocked from the phototransistor.

The output of the 555 timer of Part A was used to drive the NPN2222 transistor in Part B.  A voltage divider was used to control the base voltage while the collector was connected directly to the output of Part A.  The base voltage swung from 3.84 V ( .005 V to 1.56 V ( .005 V and the collector voltage went from 1.91 V ( .005 V to 4.70 V ( .005 V. 

The emitter of the NPN2222 was connected to both the threshold and discharge of the second 555 timer.  When the system was being struck by light, the voltage into both of these was 2.67 V ( .005 V and when the light was blocked the voltages rose to 5.40 ( .005 V.  

The Vcc voltage was connected directly to the power source (batteries) so that it was a constant 7.80 V ( .005 V.

The output of the 555 timer in Part A was run into the trigger voltage of the 555 in Part B but with one change.  A resistor was connected to ground before the trigger essentially to provide a load and keep the trigger and the threshold from having matching values because they were both driven by the same voltage.  The voltage of Part A changed from 1.91 V ( .005 V to 4.70 V ( .005 V.

The key to the constant alarm once the system was triggered is in the characteristics of the output of the 555 timer in Part B.  If light was striking the system, the output was 2.66 V ( .005 V.  When light was blocked from the system, the output rose to 5.39 V ( .005 V and stayed there even if light was allowed to strike the system again.  

This output was once again coupled with a comparator to distinguish between the on and off  stages of the system.  The reference voltage of the comparator in Part B was held at a constant 2.76 V ( .005 volts through the use of a voltage divider powered from the positive battery supply while the comparing voltage (negative terminal) was connected straight to the output in Step #13 above.

The output of the 741 comparator in Step #14 was run straight into the buzzer which was connected to ground.  The output swung from -6.59 V ( 0.005 V to 4.80 V ( 0.005 V.

Lastly, a reset switch was placed into the 555 timer in part B.   The reset switch was connected from the reset terminal (pin #4) directly to ground, allowing for direct manual reset of the system once the alarm was triggered.

 �

Figure 6: Break Beam Receiver

(Refer to numbers above for explanation of nodes)
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The transmitter circuit was simply a LED powered by a 9 Volt battery.  (See Figure 7).  A voltage divider was used to control the voltage to the infrared LED and keep the LED from burning out.  



Figure 7: Transmitter
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Packaging�

The receiver circuit was confined to a box 6” by 5” by 4” with aluminum foil covering the inside to insulate the phototransistor from other possible infrared light sources.  Two holes each 1“ by ½ “ were cut into the side of the box to allow for access to the alarm and reset switch to the user.   At the end of the box was cut a ½ “ by ½ “ square for the light transmission from the LED to be received by the phototransistor.  On the inside of the box, the lens was affixed to the ½ “ by ½ “ square and the phototransistor (attached to breadboard and circuit) was placed 0.37 ( .01 inches from the lens.  On the outside of the box, covering the ½ “ by ½ “ square, the infrared filter was affixed using tape to reduce the risk of ambient light from affecting the results of the testing and working of the circuit.



The transmitter circuit was confined to a box 6” by 4” by 4”.  A tube approximately ¾ “ in diameter and covered in the aluminum foil on the inside surface was attached to the LED of the transmitter.  The distance from the LED to a hole ½ “ by ½ “ cut into the end of the box was 5 “.  The tube served to concentrate the light from the LED into one ‘beam’ rather than the light dissipating into the surroundings.  

  

Breadboard Set-up

  

The receiver was set up on a breadboard schematically as follows:
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Active Components



741 operational amplifier

555 timer chip

NPN2222 transistor

LPT202X series phototransistor



All of the above operational specifications for the active components can be found in BE310 Bioengineering Laboratory: Laboratory Manual Spring 1997 or in the Appendix at the end of this document.



CONSTRUCTION PROCEDURE



Original design (See Figure 4)



The parts for the original design (See System Overview).



