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Basic quantities: It is the basic value that cannot be expressed through other 

basic values. It is possible for a quantitative measurement system to be based 

on several basic values. The fundamental values are chosen in a 

measurement system, either according to the physical process, or according 

to educational perspectives. 

The following seven quantities are available in the ISQ International 

Quantities System: 

1 .Length 

2. Mass 

3. Time 

4 .The intensity of the electrical current 

5. Absolute temperature 

6 .The quantity of the material 

7 .Light intensity 

The number of basic quantities determines the degree of a quantum 

measurement system and the dimensions of a standard unit system. For 

example, the International Quantities System is a seventh-degree 

measurement system, and its international SI system is a seven-dimensional 

system. 

1- The basic quantity (length) is measured in the international unit system 

by the basic unit which is (the meter), and in the system of units of a second 

gram of gram is measured in centimeters. Whether the base  
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unit is the meter or centimeter, both are represented in its quantitative 

system, the dimension of the basic quantity of length. 

In general, dimension is achieved through consistent and consistent unity. A 

basic unit always expresses a fundamental value. Besides this, the basic unit 

can be a consistent unit of a quantity derived from the same dimension 

2- The Mass : Mass is a physical amount, and it is defined as the amount of 

material that the body contains. It differs from weight in that it does not 

depend on the force of gravity. As for weight depends on the force of 

gravity, therefore the weight changes with the change of place. Mass is also 

a central concept of mechanics and related topics, measured in units such as 

grams and kilograms. It is one of the characteristics of the three article. It is 

denoted by the letter k or m and is a fixed amount that does not change at 

any time and place. 

There are two ways, in particular, to define the mass in practice:- 

1- (inertial mass): It determines the acceleration of the body by the 

presence of an influencing force. According to Newton's second law, if an 

object with a mass of m is affected by the force of F, then its acceleration a 

is given by the relationship F / m. It is a measure of the body's inertia and 

its resistance to changing its state of movement when a force is applied to it: 

F (N) = m(Kg) * a (m/s2) 

 

2-(active gravitational mass):  A measure of the strength of an object's 

interaction with the gravitational field. The mass of matter  

 

determines the degree to which the object is affected by the gravitational 

field. If a first object with a mass of m1 is placed r r from another object 
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with a mass of m2, then the first object is subject to the force of attraction F 

given by the relationship: 

F= G m1m2 

r
2

 

Where G is the general gravitational constant, equals 6.674 * 10
-11

 m
3
 kg

-1 
s

-2
 

and is sometimes referred to as the gravitational mass. Repeated experiments 

since the seventeenth century confirmed that the mass of shortcomings and 

the mass of gravity are equal, and this is what is required by the principle of 

equivalence in general relativity. 

 

The equivalence principle in general relativity. 

On the surface of the Earth the weight W of an object is related to its mass 

m:- 

W= mg 

Where g is the acceleration due to gravity, and is equal to 9.81 m/sec 
2
. Body 

weight depends on where this body is, while the mass does not change. A 

body mass of 50 kg weighs 491 Newtons on the Earth’s surface, while the 

weight on the Moon’s surface is 81.5 Newtons. 

The forces that attract masses: Every object in this universe influences the 

force of attraction on another object in this universe, that is, we feel our 

attraction towards the Earth as:- 

1- The force of attraction increases with the increase of body masses. 

2- The attraction force decreases with increasing distance from the center of 

the body. 

Velocity: the rate of change of distance with respect to time and is a vector 

physical quantity. That is, it is measured by the amount and the direction. 
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The average velocity of a body (or even energy) is the rate of its movement 

during a given period of time, regardless of how rapidly its velocity changes 

during it. 

The law of calculating velocity with respect to regular straight motion is:- 

.velocity=distance/time  

As for the constantly changing movement, it is: (acceleration * time) + the 

initial speed. 

Type of Velocity:- 

1 .1. Constant Velocity: The constant velocity is the speed at which the 

object cuts off equal displacements in equal times. 

2. Variable Velocity : The variable speed is the speed at which the body 

cuts off different displacements at different times as well. 

 

The Italian physicist Galileo Galilei was the first to measure velocity by 

measuring the traveled distance and the time it took to travel this distance. 

Galileo defined speed in the following relationship: 

V= d/t 

V: Body Velocity  

d: is the distance covered 

t: is the distance traveled 

Force : Force is a vector that has an amount and a direction and causes the 

object to accelerate by a certain amount. An influencer that affects objects, 

causing a change in the condition, direction, position, or movement of the 

body. 
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According to Newton's second law, to find out the force, the following 

equation is used: 

Force = Mass * acceleration 

Gravitational force = body weight = 9.8 x mass: its unit is kg. M / s2 or 

newtons 

Mass is measured in kg, while weight is measured in kg m/sec
2
 

Force is the ratio of the momentum change in relation to time: 

F= 
  

  
  = ma 

Where F : Force , P: momentum , t: time , a : Acceleration , m: mass  

 

Momentum : Is to multiply the mass of the object at its velocity . It is the 

principle of conservation of momentum. The units of momentum or 

momentum of movement are: kg .m  / sec. Momentum is determined by the 

amount and direction. These quantities having a magnitude and a trend are 

known as vector quantities. 

We can express the momentum of an object with the letter p, the 

product of mass and velocity: 

P = mv 

Momentum units are the product of mass and velocity. In international units, 

the unit of mass is the kg, and the velocity is the m/sec , and thus the unit of 

movement amount is one kilometer per second. In the system of units of 

centimeters per gram of seconds, the unit of mass is grams and velocity  is 

centimeters per second, so the unit of movement amount is grams of 

centimeters per second. 
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Work: the amount of energy to move a body by a force over a distance. The 

unit of measurement of physical work according to the global system of 

units is the joule. The joule is denoted by the symbol "J" 

 

According to the theory of work and energy, if external forces affect an 

object and change its movement energy from Ek1 to Ek2, then work( W 

)is calculated from the relationship: 

W =   Ek= Ek2 – Ek1 = 1/2 m  (v2) 

 M = mass of body  

V= velocity  
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Newton's law 

Newton's laws of motion: These are three physical laws that establish the 

science of kinematics, and these laws link the forces affecting the body with 

its movement. It was first compiled by Isaac Newton, and he used these laws 

to explain many physical systems and phenomena. 

Three laws for Newton:-  

Newton's First Law: A static body remains static, and a moving object 

remains mobile, unless it is affected by a force. 

The first law states that if the resulting force (the vector of the forces acting 

on the body) is zero, then the velocity of the object is constant. Speed is a 

vector, which is expressed in magnitude, which is the speed of the object and 

its direction, which is the direction of movement of the object. When we say 

that the speed of the object is constant, we mean that both the magnitude and 

direction are constant. 

The first law can be expressed mathematically as follows: 

0   =
  

  
   F = 0 Ʃ 

Based on that: 

     • The static body will remain static unless affected by external forces. 

 The moving object does not change its speed as long as it is not 

affected by an external force. 

This condition is called regular motion. The body remains the same unless 

affected by an external force. If it is in sleep state it will remain in this state. 

If the object is moving, it will continue to move without changing its 

direction or speed. This is evident in the space paths that continue to move in 

outer space. A change in body movement should be imposed against the 
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body's ability to maintain its state of movement. In the absence of the 

resulting force, the body intends to move along its path indefinitely. 

