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1.2 Introduction 
Light 

Light reviles the world to us. Body and soul crave it. Light sets 
our biological clocks. It triggers in our brains the sensation of 
color. Light feeds us, supplying the energy for plants to grow. It 
inspires us with special effects like rainbows and sunsets. 
Light gives us life-enhancing tools, from incandescent bulbs to 
laser and fiber optics. Sciel1.;tists don't fully understand what 
light is or what it can do. They just know that it will illuminate 
our future. 

__ igh 
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Light has been here from the beginning. There will be light, feebly, at the 
end. In all it's forms-visible and invisible-it saturated the universe. It is 
indestructible. Modern physics has been able to slice up all the stuff from 
nature into even smaller constituents, but light won't reduce. Light is light
pure but not simple. From ancient times scientists have tried to describe it. A 
wave? A particle? Modern scientists say both. 
Light is indispensable part of our life but we hardly pay any attention to it. 
Light is almost like air. It's given. 
Light gives us some moments of certain appreciation when a particular 
manifestation of light appears - a rain bow, a sunset, a pulse of heat 
lightning in a dark sky, the shimmering surface of the sea at twilight, the little 
red dot from the professor's pOinter. Stained glass in a church, a flickering of 
a candle, flooding the room with tomance. The flashlight looking for the 
circuit- breakers after a power outage. 
Usually we do not see light, but we are merely allowed to see with it! The 
beauty of a red rose is only appreciated by seeing it and not by describing it. 
It is the brain's interpretation of a specific wave length of light which is 
roughly around 700 nanometers. 
Photon is what you call light when it is behaving like a sub-atomic particle. 
Photons are replacing the electrons-which we know as the negatively charged 
particles that orbit the nuclei of an atom- as the favorite tool of scientists to 
transmit information. 
Light is now used for various purposes from the very sophisticated laser 
surgery up to telephone technology. 
Light could even become the prominent power source for long distance space 
travel. Scientists at NASA have a new plan for a spacecraft which will use an 
ultra thin sail to catch the "wind" of light beamed from an earth-based Laser. 
In theory, this craft will accelerate to speeds of a fraction to the speed of light 
but with no fuel. 
The question of what is light still arises in mind. 
Light, according to the physicist of the National Ignition Facility NIF in San 
Francisco, can be used as a power source because we can compress its 
energy in a very small point. This is because photons carry no charge and so 
they can be near each other without compelling one another, unlike electrons. 

1.2.1 Traveling Back in History 
Aristotle's once said that "Light is the activity of what is transparent". This 
transparency an essential property of various substances; when activated by 
sun or fire it produced light and color. 
In the fifth century S.C philosopher and poet Empedocles had the brilliant 
intuition that light is a streaming substance emitted by the sun and that we 
are not conscious of its existence because it moves too fast. Many Greeks, 
including Plato and Euclid, believed that the eyes produced some kind of 
visual ray in that way we could see! 
They based this theory on the fact that we cannot see a very fast moving 
object because the ray does not have time to reach it in order to see it. 
Aristotle argued that this was not true since we cannot see in the dark. 
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Thousands of years ago, the Arab scientist Alhazen argued that the pain we 
feel when looking straight at the sun is evidence that the light is entering our 
eyes and not the other way around. 
Light soon after passed through the laboratory of Isaac Newton and never 
looked the same again. In the1600s Newton demonstrated that the white 
light can be analyzed into the entire color spectrum by using a prism. Then, 
by using another prism it recovered it back into white light. Newton believed 
that light was a particle -'multitudes of unimaginable small and swift 
Corpuscles of various sizes, springing from shining bodies at great distances 
one after the other. 
Science years after joined forces with James Clerk Maxwell who in the 1860s 
after he made experiments with electricity and electromagnetic waves he 
realized that they can travel throt:Jgh space at - the speed of light! Is this a 
coincidence, he thought, or is light really an 'electromagnetic wave/. 
This debate over particle-wave theory had finally found a truce governed by 
the quantum mechanics: Light is produced by changes in the energy level of 
electrons. Light moves through space like a wave but when it encounters 
matter it behaves like a particle. Max Planck/s theory of the quanta which 
implied that light pounds against matter in discrete chunks, like bullets of a 
machine gun has put scientists into the era of uncertainty. Einstein entered 
the game saying that light/s speed is constant regardless of the observer's 
own velocity. This is hard to intercept since we must accept that the speed of 
light from the headlights of a car in move has the same speed as the light 
from a stationary flashlight. This implies that there is no time domain and 
there is no absolute location in space. Einstein/s relativity reveals that as an 
object approaches the speed of light, time slows down, and when it reaches 
the speed of light, time stops. 

These are fascinating events that took place in the past. Now we are going to 
introduce some basic concepts and the various ways of communication. 

