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Chapter 1 

  Introduction to Laser Essentials   
 

Before studying about lasers, you must be familiar with basic terms used to 

describe electromagnetic waves: 

Wavelength (ʎ) Frequency (ν  ) Period (T) Velocity of light (c) Index of refraction 

(n).  We will briefly review these terms, but it is much better if you are familiar with: 

Some terms from geometric optics such as: refraction, reflection, thin lenses etc. 

Some terms from "Modern Physics" such as photons, Models of atoms, etc. 

Electromagnetic Radiation 
 

Electromagnetic Radiation is a transverse wave, advancing in vacuum at a 

constant speed which is called: velocity of light. 

All electromagnetic waves have the same velocity in vacuum, and its value is 

approximately: 

[m/sec 83*10 = [km/sec] 300,000 = c 
One of the most important parameters of a wave is its  wavelength. 

two adjacent points on the  is the distance between) Wavelength (λ) (Lamda

wave, which have the same phase. As an example (see figure below) the 

distance  between two adjacent peaks of the wave. 

 
.frequency its by wave a define to is possible it parallel way a InFrequency 

Frequency (µ) is defined by the number of times that the wave oscillates per 

second. 

Between these two parameters the relation is:   c = λ * µ 

From the physics point of view, all electromagnetic waves are equal (have the 

same properties) except for their wavelength (or frequency). 
As an example: the speed of light is the same for visible light, radio waves, or 
x-rays. 
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 Wave Description 

A wave can be described in two standard forms: 

1. Displacement as a function of space when time is held constant. 

2. Displacement as a function of time at a specific place in space 

 

space of function a as Displacement 
Displacement as a function of space, when time is "frozen" (held constant). In this 

description, the minimum distance between two adjacent points with the same 

phase is wavelength (λ). Note that the horizontal (x) axis is space coordinate 

 

 
A = Amplitude = Maximum displacement from equilibrium 

 

Displacement as a function of time 
Displacement as a function of time, in a specific place in space, as described in 

figure. In this description, the minimum distance between two adjacent points 

with the same phase is period (T). Note that the horizontal (x) axis is time 

coordinate 

 

 
 

Wavelengths Comparison 

The Figure describes how two different waves (with different wavelengths) look at 

a specific moment in time. Each of these waves can be uniquely described by 

its wavelength. 
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The most important ideas summarized in figure are: 
1. Electromagnetic waves span over many orders of 
magnitude in wavelength (or frequency). 

2. The frequency of the electromagnetic radiation is inversely proportional to the 
wavelength. 

3. The visible spectrum is a very small part of the electromagnetic spectrum. 

4. Photon energy increases as the wavelength decreases. The shorter the 
wavelength, the more energetic are its photons. 

 



Laser Physics                                                                                        

  
7 

Examples for electromagnetic waves are: 

• Radio-waves which have wavelength of the order of meters, so they need 
big antennas. 

• Microwaves which have wavelength of the order of centimeters. As an 
example: in a microwave oven, these wavelengths can not be transmitted 
through the protecting metal grid in the door, while the visible spectrum 
which have much shorter wavelength allow us to see what is cooking inside 
the microwave oven through the protecting grid. 

• x-Rays which are used in medicine for taking pictures of the bone structure 
inside the body. 

• Gamma Rays which are so energetic, that they cause ionization, and are 
classified as ionizing radiation. 

 

Electromagnetic Radiation in Matter 
Light Velocity in Matter 

When electromagnetic radiation passes through matter with index of  refraction n, 
its velocity (v) is less than the velocity of light in vacuum (c), and given by the 
equation: 

v = c / n 

This equation is used as a definition of the index of refraction n = (speed of light 

in vacuum)/(speed of light in matter) n = c/v 

Gases, including air, are usually considered as having index of refraction 
.=10nequal to vacuum  

The values of the index of refraction of most materials transparent in the visible 
spectrum is between 1.4-1.8, while those of materials transparent in the Infra-
Red (IR) spectrum are higher, and are 2.0- 4.0. 

 

Matter in Wavelength 
We saw that the velocity of light in matter is slower than in vacuum. This slower 

frequency  the while , /n0 λ = wavelength: λ reduced with associated is velocity

remains the same 

 

 
 

Refraction of Light Beam - Snell Law 
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Reducing the velocity of light in matter, and reducing its wavelength, causes 

refraction of the beam of light. 

While crossing the border between two different materials, the light changes its 

direction of propagation according to the Snell Equation 

 

In 1913, Niels Bohr proposed a model of the hydrogen atom that incorporated the quantum aspects of 

Planck’s hypothesis. Bohr adapted the existing planetary model of the atom, in which electrons 

revolved around a central nucleus, but added a key assumption: Bohr suggested that the electron’s 

energy was only allowed to take on particular values and could not be anything in between those 

values. Furthermore, these energy levels correspond to specific fixed orbits around the nucleus (). A 

staircase serves as a useful analogy for the energy levels in an atom. Just as it’s not possible for an 

object to reside in between two steps, an electron cannot occupy a state between two energy levels. 

Bohr indexed the energy levels of the hydrogen atom according to a quantum number that could take 

the whole number values n = 1, 2, 3, and so on. The lowest allowable energy level, for which n = 1, is 

known as the ground state of the atom. In this state, the electron is also closest to the nucleus. Energy 

levels that are higher than the ground state are called excited states. Electrons must accept energy, for 

example by absorbing a photon, in order to move from one energy level to a higher one. Only certain 

frequencies of photons can be absorbed by an individual atomic system, and therefore each energy 

level diagram is quantized by the allowable transitions between states, which is unique for each type of 

atom. 

Hydrogen is the simplest atom in the universe due to its single orbital electron. As a result, physicists 

often use it as the standard model to explain the basic rules of quantum mechanics and atomic energy 

levels. In atoms not react or combine easily with other elements. In contrast, alkali metals such as 

lithium and sodium have an unpaired electron and tend to be highly reactive. 

There are many more types of energy levels in addition to those found in solitary atoms. Molecules 

have electronic energy levels of their own, which become more complex as the number of electrons 

and atoms in the molecule increases. Molecules also have energy levels that depend on vibrations of 

atoms within them and on the rotation of the entire molecule. All of these energy levels are quantized 

as well. 
 

atom the of model Bohr   Atoms Essentials: The 

Lasing action is a process that occurs in matter. 

Since matter is composed of atoms, we need to understand about the structure 
of the atom, and its energy states. 

We shall start with the semi-classical model, as suggested in 1913 by Niels 
Bohr, and called: The Bohr model of the atom. According to this model, every 
ato
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m is composed of a very massive nucleus with a positive electric charge (Ze), 
around it electrons are moving in specific paths. 

Z = Number of protons in the nucleus, e = Elementary 

[Coulomb] 19-1.6*10 e = charge of the electrons: 
 

 
 

Every "allowed orbit" of the electron around the nucleus, is connected to a 
specific energy level. 

The energy level is higher as the distance of the "orbit" from the nucleus 
increases. Since for each atom there are only certain "allowed orbits", only certain 
discrete energy levels exist, and are named: E1, E2, E3, etc 

 

(Levels) States Energy 
Every atom or molecule in nature has a specific structure for its energy levels. 

The lowest energy level is called the ground state, which is the naturally 
preferred energy state. As long as no energy is added to the atom, the electron 
will remain in the ground state. 

When the atom receives energy (electrical energy, optical energy, or any form of 
energy), this energy is transferred to the electron, and raises it to a higher 
energy level. 

The atom is then considered to be in an excited state. 

The electron can stay only at the specific energy states (levels) which are unique 
for each specific atom. The electron can not be in between these "allowed 
energy states", but it can "jump" from one energy level to another, while receiving 
or emitting specific amounts of energy. 

These specific amounts of energy are equal to the difference between energy 
levels within the atom. Each amount of energy is called a "Quantum" of energy 
(The name "Quantum Theory" comes from these discrete amounts of energy). 

 

 



Laser Physics                                                                                      

 
10 

diagrams energy and the Photons 

 

Electromagnetic radiation has, in addition to its wave nature, some aspects of 
"particle like behavior". 
In certain cases, the electromagnetic radiation behaves as an ensemble of 
discrete units of energy that have momentum. These discrete units (quanta) of  

electromagnetic radiation are called "Photons". 

The relation between the amount of energy (E) carried by the photon, and its 
frequency (ν), is determined by the formula (first given by Einstein): 

E = hν 
The proportionality constant in this formula is Planck's constant (h): 

sec]-[Joule 34-6.626*10 = h 
This formula shows that the frequency of the radiation (ν), uniquely determines 
the energy of each photon in this radiation. 

E = h ν 
This formula can be expressed in different form, by using the relation between the 
frequency (ν) and the wavelength: c = λ*ν to get: 

E = h * c/ λ 
This formula shows that the energy of each photon is inversely proportional to its 
wavelength. This means that each photon of shorter wavelength (such as violet 
light) carries more energy than a photon of longer wavelength (such as red light). 

Since h and c are universal constants, so either wavelength or frequency is 
enough to fully describe the photon. 

  Energy Levels  

Achieving population inversion and sustaining a chain of stimulated emission events requires a 

configuration of energy levels with specific characteristics. If the excited atoms undergo spontaneous 

emission before stimulated emission can take place, there will not be a sustained beam of identical 

photons traveling in the same direction. For this reason, the excited state must be metastable to ensure 

that atoms will remain in that state long enough to sustain a population inversion. Some amount of 

spontaneous emission is unavoidable, but the longer the lifetime of the state, the easier it is to ensure 

that stimulated emission will dominate. 

Although two-level lasers are theoretically possible under certain conditions, it is generally 

unfeasible to excite atoms directly into a metastable state. A more practical approach involves 

three energy levels: a ground state, an excited state with a short lifetime (relative to the other two 

transitions), and a metastable state with a slightly lower energy (FIGURE 58). Atoms are excited, 

or “pumped,” into the higher energy   level, where they quickly de-excite to the metastable level. 

The metastable level is chosen to have a lifetime generally a thousand times longer than that of 

the higher energy level. This process accumulates a large population of atoms in the metastable 

state, thereby establishing a population inversion between it and the ground state. 
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A laser is not itself a source of energy; rather, it needs energy from an external source in order to 
continually maintain population inversion. An external source of energy, called the pump source, 

excites the atoms in the active medium to the metastable state. Although a variety of techniques 

have been used in laser pumping, the most common methods are optical pumping and electrical 

pumping. Optical pumping is the use of an intense light source, such as a flashlamp, arc lamp, or 

external laser to excite atoms through photon absorption. Electrical pumping involves the use of 

an electric discharge or current to cause atomic excitation. 

Three-level lasers are not an optimal solution for laser operation; a more efficient method involves 

four energy levels. A four-level laser adds an additional energy level above the ground state, 

which becomes the lower level for the laser emission transition. In other words, the lower level of 

the laser transition is not the ground state, which makes it easier to maintain a population 

inversion between the laser transition states. In a four-level laser, the lower level of the laser 

transition starts out nearly empty because it has a higher energy than the ground state. Thus, only 

exciting a small fraction of the ground state atoms to the metastable state is sufficient to establish 

a population inversion. 
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pter 2 

Basics of laser physics 
 The first part of this section will cover the basic building blocks of laser أ

operation, beginning with how light is emitted by atoms. From there, we will 

describe the processes of  incandescence, fluorescence, and 

phosphorescence, all  of which are relevant to laser operation. The section will 

conclude with an overview of how lasers work and a history of the development 

of the laser.                                                                                                                                        

                                                                                                                                  ب

LIGHT EMISSION AND ABSORPTION 

In order to understand how light is emitted, we must first consider the structure and properties of 

the atom. Atoms are the building blocks of the world around us. Atoms contain a nucleus, which is 

a dense core that comprises most of the atom’s mass, and an outer region inhabited by bound 

electrons.  

The nucleus is made up of positively charged particles called protons as well as neutrons, which 
have no electric charge. The nucleus is surrounded by negatively charged electrons. These 

electrons occupy “shells” that have different spatial distributions. Some are spherical, some are 

barbell-shaped, and others have more complex distributions. Due to the attractive force between 

oppositely charged particles, the farther an electron is from the nucleus, the more potential energy 

it has with respect to the nucleus. 

 

 

A substance composed of only one kind of atom is called an element. Each element in the 
periodic table has a characteristic atomic number, which is equal to the number of protons in the 

nucle

FIGU
RE 
39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A neutral atom contains an equal number of protons and electrons. 
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us of an atom of that element. Electrons and protons have the same magnitude, but opposite 

sign, of electric charge. Because atoms are electrically neutral, they must have the same number 

of electrons as protons (). (Atoms can gain or lose electrons to become ions, which have an 

overall negative or positive charge.) Hydrogen, which has an atomic number of 1, contains a 

single proton in its nucleus, orbited by a single electron. Likewise, all carbon atoms (atomic 

number 6) contain six protons and six electrons. 

 QUANTIZATION 

Lasers are fundamentally quantum mechanical devices. That is, the operation of a laser is fully 

dependent on the quantum nature of light and matter. Let’s explain what this means. Before 1900, 

scientists assumed energy could vary continuously and be endlessly subdivided. No experiment had 

provided evidence to contradict this viewpoint. In 1900, a German physicist named Max Planck () 

proposed that the energy could only be emitted or absorbed in discrete bundles that are multiples of a 

fundamental unit, or quantum, of energy. This relationship can be expressed as 

E = nhf , 

where h = 6.63 × 10−34 J s is called Planck’s constant; f is the frequency of oscillation; and n is a 
positive integer. That is, energy could be exchanged in amounts of hf, 2hf, 3hf, etc., but not anything in 

between. Because the energy can only take certain specific values, we say that it is “quantized.” As an 

analogy, imagine dunes of sand that appear smooth from a distance, but are in fact coarse and grainy 

when observed close up. Planck’s constant is small enough that we do not notice the quantization of 

energy in our everyday experience—the quantized packets of energy are too small to be individually 

perceived by our senses. 

 PHOTONS 

Experiments conducted around the same time as Planck’s hypothesis revealed that light itself exhibits 

similar quantum behavior. Heinrich Hertz had discovered in 1887 that metals illuminated with ultraviolet 

light tended to produce sparks. J. J. Thomson later determined that these sparks were actually 

electrons being ejected from the surface of the metal. This phenomenon became known as the 

photoelectric effect. Physicists initially attempted to use Maxwell’s electromagnetic wave model to 

explain the photoelectric effect. They reasoned that since electromagnetic fields exert forces on 

charged particles, the oscillating fields in a light wave could theoretically push an electron within an 

atom back and forth as one might push a child on a swing. Eventually, the electron could have enough 

energy to escape the atom, and the metal, altogether. 
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   the photoelectric effect. Light below a certain frequency does not eject electrons, 

whereas higher-frequency light ejects electrons with more energy. 