Newton developed the first law of motion to establish a frame of reference 

for other laws to be applied. The concepts of the first law impose the 

presence of at least one reference frame called the Newton frame, which in 

turn, any object that is not affected by external forces moving in a straight 

line at a constant speed. Newton's first law is referred to as the law of 

inertia. For the body to move in a regular motion with respect to Newton's 

reference frame, the sum of the forces acting on it must be zero. 

Newton's second law  

If a force affects an object, it gains it acceleration, which is directly 

proportional to its strength and inversely to its mass. 

F = 
   

   
= 

      

  
 

The second law can be expressed using the acceleration of the body. The 

second law is applied to fixed mass systems, so m is a fixed quantity and 

thus does not fall within the scope of the differentiation process according to 

the constant factor theory of differentiation: 

 

F = m 
  

  
 = ma 

Where F is the obtained force, m is the body mass and a is the body's 

acceleration. The force affecting the body results in an acceleration in the 

movement of the body and it can also be expressed that if the body is in an 

acceleration it is affected by strength. 
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Newton's third law:- Each action force has a reaction force, equal in 

magnitude and opposite in direction. The third law provides for all forces 

between two objects that are equal in magnitude and opposite in direction: if 

object A is found to influence the strength of FA to another body B it 

strongly affects FB to the body A and the two forces are equal in magnitude 

and opposite in the direction FA = −FB. The third law means that the force 

acting is a reciprocal force on different bodies, and this means that when a 

force affects a body, there must be another force accompanying it equal in 

magnitude and opposing it in the direction. 

Friction 

It is the resistance force that occurs when two adjacent surfaces move in 

opposite directions when they have a compressive force between them that 

works together (for example, the weight of one of the two bodies) and 

produces an amount of heat. 

Friction occurs between solid, liquid and gaseous materials or any 

combination thereof. 

The frictional force is the product of the compressive force between the two 

objects by the friction coefficient. 

There are three types of friction:- 

1- Dry Friction: is the force opposing the relative movement between two 

solid surfaces in contact with each other. Dry friction is divided into static 

(static) friction between non-moving surfaces, and kinetic friction between 

moving surfaces. With the exception of atomic or molecular friction, friction 

generally arises from the interaction of surface properties. 

2- Wet Friction: describes friction between viscous fluid layers that are in 

relative motion with each other. 
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3- Slippery Friction: It is a state of fluid friction where an oil fluid 

separates the two surfaces. 

 

Coefficient of friction: Friction factor is a numerical quantity used to 

express the ratio between the friction force between two objects and the 

compressive force between them, and it has no unit of measurement. It 

depends on the two subjects. 

The coefficient of friction is an experimental quantity, that is, it must be 

measured by experiment and cannot be calculated with mathematical 

equations. Most dry materials together give a friction coefficient between 0.3 

and 0.6. It is difficult to obtain value outside this field. A value of 0 for the 

coefficient of friction means that there is no friction at all and the two bodies 

will slide on each other indefinitely. And the coefficient of static friction is 

greater than kinetic because the protrusions and gaps between the surfaces of 

adjacent bodies overlap in each other, causing the two surfaces to resist 

slipping. However, if the object begins to slip, the time required for the two 

surfaces will not be available to fully align with each other. We denote it as 

Fr with respect to resisting friction and Fm for moving friction. 

 

Types of friction 

Static friction 

Static friction occurs when the two bodies are not moving relative to each 

other, and the initial force needed to move this body is usually slightly 

greater than the stagnant friction force, and the static friction coefficient is 

usually greater than the kinetic friction coefficient. 
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Moving friction 

Kinetic friction occurs when the two bodies move relative to each other and 

rub against one another. The coefficient of kinetic friction is denoted by the 

symbol (µ). It is usually less than the coefficient of static friction. 

Gravity 

The tendency of masses and bodies to move and gravitate towards each other 

as in the gravity between the Earth and the sun. Weight is the force 

stimulated by gravity, causing attraction between the Earth and the object in 

question. The first theory of gravitation was the well-known physicist Isaac 

Newton and this theory remained until it was replaced by Einstein by the 

theory of general relativity. 

Newton's Law of General Attraction: is a deduction law as an attempt to 

describe the forces of gravity between non-charged bodies, 

Newton's general law of gravitation says that every object attracts another 

object in the universe with force carried on the line connecting the two 

centers and their intensity is directly proportional to their masses and 

inversely to the square of the distance between them. 

Newton's Law of General Attraction: - 

F = G 
    

  
 

Where: 

   F is the force caused by gravity. 

G is the general constant of attraction between the masses. 

m1 is the mass of the first particle. 

m2 is the mass of the second particle. 

r is the distance between the two particles. 
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Electrical: A name that includes a variety of phenomena resulting from the 

presence and flow of an electrical charge. But it contains less common 

concepts like the electromagnetic field and electromagnetic induction. 

 

Electric charge: A property present in a certain group of subatomic 

particles, which is the cause of the generation of the electromagnetic force as 

well as its interaction with it. One of the four fundamental forces in nature is 

the electromagnetic force. The charge arises in the atom, the most popular of 

which are the electron and proton. It is also a stored quantity, or in other 

words, the charge that is inside an isolated system will remain constant 

regardless of any changes that occur within this system and the shipment can 

be transferred between objects inside the system, either by direct contact or 

passing through a conductive material, such as the wire . The term "static 

electricity" refers to the presence (or imbalance of charges) on the body. 

This usually happens when different materials are rubbed together and the 

charge moves from one material to another. The force acts on the charged 

particles themselves, so the charge tends to spread as evenly as possible on a 

conductive surface. Whether it is attraction or repulsion through Coulomb's 

law that establishes a relationship between force and product of charge 

multiplication, 
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 and between force and the inverse square of the distance between them. 

This discovery led to the famous axiom "the repulsion force between two 

small spherical bodies charged with the same type of electricity inversely 

proportional to the square of the distance between their centers. The 

electromagnetic force is very strong, and it occupies only the second place in 

terms of strength in strong reactions. But other than that force, the effect of 

electromagnetism extends Across all distances. Compared to the weaker 

gravitational force of gravity, the electromagnetic force that pushes two 

electrons away from each other is about 1042 times the gravitational force 

that pulls them together. 

The electric charge on electrons and protons corresponds, so the amount of 

charge is described as negative or positive. The charge carried by electrons 

has traditionally been considered negative and that protons carry positive. 

The habit began with the works of Benjamin Franklin. The amount of the 

charge is usually denoted by the symbol "Q" and is expressed in colum units. 

Each electron carries the same charge, which is approximately -1.6022 × 

10
−19

 coulomb. The proton has a neutral and opposite charge, equal to + 

1.6022 x 10
−19

 coulomb. The electrical charge is not limited to the material 

only, but is also found in the antimatter. Each antiparticle carries a charge 

that is equal and opposite to that of the corresponding particle. 

Electric current: is the movement or flow of electrically charged 

particles, usually measured in amps. 

Electric potential: the electric field's ability to work, usually measured in 

volts.  

