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ABSTRACT 

By the time passed, human being has more need to electrical devices in every 

kind of work. Also the Light Detector is one of these electrical devices which is a part 

of my project subject. Light detector is based on the Photoelectric Effect of light. These 

devices that are related to light and electrical effects describe the light's role in our life. 

These effects; 

The main objective of this thesis is to provide a knowledge about light detector 

and photoelectric effects of light by describing the components of light detector and 

how the light is existed by electrically. 

For this purpose I examined that Photoelectric Effect is connected with Quantum 

theory, Partical Wave Duality, Einstein's Theory and other theories. Therefore I 

examined Light Detector is connected with Photo Transistor Devices, Photo diode and 

definition of Detector and Light. 

This project presents a practical electrical project,building a light detector circuit 

and emphasizing the importance of Light in our life. 
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INTRODUCTION 

Photoelectric Effect and Light Detector, which are the subject of my project, are 

important for past, present and will be in future in our life. If I want give an example for 

light's place in our life, even a human's eye detects the colour of light and works like a 

Light Detector. 

Another point that is important in our life is, the energy in Photons that is the 

description of Photoelectric Effect. 

The Purpose of this project is design, build and test a Light Detector Circuit with 

its basic elements. This Thesis consists of the introduction, five chapters and 

conclusion. 

The first chapter will discuss components which will be used in building the 

circuit of the Light Detector. The characteristic, properties and functions will also be 

discussed. Also this chapter describes and gives brief explanation about a circuit which 

works when light is received to LDR. 

Chapter two will discuss the relations between Photoelectric Effect and Photon, 

Electron, Quantum mechanics. 

Chapter three will discuss the definition of Photoelectric Effect, its growth to 

nowadays and also explains the relation Photon energy and Light energy. 

Chapter four will discuss light and detector in forming of a Light Detector and 

specifications of a Light Detector. 

Chapter five will discuss the different Light Detectors and their specifications 

that are being used nowadays. 
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CHAPTER I 

THE DEVICES USED FOR BUILDING A LIGHT DETECTOR 

1.1. RESISTORS 
The resistor is probably the most common and well known of all electrical 

components. Their uses are many, they are used to drop voltage, limit current, attenuate 

signals, act as heaters, act as fuses, furnish electrical loads and divide voltages. 

Resistors have numerous characteristics which determine their accuracy when 

used. Each will effect the accuracy to a greater or lesser extent depending on the 

application. Some of these characteristics are, Tolerance at DC, Temperature 

Coefficient of Resistance (TCR), Frequency Response, Voltage Coefficient, Noise, 

Stability with Time and Load, Temperature Rating, Power Rating, Physical Size, 

Mounting Characteristics, Thermocouple Effect, and Reliability. 

1.1.1. RESISTOR TERMS AND ABBREVIATIONS 

1.1.1.1. Resistor Tolerance 
Resistor Tolerance is expressed as the deviation from nominal value in percent 

and is measured at 25oC only with no appreciable load applied. It will change 

depending on the other conditions when in use. 

1.1.1.2. Temperature Coefficient of Resistance 
The Temperature Coefficient of Resistance (TCR) is expressed as the change 

in resistance in ppm ( .0001 %) with each degree of change in temperature Celsius (Co). 

This change is not linear with the TCR the lowest at +25oC and increasing as the 

temperature increases ( or decreases). It can be either a bell shaped curve or an S shaped 

curve. It is treated as being linear unless very accurate measurements are needed, then a 

temperature correction chart is used. Normally a resistor with a TCR of 100 ppm will 

change 0.1 % over a 10 degree change and 1 % over a 100 degree change. The 

expression of ppm , one part in a million is similar to percent or 1 part in 100 ( or 

percentile) 



1.1.1.3. Frequency Response 

Frequency Response is the change in resistance with changes in frequency and 

is more difficult to measure. Where exact values are needed, these changes can be 

plotted but not very accurately, and normally in db change. These measurements can be 

made with a Boonton RX Meter which is designed for measuring low Q circuits. 

1.1.1.4. Voltage Coefficient 
The Voltage Coefficient is the change in resistance with applied voltage and is 

associated with Carbon Composition Resistors and Carbon Film Resistors. It is a 

function of value and the composition of the carbon mixture used in the manufacture of 

these resistors. 

1.1.1.5. Thermocouple Effect 
The Thermocouple Effect is due to the Thermal emf generated by the change in 

the temperature at the junction of two dissimilar metals. This emf is due to the materials 

used in the leads or in the case of Wirewound Resistors the resistive element also. This 

can be minimized by keeping both leads at the same temperature .. The resistive element 

( the wire) of wirewound resistors is designed with a low thermal emf, but some of the 

wire used for high TCR resistors will have a much larger thermal emf. 