These observations cannot be explained by treating light as a wave. 

 

 

However, further investigation of the photoelectric effect in 1902 resulted in several observations 

that contradicted physicists’ expectations under the wave model. For instance, electrons were 

emitted almost instantaneously (less than a nanosecond) after the metal was illuminated, whereas 

the wave model predicted a time delay. 

Furthermore, light below a certain frequency was not observed to eject any electrons, regardless 

of the intensity of the light. According to the existing theory, any frequency of light would be 

expected to eject electrons if the incident light was sufficiently intense. In addition, increasing the 

frequency of the incident light resulted in higher-energy electrons being emitted—however, there 

should have been no relationship between light frequency and electron energy when treating light 

as a wave (). 

Drawing from Planck’s theory, in 1905 Albert Einstein proposed that light itself is quantized into 
iscrete energy packets that exhibit properties of particles. Einstein argued that the photoelectric 

effect could only be explained as packets of light colliding with electrons, thereby transferring their 

energy and ejecting the electrons from the metal. These packets of light energy eventually 

became known as photons. Furthermore, Einstein argued that the energy of these photons obeys 

Planck’s relation E = hf, which was consistent with experimental results from the photoelectric 

effect. Thus, an individual photon from a higher-frequency beam of light carries more energy than 

a photon from a lower-frequency beam of light. Einstein was awarded the Nobel Prize in 1921, in 

part for his explanation of the photoelectric effect. 

Photons are packets of energy transferred from the electromagnetic field. Although they have 
zero mass, photons have both energy and momentum. It takes an extremely large number of 

photons to make up most of the radiation we experience on a daily basis because the energy of 

any individual photon in the visible spectrum is so small. 

For example, a quick estimate can be made that a single 100 watt light bulb will release on the 

order 
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of 1021 photons every second. Normally we do not “feel” an individual photon any more than we 

would feel an individual droplet of water while swimming through the ocean. 

Before we move on, we should address an important point. Although they seem contradictory, the 

photon, or particle, nature of light does not invalidate the wave nature of light we discussed in the 

previous section. Light exhibits properties of both waves and particles, depending on the experiment (). 

This seemingly contradictory behavior is known as wave-particle duality. The photoelectric effect is a 

demonstration of the particle nature of light, whereas double-slit interference is a wave phenomenon. 

Wave-particle duality is a puzzling aspect of the physical world that took the world’s leading physicists 

many years to accept. 

 

?LASER is What 

Light Amplification by Stimulated Emission of Radiation. 

Light: All light is a form of electromagnetic radiation that is visible to the human 
eye. 

Amplification: This is simply the process of making something bigger or more 
powerful. When you turn up the volume on a radio, you are amplifying the sound; 
but with lasers, amplification makes the light brighter. 

Stimulated: To stimulate means to stir to action. Laser light is created when a 
burst of light (electricity) excites the atoms in the laser to emit photons. These 
photons then stimulate the creation of additional identical photons to produce the 
bright laser light. 

Emission: The word "emission" refers to something that is sent out or given off. 
Stimulated laser emission consists of large numbers of photons that create the 
intense laser light. 

Radiation: The laser light is a form of energy that radiates, or moves out, from the 
laser source. 

 

 Properties of LASER 

 Laser light has several properties that make it useful for many practical applications. Laser light is 

monochromatic, directional, and coherent. By comparison, ordinary white light is a combination of many 

wavelengths of light, emits isotropically (in all directions), and is a mixture of many out‐ of‐phase wavelengths. 

These three properties of laser light are what can make it more hazardous than ordinary light— laser light is 

capable of depositing a lot of energy within a small area. We will discuss each of these properties in greater 

detail.  

Monochromatic 
The light emitted from a laser is monochromatic, it is of one wavelength (color). 
In contrast, ordinary white light is a combination of many different wavelengths 
(colors). 
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: White light passing through a prism     Figure  

Because the photons emitted by a laser all correspond to the same energy transition, they all have the 

same frequency. Single-frequency light such as this is often described as monochromatic. In 

comparison, recall that thermal radiation (such as that produced by an incandescent light source) 

produces a continuous spectrum of frequencies with different intensities.  

Laser light is not perfectly monochromatic; there is some “spread” due to Doppler shifts from the 
motion of atoms or molecules within the active medium. The line width or bandwidth of a laser describes 

the spread of its spectrum of emitted frequencies. However, this spread is extremely narrow compared 

to the spectrum of frequencies emitted by, say, an incandescent light bulb. 

Directional 
Lasers emit light that is highly directional.  
It is emitted as a narrow beam in a specific direction. 
Ordinary light (sun, light bulb, a candle), is emitted in many directions away from 

the source 

 

 
comparison between the light out of a laser, and the light out of an incandescent lamp:   Figure  

The light from a laser emerges as a very narrow beam with very little divergence, or spread. We often 

refer to a beam with this property as being collimated. If you’ve used a laser pointer while giving a 

presentation or distracting a feline companion, you are familiar with the ability of lasers to project a point 

of light, even from a relatively large distance. A laser’s high degree of collimation is a direct result of the 

precise alignment of the parallel mirrors that form the optical cavity. As the light waves reflect back and 

forth many times within the cavity, the mirrors constrain the waves to an axis perpendicular to the 

surfaces of both mirrors. Any light that is slightly “off-axis” will be lost from the cavity and thus will never 

form 



Laser Physics                                                                                        

  
17 

part of the final beam. 

The highly collimated nature of a laser beam makes it highly useful but also highly dangerous. You 

should never look directly into a laser beam because the highly parallel rays can focus to a nearly 

microscopic dot on the retina of your eye, causing almost instant damage to the retina. On the other 

hand, the ability of lasers to focus so precisely contributes to their wide range of both medical and 

industrial applications. In medicine, lasers can be used as sharp scalpels; in industry, they can serve as 

fast, powerful, and computer-controllable cutting tools. 

 

Coherence 
 
Coherent waves are waves that maintain the relative phase between them 
Since electromagnetic radiation is a wave phenomena, every electromagnetic wave can be 

described as a sum (superposition) of sine waves as a function of time. 

From wave theory we know that every wave is described by a wave function: 

y = Acos(t+) 

Amplitude. 

 = 2Angular Frequency. 

 = Initial Phase of the wave (Describe the starting point in time of the oscillation). 

(t+) = Phase of the wave. 

 
 

Coherent 

Light that is made up of waves that are “in-phase” relative to one another is said to be coherent. In 

other words, the peaks and troughs of the waves exactly align (FIGURE 61). An ordinary light source, 

such as an incandescent light bulb, produces light that is incoherent, meaning the waves have random 

phases. Even a collection of waves with identical frequencies can be incoherent if they are not in -phase 

relativ
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e to one another. LEDs, for example, emit light that is single-frequency but not coherent. Coherence in 

laser light is a direct consequence of stimulated emission.  

Coherence in laser light is important for observing interference effects, which has important 

applications in precision measurement. Interferometry is the use of superimposed waves to make 

extremely fine measurements of small displacements, surface irregularities, or changes in refractive 

index. A basic interferometer uses a beam splitter and mirrors to overlap beams of light from a coherent 

source such as a laser. By slightly adjusting the path length difference between the two beams, shifts in 

the observed interference pattern will occur as the relative phases of the two beams change. This 

technique allows measurements to be made on the length scale of the wavelength of light being used. 
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 خصائص ضوء الليزر:

يتميـز ضـوء الليـزر علـى بقيـة أنـواع الضـوء الصـادر عـن المصـادر 

الطبيعيـة كالشـمس والمصابيـح التقليديـة والصناعيـة كالمصابيـح 

الكهربائيـة بعـدة خصائـص مهمـة تؤهلـه لاسـتخدامه فـي كثيـر مـن 

 التطبيقـات. ومـن أهـم هـذه الخصائـص: 

( وهـي أن شـعاع الليـزر لـه زاويـة Directionality)الاتجاهيـة  - ج

( غايـة فـي الصغـر بحيـث يمكنـه divergence angle)انفـراج 

أن يسـير لمسـافات طويلـة دون أن تتشـتت طاقتـه. فعلـى سـبيل المثـال 

هيليـوم تبلـغ جزئيـن مـن عشـرة -فـإن زاويـة انفـراج شـعاع ليـزر نيون

لدرجـة وهـذا يعنـي أنـه إذا مـا تـم إرسـال شـعاع هـذا آلاف جـزء مـن ا

الليـزر مـن الأرض إلـى القمـر فسـيكون قطـره علـى القمـر بحـدود 

 384كيلومتـر ونصـف علمـا بـأن المسـافة بيـن الأرض والقمـر تبلـغ 

ألـف كيلومتـر. إن قطـر شـعاع هـذا الليـزر يبلـغ ملليمتريـن عنـد 

الليـزر بينمـا سـيكون قطـره خمسـة ملليمتـرات فقـط بعـد أن يسـير ألـف كيلومتـر. وتتحـدد زاويـة خروجـه مـن 

انفـراج شـعاع الليـزر مـن عـدة عوامـل أهمهـا: عـرض الشـعاع عنـد خروجـه مـن المصـدر، وطـول موجـة 

 ً مـع طـول الموجـة أي أن الزاويـة تقـل الإشـعاع حيـث تتناسـب عكسـيا مـع عـرض الشـعاع الابتدائـي وطرديـا

مـع زيـادة عـرض الشـعاع ونقصـان طـول الموجـة. وتسـتغل خاصيـة الاتجاهيـة فـي تطبيقـات كثيـرة كقيـاس 

المسـافات البعيـدة والقصيـرة علـى السـواء والتأشـير علـى الأهـداف بدقـة متناهيـة كمـا فـي أنظمـة المسـاحة 

 المسـتقيمة فـي أعمـال الإنشـاءات المختلفـة .ورسـم الخطـوط 

ة ـافة معينـبمعنـى أنهـا تبقـى محافظـة علـى سـماكتها واتساعها نفسـهما حتـى بعـد أن تقطـع مس متراصـة: - د

ثيـرات الليـزر تأ .ويـؤدي تـراص وتجانـس أشـعة الليـزر لامتاكهـا كثافـة عاليـة مـن الطاقـة يمكـن أن ينتـج ضـوء

يج اصيـة للنسـنسـيجية مختلفـة اعتمـاداً علـى طـول الموجـة وكثافـة الطاقـة، ومـدة التعـرض، والخـواص الامتص

 المستهدف.

ضـي صغيـر وذلـك بسـبب أن شـعاع الليـزر لـه مقطـع عر (high intensity lightعلـو شـدة ضـوء الليـزر) - ه

ـن عالصـادرة  جـداً قـد لا يتجـاوز فـي بعـض أنواعـه عـدة ميكرومتـرات مربعـة وبمـا أن جميـع الطاقـة الضوئيـة

ملاييـن زيـد بـد تالليـزر رغـم قلتهـا تتركـز ضمـن هـذا المقطـع الصغيـر فإنـهبالإمـكان الحصـول علـى شـدةإضـاءة ق

ر ـزر أن يسـيفيمكـن لشـعاع اللي المـرات عـن شـدة الضـوء الصـادر عـن الشـمس أو المصابيـح الكهربائيـة ولهـذا

رضـي لمسـافات كبيـرة جـداً دون أن يخبـو ضـوءه. ولتوضيـح ذلـك فـإن ليـزر بقـدرة واحـد واط وبمقطـع ع

 ة عـن شـدةء شـدته بليـون واط لـكل متـر مربـع أي يزيـد بمليـون مـرمسـاحته ألـف ميكرومتـر مربـع يعطـي ضـو

كبيـرة  ضـوء الشـمس علـى سـطح الأرض. وتسـتغل هـذه الخاصيـة للضـوء فـي حفـر وقطـع ولحـام المـواد بدقـة

 وفـي إجـراء العمليـات الجراحيـة ومعالجـة كثيـر مـن أمـراض العيـون والجلـد.

حيــث أن ضــوء الليــزر يتكــون مــن حزمــة ضيقــة جــداً مــن (Monochromaticityــون )أحاديــة الل - و

التـرددات الضوئيـة بعكـس أنـواع الضـوء الأخـرى التـي تتكـون مـن طيـف واسـع جـداً مـن التـرددات ولـذا فإنهـا 

ـي بينمـا يبـدو ضـوء الليـزر بلـون واحـد تبـدو للعيـن كضـوء أبيـض يحتـوي علـى جميـع ألـوان الطيـف المرئ

فقـط عالـي النقـاء. وتسـتغل هـذه الخاصيـة فـي اسـتخدام ضـوء الليـزر كحامـل للمعلومـات بـدلا مـن الحامـلات 

الرادي
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ويـة خاصـة فـي أنظمـة اتصـالات الأليـاف الضوئيـة التـي تتطلـب وجـود مصـادر ضوئيـة أحاديـة اللـون أي أن 

 عـرض نطـاق تـرددات ضوءهـا غايـة فـي الصغـر .

( phaseر )وهـي أن التـرددات التـي يتكـون منهـا شـعاع الليـزر لهـا نفـس الطـو (Coherenceالترابـط ) - ز

داخليــة ( وتســتغل هــذه الخاصيــة للحصــول علــى أشــكال تpolarizationوكذلــك نفــس الاســتقطاب )

(in-terference patterns.لا يمكـن الحصـول عليهـا مـن خـال اسـتخدام أنـواع الضـوء الأخـرى ) 

ا فـي ( فـي أشـعة الليـزر فـي تطبيقـات لا حصـر لهـا كمـInterferometryويسـتخدم التداخـل الضوئـي )

 قيـاس المسـافات والسـرعات ودراسـة تركيـب المـواد والتصويـر ثلاثـي الأبعـاد .

ن ـددة ويمكـبحيـث يتـم إطـلاق ضـوءه علـى شـكل نبضـات بمعـدلات مح يمكـن التحكـم بجهـاز الليـزر أنـه - ح

زء مـن كذلـك التحكـم بعـرض النبضـة ليصـل فـي بعـض التطبيقـات إلـى عـدة أجـزاء مـن مليـون بليـون جـ

ـد ـي العلـو قفحصـول علـى شـدة ضـوء غايـة الثانيـة. ومـن خـلال تقليـل عـرض النبضـة الضوئيـة فإنـه يمكـن ال

ملهــا ـة التـي تحتصـل إلـى آلاف الميغاواطـات ولكـن لفتـرات زمنيـة قصيـرة جـداً وذلـك مهمـا كانـت كميـة الطاق

ولحـام ـع ـادن أو قطـالنبضــة. وتســتخدم هــذه الخاصيــة فــي تطبيقــات لا حصــر لهــا كإذابــة أو تبخيــر المعـ

ـتخدم لنوويـة .تسمختلـف أنـواع المـواد أو إجـراء العمليـات الجراحيـة أو تسـريع التفاعـات الكيميائيـة وحتـى ا

فـة شـعة الضعيأشـعة الليـزر القويـة فـي الأغـراض الصناعيـة، مثـل تثقيـب وقطـع المعـادن، بينمـا تسـتخدم الأ

راض م فـي الأغـجل عليهـا الموسـيقى. أمـا الأشـعة متوسـطة القـوة فتسـتخدلتشـغيل الأقـراص البصريـة التـي تسـ

 الطبيـة .