Pefkaros Markos Copyright 2002 1-9 



Table of Contents 

! Acknowledgements ...........•••••........•......•••..............•......•.......•.. 1-3 
1.1 A word from the editor .....•.•........•..................••.................. 1-4 
1.2 Introduction ....................................................................... 1-5 

1.2.1 Traveling Back in History ••.•....•.•................•...••••....•..... 1-6 
~ The Project's Purpose (Summary) ......................................... 2-10 

2.1 Proiect Outline ..............••••••....•.•........•.•........................... 2-11 
2.1.1 Rf transmitter with Computer Interface ................... 2-11 

~ Communication Engineering .................................................. 3-18 
3.1 Modulation ....•...................•........••.........•.•........................ 3-19 

3.1.1 Process of Modulation ..••.•.....••.......••..••.•••.........•...... 3-20 
3.2 The laser - Introduction •••••.......••.....•..••••...•.................... 3-22 

laser Classifications •.•....•••.•.•.•••.......•••••...•.•.•••.•••........•.•........ 3-26 
~ Circuit Descriptions •.•...•......•.•...••..•...•.•.•.......••..•..••.............•.. 4-29 

4.1 Designing the Infra- red Receiver ................................... 4-29 
4.1.1 The infra-red receiver circuit: .••••.•.•.•.........••..••.•........ 4-30 

4.2 Laser Transmitter ........••••••••...•.•.•......•.•.•...........•....••..•....• 4-32 
4.2.1 Pictures of the IR -Receiver and laser Transmitter. 4-33 

4.3 Problems arising from the construction and experimentation 
of the above circuits ...........•...................................................... 4-34 
4.4 A new implementation of an infra-red transceiver! ........ 4-35 

4.4.1 Transmitter: ....•.••.•...........•......................•••......•......... 4-35 
4.4.2 Receiver: •••............••.••...•..•.••....•.•••...................•••••..... 4-35 

4.5 The VHF Transmitter ...•.••.•.•..............................•...•.••..•.... 4-37 
4.5.1 The VHf Transmitter circuit: ...•.•........•.....•••............••. 4-38 
4.5.2 
4.5.3 
4.5.4 

Development of IR Spotlight for PCB Camera ........... 4-43 
Antenna Matching ...........•..........••...............•.•..•.•....... 
Problems with the circuit: ...••••.......••.•........•.•...........• 

4-44 
4-45 

4.6 BuildinQ the Rf transmitter- Receiver ............................. 4-46 
4.6.1 The RF circuit ....•...•.........••.•..•....•....•.••.••..........•......... 4-47 

4.7 IR remote Controller with 14 operating outputs ............. 4-49 
4.7.1 Circuit Diagram .....••..................•................•........•...... 4-50 

4.8 Computer Interface .......••.•.......•.•...•..••...........••.......•....•... 4-53 
4.8.1 Circuit of RS-232 computer Interface with the Rf 
transmitter ...•........•...............•....•.............•............................•. 4-54 
4.8.2 
4.8.3 
4.8.4 
58 

Pin- out connections of the RS-232 Port .........•......... 4-55 
The wiring scheme: ..........•.......•...............•••......••.•..... 4-56 
Control Program for the Rs-232 Port using Pascal 8.04-

4.9 Implementation of a network control for the project ..... 4-63 
4.9.1 How the network was done: ......•••.•..........••••...••....•... 4-64 

4.10 Remote Administrator ..•.•.••.•...•.•......•••...•......•...•...•..•.•..••• 4-66 
4.10.1 
4.10.2 
4.10.3 

Remote administrator Structure ............................... 4-67 
Features of Remote Administrator ............................ 4-68 
Setting up the network using Radmin connection .... 4-69 

Pefkaros Markos Copyright 2002 1-2 



4.11 Power Supply and Regulation .......................................... 4-70 
4.11.1 Cooling of power Supply ............................................ 4-71 

.2 The 8031 Microcontroller ....................................................... 5-72 
5.1.1 
5.1.2 
5.1.3 
5.1.4 
5.1.5 
5.1.6 

The microcontroller circuit diagram .......................... 5-73 
Explaination of the microcontroller circuit ................ 5-74 
8051 : Types of Memory ............................................ 5-78 
The Accumulator ........................................................ 5-90 
8051 Program Flow ................................................... 5-95 
8051 : Instruction Set, Timing, and low-level 

Information ............................................................................ 5-99 
5.1.7 8051: Timers ........................................................... 5-101 

5.2 Programming the system ............................................... 5-113 
5.2.1 Program description ................................................ 5-114 
5.2.2 Flowchart of Program .............................................. 5-115 
5.2.3 Assembly program: .................................................. 5-116 
5.2.4 The delay subroutine ............................................... 5-119 