1.1.1.6. Stability 
Stability is the change in resistance with time at a specific load, humidity level, 

stress, and ambient temperature. The lower the load and the closer to + 25oC the resistor 
is maintained, the better the stability. Humidity will cause the insulation of the resistor 

to swell applying pressure (stress) to the resistive element causing a change. Changes in 

temperature alternately apply and relieve stresses on the resistive element thus causing 

changes in resistance. 
Reliability is the degree of probability that a resistor ( or any other device) will 

perform it's desired function. There are two ways of defining Reliability. One is Mean 

Time Between Failures (MTBF) and the other is Failure Rate per 1,000 hours of 

operation. Both of these means of evaluating reliability must be determined with a 
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specific group of tests and a definition of what is the end of life for a device, such as a 

maximum change in resistance or a catastrophic failure (short or open). 

1.1.1.7. Temperature Rating 
Temperature rating is the maximum allowable temperature that the resistor 

may be used. There are generally two temperatures for example, a resistor may be rated 

at full load up to +85oC derated to no load at + 145oC. This means that with certain 

allowable changes in resistance over life the resistor may be operated at +85oC with it's 

rated power. 

1.1.1.8. Power Rating 
Power ratings are based on physical size, allowable change in resistance over 

life. thermal conductivity of materials, insulating and resistive materials, ambient 

operating conditions. 

It is important that all of the above characteristics be considered when selecting 

a particular style and tolerance for each application. 

1.1.2. TYPES OF MOUNTING AND PHYSICAL SIZES 

1.1.3.1. RESISTOR SIZES 
Resistors are available in almost any size ranging from 0.065 inches diameter 

by .125 inches long to 12 inches in Diameter to several feet high (for very high voltage 

resistors). They come in almost any shape that is imaginable. The most common form is 

cylindrical with leads coming out either end. They can be manufacture in custom shapes 

to fit the available space when quantities justify. 

1.1.3.2. RESISTOR TYPES 

1.1.3.3. PRECISION WIREWOUND 
The Precision Wirewound is a highly accurate resistor with a very low TCR 

and can be accurate within .005%. A temperature coefficient of resistance (TCR) of as 

little a 3 part per million per degree Celsius (3ppm/oC) can be achieved. However these 

components are too expensive for general use and are normally used in highly accurate 

DC applications. The frequency response of this type is not good. When used in an rf 

application all Precision Wirewound Resistors will have a low Q resonant frequency. 
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The power handling capability is very small. These are generally used in highly 

accurate DC measuring equipment, and reference resistors for voltage regulators and 

decoding networks. 

The accuracy is maintained at 25oC(degrees Celsius) and will change with 

temperature. The maximum value available is dependent upon physical size and is much 

lower than most other types of resistor. Their power rating is approximately 1/10 of a 

similar physical size in a carbon composition. They are rated for operation at +85oC or 

+125oC with maximum operating temperature not to exceed +145oC. This means that 

full rated power can be applied at +85 ( 125) oC with no degradation in performance. It 

may be operated above + 125 (85) oC if the load is reduced. The derating is linear, rated 

load at + 125(85) oC and no load at + 145oC .. Precision Resistors regardless of type, are 

designed for maximum accuracy and not to carry power. The materials used in these 

resistors are highly stable heat treated materials that do change under extended heat and 

mechanical stress. The manufacturing processes are designed to remove any stresses 

induced during manufacture. 

There is little detectable noise in this type of resistor. The stability and 

reliability of these resistors is very good and their accuracy can be enhanced by 

matching the absolute value and the temperature coefficient over their operating range 

to achieve very accurate voltage division. 

1.1.3.4. NIST STANDARD 

The NIST (National Institute of Standards and Technology) Standard can be as 

accurate as .001 % with roughly the same TCR as Precision Wirewound Resistors and 

are very stable. These are used as a standard in verifying the accuracy of resistive 

measuring devices. They are normally the Primary Standards of a company's test lab. 

Normally, a standard will take about 3 years to stabilize and becomes 

morestable with time unless it has had excessive power applied or has been dropped. 

These standards are generally stored in an oil bath at + 25oC 

These resistors are furnished in a totally enclosed metal case and for values 

above 1 ohm, this enclosure is filled with mineral oil ( other type of oil may contain 

additives that can cause corrosion in later life). The values below 1 ohm may be built in 

an enclosure that is perforated and these must be submersed in oil. If power is applied 

without it being submersed, the Standard will be ruined. 
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All NIST Type Standards are equipped with provisions for two, three, or four 

terminal measurements. The applied power is calculated and the temperature of the 

Standard is monitored during test. These Standards are rated for operation at room 

temperature only but their other characteristics are the same as Precision Wirewound 

Resistors. 