 القصيرة والمتكررة. إمكانيةّ الومضات الضوئيةّ  - ط

كل نوعـي لليـزر بشـحيـث أن لـكل ليـزر يوجـد نسـيج أو عـدة أنسـجة يؤثـر فيهـا ا الانتقائيـة )أو النوعيـة(: - ي

رة هـذه الحـراواها، ويـؤدي هـذا التأثيـر لإنتـاج حـرارة عاليـة فـي النسـيج المسـتهدف دون أن يؤثـر علـى سـو

المسـتهدف  هـي التـي تعطـي الليـزر خواصـه العلاجيـة، ويعتمـد عمـل الليـزر علـى طـول موجـة، ولـون نسـيج

التالـي لأكسـجين وبوبيـن المرتبـط بـذرة اوحجمـه. فعلـى سـبيل المثـال هنـاك أنـواع مـن الليـزر تسـتهدف الهيموغل

 لحـاوي علـىاعنـد تأثيرهـا علـى الهيموغلوبيـن تنتـج حـرارة عاليـة تـؤدي لتكسـير الوعـاء الدمـوي الشـعري 

ي عـلاج المثـال فـ هـذا الهيموغلوبيـن وبالتالـي لانقطـاع التدفـق الدمـوي ويسـتفاد مـن هـذه الخاصيـة علـى سـبيل

 ، أو توسـعات الأوعيـة الدمويـة الشـعرية. Port wine stainحمـة الصبـاغ الخمـري و

رات تفهـم لتأثيـفـي حـال اسـتخدامه فـي المـكان المناسـب مـن الجسـم مـن قبـل طبيـب مختـص خبيـر م الأمـان: – ك

ب يـر المرغـوغن تأثيـرات الليـزر الليـزر النوعيـة علـى الأنسـجة قـادر علـى حمايـة نفسـه وحمايـة مريضـه مـ

 فيهـا .

الانعـكاس  وبمـا أن أشـعة الليـزر عبـارة عـن أشـعة ضوئيـة مركـزة، فإنهـا تخضـع لقوانيـن الضـوء مـن حيـث:

دام مـن اسـتخ ،والانكسـار، والانحـراف بواسـطة المرايـا والعدسـات والمناشـير الزجاجيـة. وقـد تمكـن الفنانـون

، Fiber Opticsـة عة الليــزر فــي تشــكيل صــور رائعــة باســتخدام العدســات والمرايــا والأليــاف البصريـأشــ

 .وذلـك مـن خـلال انعـكاس وانكسـار أشـعة الليـزر المتوهجـة، وتحويلهـا إلـى نمـاذج ضوئيـة مبهـرة

 تـراوح بيـنتتدنـي كفـاءة تحويـل الطاقـة فيـه حيـث ولكـن يجـب أن نشـير إلـى أن مـن أهـم عيـوب الليـزر هـو 

ـزر ـن ضـوء ليمواحـد بالمائـة وعشـرين بالمائـة لمعظـم أنواعـه وهـذا يعنـي أنـه يلـزم للحصـول علـى واط واحـد 

ـي فـرارة ة كحكفاءتـه واحـد بالمائـة تزويـده بمائـة واط مـن الطاقـة حيـث تضيـع التسـعة وتسـعون واط المتبقيـ

صـل لعـدة ليـة قـد تداخـل جسـم الليـزر وهـذا يتطلـب أنظمـة تبريـد معقـدة خاصـة فـي الأنـواع التـي تنتـج قـدرات عا

 كيلواطـات كليـزر ثانـي أكسـيد الكربـون.
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Electromagnetic Radiation 
 

Electromagnetic Radiation is a transverse wave, advancing in vacuum at a 

constant speed which is called: velocity of light. 

All electromagnetic waves have the same velocity in vacuum, and its value is 

Laser Radiation Properties 

In Summary: Laser Radiation Properties 
1. Very small divergence of the beam. The beam is almost a parallel beam 

and move in one direction in space - Directionality. . 

2. High degree of monochromaticity. The radiation is almost one 
wavelength, as can be measured by the very narrow spectral width. 

 

3. Coherence. 

The combination of these properties gives the laser radiation many advantages, 

like achieving very high power densities, not available from other sources. 

 

 

 

  

Coherent waves (top) and incoherent waves (bottom). 

Each individual wave has the same frequency 
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Basic components of the laser device  

In order for most laser to operate, three basic conditions must be satisfied 

(1) The active medium: Collections of atoms, molecules or ions in the form 
of solid or liquid or gas. 

(2) population inversion 

(3) Optical feed back 

 

 
 

 How the First Ruby Laser Works 

 

 
 

Excitation 
High-voltage electricity causes the quartz flash tube to emit an intense burst of 

light, exciting some of the atoms in the ruby crystal to higher energy levels. 

Photon Emission 
At a specific energy level, some atoms emit photons. At first the photons 
are  emitted in all directions. 

Photons from one atom stimulate emission of photons from other atoms and the 

light intensity is rapidly amplified 

Am
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plification 
Mirrors at each end reflect the photons back and forth, continuing this process of 

stimulated emission and amplification 

Laser Beam 
The photons leave through the partially silvered mirror at one end. This is laser 

light. 

 شروط حدوث الإشعاع المستحث)الليزر(: 

  ليها.عطاقة إثارة مناسبة أن تثار ذرات المادة لمستويات طاقة عالية وبأعداد هائلة ويتم ذلك بتطبيق 

 .أن تكون المادة الفعالة المستعملة ذات ثلاث مستويات للطاقة أو أكثر 

 ـق أكبـر تالـي تحقيأن توضـع المـادة الفعالـة بيـن مرآتيـن كـي يتحقـق انعكاسـات متعـددة للشـعاع بينهمـا وبال

 ـكة.عـدد ممكـن مـن الإصـدارات المحثوثـة ذات الفوتونـات المتماس

 ي ة وبالتالـأن تطبـق علـى الجملـة طاقـة حقـن خارجيـة كـي تحـدث إثـارة لـذرات المـادة وشـحنها بالطاقـ

 ريعة تعبـرلجعلهـا جاهـزة ومهيـأة لإطـاق الفوتونـات المتماسـكة حـال حـدوث اصطدامـات مـع فوتونـات سـ

 المـادة .

 

 مبدأ عمل الليزر:

ـاك ها آنفـا وهنالتـي شـرحناالمستحث ي يقـوم عليـه عمـل الليـزر هـو ظاهـرة الانبعـاث إن المبـدأ الرئيسـي الـذ

 شـروط ثلاثـة أساسـية لكـي يولـد الليـزر ضـوءاً مترابطـاً مـن خـال هـذه الظاهـرة .

  الشـرط الأول فهـو توفـر مـا يسـمى بالتوزيـع الإسـكاني المقلـوب(Population inversion )

ثـارة لحالـة الماللإلكترونـات فـي ذرات المـادة التـي سـتولد الضـوء والـذي يعنـي أن عـدد الإلكترونـات فـي 

اد معينــة فــي مــو يجـب أن يكـون أعلــى منهــا فــي الحالــة غيــر المثــارة. وهــذا الشــرط لا يتحقــق إلا

لهــا التــي يكــون عــدد المــدارات فــي نطــاق توصي( active medium)تســمى الوســط الفعــال 

(conduction band ثلاثــة أو أكثـر وبحيـث يوجـد مـدار شـبه مسـتقر )(metastable بيـن )

دار المـدار منخفـض الطاقـة والمـدار عالـي الطاقـة .توجـد شـروط معينـة كـي يحـدث ضمنهـا الإصـ

 ـأ بـه آينشـتاين. وهـي تـوازي مـا تنبالمستحث 

ة المثـارة. فـي الحالـ 2Eو  2Nفـي الحالـة الأساسـية و  1Eو  1Nذرة ذات مسـتويين للطاقـة  Nفلـو كان لدينـا 

ث المستحيتناسـب مـع عـدد الـذرات فـي المسـتوى العلـوي. وللحصـول علـى إصـدار المستحث والإصـدار 

يـة اسـم التـوزع الإسـكاني ويطلـق عليـه فـي حالـة إثـارة خارج أي يجـب قلـب 2N>1Nكبيـر يجـب أن يكـون 

 الضـخ.
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 ( الشـرط الثانـي فهـو توفـر مصـدر يقـوم بضـخ الإلكترونـاتPumpingمـن المـدارات منخفضـة ) 

ـوب المقلزيـع الطاقـة )غيـر المثـارة( إلـى المـدارات عاليـة الطاقـة )المثـارة( وذلـك للحصـول علـى التو

 للإلكترونـات .

 ( الشـرط الثالـث فهـو وجـود نظـام تغذيـة راجعـة موجبـةPositive feedbackلكـي يعمـل ال ) ليـزر

ايـا يقـوم بتوليـد تـردد الضـوء المطلـوب وغالبـا مـا يتـم اسـتخدام المر (Oscillator)كمذبـذب 

(Mirrors. للحصـول علـى هـذه التغذيـة الراجعـة ) 

 
و التيـار وعلـى هـذا فـإن الليـزر يعمـل مـن خـلال ضـخ الإلكترونـات باسـتخدام مصـدر ضـخ خارجـي كالضـوء أ

عـاث ـلال الإنبخالكهربائـي مـن المـدار الأدنـى إلـى المـدار الأعلـى ومـن ثـم تهبـط الإلكترونـات المثـارة مـن 

قــع بيــن يوالــذي  (metastable stateمــدار شــبه المســتقر )التلقائــي مــن المــدار الأعلــى إلــى ال

ي المقلـوب ع الإسـكانالمداريــن الأدنـى والأعلـى حيـث تبـدأ الإلكترونـات بالتراكـم فـي هـذا المـدار لتنتـج التوزيـ

 المنشـود .

حث وزيـع المقلـوب فإنـه سـيوإذا مـا مـر فوتـون ضوئـي بتـردد محـدد علـى المـادة وهـي فـي وضـع الت

داً مـن بعـضالإلكترونـات الموجـودة فـي المـدار شـبه المسـتقر للنـزول إلـى المـدار الأدنـى منتجـةً عـد

ون لـه تولـد سـيكالفوتونـاتالضوئيـة لهـا نفـس تـردد وطـور واتجـاه الفوتـون الـذي قـام بحثهـا، أي أن الضـوء الم

 ه أحـادي اللـون وذلـك مـن الناحيـة النظريـة. تـردد واحـد أي أنـ

وتسـتخدم المرايـا لعكـس بعـض الفوتونـات المتولـدة لتمـر مـن خـال ذرات المـادة الفعالـة لتوليـد مزيـدا مـن 

د الفوتونـات التـي لهـا نفـس الخصائـص. وعـادةً مـا تكـون أحـد المرايـا ذات معامـل انعـكاس يقـرب مـن الواحـ

وذلـك لتعكـس جميـع الضـوء السـاقط عليهـا بينمـا يكـون معامـل انعـكاس المـرآة الثانيـة أقـل مـن واحـد وذلـك 

لتسـمح لجـزء مـن الضـوء المتولـد للخـروج منهـا لاســتخدامه فــي التطبيقــات المختلفــة. وبمــا أن الفوتونــات 

ــات التــي قامــت بحثهـا وتسـير بنفـس اتجـاه سـيرها فـإن ضـوء الليـزر الناتـج المســتحثة لهــا نفــس تــردد الفوتون

سـيكو
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ن أحـادي اللـون تقريبـاً ويسـير باتجـاه واحـد وذلـك علـى العكـس مـن طبيعـة ضـوء المصـادر الأخـرى. ويخـرج 

( أو علـى شـكل موجـة pulsed laserالضـوء المتولـد مـن الليـزر فـي العـادة إمـا علـى شـكل نبضـات )

والـذي يحُـدد ذلـك التركيـب الـذري للمـادة الفعالـة ونـوع وكميـة  (continuous wave laser)مسـتمرة 

 الضـخ المسـتخدم وكذلـك طريقـة تركيـب الليـزر.

 

 تصنيف الليزر:

 (pulsed( أو نبضي )continuousمستمر ) استمراريةّ الإشعاع: - أ

النبضـات  النبضـي يصـدر أشـعته علـى شـكل سلسـلة مـن نبضـات الضـوء البالغـة القصـر. وتصـدر هـذهفالليـزر 

معـدل أشـعتها ب فقـط عندمـا يكـون الوسـط الفعـال فـي أعلـى حـالات الإثـارة. وبعـض أنـواع أجهـزة الليـزر تصـدر

 ن أن تكـونر مثـل ليـزر ثانـي أكسـيد الكربـون، يمكـنبضـة واحـدة كل عـدة دقائـق. وهنـاك أنـواع مـن الليـز

 موجاتـه نبضيـة أو مسـتمرة .

 

 
 الضوء المرئي، الأشعة فوق البنفسجيةّ، الأشعة تحت الحمراء، ليزر أشعة اكس. تردد الإشعاع: - ب

 
 

Matter Electromagnetic Radiation with The Interaction of 
 

Emission and Absorption of Radiation 
The interactions between electromagnetic radiation and matter cause 

changes in the energy states of the electrons in matter. 

 

Electrons can be transferred from one energy level to  another, while 

absorbing or emitting a certain amount of energy. This amount of energy 

.)1E-2levels (E energy two these between difference  energy the to equal is 

When this energy is absorbed or emitted in a form of electromagnetic 
) 1E-2these two energy levels (E the energy difference betweenradiation, 

d
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etermines uniquely the frequency (ν) of the electromagnetic radiation: 

 
 

Emission and Absorption of Radiation 

 
Every system in nature "prefers" to be in the lowest energy  state. This 
state is called the Ground state. 

When energy is applied to a system, The atoms in the material are excited, and 
raised to a higher energy level. 

(The terms "excited atoms", "excited states", and "excited electrons" are 
used here with no distinction) 
These electrons will remain in the excited state for a certain period of time, 
and then will return to lower energy states while emitting energy in the exact 
amount of the difference between the energy levels ( E). 
If this energy is transmitted as electromagnetic energy, it is called photon. 

 

Spontaneous Emission 
The emission of the individual photon is random, being done individually by each 

excited atom, with no relation to photons emitted by other atoms. 

When photons are randomly emitted from different atoms at different times, the 

process is called Spontaneous Emission. Since this emission is independent of 

external influence, there is no preferred direction for different photons, and 

there is no phase relation between photons emitted by different atoms. 

Spontaneous emission is one of a family of processes, called relaxation 

processes, by which the excited atoms return to equilibrium (ground state). 