Electric field 

It arises through a charged object in the space surrounding it, and it creates 

force over any of the other charges within the field. The electric field works 

between two charges in the same way that the gravitational field operates 

between two masses. The electric field, like the gravitational field, expands 
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indefinitely and shows an inverse square relationship with distance. 

However, there is an important difference between them: 

As gravity always acts on the attraction element, it attracts two masses 

toward each other. While the electric field may attract or repel particles. 

Since large objects, such as planets, usually do not carry any net charge, the 

distance electric field is equal to zero. Hence, gravity is the dominant force 

in the universe, although weak compared to other forces. 

 

 

 

 

 

 

 

 

Field lines emitted from positive charge above a flat conductor. 
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Electromagnetic 

Orsted's discovery in 1821 of a magnetic field around all aspects of the wire 

carrying the electric current indicates that there is a direct relationship 

between electricity and magnetism. Moreover, the reaction looked different 

from gravitational force and static electric force, the two forces of nature that 

were subsequently discovered. The force on the compass needle did not steer 

it toward the electric current or away from it, but rather it worked toward 

right angles to it. Here are Orestead's words, which were a little mysterious: 

"The electrical conflict works in a rotating manner." The force also 

depended on the direction of the current. If the flow was reversed, then the 

force was also reversed. Indeed, Orsted did not fully comprehend his 

discovery, but he noticed that the effect was mutual or inverse, meaning that 

the current is exerting force on the magnet and the magnetic field exerting 

force on the current. André-Marie Ampere examined more deeply this 

phenomenon and discovered that the two parallel wires carrying the electric 

current exert a force on each other: that is, the two conducting wires in the 

same direction are attracted to each other, while the two conducting 

conductors repel each other in opposite directions. The magnetic field 

produced by each current is mediated by this reaction, which forms the basis 

of the international definition of ampere units. 

 

Circuits of the magnetic field around an electric current 
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The relationship between magnetic fields and electric currents is a very 

important relationship. It led to Michael Faraday's invention of the electric 

motor in 1821. The Faraday Motor, a unipolar motor, is made of a 

permanent magnet placed inside a mercury sink. An electric current has been 

connected to a wire suspended from an anchor above the magnet and dipped 

in mercury. The magnet exerts tangential force on the wire, which makes it 

rotate around the magnet throughout the life of the electric current. Faraday's 

experiment in 1831 revealed that a wire that moves vertically toward a 

magnetic field makes a potential difference between the two ends. Further 

analysis of this process, known as electromagnetic induction, also allowed 

him to develop the principle now known as Faraday's law of magnetic 

induction. This law states that the induced voltage difference within a closed 

circuit is proportional to the rate of magnetic flow change through the 

circuit. 

 

The electric motor uses an important electromagnetic effect: that the electric current 

passing through a magnetic field is exposed to a force at the right angles of both the field 

and the current. 
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Electromagnetic spectrum: is a general term that includes all possible 

frequencies of electromagnetic radiation. The electromagnetic spectrum is 

also known as the ray lines emanating from a black body at a given 

temperature (for each specific wavelength and specific frequency). Each 

chemical element has a spectrum that distinguishes it, i.e. it has a series of 

lines that distinguish it from others, and this spectrum is called a "emission 

spectrum." The spectrum of radiation emitted from an object changes with 

body temperature, and the black color is chosen in particular because it is 

"ideal" in absorbing the radiation and is also ideal for emitting radiation. The 

spectrum of the elements is usually in the visible light range. 

The electromagnetic spectrum extends from low frequencies such as the 

frequencies used in the radio, through medium frequencies such as the 

frequencies of visible light rays, to high frequencies such as X-rays, and 

ends with gamma rays. The shortest wavelength is considered to be Planck's 

length, and the largest possible wavelength is the size of the entire universe. 

 

Figure (1) :From left to right short wavelengths (meters) short radios, microwaves, 

infrared, visible light, ultraviolet rays, x-rays, gamma rays. The frequency of the 

electromagnetic waves (Hertz) increases successively from left to right. 
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The electromagnetic spectrum consists of: 

1- Radio waves 

 2- Microwaves (microwave waves) 

3- Infrared 

4- Visible spectrum (red, orange, yellow, green, blue, purple) 

5- Ultraviolet Rays 

6- X-ray 

7- Gamma radiation 

Radio waves: They are a type of electromagnetic waves with wavelengths 

in the electromagnetic spectrum longer than infrared light. Radio waves have 

frequencies between 30 Hz and 300 GHz. At a frequency of 300 GHz, the 

corresponding wavelength is 1 mm, and at 30 Hz the wavelength is 10,000 

km. Like all other electromagnetic waves, radio waves travel at the speed of 

light in a vacuum. Generated by acceleration electric charges, such as 

timescale electric currents. Naturally occurring radio waves are emitted by 

lightning and astronomical objects. 

Microwaves (small or short waves): are electromagnetic waves with a 

short wavelength between radio waves and infrared, that is, they include the 

range of rays with a wavelength from 1 centimeter to millimeter rays, and 

bordered by radio waves from the bottom (with a greater wavelength) 

Bounded by infrared, which limits the visible light spectrum from above 

(with a smaller wavelength). 
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This means that the name of this microwave radiation indicates the small 

wavelength. We note that the wavelength is inversely proportional to its 

frequency, and the constant of proportion is the speed of light. 

These waves are characterized by giving heat when penetrating into a 

cellular tissue, and therefore these rays were used to make fast heating 

furnaces, which are called microwave ovens. 

 

Infrared: It is electromagnetic radiation with a wavelength between 0.7 to 

300 micrometers, which is roughly equivalent to the frequency range 

between 1 and 400 terahertz and for its longest wave (and its frequency is 

lower) than visible light. Infrared is used for military and civil purposes. 

 

Visible spectrum (or sometimes called the optical spectrum): is part of 

the electromagnetic spectrum, which is visible that can be detected by the 

human eye. The electromagnetic spectrum in this field of wavelengths is 

called visible light or simply light. The typical human eye responds to 

wavelengths in the air about 380 to 750 nanometers and the corresponding 

wavelengths in water and other media are reduced by a factor equal to the 

refractive index. In terms of frequency, this field of the electromagnetic 

spectrum corresponds to 400-790 THz. 
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Figure (2): The visible light spectrum, which is located in the middle of the total 

electromagnetic radiation spectrum 

 

 

Figure (3) :As it passed through a prism, white light scattered into the visible spectrum 

 

 

Ultraviolet (UV) radiation:  are an electromagnetic wave with a shorter wavelength 

than visible light but longer than X-rays called ultraviolet because the wavelength of 

violet color is the shortest between the colors of the spectrum. Its wavelengths start from 

10 - 400 nm, and its energy starts from 3 to 124 electron volts. 
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UV rays are found in sunlight, and are emitted by electrical curvature or black light. As it 

is an ionizing ray, that is, separating electrons from their atoms, it may cause a chemical 

reaction, and make many of the substances glowing or yellowish. Many people have 

realized the effect of ultraviolet radiation on the body, causing cases of sunstroke, but the 

spectrum of these rays has other effects that may be beneficial or harmful to human 

health. 