1.1.3.5. POWER WIREWOUND RESISTORS 
Power Wirewound Resistors are used when it is necessary to handle a lot of 

power. They will handle more power per unit volume than any other resistor. Some of 

these resistors are free wound similar to heater elements. These require some form of 

cooling in order to handle any appreciable amount of power. Some are cooled by fans 

and others are immersed in various types of liquid ranging from mineral oil to high 

density silicone liquids. Most are wound on some type of winding form. These winding 

forms vary. Some examples are ceramic tubes, ceramic rods, heavily anodized 

aluminum, fiberglass mandrels, etc. 

To achieve the maximum power rating in the smallest package size, the core on 

which the windings are made must have a material with high heat conductivity. It may 

be Steatite, Alumina, Beryllium Oxide, or in some cases hard anodized .There is a 

group of these called "Chassis Mounted Resistors" 

The small power resistor can serve a two fold purpose, that is to fulfill it's 

purpose as a resistor and act as a heater in an enclosure. Some users have used them in 

crystal ovens to maintain the crystal at the desired temperature. It makes a reasonably 

cheap off the shelf heater that comes in a variety of wattage's, sizes and values. 

These resistive elements are placed in a ceramic shell (boat) and an highly 

filled cement is used to fasten these in the boat. The filler often used in the cement is a 

ceramic material with high heat conductivity. These are very inexpensive, no effort is 

made to achieve tight tolerances, low TCRs, and the range of values is extremely 

limited. They are often found as surge resistors in TVs and other electronic /electrical 

equipment. Their main selling point is low cost. They are often sold with an enamel 

coating for a low power precision wirewound resistor that is even lower in cost. 

1.1.3.6. FUSE RESISTORS 
Fuse Resistors serve a dual purpose, a resistor and a fuse. They are designed so 

that they will open with a large surge current. The fusing current is calculated based on 
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the amount of energy required to melt the resistive material .These resistors will 

normally run hotter than a normal precision or power resistor so that a momentary surge 

will bring the resistive element up to fusing temperature. Some designs create a hot spot 

inside the resistor to assist in this fusing. Calculations are made and samples are 

produced to verify the calculations. The major unknown is the heat transfer of the 

materials, which can be quite significant for pulse of long duration, and is very difficult 

to calculate. 

Mounting of these devices is critical because it will effect the fusing current. 

These are quite often made to mount in fuse clips for more accurate fusing 

characteristics. 

1.1.3.7. CARBON COMPOSITION 

Carbon composition resistors were once the most common resistor on the 

market. They still have a very large market and prices are highly competitive. They are 

made from carbon rods cut in the appropriate length then molded with leads attached. 

The mix of the carbon can be varied to change the resistivity for the desired values. 

High values are much more readily available. Very low values are more 

difficult to achieve. A 5% tolerance is available. This is usually done by measuring and 

selecting values. Normal tolerances without measurement and selection is in the area of 

20%. 
These resistors also has a voltage coefficient. That is the resistance will change 

with applied voltage, the greater the voltage, the greater the change. In addition to a 

power rating, they also have a voltage rating . The power capability in relation to 

physical size is greater than Precision Wirewounds but less than Power Wirewounds. 

1.1.3.8. CARBON FILM RESISTORS 
Carbon Film Resistors have many of the same characteristics as carbon 

composition resistors. The Carbon Film Resistor is made by coating ceramic rods with a 

mixture of carbon materials. This material is applied to these rods in a variety of means, 

the one most familiar to me are dipping, rolling, printing , or spraying the rods in the 

appropriate solution. The frequency response of this type of resistor is among the best, 

far better than Wirewounds, and much better that carbon composition. The wirewound 

resistors are inductive at lower frequencies and values and somewhat capacitive at 

6 



higher frequencies regardless of value. Also wirewound resistors will have a resonant 

frequency. Carbon Composition Resistors will be predominately capacitive . 

1.1.3.9. MET AL FILM RESISTORS 

Metal Film resistors are the best compromise of all resistors. They are not as 

accurate and have a higher temperature coefficient of resistance and are not as stable as 

Precision Wirewounds. Metal film resistors are manufactured by an 

evaporation/deposition process. That is the base metal is vaporized in a vacuum and 

deposited on a ceramic rod or wafer. Several attempts have been made to vaporize low 

TCR materials and deposit on these substrates, but to my knowledge, these attempts 

have not been successful. The very low TCR resistive materials are heat treated to 

achieve the resistivity and low TCR. This is not compatible with an evaporation 
process. 