This "classic" explanation assumes that the specific frequencies emitted by an 

excited atom are the same as the characteristic frequencies of the atom, which 

means that the emission spectrum is identical to the absorption spectrum 

 

Lifetime Average 

[sec]), and 8 -10 Atoms stay in an excited level only for a short time (about
the
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n they return to a lower energy level by spontaneous emission. 
Every energy level has a characteristic average lifetime, which is the average 
time the electron exists in the excited state before making a spontaneous 
transition. Thus, this is the time in which the excited atoms returned to a lower 
energy level.   According to the quantum theory, the transition from one energy 
level to another is described by statistical probability. 

The probability of transition from higher energy level to a lower one is 
inversely proportional to the lifetime of the higher energy level. 

When the transition probability is low for a specific transition, the lifetime of this 

 "stable-metaa " becomes sec), and this level3 -energy level is longer (about 10

level. In this meta-stable level a large population of atoms can assembled. As 

we shall see, this level can be a candidate for lasing process. 

When the population number of a higher energy level is bigger than the 

population number of a lower energy level, a condition of "population 

inversion" is established.  If a population inversion exists between two energy 
levels, the probability is high that an incoming photon will stimulate an excited atom to return 

to a lower state, while emitting another photon of light. The probability for this process depend 

on the match between the energy of the incoming photon and the energy difference between 

these two levels 

 مكونات جهاز الليزر:

 يتكون أي جهاز مولد لشعاع الليزر مما يلي:

 

مخرج  – 5مرآة عاكسة جزئياً.  – 4مرآة عاكسة مثالية.  – 3مصدر الضخ الإلكتروني.  – 2الوسط الفعالّ.  – 1

 شعاع الليزر.
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:)active medium الوسط الفعال)  

 ت أو عنصـروهـو الوسـط الـذي تتولـد منـه الأشـعة وقـد يكـون الوسـط عبـارة عـن مجموعـة مـن ذرات أو جزيئـا

نهـا تتحقـق بي أو مركـب أو مزيـج بحالـة صلبـة أو سـائلة أو غازيـة لـه عـدد مـن المسـتويات الطاقيـة تصلـح لأن

 علـى ل اعتمـاداً عـاث تلقائـي, انبعـاث مستحث(. يصنـف الوسـط الفعـاالانتقـالات الثلاثـة الضروريـة )امتصـاص, انب

ً وليزرياً:غاز نقي ) ذر نيون  –ي(هيليوم احتماليـة الانتقـال بيـن المسـتويات.بعض أنواع تلك المواد الفعالة ضوئيا

شط (الزجاج المن مزيج غازي )جزئي(بلورة الياقوت المطعم بالكروم صلب )بلورة-2COمزيج غازي غاز الكربون 

YAG .)صلب ) بلورة(أوكسي كلور الفوسفور المشوب بالنيوديميوم )سائل 

 

 خطط الضخ: 

الحرجة أي دراسة عن كيفية ضخ الوسط الفعال بطاقة من مصدر ما لتحقيق التأهيل العكسي بمقدار يتجاوز القيمة

ظام ذري نللمستويين ويؤدي إلى إشعاع يتضخم عن طريق الأنبعاث المحفز. إن هذا الهدف لايمكن تحقيقه باستخدام 

د رعان مايولشديد ذو تردد مناسب مثلًا لعملية الضخ س ذو مستويين فقط للطاقة لأنه باستخدام إشعاع كهرومغناطيسي

ليزر ذي  حالة الأشباع عندها يتساوى تأهيل المستويين ذات العلاقة ويصبح الوسط شفافاً. لذلك يمكن العمل على

 ثلاثة أو أربعة مستويات للطاقة: 

 

 Level Laser System-3نظام ليزر ثلاثي المستويات      -أ  

ليزري والمستوي ال E1)اقة التي يحدث بينهما الفعل الليزري هما: المستوي الليزري السفلي )أن مستويات الط

ث ، للحصول على الليزر يجب أن تضخ كمية كبيرة من الطاقة للحصول على التعداد المعكوس بحيE2)العلوي )

  .E1)أكبر من عددها في المستوى الأرضي ) E2)يكون عدد الذرات في المستوى الثاني )

لمستوي، ~( معظم الذرات تبقى في هذا اsec3-10كبير نسبياً )  )E2للمستوى ) )life time(بما أن العمر الزمني 

 2E من عدد الذرات تستقر في المستوى 50فأذا كانت طاقة الضخ كبيرة بما فيه الكفاية بحيث أنه أكثر من %

 فسوف نحصل على التعداد المعكوس ويحصل الفعل الليزري. 
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 Level Laser System -4نظام ليزر رباعي المستويات           -ب 

 بالمقارنة مع نظام ليزر ذي ثلاث مستويات هناك مستوى طاقة إضافي فوق المستوى الأرضي، وهذا المستوى

 الأضافي له عمر زمني قصير جداً. 

خلال  لاث مستويات، وهذا يتم منإن عملية الضخ في نظام الأربع مستويات مشابه إلى عملية الضخ في نظام الث

من خلال  E3من خلال الحصول على التوزيع المعكوس للمستوى   E3الحصول على التوزيع المعكوس للمستوى 

 . E4المستوي الطاقي 

المعكوس  قليل، وللحصول على التعداد E2ان فائدة نظام المستويات الأربعة هو حقيقة ان تعداد المستوى الطاقي 

 من الذرات في المستوي الليزري العلوي.  50جة لأن تكون أكثر من %ليس هناك حا

 
عد تسوف تضمحل بشكل سريعإلى المستوى الأرضي، لذا فهي  2Nوبعد ذلك التعداد في المستوى الليزري السفلي 

بقى في من الذرات ت  99عملياً فارغة. لهذا السبب يمكن يكون من الممكن العمل بانمط المستمر حتى ولو كان %

 المستوى الأرضي. 

 

 مميزات ليزر الأربعة مستويات بالمقارنة مع نظام الثلاث مستويات: 

  حد العتبة للفعل الليزري في نظام المستويات الأربعة أقل 

   الكفاءة تكون أعلى 

  يحتاج إلى طاقة ضخ أقل 

     يمكن العمل بالنمط المستمر 
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Chapter 3 

General Description of LASER 

and  LASER OPERATION 

  LASER OPERATION 

A laser is a device that emits a narrow beam of single- wavelength, coherent light as a result of     

stimulated emission. The term laser began as an acronym for “Light Amplification by Stimulated   

Emission of Radiation.” The output power of laser light can vary from a few thousandths of a watt (in  

the case of laser pointers) to several thousand watts (industrial laser cutters). Every laser contains an 

active medium, which is the source of atoms that will undergo cycles of excitation and de-excitation to 

release photons that will form the laser beam. Depending on the type of laser, the active medium can 

be a solid, liquid, or gas. Let’s walk through the necessary conditions for laser operation, all of which 

build upon the principles of energy levels, excitation, fluorescence, and phosphorescence that we 

covered earlier in this section. 

  Stimulated Emission 

We have previously discussed how an atom can become excited from a lower to a higher energy level 

by absorbing a photon with energy equal to the difference between the energies of two levels. 

Eventually, the atom will return to a lower energy state by emitting a photon in a process known as 

spontaneous emission. Although we can predict on average how long it will take for de-excitation to 

occur (i.e., the lifetime of the state), it’s impossible to predict exactly when a specific excited atom will 

spontaneously emit a photon. Furthermore, the direction of the emitted photon is also random.   Atoms 

can also transition to a lower energy level through a process called stimulated emission. While an atom 

is in an excited state, the oscillating electric field from a passing photon (at the same frequency as—or 

very close to—the transition frequency of the excited electron) can cause the atom to emit a second 

photon that oscillates in precise synchrony with the first (FIGURE  ). Most significantly, the emitted 

photon is identical in frequency, phase, and direction to the first photon. These identical photons are 

what make up a laser beam 

 

 

 

 

 

 

. 
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Population Inversion 

A functional laser depends on not just a handful of stimulated emission events, but rather a full 

cascade that will continually generate a stream of stimulated emission photons. When a 

collection of atoms is in thermodynamic equilibrium (that is, it is not exchanging energy with 

its surroundings), the vast majority of the atoms tend to be in the lowest possible energy state. 
This poses a problem because an emitted photon is almost certain to be absorbed by an atom in 

the ground state instead of stimulating emission in an excited atom. 

Clearly, in order to sustain the chain reaction of stimulated emission events, the atoms must be 
prepared such that more are in an excited state than are in the ground state. This condition is 

known as population inversion (FIGURE 57). Stimulated emission will continue as long as 

population inversion exists within the active medium, but it will slow down and eventually stop if 

a majority of the atoms are no longer in the higher-energy state. 

 

Fig: A population inversion exists when more atoms are in an excited state than in the ground 

state. 
 
 

 
 
 
 
 
 
 
 

 and (left), at rest atom an hits 12 ν frequency with photon A :Absorption Photon
.absorbed is photonthe  while )2level (E energy to higher excites it 
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Spontaneous Emission 
Spontaneous emission of a photon: An atom in an excited state (left) emits a 

.)1level (E a lower energy and goes to 12ν frequency with photon 
 

 
 

Stimulated Emission 
 excited an hit12   ν frequency with photon A :photon a of emission Stimulated

 atom the while 12 ν with frequency photons two of cause emission and (left), atom
.)1(E level energy lower a to goes 

 

 

 
 

 

 

 
Stimulated Absorption 



Laser Physics                                                                                        

  
39 

We saw that the process of photon absorption by the atom is a process of 

raising the atom (electron) from a lower energy level into a higher energy level 

(excited state), by an amount of energy which is equivalent to the energy of the 

absorbed photon. 

 

 

 

Stimulated Emission 
The incoming photon is an electromagnetic field which is oscillating in time and 

space. This field forces the excited atom to oscillate with the same frequency and 

phase as the applied force, which means that the atom can not oscillate freely, but 

is forced to oscillate coherently with the incoming photon 
Remember that two photons with the same wavelength (frequency) have the 
same energy: 

E = hν = hc/ν 

The incoming photon does not change at all as a result of the stimulated 

emission process.  As a result of the stimulated emission process, we have 

two identical photons created from one photon and one excited state. Thus 

we have amplification in the sense that the number of photons has increased. 
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Optical Cavity 

Once population inversion is achieved (i.e., most of the atoms are in an excited state), a single 

atom undergoing de-excitation emits a photon that causes a chain reaction of stimulated emission 

events: that photon causes stimulated emission in a nearby atom, which emits an identical 

photon, which stimulates the emission of another photon, and so on. In order to sustain the chain 

of stimulated emission events and amplify the laser beam, the active medium must be surrounded 

by an optical cavity (also known as a laser cavity or optical resonator). The simplest optical cavity 

consists of two parallel mirrors, one of which is slightly transmitting to allow the output of the laser 

beam. One mirror is coated to be completely reflective (100 percent chance of reflection) whereas 

the other is coated to be partially reflective (~95 percent chance of reflection). Photons that “leak” 

from the partially reflective mirror form the laser beam. It’s possible for light to reflect back and 

forth several hundred times before exiting the resonator (   ). 

 

 

 

 

 

 

 

 

 

 

 

 

An optical resonator is essential to amplify emitted light waves 

while allowing a 

fraction of the photons to escape, forming the output beam. 
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TYPES OF LASERS 

Gas Lasers 

Gas lasers use a low-pressure gas mixture as an active medium. Most gas lasers are excited by 

passing an electric current through the gas, delivered by electrodes placed at opposite ends of the 

tube. The helium-neon laser (or HeNe laser) is a common gas laser that produces light in the visible 

spectrum at a wavelength of 632.8 nm. HeNe laser cavities contain a mixture of helium and neon gas. 

The helium atoms are excited by an applied current and then collide with neon atoms to excite them to 

the state that causes the 632.8 nm radiation. The bright red output and relatively low cost of HeNe 

lasers make them well suited for many low-power applications in educational and research laboratories  

Other examples of gas lasers include the carbon dioxide (CO2) laser, which is a high-efficiency laser 

that operates in the infrared band. Carbon dioxide lasers are commonly used for high-power industrial 

applications such as welding and cutting. 

Excimer lasers are a type of gas laser that rely on the excitation of “dimer” molecules, such as argon 

fluoride, that are stable only in the excited state. Excimer lasers were first demonstrated in the mid-

1970s and are capable of removing extremely fine layers of surface material by breaking molecular 

bonds without burning or heating the surrounding area. For this reason, excimer lasers are well- suited 

for precision etching of plastics or semiconductor circuits, as well as delicate eye surgery such as 

LASIK. 

An advantage of gas lasers over other laser types is that the gas medium tends to be both relatively 

inexpensive and largely resistant to damage. However, gas lasers are also typically larger than other 

types due to the low density of the medium. In recent years, gas lasers have seen a decline in sales as 

they have gradually been replaced by solid-state and semiconductor lasers for many commercial 

applications. For example, HeNe lasers were originally used in grocery store checkout scanners, but 

have largely been replaced by laser diodes for this purpose. 

 

Solid-State Lasers 

Solid-state lasers use an active medium consisting of a solid crystalline or glass rod (known as the 

host) containing light-emitting atoms (the active species). The first laser ever built was a solid-state 

laser using synthetic ruby, which is corundum (aluminum oxide crystal) with chromium as an active 

species. In most solid-state laser materials, the active species is identified first (typically by its chemical 

symbol), followed by the host material. For example, the Ti:sapphire laser consists of titanium atoms in 

sapphire crystal. Both the 

active species and the host are important in solid-state lasers. The active species determines the 

laser transition, but its interactions with the host may shift the wavelength slightly.Neodymium 

(Nd) is commonly used as an active species in solid-state laser crystals. For example,                  

the 
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Nd:YAG (neodymium-yttrium aluminum garnet) is one of the most common types of laser, with 

applications in research, medicine, manufacturing, and other fields (   ). 

Nd:YAG lasers typically emit infrared light with a wavelength of 1064 nm although other 

wavelengths are possible. Other host materials for neodymium include YLF (yttrium lithium 

fluoride) and glass. The host material is selected based on its optical, thermal, and mechanical 

properties. 

 

Semiconductor Diode Lasers 

Semiconductor diode lasers, commonly known as laser diodes, operate using the same basic 

principles as light- emitting diodes, but with some important differences. Like an LED, a laser 

diode consists of two semiconductor layers, an n-type with an excess of electrons and a p-type 

with electron “holes” to be filled. The semiconductor layers are separated by a microscopic region 

called the active layer that serves as the optical resonator. Laser diodes operate at much higher 

currents than LEDs, typically around ten times greater. Whereas an LED emits photons in all 

directions from its junction layer, a laser diode is configured with reflective ends to form an optical 

resonator in the region between the semiconductor layers. In a laser diode, stimulated emission 

occurs when a photon emitted by one electron transition triggers another electron to fill a hole, 

and so on, resulting in a coherent beam of light that emerges from one side of the diode. 