First, the values of the resistors needed to be determined.  The value of R3 was determined to regulate the voltage input into the buzzer.  A 1K( resistor value was used.  The 741 op-amp is used as a comparator.  When the phototransistor receives the light from the LED, the circuit, ideally will be closed through the emitter terminal of the transistor and the resistors R1 and R2 will act like a voltage divider.  R1 and R2 were chosen so that when the phototransistor is receiving the light, V2 is greater than V1 and the output of the 741 op-amp is negative saturation.  R1 was thus chosen as 1K( and R2 also as 1K(.  R4 was chosen as 1K( also.  As discussed above, this circuit failed and was recreated.



A transmitter was not created yet, instead an LED light was used from a previous laboratory circuit.  (A simple circuit, like the one used in the final circuit for the transmitter).



Circuit Failure #2 (See Figure 5)



Parts used for the second trial (See System Overview).



The second step that occurred in the construction of the circuit was to determine the values for the different parts in figure .  These were taken from the radio Shack book mentioned in the System Overview.  The values were found to be: R1=10K(, R2 =1M( variable resistor, C1=0.047 (F, and C2=0.01 (F.  When constructed, this device worked, but the alarm worked in reverse.  The input into the six and two was changed, but still, the circuit did not work.  The reason for a 555 chip was due to the internal structure of the chip.  It contains a flip-flop switch so when the 555 output turns “on”, it stays on.  (this alarm was intended to stay on until the “user” turns it off, and not just give a signal only when the beam from the transmitter was broken).



The same transmitter was used as in the first part.



Final Circuit (See Figure 3)



Final Parts List (See System Overview)



The final construction was a variation and a combination of the first two construction failures.  The first 741 op-amp was used as a comparator.  This compared a constant voltage to the output of the phototransistor.  R1 and R2 were chosen since the phototransistor was not giving a very noticable difference between between light and dark.  The comparator, as discussed in the system overview, controlled Vcc of the first 555 chip.  When the phototransistor was in the presence of light, the output of the 741 was negative, while the output when no light was present was positive.  The diode was placed to stop the negative voltage from entering the first 555 chip.  The inputs of the 555 chip were selected as discussed in the system overview.  



C1 and C2 were selected to stop false triggering of the two 555 chips.  R5 was chosen to regulate the voltage into pin 2 of the second 555 (by giving the current the option to go to ground).



The transistor was selected to change the input pin 6 and 7 in the second 555 chip.  R6 and R7 were selected to cut the base voltage into the transistor by 8/10, so that the transistor would not burn out (and work properly).  The input into pin 2 of the second 555 chip was regulated by the output of the first 555 chip.  Also, a switch was placed into the second 555 chip to reset it.  Unlike previously thought, the buzzer did not need any resistor to regulate the voltage across the device.  



The second 741 chip was used as a comparator, comparing a constant voltage determined by voltage divider from the combination of R8 and R9 to the output of the second 555 chip.  The voltage output from this voltage divider was theoretically meant to cut 9V into 5.8V.  The comparator would thus output a negative voltage if light was present to the phototransistor (thus the output of the second 555 chip was lower than the constant voltage into the 741).  This negative voltage would not turn the buzzer on.  A positive voltage would be outputed by the 741 if the output of the second 555 chip was higher than the constant voltage, thus producing an output voltage that turned the buzzer on.  The group found a need to add the comparator since the output from the second 555 chip was always positive and enough to turn on the alarm.  With the comparator, the alarm would only turn on when the original phototransistor was blocked from light.



The transmitter was constructed so that an infared light was emitted.   R1 and R2 were selected so that the voltage across the LED was under 5 volts (R1=R2=1000().  Two LEDs were tested, one GaA Infrared emitter and one RED LED that acts as a diode.



The transmitter and receiver were placed into different boxes.  This was for testing reasons so that the infrared light in the room did not interfere with the receiver.  Also, at the receiver side, a infrared filter and an infrared lens were used to magnify and filter the inputed light to the receiver.  When unsuccessful distances of detection occurred, aluminum foil was used as a “tube” to try to increase the distance that the receiver could detect the output from the transmitter.        



Note: the testing procedure was an integral part in the choice of values for the components of the final circuit.  Resistors were chosen not so much from what was theoretical voltages, but what the group was observing as actual voltages during the construction of the circuit.