Table (1) :- Types of Ultraviolet radiation 

The name of the wave code Wave length(nm)  Energy per photon 

Long UV radiation  UVA 320 - 400 nm  3.10 – 3.94 ev  

Medium UV radiation UVB 280 - 320 nm 3.94 – 4.43 ev  

Short UV radiation  UVC 100 – 280 nm  4.43 – 12.4 ev 

 

X-ray: Electromagnetic radiation with a wavelength (0.01 to 10 nm). It was 

used in radiography and in many technical and scientific fields. 

   Gamma rays:   They are electromagnetic radiation that was discovered 

in 1900 by the French scientist Villard. It is a production of nuclear reactions 

that often occur in space. It is also produced from radioactive elements such 

as uranium and other radioisotopes. It spreads in vacuum and air, at a speed 

equal to the speed of light, has a higher energy, more penetration than UV 

and X-rays, and its waves are very short. Their lengths range between 0.05 - 

0.005 angstroms. Gamma rays have a very harmful effect on living cells. 

Gamma rays have a great ability to penetrate and penetrate objects, that is, 

they cause ionization in matter, and ionization of living matter means 

damage that may lead to cell death. 
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Figure (4) : Gamma rays 

 

Gamma ray uses: 

1-  field of medicine: Gamma rays will be used in medicine to kill cancerous 

cells and prevent them from growing. As gamma rays penetrate the skin and 

work to ionize cells, this causes the killing of those cells. 

2- field of industry: it is used to photograph petroleum pipes to know the 

quality of the pipes and the safety of welding, in addition to killing germs in 

canned food and sterilizing grains. 

X-rays: are electromagnetic radiation with a wavelength (between 0.01 to 

(10 nanometers), that is, the energy of its rays between 120 and 120 . ev It is 

widely used in radiography and in many technical and scientific fields. 

It was discovered by German scientist William Röntgen in 1895, and won 

the Nobel Prize in Physics for a year. 1901 

The examination of these rays depends on the penetration of the 

electromagnetic radiation into the tissues of the body, with the aim of 

photographing the internal organs of the body in white and black colors. 
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Figure (1): X-Rays are part of the electromagnetic spectrum. 

 

 

 

 

X-ray production 

X-rays are produced in two ways:- 

1- By accelerating charged particles, which are usually electrons - these form 

a retraction beam that forms a continuous spectrum (i.e. a mixture of short 

and very short electromagnetic waves) 

2- Or when electron transitions in the shell of an atom or molecule from a 

very high energy level to a low level. These are X-rays that are distinguished 

by a specific wavelength, and have specific energy. 
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Figure (2): Illustration of X-ray valve k: cathode source electrons, A elevator producing 

x-rays, C regulating valve valve 

 

X-ray reactions: 

There are two main types of reactions that we can obtain with X-rays that 

occur between electromagnetic waves and body tissues: 

1- Photoelectric effect: the photon will be fully absorbed and the atomic 

ionization results in a complete shutdown and does not come out of the body 

and will not appear on the X-Ray Detector. 

  2- Compton scattering effect: where the photon loses part of its energy 

and changes its direction. 

X-rays are used in several areas 

X-rays are used to photograph the internal organs of the body in the 

following cases: 

1- In case of diagnosis of bone fractures 

2 - In cases of discovery of holes in the teeth 

3- In diagnosing breast cancer 

4- Imaging the abdominal area if any foreign bodies are swallowed 

5- In the case of a radiography to identify the size of some internal organs 

6- Detecting lung infection, tuberculosis or lung cancer 
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There are some precautions to take during an x-ray 

1- The woman must be pregnant 

2- Any objects in the area to be photographed, such as jewelry, accessories 

and other things, must be removed 

3- Eat a special liquid called an iodine contrast substance to help clarify the 

internal organs of the body, either by drinking or by microscopic injection. 

4- The doctor asks the person to stop breathing for a period of no more than 

a few seconds, and not to move to get a good, unobtrusive image.  

Benefits of x-rays 

X-ray examination is extremely important, as it helps diagnose many 

different diseases. 

1- It helps in diagnosing some diseases in a painless way, with the aim of 

evaluating the available treatment options. 

2-  Supports and facilitates treatment and surgical plans. 

3- It helps the medical staff during the catheterization or the introduction of 

any medical device to the body, treatment and eradication of tumors in 

addition to getting rid of any blood clots or blockage in the body. 

X-ray Risks  

 The use of Ionizing radiation in an X-ray examination may cause damage to 

the genetic material (DNA) in the body, and the most important risks 

associated with this radiation are the following: 

1- A very slight increase in the risk of cancer as a result of continuous 

exposure to X-rays. 
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2- Exposure to high levels of X-rays can cause redness of the skin and hair 

loss. 

Research and scientific experiments have found that continuous exposure to 

X-rays may increase the risk of developing cancer, but slightly, and this 

depends on: 

1- Radiation dose: The higher the dose, the higher the risk of cancer. 

2- Patient age: People who are exposed to this radiation continuously at an 

early age are more likely to develop cancer. 

3- Women are at a higher risk of developing cancer due to radiation 

exposure. 

4- The intended area: some members of the body are more likely to develop 

cancer as a result of radiation than others. 

X-ray therapeutic uses 

1- Treating cancer cells in high doses Radiation therapy kills cancer cells or 

slows their growth by damaging their DNA. Cancer cells after their DNA is 

damaged stop dividing or dying, then they are divided and disposed of by the 

body. It is used in the treatment of cancer of the head, neck, breast, cervix, 

prostate and eye. 

2- Treatment of hyperthyroidism.  

Radiation Dose: It is the amount of radiation a patient or radiation doctor 

is exposed . 

The amount of the radiation dose depends on the interacting medium, which 

is the human body, and because the human body is asymmetric and consists 

of many types of atoms that make up the tissues and internal organs; The 

radiation reaction for each region of the body will be different. These 

differences are explained by: 
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1-  Exposure is denoted by the symbol (X): It is measured in terms of the 

number of ions resulting from exposure to electromagnetic waves in a 

certain volume of air. Its unit is coulomb / kg, the amount of exposure 

decreases with distance; That is, the greater the distance of the object from 

the source, the less exposure was according to the inverse square law:  

X(d2)=X(d1)* (d1/d2)^2   ………. (1)   

 

2- The dose (Dose) is denoted as D: the amount of energy that has been 

absorbed into the body by interactions. Its unit is rad. 

 

1 and 2 are linked by one equation:- 

D = f * X  ……….(2)      

F (factor) :  (Conversion factor ) 

 

3- Dose Equivalent: symbolized by the symbol H, where the body is 

affected by multiple types of radiation differently when exposed to the same 

dose and this is what describes the equivalent dose. 

It is calculated by the following formula: 

H=D*Q ……… (3) 

Where: Q (quality factor); And the X-ray is approximately equal 1. 

 

4- Effective Dose: denoted as Deffective, where each radiation-exposed part 

of the body is given a certain weight.  
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Laser  

Light Amplification by Stimulated Emission of Radiation.  

It is an electromagnetic radiation whose photons are equal in frequency 

and identical to the wave phase where they interfere constructively between 

their waves to turn into a high-energy light pulse with a strong coherence in 

time and space with a very small angle of dissociation, which could not be 

achieved using other techniques other than radiation stimulation 

He predicted the existence of the laser scientist Albert Einstein in 1917, 

where he laid the theoretical basis for the stimulated emission process. The 

first laser device was designed in 1960 by the scientist Maiman using 

sapphire crystal and known as Ruby Laser. 