Laser diodes are compact and easy to mass-produce. In terms of sheer numbers, they are the 

most common type of laser. Their small size makes them well suited for use in low-power 

applications such as laser pointers, laser printers, and CD/DVD players (FIGURE 64). Laser 

diodes can also be operated at lower voltages than other types of lasers. While gas and solid-

state lasers require input voltages on the order of kilovolts, laser diodes can be operated at only a 

few volts. 

Laser diodes are typically not as collimated as beams from other types of lasers. In many cases, 

an external lens is used to correct the shape of the beam, which contributes to the overall fragility 

of the laser since damage to the lens could render it non-functional. Furthermore, the delicate 

nature of the semiconductors makes laser diodes more sensitive to static discharges and 

currents. Excess electrical current can cause the diode to become inoperable. Laser diodes can 

also degrade in power efficiency over time, gradually requiring more power to output the same 

beam intensity. 
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 laser effects تأثيرات الليزر 
 

 تصنيفات الليزر من حيث المخاطر

ب لليـزر يجـيصنـف الليـزر بأربعـة تصنيفـات تعتمـد علـى خطورتهـا علـى الخايـا الحيـة. فعنـد التعامـل مـع ا

 إلـى الإشـارة التـي توضـح تصنيفـه.الإنتبـاه 

 
 إشارة تحذير بوجود ليزر

لـى جسـم عتصنـف أنـواع الليـزرات طبقـا لقوانيـن السـامة فـي المقاييـس الدوليـة بنـاء علـى درجـة ضررهـا 

ا بسـبب ـعته وإنمـالإنسـان ولابـد مـن التذكيـر بـأن أكثـر الأضـرار الناتجـة عـن اسـتخدام الليـزر ليسـت بسـبب أش

عاليـة  ـد الطاقـةسـوء اسـتعمال مصـادر الطاقـة الازمـة لبعـض أجهـزة الليـزر خاصـة الكبيـرة مـن ذلـك أجهـزة تولي

ـن مسـتخدمه اً علـى عيالجهـد أو المـواد الكيميائيـة المؤذيـة للإنسـان. أمـا الضـرر الناتـج عـن أشـعتها فيكـون غالبـ

ن يـزر للعيــي عـدم خطورتهـا علـى الأعضـاء الأخـرى. تعتمـد الأضـرار التـي قـد يتسـبب بهـا اللوهـذا لا يعن

 البشـرية علـى التالـي:

 مدة التعرض للأشعة. - 1

 شدة الأشعة . - 2

 لون الليزر )أو ما يعرف بالطول الموجي(. - 3

 خطورة الليزر على العين:

ى ميكروجـول علـ 5سـان دون أن تصـاب بأضـرار تبلـغ حوالـي إن أقصـى شـدة إضـاءة تتحملهـا عيـن الإن

عة مصـدر أشـ السـنتيمتر المربـع. ولمـا كانـت الطاقـة التـي تتعـرض لهـا عيـن الإنسـان تقـل كلمـا ابتعـد عـن

ليـزر  ـن لنبضـةيالليـزر، فـإن مسـافة الأمـان هـي أقـل مسـافة بيـن العيـن وجهـاز الليـزر، بحيـث إذا تعرضـت الع

 مباشـرة فـا تصـاب بضـرر. وتختلـف هـذه المسـافة حسـب العوامـل الآتيـة: 

 حالة الجو . - أ

 أجهزة التكبير الضوئية المستخدمة في أجهزة الرؤية . - ب

 الانعكاسات الضارة . - ج

 درجة تركيز شعاع الليزر . - د

 نوع مادة الليزر . - ه

 نوع شعاع الليزر، نبضي أو مستمر. - و

  التصنيـف الأولClass I  هـذا يعنـي أن شـعاع الليـزر ذو طاقـة منخفضـة ولا يشـكل درجـة مـن الخطـورة

.وهـي 
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 آمنـة بحيـث لا تتجـاوز طاقتهـا الحـد الأقصـى مـن مسـتوى الإشـعاع المسـموح بـه علـى العيـن.

  التصنيـف الأولClass IA تجـاه ـر العيـن إذا نظرنـا فـي اهـذا التصنيـف يشـير إلـى أن الليـزر يض

ذا الشـعاع ويسـتخدم فـي السـوبرماركت كماسـح ضوئـي وتبلـغ طاقـة الليـزر الـذي ينـدرج تحـت هـ

 .4mWالتصنيـف 

  التصنيـف الثانـيClass II  1هـذا يشـير إلـى ليـزر ضوئـه مرئـي وطاقتـه منخفضـة لا تتعـدىmW  وهـي

باشـرة أي مآمنـة ومصـدر الأمـان هنـا حساسـية العيـن بالإغمـاض اللاإرادي عنـد تعرضهـا لهـذه الأشـعة 

 بعـد ربـع ثانيـة.

  التصنيـف الثالـثClass IIIA  5 - 1طاقـة الليـزر متوسـطة وتبلـغmW ا دخـل وخطورتـه علـى العيـن إذ

 ـف.ـذا التصنيقـام المؤشـرة وليـزرات ألعـاب الأطفـال تقـع فـي هالشـعاع المباشـر فـي العيـن. ومعظـم الأ

  التصنيف الثالثClass IIIB .طاقة هذا الليزر أكثر من المتوسط 

  التصنيـف الرابـعClass IV  ـوق فوهـي انـواع الليـزر مرئيـة وغيـر مرئيـة )سـواء تحـت حمـراء أو

تقـدر للشـعاع المتصـل بينمـا لليـزر النبضـات ف 500mWى بنفسـجية( ذات الطاقـة العاليـة وتصـل إلـ

لعديـد مـن اويشـكل خطـورة علـى العيـن وعلـى الجلـد واسـتخدام هـذا الليـزر يتطلـب  J/cm210طاقتـه بــ 

 التجهيـزات وإجـراءات الوقاية.

  التصنيـف الخامـسClass V هنـا وـة وغيـر مرئيـة وهـي ليـزرات القـدرة العاليـة وتبعـث أشـعة مرئي

لـى حـدوث يجـب الحـذر مـن انعـكاس الأشـعة ولـو مـن أجسـام خشـنة أو معتمـة وهـذا النـوع قـد يـؤدي إ

 حريـق فـي الممتلكات .

 

 تأثيرات الليزر 

The thermal effect التأثير الحراري 

قـة التـي نسـيج للطايعتبـر التأثير الحـراري مـن أهـم التأثيرات بالنسـبة لليـزر. ينتـج هـذا التأثير عـن امتصـاص ال

ً لذلـك ينشـأ ثـلاث درجـات مـن التأثيـر هـي: التخثـر، القط يـر ـع، والتبخيحتـوي عليهـا شـعاع الليـزر، وتبعـا

قــاء )وقــف فــي الار ي إتــلاف )تخريــب( الظواهــر الورميــة الصغيــرة، وإمــا.يســتخدم تأثيــر التخثــر إمــا فــ

.فـإذا  ـر التخثـرالنـزف(. يسـتخدم تأثيـر التبخيـر فـي إتـلاف )تخريـب( أورام أكبـر مـا هـو عليـه فـي حالـة تأثي

متـاز مسـمى فعـل القطـع مـع ارقـاء نحصـل علـى مـا ي (mm)1−1.0كانـت المنطقـة المُتبخـرة صغيـرة جـداً 

 ـا يلـي:مللحـواف. يمكننـا اليـوم إحصـاء عـدد كبيـر مـن تطبيقـات الليـزر الحراريـة الطبيـة نذكـر منهـا 

 كية، صـال الشـبلحـم الشـبكية: يسـهم تأثيـر التخثـر الضوئـي باسـتخدام ليـزر الأرجون فـي: الوقايـة مـن انف

 أمـراض الشـبكية السـكرية.ومعالجـة بعـض 

 ليـة وفـي فـي معالجـة الحنجـرة وآفـات الحبـال الصوتيـة الحميـدة بشـكل خـاص، وفـي جراحـة الأذن الداخ

ـي تـؤدي هابيـة التالأنف. كمـا تسـُتخدم فـي معالجـة الأمـراض النسـائية وذلـك بإتـلاف آفـات عنـق الرحـم الإلت

 ، وكذلـك فـي عـلاج نـوع خـاص مـن العقـم )العقـم البوقـي(. إلـى ظهـور سـرطان لاحـق

  فـي معالجـة بعـض آفـات الأنبـوب الهضمـي النزفيـة وذلـك باسـتخدام مخثـرات فوتوليزريـة، كمـا يمكـن

إتـلاف بعـض السـليات فـي المسـتقيم أو القولـون ووقايتهـا مـن السـرطان. كمـا يسـتعمل فـي حـالات 

ً كخـط عاجـي اسـتئ صال بعـض مراحـل سـرطان المعـدة والأورام المبكـرة فـي القولـون ويسـتعمل أيضـا

لإزالـة الانسـداد نتيجـة لـلأورام المتقدمـة فـي المـريء والقولـون وذلـك عـن طريـق اسـتعمال مناظيـر 

تات وبعــض أورام الأوعيــة الدمويــة الجهـاز الخطـي, كمـا يســتعمل فــي اســتئصال قــرح الجلــد والبروســ

لأ
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 نــه لا يصلــح فــي ذلــك الجراحـة التقليديـة, بالإضافـة إلـى توسـيع الشـرايين فـي حـال انسـدادها.

 د أجريـت فـي الجراحـة التجميليـة وجراحـة الحـروق والوشـم وطـب الأسـنان. فـي مجـال طـب الأسـنان لقـ

ة مينـاء ة للوقايـة مـن نخـور الأسـنان، وكان هـدف هـذه المعالجـة زيـادة مقاومـأبحـاث وتجـارب عديـد

ـة ـتخدام نبضالأسـنان فـي مناطـق شـديدة الخطـورة وذلـك عـن طريـق تغطيـة السـن بطبقـة شـفافة رقيقـة باس

ن تشـكل ـدوع، يمكـن أليزريـة قصيـرة ممـا يـؤدي إلـى تصلـب الجـزء السـطحي مـن المينـاء دون ظهـور ص

ً بالليـزر الـذي يعقـم البـؤرة  ً يتسـبب فـي النخـر. تعالـج النخـور حاليـا ممـا يوقـف  لالتهابيـةامركـزاً إنتانيـا

 النخـر فـوراً ويعالجـه فـي مـدة قصيـرة.

The electrochemical effect التأثير الكهركيميائي 

لـك نيّـن( وكذيسـتخدم التأثير الكهركيميائـي فـي تخريـب بعـض الأحماض الأمينيـة )تيروزيـن، تريبتوفـان، وفينيا

ـطتة القيــام بتشــخيص وآليــة الإبصــار. كمــا يمكــن بواسـ D. كمــا يفيُــد فــي تشــكل الفيتاميــن Cالســيتوكروم 

ا أمكــن ائــم. وإذديــق وســم الخلايــا بملــون يتفلــور لــدى إضاءتــه بشــكل طبوغرافــي دقيــق، وذلــك عــن طر

ـي الوقـت فبالإضافـة لذلـك تحريـض تفاعـات كهركيميائيـة فـي الملـون نحصـل بنتيجـة ذلـك علـى تأثيـر عاجـي 

ـداف وبعـض الأورام السـرطانية. و ا التأثير ـتخدام هـذمـن الممكـن أيضـاً اسنفسـه، كمـا هـو الحـال فـي معالجـة الصُّ

 فـي معالجـة بعـض الحصيـات الكلويـة.

:The electro-mechanical effect التأثير الكهرميكانيكي 

أثيـرات ارها فـي تيتميـز بهـذاالتأثير الليـزر ذو الاسـتطاعة العاليـة، وذلـك بتوليـده لموجـات صـدم تتسـبب بانتشـ

وذلـك  ـب العيـون، فـإذا أمكـن السـيطرة علـى مثـل هـذا النـوع مـن الليـزرات يصبـح مفيـداً فـي طمتلفـة )مخربـة(

 فـي معالجـة بعـض الآفـات.
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:laser classification 

A - Continuity of radiation: continuous or pulsed. 

The pulsed laser emits its beam in the form of a series of very short light pulses. 

These pulses are issued only when the active medium is in its highest excited 

state. Some types of lasers emit their beams at a rate of one pulse every few 

minutes. There are types of lasers, such as the carbon dioxide laser, whose 

waves can be pulsed or continuous. 

 

 
 .b - Radiation frequency: visible light, ultraviolet rays, infrared rays, X-ray lasers ت

 

Any laser beam generator device consists of the following: 
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 Three Level Laser 

 

A schematic energy level diagram of a laser with three energy levels is shown in 

figure  .  

The two energy levels between which lasing occur are: the lower laser energy 

. )2upper laser energy level (E, and the )1level (E 

 

 To simplify the explanation, we neglect spontaneous emission.  

To achieve lasing, energy must be pumped into the system to create population 

than in the ground level  2inversion. So that more atoms will be in energy level E

).1E( 

  

. They stay there 3level E) to energy 1Atoms are pumped from the ground state (E

radiative -[sec], and decay (usually with a non 8-for an average time of 10

. 2stable energy level E-transition) to the meta 

) is relatively long (of the 2stable energy level (E-Since the lifetime of the meta

. ny atoms remain in this level[sec], ma 3-order of 10 

If the pumping is strong enough, then after pumping more than 50% of the atoms 

., a population inversion exists, and lasing can occur2will be in energy level E 

  

 
Figure: Energy level diagram in a three level laser 

 

vel LaserFour Le 
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The schematic energy level diagram of a four level laser is shown in figure  .  

Compared to the equivalent diagram of a three level laser, there is an extra 

energy level above the ground state. This extra energy level has a very short 

lifetime.  

 The pumping operation of a four level laser is similar to the pumping of a three 

), 3level laser. This is done by a rapid population of the upper laser level (E

. )4through the higher energy level (E 

The advantage of the four level laser is the low population of the lower laser 

. )2energy level (E 

To create population inversion, there is no need to pump more than 50% of the 

atoms to the upper laser level.  

(t)) is decaying rapidly to the ground 2The population of the lower laser level (N

state, so practically it is empty. Thus, a continuous operation of the four level 

laser is possible even if 99% of the atoms remain in the ground state ( ) 

 

 
Figure: Energy level diagram in a four level laser 
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Laser classifications risk 

 

 
 ليزرإشارة تحذير بوجود 

Are classified as types of lasers in accordance with the laws of toxic in 

international standards based on the degree of harm to the human body and must 

be recalled that the more the resulting damage from the use of the laser is not 

because of the rays, but because of the misuse of sources of energy crisis for 

some special devices laser large that generating devices power high-voltage or 

materials harmful chemicals to humans. As for the damage resulting from its rays, 

it is mostly on the user's eye, and this does not mean that it is not dangerous to 

other organs. The damage that the laser may cause to the human eye depends 

on the following: 

1 - The duration of exposure to radiation. 