TESTING PROCEDURE



When a problem occurred, a general pattern was followed to find the solution:
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Whenever a problem occurred, the group checked almost all input and outputs of all of the components of the system.  At times, a simple voltage needed to be lowered or gained.  At times a whole new comparator circuit needed to be added.  The system did not work ideally, and the group changed many aspects of circuit with their knowledge of electronics.



The first circuit constructed (See Figure 4) showed a problem with the comparator.  When the voltage was tested between the two positions of the phototransistor (on and off), it was found that the voltage change was not great enough for the comparator to change the output voltage (See Operational Specifications for values).  Because of this, a new component was looked into: a 555 chip (note, the 555 chip was also used because once the chip goes on, it stays on).  



The second circuit was constructed with success, except the alarm came on when the light from the transmitter to the receiver was complete.  The voltages found during the experiment were fine to function all components of the circuit (see operational specifications).



The final circuit created had a lot of testing problems.  The group combined the first two attempts to create the final circuit.  The first addition was the first comparator.  This comparator circuit solved the problem of inputing a positive or negative voltage into the 555 so that the 555 chip turned on or off.  The resistors chosen for the comparator were chosen after the output voltage of the phototransistor was found (see operational specifications).  The testing of this was done with an ohm meter at the various nodes around the 741 op-amp (See Figure 3).  The output of the 741 op-amp was used as Vcc+ into the 555 chip.  This would thus turn on or off the output of the 555 chip.  A diode was placed before the 555 chip since the output voltage was observed to be negative from the 741 op-amp when the phototransistor was being hit by light (thus stopping a negative voltage into the 555 timer chip).  The output of this 555 timer chip was then placed into the next 555 timer chip.  Pin 6 and 7 were entered via a transistor.  The group found that all voltages were fine so that the 555 chip would work properly, but the alarm always stayed on.  This problem was remedied by observing the output voltage of the second 555 chip.  When the phototransistor was hit by light, the output was lower by over 2.5 V than when the phototransistor was in the presence of no infrared light (see operational specifications).  This problem was remedied by placing another comparator circuit that turned the alarm on when the output of the second 555 chip was on the higher side of the two possible outputs.  The resistors chosen for the voltage divider for the constant voltage was chosen by the voltage values found at the output of the second 555 chip.



When the final product was produced, testing occurred in both a dark area and a well lit area.  A box was placed over both the transmitter and the receiver so that the output and input light could be “aimed” better.  Also, the dark room was used so that no infrared interference from room lights could take place.  In the lighted room, aluminum foil was used to collimate the output of the transmitter to see if “longer” distances could be detected.  This was done to test the performance of the phototransmitter and LED output.



The overall system was tested for a voltage response using a variable voltage supply.  The voltages checked in the circuit were done using a multi-meter.  No frequency response was needed since the circuit was using strictly DC voltage supplies.



With every problem encountered, the group saw the outputs and inputs of the problem and were able to change the circuit so that the circuit performed as desired.  

  

OPERATIONAL SPECIFICATIONS



Failed Circuit #1 (See Figure 4):�

Voltages into 741 op-amp (found with multimeter at various nodes):



�On position (V)�Off Position (V)��In (+)�4.31 ( 0.005�4.34 ( 0.005��In (-)�4.45 ( 0.005�4.45 ( 0.005��Vcc (+)�8.54 ( 0.005�8.54 ( 0.005��Vcc (-)�-8.54 ( 0.005�-8.54 ( 0.005��Output�2.16 ( 0.005�2.16 (0.005��

Total change of In (+) between on and off characteristics of the phototransistor: 0.025 ( 0.0005 V.

(Note: the output from the two batteries was (8.54 ( 0.005 V)



The output did not change since the phototransistor was not changing In (+) enough to flip the output from low to high (note: In (+) does not ever supercede In (-).)  The circuit needed two things: a flip-flop switch and a way to stay on once it was triggered.  This led to the introduction of a 555 timer chip into the circuit.  This was taken many from Radio Shack as mentioned above.   