Relationship of the atom with the laser 

A simple definition of a laser is a device that controls how photon atoms are 

released. The laser is nothing but light magnified by a process called the 

induced emission of radiation, and this means controlling how the atom 

releases the photon. 

Lasers use single-wavelength light rays, i.e. they have the same wavelength 

and are generated in certain types of pure crystals. And the laser device 

normalizes the optical waves phase so that they are all in the same phase, so 

it increases its energy. The adjacent figure shows light waves that are in the 

same phase, so what is called in physics creates a building interference of 

light waves. 
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The way of the laser works 

1- The laser medium: the laser medium is a substance that may be gas, 

liquid, solid, or semi-conductive, that emits light in all directions when 

stimulated by energy use. 

2- Energy pump or stimulus mechanism: The concept of the stimulus 

mechanism expresses the incoming energy source by using electrical tools 

resulting from energy equipment, lamps, or energy coming from another 

laser as this source is used to stimulate the laser medium. 

3- Optical cavity: This cavity consists of two women placed on each side of 

the laser medium and used to reflect the light from the laser medium to it 

again. "The strength of the light increases when it recedes between the two 

women, which leads to the amplification of energy coming from the stimulus 

mechanism in the form of light. 

 

 

 

Figure (1): Explains how the laser works 

 

 

1- Material for laser 

generation 

2-Laser power pump   3- Strong reflector 

 4- Tube outlet 

5- Laser beam 
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Types of lasers 

1- Solid state laser: RUBY LASER, NDYAG LASER 

2- Liquid state laser: DYE LASER 

3- Gas-state laser: CO2 LASER, EXAIMER LASER 

4- Semiconductor laser: DIODE LASER 

 

1- Solid state laser: 

ND-YAG LASER: A type of solid-state laser that is a crystal used as a laser 

beam and the laser has a pulsed length of 532nm. 

 

 

Figure (2): ND-YAG Laser Works  
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2- Liquid state laser 

Dye laser: Its active medium is a liquid where organic pigments are 

dissolved in ethyl alcohol. The liquid laser led to the solution of some of the 

problems in several fields such as medicine, communications and others. 

 

Types of dyes used as an effective medium: 

The following table contains the components of the liquid effective media 

and the emitted wavelengths:-  

Organic dyes Solvent Emitted wavelength 

Red acridine Et OH Red 600-630nm  

Rod Amin G6 H2O,DMSO Yellow 570-610nm 

Sodium fluorescence H2O, EtOH Green 530-560nm 

Esculin H2O,PH=9 Blue 450-470nm 

 

 

Figure (3): Dye laser Work 
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3- Gas-state laser 

LASER (Carbon Dioxide Laser) CO2: It depends on the carbon dioxide 

gas in its operation where the effective medium is an electric vacuum device 

that is cooled with air or water. The tube contains carbon dioxide gas by 10-

20% and nitrogen gas 10-20% and proportion From hydrogen and xenon, 

where the remainder is helium. These devices are among the strongest lasers 

to operate on the principle of a continuous wave and give a laser beam in the 

infrared field. The main beam wavelength is between 9.4 - 10.6 µm. 

 

Figure (4): CO2 laser work  

 

4- Semiconductor laser: 

DIODE LASER (Diode laser or diode laser): It is based on semiconducting 

materials and is characterized by its small size and very little energy 

consumption, so it is widely used in all applications and is found in CDs, 

printers and other uses. 
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Figure (5) : Diode laser work 

 

The uses of lasers 

Lasers are currently used in several fields: 

1- In CDs 

2- In the electronics industry and measuring distances accurately 

3- In communication 

4- In the field of medicine, such as using it to treat some eye and skin 

diseases. 

5- In the military fields. 

And many other uses. 
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Sound: It is the audible waves of frequency between 20 Hz and 20 kHz. 

Infrasound: refers to the sound of frequency below the normal hearing 

range (˂ 20 Hz) and subsonic (0 to 20Hz), which cannot be heard.  

Ultrasound: It ranges above 20 kHz, which is also cannot be heard. 

General Properties of Sound 

 Sound waves require a medium for their transmission. . Matter must be 

present for sound to travel. 

1- A sound wave is a mechanical disturbance in a gas ,liquid or solid 

cause local pressure increase (i.e. compression )and pressure decrease 

(rarefaction). 

 

Figure (1): Sound wave vibrate at frequency f and produces compression and 

rarefaction. 

  

2- Sound wave spread outward as a longitudinal wave i.e. the pressure 

changes occure in the same direction that the wave travels. 

3- Velocity of the sound is given by: 

V = f 
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F = frequency of vibration of the sound wave. 

  = wave length of the sound wave. 

* The velocity of the sound differs from the medium to medium because of 

the freedom of motion of the molecules in the medium that is their stuffiness 

elasticity, or compressibility. 

* The higher the density, the higher is the velocity of the sound. 

- Note that the velocity of ultrasound in bone is twice that in soft tissue and 

the velocity 

in soft tissue is five times that in air. The velocity of ultrasound does not 

depend on 

frequency, it is determined by the medium. 

Speed in gas < speed in liquid < speed in solid 

The two types of ultrasound employed in diagnostic are: 

1. Continuous wave. 

 2. Pulsed wave. 
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Figure (2): shows the difference between these types of emission. 

 

 1- During continuous-wave emission:  the ultrasound generating 

device, the transducer, vibrates continuously. This type of ultrasound is 

principally employed in examinations of the fetal heart and of blood flow by 

the Doppler method. 

2- Pulsed ultrasound is employed in most imaging studies, including A-

mode, B-mode, M- mode, and real time. These imaging studies are based on 

pulse-echo techniques in which a pulse of ultrasound is emitted and the 

reflected ultrasound wave or echo is received by the same transducer after a 

time delay. 
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Acoustic Impedance 

Acoustic impedance (Z) is used to describe the reflection of sound at an 

interface. It is a function of the density of the medium and its 

compressibility, which is measured by the velocity of sound in the medium. , 

mathematically, acoustic impedance is described by: 

Z = ρV 
 

Where ρ : is the density of the medium (Kgm/m3 ) 

 V : is the velocity of the sound in the medium (m/ s) 

.∙. Acoustic impedance therefore has unit (Kgm/m2 .s) 

In general, the higher the density, the greater is the acoustic impedance. 

Also , the higher the velocity of sound in the medium, the greater is the 

acoustic impedance. 

The ability to resolve small objects is directly related to the wavelength 

of the radiation involved 

. * High –frequency ultrasound (short-wavelength) results in better 

resolution than the low frequency. 

 * High-frequency ultrasound results in shallow penetration. For this reason, 

high frequency transducers, up to 15 MHz, are employed for ultrasonic 

examination of small superficial structures such as eyes. 

 * Lower frequency transducers, around 2.5 MHz , are used for abdominal 

ultrasound examinations. 
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Diagnostic ultrasound is usually identified by its frequency of operation. 