2 - Intensity of radiation. 

3 - The color of the laser (or what is known as the wavelength). 
 

 Fiber Optics 

Whenever people talk about telephone or television systems that operate with 

terrestrial cables or Internet networks, the conversation is always associated with 

mentioning fiber optics, so what are optical fibers. 

Optical fibers are long filaments of high-purity glass that are as thin as a human 

hair. These hairs are lined up together in a bundle called an optical cable. If you 

look 
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closely at one of these optical fibers, you will find that it consists of: 

 The Core molding is an ultra-clear glass core that represents the path through 

which light travels. 

 

 

 

 

 

 

 

 

The glass shell is cladding, which is the outer material that surrounds the glass 

heart, and it is made of glass whose refractive index differs from the refractive 

index of the glass from which the heart is made and constantly reflects light to 

remain inside the glass mold Buffer coating is a plastic covering that protects the 

heart from damage  Hundreds or perhaps thousands of these optical fibers are 

lined up together in a bundle to form an optical cord that is protected by an outer  

covering called  
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Chapter 3 

Laser Applications 
 تطبيقات الليزر الطبية

ية مـراض الجلدوطـب العيـون والأتسـتخدم أشـعة الليـزر بمختلـف أنواعهـا فـي الجراحـة وفـي مجـال طـب الأسـنان 

. 

لعيـوب اففـي مجـال طـب وجراحـة العيـون يسـتخدم الليـزر فـي عـاج العتمـات السـطحية للقرنيـة وفـي عـاج 

ـا نيـات أهمهالإنكسـارية للعيـن كقصـر النظـر وطـول النظـر والإسـتجماتيزم  وذلـك عـن طريـق العديـد مـن التق

ـي هـذا ف (Excimer)وغالبـاً مـا يسـتخدم ليـزر الإكسـايمر  (LASEK)وتقنيـة الـازك  (LASIK)تقنيـة الليـزك

لبيضـاء النـوع مـن العـاج بسـبب قصـر طـول موجتـه وصغـر قطـر شـعاعه. وتسـتخدم كذلـك فـي عـاج الميـاه ا

ه الميـاه ـن يعمـل علـى تصريـف هـذوالزرقـاء فـي العيـن مـن خـال إجـراء ثقـوب صغيـرة جدافـًي قزحيـة العي

 ي أو غيـرهوالتخفيـف مـن ضغـط العيـن. ويسـتخدم الليـزر فـي عـاج أمـراض الشـبكية الناتجـة عـن مـرض السـكر

ن لشـبكية عـامـن الأمـراض كوقـف نزيـف الشـبكية مـن خـال كـي نهايـات الأوعيـة الدمويـة وكذلـك وقـف انفصـال 

 ن خـال كيهـا باسـتخدام ليـزر الآرغـون.الملتحمـة مـ

 
ـى جانـب لعاليـة إلوفـي الجراحـة يتـم اسـتخدام شـعاع الليـزر كمشـرط فـي العمليـات الجراحيـة حيـث يتميـز بدقتـه ا

م ة ويســتخدعـدم حـدوث أي نزيـف فـي مـكان الجـرح بسـبب قيامـه بلحـام النهايـات الطرفيـة للشـعيرات الدمويـ

يقلـل مـن  ــرط ممــاكذلــك بإزالــة الأورام بمختلــف أنواعهــا مــن خــال تبخيرهــا بــدلا مــن اســتئصالها بالمش

ن عيـون. ومـالضـرر علـى الأنسـجة السـليمة المحيطـة بهـا وخاصـة فـي الأعضـاء الحساسـة كالدمـاغ والكبـد وال

خدم سـنان يسـتالمجـال ليـزر ثانـي أكسـيد الكربـون والأرغـون. وفـي طـب الأأنـواع الليـزر المسـتخدمة فـي هـذا 

ر لإزالـة خدم الليـزالليـزر لحفـر الأسـنان بشـكل بالـغ الدقـة وكذلـك لتنظيـف أسـطحها. وفـي الأمـراض الجلديـة يسـت

عـض معالجـة ب ـم والشـعر الزائـد وفـيالبثـور وحـب الشـباب والتجاعيـد والوحمـات والنمـش وآثـار الحـروق والوش

فـي  ـة الأورامالأمـراض الجلديـة كالبهـاق والصدفيـة. ويسـتخدم الليـزر فـي تفتيـت حصـى الكلـى والمـرارة وإزال

 الهـا بـكلداخـل أعضـاء جسـم الإنسـان وذلـك مـن خـال نقـل شـعاعه بواسـطة أليـاف زجاجيـة دقيقـة يمكـن إدخ

 م.فـي التجويفـات والمسـالك والأوعيـة أو مـن خـال ثقـوب صغيـرة يتـم فتحهـا فـي جلـد الجسـسـهولة 

 تطبيقات الليزر في طب الأسنان

غدا شعاع الليزر في السنوات الأخيرة حجر الأساس في عالم طب الأسنان وجراحتها ،حفـر السـن، إزالـة العصـب 

ب، كمـا يمكـن تنظيـف الأسـنان واللثـة وإعـادة بيـاض الأسـنان، وإزالـة الملتهـب، تنظيـف وتهيئـة قنـوات العصـ

رائحـة الفـم الكريهـة الناتجـة عـن أمـراض اللثـة. ويزيـل البقـع الناشـئة عـن التسـوس. ويوقـف انتشـاره فـي أجـزاء 
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ذلـك اللـون القاتـم لموضـع التسـوس.  السـن السـليمة. إذ يقـوم بتعقيمهـا مـن الجراثيـم والبكتيريـا ويسـاعده فـي

ً لطاقـة الليـزر مـن باقـي أجـزاء السـن السـليمة البيضـاء. والتـي تمتـاز  فالجـزء القاتـم مـن السـن أشـد امتصاصـا

 بإنعكاسـية شـديدة لـه.

 إزالة الأورام الحميدة وبدون الحاجة في كثير في الحالات للمخدر الموضعي أو خياطة الجرح.

ن مـن إعـداد : وذلـك بإزالـة أجـزاء بسـيطة مـن اللثـة ليتمكـن طبيـب الأسـناCrown Lengtheningإطالـة التـاج 

 التركيبـة المناسـبة للأسـنان.

لمسـاعدة لالموجـودة علـى الفكيـن أو أحدهمـا  Epulis Soft Tissueلإزالـة بعـض الأورام الصلبـة أو الطريـة 

 ـم للأسـنان، وكذلـك إزالـة الأنسـجة المتورمـة بسـبب بعـض الأدويـة.فـي اسـتخدام أطق

 لتخفيف الألم والالتهابات التي تصيب المفصل الصدغي.

 
أكبـر مـن  : يسـتخدم الليـزر أيضـاً لإعـادة تشـكيل أنسـجة اللثـة وعـرض أجـزاءgummy Smileابتسـامة اللثـة 

الأنسجة  سـمهم.إزالةلابتسـامة عنـد الأفـراد الذيـن يتصفـون بظهـور اللثـة عنـد تبالأسـنان السـليمة وتحسـين الشـكل 

 المغطية جزئياً للأرحاء الثالثية البازغة جزئياً.

 يـب اللثة.ـودة فـي جعـلاج الخراجـات باللثـة وعـاج قنـوات جـذور الأسـنان الملتهبـة، وتقليـل أعـداد البكتريـا الموج

 ( والتي تمنع الحركة الطبيعية للسان.Tongue tieطق التي بسبب )علاج مشاكل الن

أثيـر تـك نتيجـة زيـادة مقاومـة أنسـجة السـن، سـواء طبقـة المينـا او طبقـة العـاج، لاحتمـال حـدوث التسـوس، وذل

فسـه ي الوقـت نالسـن. وفـاشـعة الليـزر والطاقـة الاشـعاعية المصاحبـة لهـا فـي صهـر والتحـام بعـض أجـزاء جسـم 

ـوس، ة ضـد التسفـإن حمايـة انسـجة السـن عـن طريـق اضافـة الفلـور، تعتبـر مـن اكثـر الوسـائل اسـتخداما كوقايـ

ديـدة جون وسـيلة لذلـك اعتبـر دمـج الطريقتيـن باسـتخدام اشـعة الليـزر ملحقـة بإضافـة محلـول الفلوريـد، قـد يكـ

ان، وهـو افـظ لاسـنـة طبقـات الاسـنان مـن التسـوس. وهـذا حقـق الـى حـدّ مـا أهـم اهـداف العـاج المحومؤثـرة لحماي

 الحفـاظ علـى جسـم السـن مـن خـال العـاج والوقايـة مـن حـدوث التسـوس.

 فوائد استخدامات الليزر في الطب

 يمكن باختصار عرض تلك الفوائد كما يلي:

  بين الأدوات المستخدمة والهدف )مكان الجراحة(.لا يوجد أي اتصال 

 .قلة النزف الذي يصحب عمليات جراحة اللثة 

 .رفع عتبة الألم )تقليل الألم( أثناء العمل الجراحي وبعده 

 .)عدم الحاجة إلى التعقيم )تعقيم مثالي 
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  كثـر أيحـس براحـة تقليـل الحاجـة لاسـتخدام سـنابل الحفـر والتحذيـر الموضعـي ممـا يجعـل المريـض

 ويقلـل مـن الخـوف مـن عيـادات الأسـنان.

  في كثير من الأحيان يعتبر عاجاً وتدخاً أكثر دقةMore Precise. 

  تقليل العدوى البكتيرية حيثHigh Energy Beam .يعقم المنطقة 

 .تدمير الأنسجة المحيطة يقل 

 .ّوضوح الرؤية عند أداء العملية 

 ر.سهولة العمل تحت المجه 

 .)إمكانية إحداث شق موضعي محدد )دقة القطع 

 .إرقاء ممتاز للأوعية الصغيرة 

 .)ّامكانيةّ معالجة أنسجة دون أخرى )باختيار طول موجي معين 

  لرئـة لمثانـة واااجـراء عمليـات مـن غيـر فتـح جراحـي )باسـتخدام الأليـاف البصريّـة( وذلـك لمعالجـة أورام

 والكلية.

  ل أيضـاً الأمـراض الخبيثـة مثـل السـرطان والقـروح وجراحـات الأوعيـة الدمويـة، ويسـتعمفـي جراحـات

ي فـي توسـيع الشـرايين وعـاج قصـور الـدورة الدمويـة فـي الأطـراف وفـي عاجـات الحبـل الشـوك

 وجراحـات أخـرى كالمعـدة والكبـد.

 .اندمال جيد للجروح 

 دها المريض المشفى.فترة المعالجة قصيرة ويغادر بع 

 .علاج الآفات الذروية، معالجة حساسية الأعناق، القاع، والتواج 

 .الدقة في العاج وذلك من خال التحكم في العمليةّ عن طريق الحاسب الآلي 

 .يقلل من الحاجة للتخدير الموضعي 

 ان . لـذا فـن الاعتيـادييقلـل مـن قلـق المريـض بسـبب انخفـاض صـوت الجهـاز مقارنـة بجهـاز حفـر الأسـنا

 المريـض يكـون أقـل توتـراً.

 .اثناء عملية حفر الأسنان، يقوم الليزر بالمحافظة على الأجزاء السليمة من السن المراد حفره 

 مساوئ استخدام الليزر في طب الأسنان

 .لا يمكن استخدام الليزر على الأسنان التي بها حشوات قديمة 

  على الأسنان المتسوسة كليا.لا يمكن استخدام الليزر 

  لايمكن استخدام الليزر لتحضير الأسنان لاستام تاج أو

 جسرالعاج بالليزر لا يغني كليا عن التخدير.

 .تكلفة العلاج بالليزر غالباً ما تكون أعلى 

 

 تطبيقات الليزر في المجالات الأخري

ً أنواع وأحجام مختلفة من الليزرات ، منها الكبيرة   رى صغيرة قدلدرجة أنها تملأ ملعب كرة قدم ، وأختوجد حاليا

بنفسجية تصل إلى حجم رأس الدبوس ، وكما أسلفنا فإن ضوءها يغطي مناطق كثيرة من المنطقة المرئية إلى فوق ال

 وتحت الحمراء ، والمرئية منها بألوان متعددة تشمل كل ألوان قوس قزج تقريباً .

بواحد من البليون من الثانية ، وأخرى تبقى مستمرة لسنوات تماثل أشعة الموت إن بعض هذه الليزرات يقدر نبضها 

التي 



Laser Physics                                                                                        

  
73 

م ، وبعض الليزرات يمكن أن تركز الضوء في نقطة صغيرة كافية لتبخير الحديد أو 1898تخيلها الروائي ويلز عام 

جار النووي . والأخرى لا تبعث أية مادة أرضية أخرى . وتعتبر الطاقة المركزة فيها أسرع وأشد مليون مرة من الإنف

  من الطاقة ما يكفي لسلق بيضة .

،  مر البسيطإن الخدمات التي أضافتها أشعة الليزر عبر الأيام والأشهر قد أوضحت بأن أكتشاف هذا الشعاع ليس بالأ

 -لأنه في الواقع يبشر بمستقبل باهر ، ممتع وغريب ، ونذكر منها ما يلي :

 الجراثيم ( والإنزيمات وجزئيات الحموض النووية الريزوبية اللااكسيجنية دراسة تأثير الفيروسات ( DNA  ،

 والمبادئ الأساسية للمعلومات عن الجينات التي تحمل السمات والوراثية .

   س .الطاقة غير المحدودة للمساعدة في عملية اندماج نظائر الهيدروجين في تقليد للوقود النووي في الشم 

  السرطانية والقضاء عليها ، وإعادة فتح الشرايين والأوردة المغلقة في الجسمعلاج الأورام  . 

 ا لعمل القدرة على تعقب جزئية واحدة من بين آلاف البلايين من الجزئيات والتقاط حركتها السريعة أو تدجينه

 المحفزات والعقاقير .

 عمل تدجينها ل رة والسريعة من الدوائر الضوئية أوبناء الحسابات الآلية الصغيرة الحجم ، ذات كفاءة التخزين الكبي

 المحفزات والعقاقير .

 القدرة على رفع الكفاءات الحربية في الفضاء الكوني ، عرقلة وتوفيت أي هجوم نووي على الأرض  . 