The frequency characteristics of this type are excellent and better than Carbon 

Films. The one area that carbon films exceed metal films is the maximum values. 

Carbon films can achieve higher maximum values than any other group. 

1.1.3.10. FOIL RESISTORS 

Foil resistors are similar in characteristics as metal films. Their mam 

advantages are better stability than metal films and lower TCRs. They have excellent 

frequency response, low TCR, good stability, and very accurate. This type can be used 

as strain gauges, strain being measured as a change in the resistance. When used as a 

strain gauge, the foil is bonded to a flexible substrate that can be mounted on a part 
where the stress is to be measured. 

1.1.3.11. FILAMEN 

The Filament Resistors are similar to the Bathtub Boat Resistor except they are 

not packaged in a ceramic shell (boat). The individual resistive element with the leads 

already crimped is coated with an insulating material. 
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1.1.3.12. POWER FILM RESISTORS 

Power film resistors are similar in manufacture to their respective metal film or 

carbon film resistors. They are manufactured and rated as power resistors, with the 

power rating being the most important characteristic. 

1.2. CAP A CITO RS 
Capacitors come in a various assortment of shapes sizes and colours,from 

round fat things to round thin things and round long things to round short things and 

square things to rectangular things, green, yellow, grey. The first type is the Electrolytic 

type. Two forms of this are avaliable. The first is a round upright type with two legs 

coming out of it's base and the other is a flat type which has one leg coming from each 

end. It is important that these legs are connected the correct way round to positive and 

negative. We can find the negative leg on the upright type by looking at the side of the 

capacitor for a (-) negative sign or a black strip. The leg nearest this is negative. On the 

flat type, there is a black band around one end. This is the negative end. 

Capacitors are figures under unit: 

uF=Microfarads, nF=Nanofarads and pF=Picofarads.To translate between the 

four, here is how you do it. The highest value to the lowest value avaliable. 

1 F = 1,000,000 uF or 1,000,000,000 nF or 1,000,000,000,000 pF 

1 uF = 1,000 nF or 1,000,000 pF 

1 nF = 1,000 pF 

1 pF = 1 pF 

The tolerance of the capacitor is not normally needed and so hardly ever 

printed. However, the voltage that is written on it MUST be higher than the power 

applied to it. 
The other type of capacitor is the disc ceramic. This is as it states a disc, most 

times coloured in a dark orangy brown colour. Their physical shape is round, ranging 

from 2 millimeters in diameter to 1 centimeter. . 
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1.2.1. DIFFERENT CAPACITOR 

Silver Mica capacitors- Very stable both in the frequency and temperature 

domain, these capacitors are some of the highest quality capacitors available. Their 

values range from around 1 pF up to a few thousand pico farads. They are useful for 

coupling and filter networks or circuits that require high precision. They are also used in 

high precision timing circuits. 
Polypropylene capacitors- Also of high quality, these capacitors are quite 

temperature stable. They are useful in circuits up to and include the VHF ranges. Their 

values start where the silver micas leave off and extend up to about one microfarad. 

They are commonly used for coupling and filter networks, as well as timing circuits. 

picofarad up to several microfarad. The X7R types we carry are of very high quality and 

can be used in non-critical timing as well as coupling circuits. 

Electrolytic capacitors- These have the largest capacitance value of all 

capacitors. Primarily used for filtering and decoupling of power supplies. They are 

polarity sensitive and should be used accordingly. 

Tantalum capacitors- These offer the highest capacity for a given size. Usually 

used for filtering or decoupling. Somewhat expensive and not very tolerant of 

temperature. 

Polyester film capacitors- These capacitors come in a wider value range than 

the polypropylene caps. They are not as temperature stable as the silver mica or 

polypropylene caps so their use should be limit to non critical circuits. 

Ceramic capacitors- The most common type of capacitors. Ceramic caps are 

commonly used for decoupling or bypassing. 

1.2.2 TESTING PRECAUTIONS 

WARNING: make sure the capacitor is discharged! This is both for your safety 

and the continued health of your multimeter. 

A pair of 1N400x diodes in parallel with opposite polarities may help protect 

the circuitry of a DMM. Since a DMM doesn't supply more than .6 V generally 

on ohms ranges, the diodes will not affect the readings but will conduct should 

you accidentally put the meter across a charged cap or power supply output. 
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