5.3 TroubleshootinQ with Microcontrollers .......................... 5-120 
5.3.1 SIG ........................................................................... 5-120 
5.3.2 Troubleshooting the Software ................................. 5-121 
5.3.3 Writing the program on the EPROM ........................ 5-121 
5.3.4 Making an on-circuit emulation ............................... 5-123 
5.3.5 De-spiking Capacitors .............................................. 5-124 

5.4 Stepper Motors ............................................................... 5-125 
5.4.1 Resolution of a stepper motor: ................................ 5-125 
5.4.2 Theory of operation: ................................................ 5-125 
5.4.3 Interface of stepper motor: ..................................... 5-127 
5.4.4 Stepper motor interface circuit: .............................. 5-128 

5.5 Development of solar energy working motor for cooling 
purposes ................................................................................... 5-129 

5.5.1 How do solar cells work? ......................................... 5-129 
5.5.2 The power in light .................................................... 5-131 

§ Construction ......................................................................... 6-132 
6.1 Electronic part ................................................................ 6-132 
6.2 Mechanical part ....................................................•......... 6-132 

6.2.1 Connection of PCB camera onto the shaft of the stepper 
motor 6-135 
6.2.2 Connection of cooking motor onto the casing 6-136 
6.2.3 Connection of solar panels ...................................... 6-137 
6.2.4 Design of the board of the car ................................. 6-138 

Z The final project formation ................................................... 7-140 
7.1 Testing ............................................................................ 7-142 
7.2 Applications of Project ................................................... 7-143 
7.3 Further Developments ................................................... 7-145 
7.4 The Cost of the Project ................................................... 7-146 
7.5 Prototype and Uniqueness of Project Idea .................... 7-147 
7.6 Conclusions: ................................................................... 7-148 

~ References ............................................................................ 8-149 
.2 Appendices ............................................................................ 9-151 

Pefkaros Markos Copyright 2002 1-3 



Figure 1 .................................................................................................................... 1-11 
Figure2 .................................................................................................................... 1-12 
Figure 3 .................................................................................................................... 4-36 
Figure 4 .................................................................................................................... 4-36 
Figure 5 .................................................................................................................... 4-39 
Figure 6 .................................................................................................................... 4-39 
Figure 7 .................................................................................................................... 4-41 
Figure 8 .................................................................................................................... 4-43 
Figure 9 .................................................................................................................... 4-43 
Figure 10 .................................................................................................................. 4-44 
Figure 11 .................................................................................................................. 4-44 
Figure 12 .................................................................................................................. 4-44 
Figure 13 ...................................... ~ ........................................................................... 4-45 
Figure 14 .................................................................................................................. 4-46 
Figure 15 .................................................................................................................. 4-49 
Figure 17 .................................................................................................................. 4-51 
Figure 18 .................................................................................................................. 4-53 
Figure 19 .................................................................................................................. 4-54 
Figure 20 .................................................................................................................. 4-54 
Figure 21 .................................................................................................................. 4-54 
Figure 22 .................................................................................................................. 4-54 
Figure 23 .................................................................................................................. 4-58 
Figure 24 .................................................................................................................. 4-59 
Figure 25 .................................................................................................................. 4-59 
Figure 26 .................................................................................................................. 4-68 
Figure 27 .................................................................................................................. 4-71 
Figure 28 .................................................................................................................. 4-73 
Figure 29 .................................................................................................................. 5-75 
Figure 30 .................................................................................................................. 5-77 
Figure 31 .................................................................................................................. 5-78 
Figure 32 ................................................................................................................ 5-122 
Figure 33 ................................................................................................................ 5-123 
Figure 34 ................................................................................................................ 5-123 
Figure 35 ................................................................................................................ 5-123 
Figure 36 ................................................................................................................ 5-124 
Figure 37 ................................................................................................................ 5-124 
Figure 38 ................................................................................................................ 5-126 
Figure 39 ................................................................................................................ 5-132 
Figure 40 ................................................................................................................ 6-134 
Figure 41 ................................................................................................................ 6-134 
Figure 42 ................................................................................................................ 6-134 
Figure 43 ................................................................................................................ 6-136 
Figure 44 ................................................................................................................ 6-137 
Figure 45 ................................................................................................................ 6-138 
Figure 46 ................................................................................................................ 6-139 
Figure 47 ................................................................................................................ 6-139 
Figure 48 ................................................................................................................ 8-149 
Figure 49 ................................................................................................................ 8-149 
Figure 50 ................................................................................................................ 8-149 
Figure 51 ................................................................................................................ 8-149 
Figure 52 ................................................................................................................ 8-150 

Pefkaros Markos Copyright 2002 1-4 