In that regard, some summary statements are possible. As the frequency 

of ultrasound increases, the following occurs: 

1. The ability to resolve small objects improves. 

 2. The penetrability of the beam decreases. 

 3. The beam becomes more collimated and directional. 
Reflectivity  

When an ultrasound wave incident on a tissue interface, some of the sound 

will be reflected and some will be transmitted figure (3). The transmitted 

beam will leave the interface at an angle different from that of the incident 

beam. The deviation of the beam is called refraction. 
 

 

 

 

 

figure (3): the angle of incident increases 

* In diagnostic ultrasound the transmitted beam is necessary to image deeper 

tissues. 
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As the angle of incident increases figure (3), the reflected beam is directed 

farther from detecting transducer. As the angle increases still farther, total 

reflection will occur at the interface, but this reflected beam will note be 

detected. 

 

Scattering  

Regardless of the angle of incidence, a large fraction of the transmitted 

ultrasound beam will be reflected if the roughness of the tissue interface is 

large compared to the wavelength of the ultrasound.  

 

 

 

 

 

 

figure (4): Highly irregular interfaces and heterogeneous tissues result in 

scattering. 

 

normal in diagnostic ultrasound and is termed specular reflection. 

 * If the roughness of the tissue interface is small compared to the 

wavelength of the transmitted ultrasound, the specular reflection will not 

occur, in such a case, the ultrasound beam becomes diffuse and intense 

because of multiple scattering. 
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* Highly irregular interfaces and heterogeneous tissues result in scattering, 

as seen in figure (4). Some of the ultrasound is scattered back to the 

transducer and contributes to image formation. This is call backscattered 

ultrasound. 

 

Absorption 

 Attenuation refers to the reduction in the beam intensity with depth in tissue 

caused by absorption, scattering, and beam divergence.The equation 

describing US attenuation is also similar to: 
I=Ioe -2  X 

where  

Io = is the initial intensity. 

 Ix = is the intensity at depth X. 

 X = is the depth in tissue. 

  = is the US attenuation coefficient 

* The higher frequency, the higher is the attenuation coefficient and 

therefore the greater attenuation. 
Diagnostic Ultrasound Instrumentation and Operation  

* Principal reasons for its wide application are its ease of use, the relatively 

low cost of the instrumentation, and the lack of ionizing radiation. 

 * The heart of diagnostic ultrasound is the transducer. 
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Doppler Ultrasound  

Another method of ultrasonically monitoring the movement of tissue 

interface is based on the Doppler effect. The wavelength of light varied 

according to the relative motion of the source of light and the observer. 

 

 

 * If the source or observer or both are moving toward each other, the light 

received will have a shorter wavelength (higher frequency) than the emitted. 

On the other hand, if the source and observer are moving apart, the received 

light will have a lower frequency than that emitted. 

 A continuous ultrasound beam is emitted in Doppler applications. 

When the reflected beam is received by the transducer, 

BIOLOGIC EFECT 

 Mechanisms of Action 

* For ionizing radiation, the mechanism of action is ionization and 

excitation.  

* For ultrasound, the mechanism of action is temperature elevation, 

cavitation's and various viscous stresses. 

Thermal effect 

 Ultrasound irradiation can elevate the temperature of tissue through 

molecular agitation and the relaxation processes. Extremely intense levels 

are required to produce a measurable temperature elevation in tissue. 
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* The hazard from temperature elevation is, of course, not specific to 

ultrasound. At the local tissue level, temperature elevation can result in 

structural changes in macromolecules and membranes and changes in the 

rates of biochemical reactions. 

Effects on Living Tissue  

if the ultrasound intensity is sufficiently high, many of the effects described 

earlier as resulting from ionizing radiation exposure can be produced. 

Chemical bonds can be disrupted, macromolecules are degraded, 

chromosomes aberration can be produced, and cells can be killed. 

 

Magnetic Resonance Imaging (MRI): It is a medical imaging method 

to clarify the biological changes in living tissues. Magnetic resonance 

imaging is an expensive and not always available in many hospitals, and 

there are difficulties when doing this type of imaging in patients who are 

afraid of closed spaces or patients who complain of excessive obesity. 

 

The beginning of the idea of magnetic resonance was in 1945-1946, when 

the scientist Flex Bloch and Edward Purcell received the Nobel Prize for 

discovering magnetic resonance. It was developed by the scientist Erwin 

Han in 1950. It was developed for medical use in 1973 by the British and 

American scientists Peter Mansfield and Paul Lauterber. 1976 The first MRI 

clip was published. And in 1977 he published the first full body imaging. It 

should be noted that magnetic resonance was initially used in chemical 

laboratories only after that it was updated to enter the medical field. Initially 

called nuclear magnetic resonance, but the name was later changed to the 

general fear and sensitivity of the word nuclear and was meant by the 

nucleus of the atom and not the nuclear radiation itself. 
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The idea of magnetic resonance 

1- The idea of magnetic resonance depends on the stimulation of protons in 

the atoms of elements in the body to launch a signal, and then capture and 

determine its location in the body and display it on a gradation of gray colors 

indicating the strength of the signal, and the gradient is different in the 

tissues in the body. 

2- The most stimulating of these elements is hydrogen due to its abundance 

in living bodies and the presence of one proton in the atomic nucleus, which 

gives it more power than the rest of the elements to produce the signals used 

in magnetic resonance. 

 

Magnetic resonance devices 

There are many different types of MRI devices, in general there are three 

main types of MRI devices: 

1- permanent 

2- Resistant 

3- Anti-resistance 

An MRI device generally contains a portion that gives a strong magnetic 

field, a portion that emits radio waves to stimulate protons and picks up 

signals coming from them, and a gradient system part. 

- A survey used in medical fields costs one million dollars per Tesla and 

several hundreds of thousands of dollars are spent annually on maintenance. 

-  Computer equipment is mainly used in MRI scans and its advanced 

programs help effectively to give the best results. 
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Magnetic resonance physics 

The device consists of a huge solenoid electromagnet to form a magnetic 

field around the patient that produces a 2 magnetic field Tesla equivalent to 

20,000 Gauss.  

- This field causes the hydrogen atoms to be magnetized and all turn to 

their northern magnetic part, uniting in one direction. After that, the 

body displays radioactive rays that increase the energy of these atoms. 

Therefore, it will change its direction by a certain degree, leaving us 

with an atom of every million atoms in which the MRI process is 

performed. This reverse energy is received from the device and 

calculated and formed in the form of a picture This image shows the 

intensity of hydrogen in every region of the body, and through this 

image, doctors are able to discover many diseases. 

 

- When the atoms interact in the body, the protons move with and 

against the direction of the main magnetic field. The protons 

corresponding to the main direction increase over the antiprotons by a 

small amount, but they are very important in obtaining the image later. 

Soon to return to the state of equilibrium, but to return to equilibrium 

there are two important times: 

1- Horizontal timing 

Horizontal timing, which is the fastest timing, is when protons are dispersed 

on the horizontal axis, symbolized by the symbol T2 on the horizontal axis, 

so it is called horizontal timing, which is a symbol of time, i.e. time, and 

vertical timing is the opposite. 
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2- Vertical timing 

Vertical timing, which is the timing when protons return to equilibrium 

mode, symbolized by T1 

It is worth noting that the two times occur in conjunction with each other.  