Failed Circuit #2 (See Figure 5):



Voltages into the 555 timer chip (using an multimeter):



�No light 

characteristics (V)�Light 

characteristics (V)��Threshold�3.77  ( .005 V�NA��Trigger�0.63 ( .005 V�NA��Vcc (+)�5.15 ( .005 V�NA��Discharge�.51 ( .005 V�NA��Output�0.63 ( .005 V�2.09 ( .005 V��

This circuit outputted the correct voltage into the buzzer, yet the buzzer was “on” at the wrong time.  



Voltage output from one battery: +8.20 (0.005 V 



The circuit needed to be changed so that the alarm would sound at the correct time.  As mentioned before, the trigger and the threshold lines were switched, seeing if a simple solution could occur.  With this circuit, it was found that the alarm would stay on, once it was turned on, but more modifications needed to be added so that the final circuit worked properly.  With this modification came the idea of bringing in a comparator.  Once added to the 555 timer chip, a new 555 timer chip was added to produce the needed output for the buzzer and lastly, another comparator was used to turn on the alarm when wanted.  This brings us to the final circuit design.



Final Circuit (See Figure 3)



Voltages into 741 op-amp in Part A of Figure 3. 

(found with multimeter at various nodes):



�No light (V)�Light (V)��In (+)� 1.31( 0.005�1.31 ( 0.005��In (-)� 1.50( 0.005�0.30 ( 0.005��Vcc (+)�7.80 ( 0.005�7.80 ( 0.005��Vcc (-)�-7.80 ( 0.005�-7.80 ( 0.005��Output�6.6.3 ( 0.005�-6.63 (0.005��

Voltages into the 555 timer chip in Part A of Figure 3

(using an multimeter):



�No light 

characteristics (V)�Light 

characteristics (V)��Threshold�0.00 ( 0.005�0.00 ( 0.005��Trigger�1.81 ( 0.005�1.81 ( 0.005��Vcc (+)�6.01 ( 0.005�1.26 ( 0.005��Discharge�no connection�no connection��Control Voltage�4.00 ( 0.005�1.81 ( 0.005��Output�4.70 ( 0.005�1.91 ( 0.005�� 

Voltages into the 555 timer chip in Part B of Figure 3.

(using an multimeter):



�No light 

characteristics (V)�Light 

characteristics (V)��Threshold�5.40 ( 0.005�2.67 ( 0.005��Trigger�4.70 ( 0.005�1.91 ( 0.005��Vcc (+)�7.80 ( 0.005�7.80 ( 0.005��Discharge�5.40 ( 0.005�2.67 ( 0.005��Control Voltage�0 (to ground)�0 (to ground)��Output�5.39 ( 0.005�2.66 ( 0.005��

Voltages into 741 op-amp in Part B of Figure 3.

(found with multimeter at various nodes):



�No light (V)�Light (V)��In (+)�5.39 ( 0.005�2.66 ( 0.005��In (-)�2.76 ( 0.005�2.76 ( 0.005��Vcc (+)�7.80 ( 0.005�7.80 ( 0.005��Vcc (-)�-7.80( 0.005�-7.80 ( 0.005��Output�4.80 ( 0.005�-6.59 (0.005��

Overall range of input voltages for system to work: 6.1-9.0 ((0.005) V



The circuit had many changes.  The major change was the addition of the last 741 op-amp.  Since the output of the 555 Timer Chip in section B was always outputting enough for the alarm to sound, a comparator was created so that when the output of the 555 was “low”, the alarm would not sound.  Also, the first comparator was used to control Vcc of the first 555 chip.  When Vcc would go low, the 555 would have no output since the trigger input was higher than Vcc.  The second 555 chip was almost the same construction as failed circuit #2.  The major difference was that the 6 and 2 pins (threshold and trigger) were switched from the original circuit for the failed circuit #2.  