أشكالها  لا تستهين بالليزر . فإنه يسخر ويطيع الضوء ، الشكل الأساسي للطاقة . فقط طيعنا وسخرنا الطاقة في

تقنية  الأخرى وحصلنا على الثورة الصناعية في العالم . إن معرفة خفايا وكوامن الضوء والسيطرة عليها تعطي

 -:  ليةعميقة وقادرة ، وتفتح علوماً طالما خفيت على الإنسان ، ومن التطبيقات الصناعية ندرج الأمثلة التا

 -الصناعات الكهربائية : -1

نية زة الإلكتروفي حرارتها والمتكونة من تركيز طاقة الليزر تستعمل في صناعة الدوائر والأجهالبقعة الفائقة الشدة 

داخل  الدقيقة . وكمثال على ذلك من الممكن لحام ) إذابة وصهر ( نهايتي سلكين منفصلين صغيرين بعد وضعهما

ن قبل مأثير عليه ، بينما يمتص أنبوب زجاجي مغلق وبدون الحادة إلى إخراجهما من الأنبوب الزجاج وبدون الت

ئية نهايتي السلكين ويصهرهما مع بعضهما . ربما نذكر القارئ الكريم بملايين المصابيح واللمبات الكهربا

 والإلكترونية والتي يمكن إعادة تصنيعها بهذه الطريقة.

 عصر الفضاء : -2 

ة ن الاستفادإتنوعة وفي فترة زمنية وجيزة ، حيث إن تطور الليزر كان ولا يزال سريعاً ، لهذا الدخل في تطبيقات م

كون من اتجاهيته وقدرته وضعه في موضع اهتمام في الاتصالات الفضائية لدراسة الكواكب والنجوم في هذا ال

دب ،كيف م في دراسته عن النسبية والكون الأح1905الفسيح ، ولنا وقفة عاجلة هنا ، حيث ذكر اينشتاين في سنة 

ً لنفس نظ أنه إذا أريد كدة رياته المؤلنا أكتشاف المجرات الكونية والنجوم يلزمنا مركبة تنتقل بسرعة الضوء ووفقا

ً اليوم بأن أي جسم يملك كتلة ويتحرك بسرعة الضوء تزداد كتلته إلى ما لا نهاية . . . هذا ال قعي تناقض الواعمليا

ي فة إمكانية لا تيسر حالياً أي )أولهما( لفضاء دراستهوضع علماء الفضاء أمام عقدتين مستحيلتين في الوصول إلى ا

ذا أراد الوصول إلى سرعة تقدر بسرعة الضوء حتى لو استخدمت كل ما يوجد في الأرض من طاقة نووية اللهم إلا إ

سان خترعه الإنالله لنا أن نكتشف في الكواكب القريبة من مجموعتنا الشمسية مواد جديدة غير معروفة لنا . وكل ما ا

 الخ ، لا تزيد سرعتها عن ثلث سرعة الضوء ، لذا اعتبرت سرعة…. حتى اليوم من صواريخ وعابرات قارات 

 الضوء مطلقة .

. . . وحتى لو فرض بالحصول على جسم يتحرك بسرعة الضوء فإن كتلته حسب قوانين اينشتاين المثبتة  ) ثانيهما (

 ً ً تزداد إلى ما لا نهاية ) أثبتت عمليا  باستخدام المعجلات في مسارعة الجسيمات الذرية مثل الإلكترونات عمليا

والبرو
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تونات ، ووجد أن كتلتها تزداد بزيادة سرعتها ، خصوصاً عند الأقتراب من سرعة الضوء ( هذه الحقيقة تعني أن 

تحيل الوصول إلى الانفجار بالنسبة للمركبات الفضائية والأجسام المتألفة من سبائك مختلفة ، لذا يبدو من المس

المجرات والكواكب الأخرى والذي من المعروف أن مسافاتها تقاس بالسنين الضوئية أي المسافة التي يتحركها 

 . الضوء في سنة كاملة 

 التفاعلات النووية -3 

ي فمهمة قة التمثل التفاعلات النووية ، ) عدا استخداماتها الحربية في انتاج القنابل النووية ( احدى مصادر الطا

ت نادرة التزود بالطاقة الحرارية والطاقة الكهربائية ، وكما هو معروف يستخدم في هذه المفاعلات عناصر أصبح

ليورانيوم وباهظة الثمن مثل اليورانيوم وفي طريقها ) مثلها مثل أي عنصر آخر ( إلى النضوب ، إلا أن مركبات ا

ة الياً باهظها فصل اليورانيوم عن الفلوريد ، والطرق المعروفة حمثل فلوريد اليورانيوم موجودة ويتطلب لاستخدام

 الثمن والتكاليف .

ً جديداً في مجال الع ة لوم النوويوالليزر بقدرته الهائلة والسيطرة على اختيار تردده أو طوله الموجي يعطي فتحا

 ،ليورانيوم في فصل الفلوريد عن ا لفصل النظائر المشعة ، والأبحاث في أكثر من مختبر في العالم سارية بكل جدية

درة ق، وفي مجالات أخرى لفا تقل أهمية ، ولشدة  Fusion     وكذلك في التفاعلات الاندماجية النووية الذرية

ت بعدد من الليزر يستخدم اليوم في البدء بالتفاعلات النووية المتسلسلة ، وبذلك تقصف النوويات من عدة اتجاها

لا  . ولكن كتلتها  ة القدرة ، ويتم اندماج ذرتان خفيفتان مع بعضهما لتكوين ذرة واحدة ثقيلةأجهزة الليزر الفائق

ن تؤدي إلى أحيث يبقى باقي في الكتلة يتحول إلى طاقة ذرية  -تساوي المجموع الجبري لكتلتي الذرتين المندمجتين 

طاقة ائية أو الالات السلمية مثل الطاقة الكهربانفجار كبير . . أو تحويلها إلى الأنواع الأخرى من الطاقة للاستعم

 الحرارية .

 المدى والتلوث - 4 

ا ، كوسيلة للكشف عن الأجسام القريبة وتعيين مواقعها ، وهذ Radar استخدمت إلى حد قريب أجهزة الرادار

اليوم وعديدة .  الجهاز من الحرب العالمية الثانية وحتى اليوم وضع في تطبيقات سواء كانت عسكرية أو صناعية

 حيث يمكن بأجهزة Lidar ينظر إلى أشعة الليزر كبديل واسع وقوع ، والجهاز المستخدم يعرف باسم الايدر

 الكايدولايت تصوير المعمورة من الجو وإعطاء أدق التفاصيل على خطوط بيانية .

ر ، ووجد لذيو وضع على سطح القمأمكن قياس المسافة بين الأرض والقمر بدقة عالية باستخدام العاكس التراجعي ا

اً قدره ثانيتين ر يأخذ زمنأن خطأ القياس كان قليلاً جداً بالمقارنة بالطرق التقليدية المتبعة سابقاً ، علماً بأن ضوء الليز

 رية .ويعرف بصدى النبضات الليز -وقد استخدم الليزر النبضي  -ونصف في ذهابه وإيابه من الأرض إلى القمر 

داخن دم الصدى النبضي لليزر في دراسة وقياس التلوث الجوي في المدن الصناعية التي تكثر بها المكما استخ

الأحوال  وكذلك يمكن مساعدة الطيارين في الكشف عن   المختلفة من بقايا المحروقات النفطية أو الفحم الحجري .

 الجوية إذا كانت ملائمة وآمنة للإقلاع والهبوط في المطارات .

حجمة  لليزرات الشائعة الاستعمال لهذا الغرض هو ليزر خليط الهليوم والنيون وذلك لبساطة تصنيعه وصغرمن ا

 ملي واط . 0.5خصوصاً للقدرات الصغيرة مثل 

 -التطابق الهندسي : -5 

أو  لمباشرظر افي البحث عن المراكز الهندسية وفي التأكد بدقة من توازي وتعامد المستويات يعطي الليزر ، إما بالن

لمعروفي ، الدقة في التطابقات الهندسية حيث يحل وبكفاءة محل جهاز الفيديولايت الهندسي ا  بالقراءة الرقمية

 والمستخدم في حفر أنفاق السيارات والقاطرات تحت أو فوق سطح الأرض

 نسخ المعلومات -6 



Laser Physics                                                                                        

  
75 

ية ، أو رموز تجارية أو مصطلحات مخف يستطيع الليزر التعرف على الرموز المختلفة سواء كانت كتابات معينة

ة خاصة حيث إن شعاعه الدقيق يمكن أن يتحرك حول الرموز ، ويمكن كشف الحزم المنعكسة منها أو النافذة بأجهز

 مله لاعطاءعتعطي صورة دقيقة عن ماهية هذه المعلومات ، وإذا ربطت هذه الأجهزة بالكمبيوتر استطاع آلياً برمجة 

 .   نسخ ونقل المعلوماتالكشف الواضح أو 

وصف  ومن الأعمال الأخرى في التسجيل بشعاع الليزر هي : نقل المعلومات من أجهزة المراصد الفلكية ، ونقل

 مباشرة أو والكتابة منه على مواد مختلفة إما  خطوط المطابع الورقية ، والتسجيل التلفزيوني وقراءة الميكروفلم

طي ضوء نيون . يع -العمل جاري لإيجاد مواد جديدة حساسة لضوء ليزر الهليوم باستخدام محولات كهروستاتيكية و

 الليزر فوائد مهمة في عمليات التسجيل والنسخ منها

تحوي يوالذي لا  أ ( السرعة العالية جداً والتي لا وجود لجهاز ميكانيكي أو الكتروني حالي يضاهيهاب( التحليل النقي

 صوتية .على ذبذبات تداخلية أو ضوضاء 

 .  ج( السيطرة الكفوءة على استعماله عند ربطه بأجهزة الكمبيوتر وأجهزة التنظيم الصوتية والضوئية

 القياسات : -7

لترابط تستخدم صفة أو أكثر من صفات الليزر الرئيسية في القياس بهذه الأشعة مثل آحادية الطول الموجي ، وا

 ق القليل لحزمته .الموجي ، والشدة العالية التركيز ، والتفري

سماكة  والليزر حساس في القياس والتعرف على العيوب السطحية في المواد مثل الخدوش والكسور، والحُفر وقياس

 .  هاوأقطار الأجزاء المختلفة ، وخصوصاً في قطع الغيار التي كثيراً ما يحصل الخطأ في التشخيص العادي ل

 علم الطيف -8 

ً ، وكان سابقاً يتم دراسة المواد باستخويستخدم ف علم الطيف في  ً ونوعا  دام الموجاتدراسة المواد المختلفة كما

يلة هيرتز ك 30الكهرومغيطية في الترددات الراديووية إلى منطقة الميكروويف ، أي باستخدام ترددات تتراوح بين 

 .  و وما زاد عن ذلك تستخدم مصادر متعددة غير دقيقة

 نية الدقيقة :الصناعات الإلكترو -9 

أو آلياً  المختلفة من تقليم وتقصيص دقيق لابعادها ، إما يدوياً  Resistors يدخل الليزر في صناعة الإلكترونات

ات وين المتسعوبذلك يعطي حجم وقيمة كهربائية للمقاومة دقيقة جداً ، بالإضافة إلى الحفر في المواد المختلفة لتك

ي فالمستخدمة  لحم ووضع العديد من الدوائر الإلكترونية الدقيقة والصغيرة الحجمالمتناهية الصغر ، وكذلك يدخل في 

 الأجهزة الإلكترونية المختلفة .

 السـبـاكــة : -10 

ً في عالم  ً بعد تركيزه ، وصغر مقطعه وسهولة السيطرة عليه يجعله مهما لسباكة االشدة الحرارية لليزر وخصوصا

ها حمها مع بعضعلى إذابة وتبخير المعادن ، من ثقبها إلى حفرها ، ومن قطعها إلى لومعاملة المواد ، حيث أنه قادر 

 له .، كلها يمكن أن تتم بهذه الأشعة بمجهود قليل وبدقة عالية ، كونه لا يحتاج إلى ضغط ميكانيكي في عم

 5إذابتها ، و  ادة بدلاً منجول في النبضة الواحدة ،إمكانية تبخير الم 20وقد أثبت باستخدام الليزر النبضي بطاقة 

     .  جول من النبضات المستمرة قاردة على الثقب واستعماله كمثقاب

 :  المواصفات والمقاييس -11

والي حفي هذا المجال يدخل الليزر في أعمال كثيرة منها : آلة تصوير ) كاميرا ( سينمائية ذات سرعة عالية 

قبة لفة ، ومراالزمنية والمكانية للظواهر الحرجة مثل الانفجارات المخت صورة في الثانية لمراقبة التفاصيل 10.000

 .  أبخرة الاحتراق المتصاعدة من المحركات النفاثة . . . الخ

 الاتصالات اللاسلكية : -12 
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ف ( الميكرووي أجهزة الاتصالات الكهرومغنيطية العصرية معتمدة كلياً على الترددات الراديووية والموجات الدقيقة )

كثيرة ، أما إهمال الموجات الضوئية في الاتصالات فهو لعدم توفر المصادر الضوئية بالإضافة إلى الصعاب ال

إلا أنه بتطور الليزر أوجد المصدر …   الناتجة عن تفرق وتشتت الموجات الضوئية والامتصاص الجوي لها

 الضوئي المثالي للاتصالات اللاسلكية المستقبلية .

 الحاسبات الآلية :ذاكرة  -13 

ً طريقة التخزين المغنيطي للمعلومات في ذاكرة العقول الإلكترونية ستفادة ، وذلك بالإ Computers تستخدم حاليا

في العادة من المجال المغنيطي في التأثير على تركيب وتوزيع المواد في الشريط أو القرص الحافظ للمعلومات ، و

 يرة .نحصل على شرائط طويلة في أقراص كب

( له  سنتيمتر5سجل هذا العصر التطور في التخزين الضوئي للمعلومات باستخدام الليزر وقد أنتج قرص عرضه ) 

 صفحة من كتاب يمكن أن تخزن في جهة 5000ملين بايتز ) بلغة الكمبيوتر ( أي أن 10سعة تخزين تصل إلى 

نفس بلو بايتز في الثانية وتعطي المعلومات كي 250واحدة من القرص . وهذه الذاكرة تخزن المعلومات بمعدل 

 المعدل .

 . من المليون في المتر ، ودقة التركيز تقدر بواحد من المليون في المتر 0.1وتصل دقة بحث الذاكرة في 

 الزراعـــة : -14 

بمقدار  اجعند تعريض بذور الحنطة لأشعة الليزر أحدثت تشوهات جنينية فيها والتي أدت بدورها إلى زيادة الإنت

ؤلات مستوى تفا % . بالإضافة إلى ذلك إمكانية التعقيم وقتل البكتيريا والجراثيم الضارة بأشعة الليزر يجعلها في80

     كثيرة لمستقبلها في هذا المجال الحيوي .