- The energy of the magnet used in magnetic resonance is 

measured in units of Tesla and equal to 10,000 Gauss. 

 

Use of magnetic resonance 

The use of magnetic resonance imaging is for a diagnostic purpose 

such as imaging of veins and arteries, or imaging of neurological 

changes in the brain, and magnetic resonance imaging is considered 

the best type of imaging in clarifying tissues and body fluids, as well 

as is used to plan treatment plans based on radiotherapy. 

 

 Before the MRI examination, it is necessary to review the history and 

make sure that there are no previous surgeries or accidents that led to 

the presence of minerals in the body such as shrapnel. This is 

confirmed by routine general X-ray & patient passage through a metal 

detector. The patient often gives a special pigment that is injected into 

the body to increase the contrast and clarify the close parts. 

How to create  image in MRI 

The magnetic resonance image consists of several columns and rows called 

the English matrix, each description column contains squares called pixel, 

the signals taken from the body are distributed over these squares so that 

they are arranged according to their arrangement in the body, and this 

mechanism depends on a graduated device that gives each section of the 

body a signal strength Certain, and the signal strength captured gives a color 
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on the gray hue, so the MRI image creates a gray hue. The formula for 

special clarity is: 

The number of squares per cm = 1 / square size. 

The variation in the image depends on the horizontal and vertical timing and 

the proton density and is called (internal effects), while the echo time and the 

repeat time are considered (external effects). 

Image resolution 

 Definition (image resolution): is the ability of the system to differentiate 

between two separate points. 

Most MRIs consist of two dimensions, each of which is divided into a 

network consisting of rectangular pictorial elements called pixels. 

The intensity of the image in each pixel depends on the strength of the 

magnetic resonance wave that is emitted from the region it contains. 

The image size depends on the number of pixels, and most images consist of 

265 pixels vertically and 256 pixels horizontally. 

        Factors affecting image resolution and pixel size: 

   1. The thickness of the slide. 

   2-Display field . 

   3. The number of the matrix matrix  

Variance 

The higher the signal strength of a pixel, the higher the brightness of the 

image at that pixel. 

To differentiate the tissues in the image, each tissue has a different 

brightness. This phenomenon is called "contrast". 
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The factors affecting variance can be divided into two groups: 

1- Internal factors: They are the factors of change of tissues: 

  • Longitudinal relaxation T1. 

 • Occasional relaxation T2. 

 Density of PD protons, i.e., the excess of hydrogen in the body or 

ailments. 

2- External factors: They are the factors that can be changed by the 

operator: 

 TR Repetition Time TR. 

 Time of excitation TE. 

Neuroimaging 

Magnetic imaging is used to detect neurological cancers, because it is more 

sensitive than other imaging methods, such as computerized surface 

imaging, especially when looking for small tumors. The color contrast that 

this method can produce between gray matter and white matter makes it the 

best option in many cases, since magnetic imaging machines can take many 

pictures within a short period of time, it helps scientists understand how the 

brain responds to various nerve stimuli, which helps them diagnose the 

disease . Magnetic resonance imaging helps diagnose many diseases such as 

cerebrovascular disease and epilepsy. 
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Types of magnetic resonance devices 

1- Effective Magnetic Resonance  device (FMRI) : This device is 

used to measure changes in nerve signals in the brain resulting from changes 

in nervous activity, and increased nervous activity leads to an increase in the 

oxygen that is consumed, and therefore the body works to increase the 

percentage of oxygen in the blood, which leads to an increase in the rate of 

oxygen-saturated blood compared with other blood Saturated with oxygen. 

Blood saturated with oxygen and blood that are not saturated with oxygen 

respond differently to the generated magnetic field and through two different 

responses, a change in nervous activity is observed, as well as a three-

dimensional picture of the blood vessels in the nervous tissues can be drawn 

through the two different responses of the two blood types. 

2- Multi-core imaging : Hydrogen is often used in magnetic 

resonance because it is the most frequently found element in the human body 

and because it has certain chemical properties that make it the best 

component of this process. However, hydrogen can be replaced by some 

other element, such as sodium and phosphorous, then the process is called 
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multi-core imaging instead of magnetic resonance. Other elements can also 

be linked to hydrogen atoms and used in imaging. This method can be used 

to photograph members that do not have a high percentage of hydrogen, for 

example helium is used in imaging instead of hydrogen to measure the air 

voids in the lung. 

 

The difference between magnetic resonance (MRI) and 

CT scans. 

MRI differs from CT scans in several respects and in many countries, CT 

scans are used more than MRI, and some scientists fear cancer that may be 

caused by CT scans. For this reason, it is advised to use (MRI) instead of 

(CT) where it does not release radiation Harmful substances that may cause 

cancer, and to achieve this the cost of the MRI has been reduced to 

encourage doctors to adopt it. However, this does not mean that the MRI is 

free of its side effects. Some scientists fear that it may affect nuclear acids 

and cause mutations. But the MRI is irreplaceable, especially when 

photographing the nervous system. In some cases, the CT must be used, 

especially when there are unsafe organs near the MRI. Also, in some cases, 

CT scans may be preferred over magnetic resonance, especially in 

emergency cases, due to the fact that CT scans are examined much faster 

than their counterparts in magnetic resonance. 
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Optical Fibers: transparent fibers made by drawing glass (silica) or 

plastic with a diameter slightly thicker than the diameter of a human hair. 

Optical fibers are used most often as a means of transmitting light 

between the two ends of the fibers and finding widespread use in optical 

fiber communications, as they allow transmission over longer distances 

and with higher bandwidths (data transfer rates) compared to electric 

cables. Fibers are used instead of metal wires because the signals are 

transmitted along their length with less loss; additionally, the fibers are 

immune to electromagnetic interference, a problem that plagues metal 

wires. Fibers are also used for lighting and photography, and are often 

wrapped in bundles so that they can be used to transmit light or images 

from confined spaces, as in the case of a fiberscope. Specially designed 

fibers are also used for a variety of other applications, some of which are 

optical fiber sensors and fiber lasers. 

 

 
Figure (1) : A bundle of optical fiber 
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The Principle of Operation 

 
An optical fiber is a cylindrical dielectric 

waveguide (nonconducting waveguide) that transmits light along its axis, 

by   the   process   of total   internal   reflection.   The   fiber   consists   of 

a core surrounded   by   a cladding layer,   both   of    which   are    made 

of dielectric materials. To confine   the   optical   signal   in   the   core, 

the refractive index of the core must be greater than that of the cladding. 

The boundary between the core and cladding may either be abrupt, 

in step-index fiber, or gradual, in graded-index fiber. Light can be fed 

into optical fibers using lasers or LEDs. 

Fiber is immune to electrical interference; there is no cross-talk between 

signals in different cables and no pickup of environmental noise. 

Information traveling inside   the   optical   fiber   is   even   immune 

to electromagnetic pulses generated by nuclear devices. 