Characteristics of Transmitter:

Input Voltage�8.54 ( 0.005 V��Voltage Across Led�4.27 ( 0.005V��

Distances between Transmitter and Receiver for product to function

(Note: all distances found with the transmitter and receiver covered by the boxes):



Distance in lighted room:�5 in.��Distance in dark room:�5 in.��Maximum distance with aluminum foil:�28 in.��

The maximum distance without any collimator was 5 inches in both a lit and unlit room.  This leads the group to believe that a “better” transmitting light and receiving phototransistor should be used.  When the aluminum foil was used to collimate the emitting light so that it reflected upon the phototransistor, an increase of over 500% was observed for the distance.  The lenses used did not make any improvement upon the distance between the transmitter and receiver.  This was due to lack of time to test the lenses.  Also, it is felt by the creators that another lens at the transmitter should be used to reflect the infrared light only upon the receiver.  Since aluminum foil did increase the distance, fresnel lenses should be able to also affect the overall distance between the transmitter and the receiver.  





DEVICE SPECIFICATIONS



Supply Voltage								Volts

	Transmitter   

		Min								6.1 ( .05

		Max								9 ( .5 

	Receiver

		Min								N/A

		Max								9 ( .5



					Inches

Distance between Transmitter and Receiver						

	with foil tube								28 ( .5 

	without foil tube							5 ( .5



	

										

CONCLUSION



Our project goal was completed fairly well.  The infrared break-beam detection system worked with the degree expected of a crude prototype. Problems which were detrimental to our goal were 1) a lack of consistent lighting, 2) inconsistency of transmitter-receiver aim, and 3) an under-powered transmitter. These problems resulted in an insubstantial range between the transmitter and the receiver (5” maximum without a collimator and 28” with a collimator).  These problems could have been corrected fairly easily using 1) a dark-room, 2) an aiming reticle or a laser, and 3) changing the LED to one which has a increased infrared luminosity.  Furthermore, with better knowledge and hands-on experience with the Fresnel lenses the range of the transmitter/receiver system could have been increased.  Unfortunately due to time constraints, forthcoming solutions were unlikely.



As a future project, or as an expansion of this present one, the detection system which was devised here could be combined with a computer to create a better representation of a security system.  Using LabView, one could run the detection system, and when tripped the program would require the entry of a X-digit security code to reset the system.  Another possibility could be to use a laser transmitter in conjunction with a series of lenses and mirrors to “protect” an object (such as the Maltese Falcon).



�APPENDIX

741 Op-Amp



PIN #�FUNCTION���1�Offset N1��2�IN -��3�IN +��4�VCC-��5�Offset N2��6�OUT��7�VCC+��8�NC��



Table 2: 741 Operational Amplifier Specifications



Supply Voltage (Maximum)�( 18 Volts��Temperature Operating Range�0( C to +70( C��Maximum Input Voltage�( 15 Volts��







555 Timer Chip



PIN #�FUNCTION���1�Ground��2�Trigger��3�Output��4�Reset��5�Control Voltage��6�Threshold��7�Discharge��8�VCC��

The 555 timer chip operates on a few basic principles:

Trigger input of less than 1/3*VCC

Threshold input of more than 2/3*VCC

Output goes High (VCC+) when trigger input received.

Output goes Low (ground) when threshold input received.

Stability of 1%.







555 Specifications



Supply Voltage						4.5 Volts to 15 Volts

Supply Current						3 to 6 mA/ 10 to 15 mA (dependent on VCC)

Output Current						200 mA maximum

Operating Temperature					0 to 70 degrees Celsius



Jameco Buzzer Specifications



Voltage							6 Volts

Current							30 mA

Decibels							80 dB





� 741 Op-Amp Specifications found in Spring BE310 Lab Manual Experiment 1.

� 555 Timer specifications found in Mims, Forrest M III.  Engineer’s Mini-Notebook: 555 Timer & IC Circuits.  Fort Worth: Siliconcepts.  1985;  p. 5

� Transistor and Photo-transistor specifications found in Horowitz, Paul & Hill, Winfield. The Art of Electronics.  Section 9.10.

� Found in:  Mims, Forrest M III.  Engineer’s Mini-Notebook: Optoelectronic Circuits.  Fort Worth: Siliconcepts.  1985;  p. 29.
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