Fiber cables do not conduct electricity, which makes fiber useful for 

protecting communications equipment in high voltage environments such 

as power generation facilities, or metal communication structures that are 

prone to lightning strikes. The electrical isolation also prevents problems 

with ground loops. Because there is no electricity in optical cables that 

could potentially generate sparks, they can be used in environments 

where explosive fumes are present. Wiretapping (in this case, fiber 

tapping) is more difficult compared to electrical connections. 

https://en.wikipedia.org/wiki/Dielectric_waveguide
https://en.wikipedia.org/wiki/Dielectric_waveguide
https://en.wikipedia.org/wiki/Insulator_(electrical)
https://en.wikipedia.org/wiki/Total_internal_reflection
https://en.wikipedia.org/wiki/Cladding_(fiber_optics)
https://en.wikipedia.org/wiki/Dielectric
https://en.wikipedia.org/wiki/Refractive_index
https://en.wikipedia.org/wiki/Step-index_profile
https://en.wikipedia.org/wiki/Graded-index_fiber
https://en.wikipedia.org/wiki/Electromagnetic_pulse
https://en.wikipedia.org/wiki/High_voltage
https://en.wikipedia.org/wiki/Power_generation
https://en.wikipedia.org/wiki/Lightning
https://en.wikipedia.org/wiki/Ground_loop_(electricity)
https://en.wikipedia.org/wiki/Wiretapping
https://en.wikipedia.org/wiki/Fiber_tapping
https://en.wikipedia.org/wiki/Fiber_tapping
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Optical fiber has two types:- 

1- Multi-mode fiber 

Fiber with large core diameter (greater than 10 micrometers) may be 

analyzed by geometrical optics. Such fiber is called multi-mode fiber, 

from the electromagnetic analysis (see below). In a step-index multi- 

mode fiber, rays of light are guided along the fiber core by total internal 

reflection. Rays that meet the core-cladding boundary at a high angle 

(measured relative to a line normal to the boundary), greater than 

the critical angle for this boundary, are completely reflected. The critical 

angle (minimum angle for total internal reflection) is determined by the 

difference in index of refraction between the core and cladding materials. 

Rays that meet the boundary at a low angle are refracted from 

the core into the cladding, and do not convey light and hence information 

along the fiber. The critical angle determines the acceptance angle of the 

fiber, often reported as a numerical aperture. A high numerical aperture 

allows light to propagate down the fiber in rays both close to the axis and 

at various angles, allowing efficient coupling of light into the fiber. 

However,   this    high    numerical    aperture    increases    the    amount 

of dispersion as rays at different angles have different path lengths and 

therefore take different times to traverse the fiber. 

 

 

 

Figure (2) : The propagation of light through a multi-mode optical fiber. 

https://en.wikipedia.org/wiki/Geometrical_optics
https://en.wikipedia.org/wiki/Ray_(optics)
https://en.wikipedia.org/wiki/Surface_normal
https://en.wikipedia.org/wiki/Critical_angle_(optics)
https://en.wikipedia.org/wiki/Core_(optical_fiber)
https://en.wikipedia.org/wiki/Guided_ray
https://en.wikipedia.org/wiki/Numerical_aperture
https://en.wikipedia.org/wiki/Dispersion_(optics)
https://en.wikipedia.org/wiki/Optical_path_length
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2- Single-mode fiber: 
 
The most common type of single-mode fiber has a core diameter of 8–10 

micrometers and is designed for use in the near infrared. The mode 

structure depends on the wavelength of the light used, so that this fiber 

actually supports a small number of additional modes at visible 

wavelengths. Multi-mode fiber, by comparison, is manufactured with 

core diameters as small as 50 micrometers and as large as hundreds of 

micrometers. The normalized frequency V for this fiber should be less 

than the first zero of the Bessel function J0 (approximately 2.405). 

 

 
 

 

 
 

Figure (3): The structure of a typical single-mode fiber. 

 

1- Core: 8 µm diameter 
 

2- Cladding: 125 µm diameter. 

3-Buffer: 250 µm diameter. 

4- Jacket: 400 µm diameter. 

https://en.wikipedia.org/wiki/Single-mode_fiber
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Special-purpose fiber 

 
Some special-purpose optical fiber is constructed with a non-cylindrical 

core and/or cladding layer, usually with an elliptical or rectangular cross- 

section. These include polarization-maintaining fiber and fiber designed 

to suppress whispering gallery mode propagation. Polarization- 

maintaining fiber is a unique type of fiber that is commonly used in fiber 

optic sensors due to its ability to maintain the polarization of the light 

inserted into it. 

 

Photonic-crystal fiber is made with a regular pattern of index variation 

(often in the form of cylindrical holes that run along the length of the 

fiber). Such fiber uses diffraction effects instead of or in addition to total 

internal reflection, to confine light to the fiber's core. The properties of 

the fiber can be tailored to a wide variety of applications. 

 

Uses of the optical fibers 

 
1- Communication : Optical fiber is used as a medium for 

telecommunication and computer networking because it is flexible and 

can be bundled as cables. It is especially advantageous for long-distance 

communications, because infrared light propagates through the fiber with 

much lower attenuation compared to electricity in electrical cables. This 

allows long distances to be spanned with few repeaters. 

 

2- Sensors : Optical fibers can be used as sensors to measure strain, 

temperature, pressure, and other quantities by modifying a fiber so that 

the property being measured modulates the intensity, phase, polarization, 

wavelength, or transit time of light in the fiber. Sensors that vary the 

intensity of light are the simplest since only a simple source and detector 
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are required. A particularly useful feature of such fiber optic sensors is 

that they can, if required, provide distributed sensing over distances of up 

to one meter. In contrast, highly localized measurements can be provided 

by integrating miniaturized sensing elements with the tip of the fiber. 

These can be implemented by various micro- and nanofabrication 

technologies, such that they do not exceed the microscopic boundary of 

the fiber tip, allowing for such applications as insertion into blood vessels 

via hypodermic needle. Extrinsic fiber optic sensors use an optical fiber 

cable, normally a multi-mode one, to transmit modulated light from either 

a non-fiber optical sensor—or an electronic sensor connected to an 

optical transmitter. A major benefit of extrinsic sensors is their ability to 

reach otherwise inaccessible places. An example is the measurement of 

temperature inside jet engines by using a fiber to transmit radiation into a 

pyrometer outside the engine. Extrinsic sensors can be used in the same 

way to measure the internal temperature of electrical transformers, where 

the extreme electromagnetic fields present make other measurement 

techniques impossible. Extrinsic sensors measure vibration, rotation, 

displacement, velocity, acceleration, torque, and torsion. 

 

3- Power transmission : Optical fiber can be used to transmit 

power using a photovoltaic cell to convert the light into electricity. While 

this method of power transmission is not as efficient as conventional 

ones, it is especially useful in situations where it is desirable not to have a 

metallic conductor as in the case of use near MRI machines, which 

produce strong magnetic fields. Other examples are for powering 

electronics in high-powered antenna elements and measurement devices 

used in high-voltage transmission equipment. 
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- Optical fibers have a wide number of applications. They are 

used as light guides in medical Medical endoscopes are used for 

minimally invasive exploratory or surgical procedures. 

- Optical fiber can also be used in structural health monitoring. 

This type of sensor is able to detect stresses that may have a 

lasting impact on structures. It is based on the principle of 

measuring analog attenuation. 

- Optical fiber is also used in imaging optics. A coherent bundle 

of fibers is used, sometimes along with lenses, for a long, thin 

imaging device called an endoscope, which is used to view 

objects through a small hole. 

 

 

 