 علم الأرصاد : -15

عاع ليزر ش( ، فإذا أخذنا  كون نفاذ وامتصاص أشعة الليزر معتمداً على الطول الموجي المنبعث ) أي نوع الليزر

على  ميكرومتر ، فإن نفاذ وامتصاص حزمة هذا النوع تعتمد بقوة 10.6غاز ثاني أكسيد الكربون ذا طول موجي 

ماته فادة من خدحجم وتوزيع القطرات المائية والبلورات الثلجية في الجو ، لذا فإن هذا النوع من الليزر يمكن الإست

 اد .الميكروسكوبي الدقيق والتركيب الخارجي لتكون الغيوم فيما يخص علم الأرص بكل سهولة لدراسة التركيب

 :  علم الفلك-16 

جوم من المعروف أن التشتت أو التفريق الصغير جداً لحزمة الليزر يطور ويحسن القياسات للمسافات بين الن

ً كون أحد أنواع الليزرات يملك طول موجي معين له القدرة لفضاء على النفاذ من الجو إلى ا وحركتها ، خصوصا

 .  الفسيح وبأقل أمتصاص من مكونات الجو الأرضي ولهذه الصفة أهمية في الاتصالات الفضائية

 علم طبقات الأرض : -17 

ي نفس فقدرة الليزر على اختراق الصخور لأعماق طويلة عن طريق تبخير مكوناتها ، هذا البخار المتصاعد يوجه 

ة ، لمعرفة مكونات الصخور من العناصر المختلفة والنسبة المئوي Spectroscope مطياف خط الحفر إلى جهاز

ر . تصرف بة والتبخيلتواجدها ،والميكانيكية الرئيسية في استعمال الليزر لمعاملة المواد هي العملية الثنائية في الإذا

 :  طرقالطاقة الشعاعية الساقطة على سطوح المواد بتركيز حزمة الليزر بأربع 

 ( جزء من الطاقة يعكس ويفقد . 1

 .  ( تستعمل أكثر الطاقة المتبقية لذوبان المعادن 2

 .  ( يستخدم جزء صغير نسبياً من الطاقة لتبخير السوائل المعدنية 3

 ( يوصل الجزء الأصغر من الطاقة إلى المعادن غير الذائبة على شكل حرارة . 4

للتعرف على مكونات الصخور من المعادن المختلفة، وكذلك من الممكن الاستفادة يمكن استخدام الليزر في المناجم 
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منه في حفر الآبار البترولية والكشف عن كميات ومعدلات وجود البترول والمواد الأخرى المصاحبه لها ، وأعماقها 

 الأرضية ، ونوعية طبقات التربية.

 تصنيع المواد -18

ات في الليزر ليزر الزجاج ، وليزر ثاني أكسيد الكربون ، والأرجون . فطريقة الحثليزر الياقوت ، وليزر الياج ، و 

الثلاثة الأولى تتم بالضخ الضوئي ، أي تستخدم مصادر ضوئية متوهجة ذات قدرات عالية في إثارة 

ي تستخدم ي أوتحفيزها على بعث شعاع الليزر . أما الليزرين الآخرين فطريقة الحث فيهما بالضخ الكهربائ  موادها

أو  عاع الليزرأقطاب كهربائية تحت جهد عالي في تأين الغازات المستخدمة ، وبالتالي إثارة ذراتها وتحفيزها على إش

 ما يعرف بالحصول على التعداد المعكوس ، المبدأ الأساسي في الحصول على شعاع الليزر من المواد .

 ( أجهزة الليزر مع معاملة المواد : 1

عة جراء السر ليزر في عمليات تصنيعية عديدة أبدى فيها كفاءة عالية في رفع الإنتاج وتقليل التكلفة منيسُتخدم ال

نها ماً ، نذكر العالية في الإنجاز ، وهبوط معدلات الضياع والفقدان ومن الأجهزة والوحدات الشائعة الاستعمال حالي

 :  ما يلي

 أ( وحدة القطع والحفر :

،  و السيراميكلقطع وحفر المواد التالية : المعادن بأنواعها ، والمواد البلاستيكية، والخزف أتستعمل هذه الوحدة 

 واد الماصةوالأنسجة الكيميائية ، والأقمشة المختلفة ، وحتى المواد الزجاجية عندما يطلى سطحها بطبقات من الم

     .  للإشعاع الضوئي مثل الكربون

 ب ( وحدة التشذيب :

المواد  وائر الإلكترونية المتناهية في الصغر يجرى ترسيب المواد الموصلة والعازلة على رقائق منفي عمل الد

يقة بين نصف الموصلة للتيار الكهربائي مثل السيليكون والعقيق والخزف ومن ثم تسلخ الزوائد من الرقائق الدق

 ة الإلكترونية .الدوائر الإلكترونية وتفصل عن بعضها لإعطاء الصيغة النهائية للدائر

 

 الليزر في التصوير الشبحي الهولوجراف  -19

 أولاً : مبادئه وأهميته 

 استخدام أشعة الليزر في التصوير الشبحي المتكامل المجسم بأبعاده الثلاثة :

لقدرة ل تح المجالتعتبر القدرة على الرؤية المجسمة إحدى الخواص الفريدة التي تملكها العين عند الإنسان ، والليزر ف

ه على التصوير المجسم ، لما يمتلكه من صفات غير عادية في خصائص شعاعه ، أهمها في هذا المجال هي شدت

يد لعالم الجدوترابط موجاته المنبعثة في الزمان والمكان أو ما يعرف بالترابط الموجي لإشعاعاته . وقد عرف هذا ا

لمتكامل وجراف ومعناهما التسجيل ا… نيتين الأصل هي هولو باسم الهلولوجراف وهذا تعبير مركب من كلمتين يونا

 جسم بحيث لا، وفي الواقع ليس تصويراً بمعنى التصوير التقليدي )الفوتوغرافي( بل إظهاراً وتسجيلاً متكاملاً لل

 نفرقه عن أصله ولا نميزه عن حقيقته إلا إذا قيل لك .

ا لاف الزوايالدقيقة ، وتستطيع أن تتفحصه من كل الجهات وباخت عندما ترى الهولوجرام لجسم ما فإنك تجد التفاصيل

ً وتصعقك الحقيقة لأول وهل ً في الفضاء وإذا هممت بتلمسه انبرى لك فضاء فارغا ً مجسما ة بأنها كأنك ترى شبحا

  خيالاً مجرداً ، لا حياة فيه ، ولا تملك إلا أن تتساءل كيف حيث هذا ؟

ت ل الجسم وعندك متسع من الوقت لفحصه ودراسته من كل الجوانب والاتجاهاأما في الهولوجراف فإنك ترى ك

 في واقعها . يسحرك هذا العالم ويدخلك عالماً آخراً تمتزج فيه الصورة  لترى حقائق أخرى قد غابت عنك

      .  والخيال
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فة له ، وصفيحة شفالا حاجة في الهولوجراف لاستخدام العدسات ، بل نحتاج إلى شعاع الليزر في أبسط أشكا

يث يتجه حوحساسة لضوء الليزر مع مرآة عاكسة . يقسم شعاع الليزر إلى قسمين : القسم الأول يسمى بشعاع الجسم 

 ة في أطوارإلى الجسم نفسه وينعكس منه حاملاً في طيات أمواجه التفاصيل الكاملة له على صيغة التغييرات الحادث

لى شعاع والمسمى بالشعاع الأصل يعكس بمرآة ليلتقي مع الجزء الأول عوسعات الموجات والجزء الآخر من ال

وائر الصفيحة الحساسة والتي تسمى بالهولوجرام ومن تداخل هاتين الحزمتين . تتكون على الصفيحة الحساسة د

تجد فيه  رمركزية وخطوط متشعبة لا تمت بصلة للجسم المصور ولكننا إذا أمعنا النظر في داخلها فسنرى عالماً آخ

ً بارزاً وإن ثبُتت الصفيحة الحساسة ووجهت عليها الإضاءة الملائمة برز ال ه جسم بأبعادالجسم المصور يحتل مكانا

 الثلاثة وبشجيته المذهلة مرتكزاً في الفضاء الفارغ .

بزوايا وور ولو أردت أن تكون نفس هذه الصورة بالطرق الفوتوغرافية العادية لوجدت أنك بحاجة لأخذ ملايين الص

 ً  .  مختلفة لتعطي كامل التفاصيل الدقيقة ، وطبعاً من المجال جمعها سويا

 والأغرب من ذلك لو أنك حطمت الصفيحة الحساسة ) الهولوجرام ( إلى قطع صغيرة متناثرة سوف تجد في كل

ً لم يتغير فيها ولكنك لو دققت النظر سوف تجد زوايا بأن إحدى ال قطعة منها الصورة الشبحية نفسها كأن شيئا

 .  مفقودة

 ثانياً : تطبيقات الهولوجراف 

 -يمكن إيجاز أهم تطبيقات الهولوجراف في النقاط التالية :  

فبوساطة ،   إنه استقطب خيال الكثير من المهندسين والباحثين في التطبيقات الصناعية ، المدنية منها والعسكرية

عقول وبذلك ترتفع كفاءة وسعة وسرعة خزن المعلومات في ذاكرة ال الهولوجراف تخزن المعلومات في الكمبيوتر

 الإلكترونية

 لك تعطي في المجاهر ) الميكروسكوبات ( يمكن استطلاع ورؤية الخلايا الحية وبأبعادها المجسمة الثلاثة ، وبذ

ها ردة ، بوضعبالعين المجالعلماء والباحثين ولأول مرة القدرة على رؤية الخلايا والجسيمات الدقيقة والتي لا ترى 

 .  الطبيعي المجسم

      لتصنيع اتصوير الأجزاء المعدنية والميكانيكية في السبائك والمواد المطاطية المختلفة ، وتدرس بذلك عيوب

ت الخطورة وجودة الآلات ، بالإضافة إلى مراقبة التغيرات الحادثة نتيجة الاستعمال والاستهلاك وهي تعطي مؤشرا

 ها .قبل وقوع

 ف ، وعرض لمنع السرقات للتحف والآثار الثمينة أو المجوهرات النادرة والأعمال النفيسة فإنه تصور بالهولوجرا

 ما لا يخفىصورها المجسمة بدلاً منها وهذه الصور لا تفرق عن أصولها في كل دقيقة من دقائق تكوينها ، وهذه ، ك

 .  ، معالجة رائعة ومذهلة لسرقات التحف النفيسة

 ربات على يستفاد من طريقة الهولوجراف في الطرق الدولية داخل المدن في إظهار الإرشادات المختلفة لسائقي الع

ً لوقوع الحوادث   ،شكل كلمات مجسمة للتدليل عن إغلاق لبعض الممرات ، أو استخدام مسارات مختلفة منعا

 ويستعاض عن النشرات الراديوية بذلك .
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3 Laser Applications. 
 

The number of applications of lasers is enormous, and it is not possible to explain 

all of them here. In this chapter, the applications are divided into groups, and 

our hope is that with time we will fill the missing information on most of the 

well known applications of lasers.  Some applications are already described in 

details, such as:  

 

 Industrial Applications .13 

Industry accepted the laser as a tool soon after the laser was invented in 1960.  

At first the laser was used for alignment and measurements, but with time 

applications using high power laser beams became more common.  

The main industrial applications are:  

3.1.1 Accurate measurements (Distance, Movement, Interferometry).  

, traveling at the speed of light, electromagnetic radiationSince laser radiation is 

very accurate measurements can be performed with lasers.  

Because of its high speed (the speed of light (c) is the ultimate speed …), 

measurements of high speed moving objects is not a problem, and the 

information is available in (almost) real time.  

 Measurement of the distance from Earth to the moon:  
One of the known precise measurements with a laser was measuring the 
distance from Earth to the moon. The astronauts who landed on the surface 
of the Moon left there a corner cube (a system of three perpendicular 
mirrors that reflect light in the same direction where it came from).  
A pulsed laser beam was sent from Earth to the moon and was reflected 

from this corner cube back to Earth.  
The travel time of the pulse was recorded.  
From the known speed of light (c) the distance was calculated, with 
accuracy of tens of centimeters (!). 

3.1.2 Straight line marking, or plan of reference.  

Many daily applications require a precise reference line for alignment. 
Examples are:  

 Laying pipes of gas, water, electricity, etc.  
 Digging tunnels under-ground (such as the one under the English Channel 

between England and France).  

http://perg.phys.ksu.edu/vqm/laserweb/Glossary/Glossary.htm#emr
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 Alignment of mechanical systems.  
 Marking spots for pointing invisible radiation from another laser (such as Nd-

YAG or CO2 lasers). The visible laser radiation is aligned parralel to the 
invisible radiation, such that it mark the place where the invisible beam is 
pointing.  

 Marking a reference plane for construction:  

By using a vibrating (or rotating) mirror to reflect a visible laser light, a 

perfect plane is defined in space. The mirror is vibrating around one axis, so 

the light is reflected into consecutive angles continuously, thus defining a 

perfect plane. Since the vibration of the mirror is at a frequency greater than 

the persistence of vision in the brain, the viewer see a plane of light. This 

plane helps aligning walls, sealing, etc. in industrial construction.  

 

3.1.3 Material working  

The main advantages of lasers for material processing are:  

 Very high accuracy in the final processed products that can be obtained 
without the need for polishing.  

 No wearing of mechanical tools. Mechanical tools change their 
dimensions during the working process, and require constant measurements 
and feedback to adapt their position to original plan in computerized 
instrumentation.  

Material processing include many kinds of processes. A partial list include:  

 Cutting - The laser can be a very precise cutting tool. High power lasers are 

used for cutting steel, while other lasers are used to cut fabrics, rubber, 
plastic, or any other material.  

 Welding - Combining (fusing) two materials together. By heating the 
materials near the connecting region, the materials melt locally, and fuse 
together.  

 Hardening - By heating specific areas of the material, most metals can be 
hardened most of the metals. Even local hardening of specific part of a tool 
can be done by local irradiation.  

 Melting - Absorption of laser beams caused a rise in temperature. Since 
very high power can be transferred to materials in a very short time, melting 
can be easily done.  

 Evaporating - Used to ablate material (transfer it into the gas phase).  
 Photolithography - specially in the semiconductor industry. Very delicate 

s
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hapes can be created in materials which are used for masks in 
photolithography. Special materials respond to light at specific wavelength 
by changing their properties. Thus it is possible to remove parts of the 
material with very high precision (in micrometer range).  

 3-D Laser measurements -  With the help of a scanning laser, it is possible 

to obtain the information about a shape of a three-dimensional object and 
put it in the computer.  

 3-D Stereo lithography - Similar to photolithography, but the laser is used 

to create three dimensional sculpture of the information stored within a 
computer.  
A combination of the last two applications enable creating 3-D models. 
Even statue of people were build with high accuracy using these techniques. 

3.1.4 Spectral analysis.  

We saw in chapter 2, and chapter 5, that the entire lasing process is based on 

absorption and emission of photons at certain specific wavelengths.  

The wavelength emitted from the laser is monochromatic, and its linewidth is 

very narrow. Thus, the laser can be used for controlled excitation of 

molecules.  

, whose wavelength can be tunable lasersEspecially useful for this are the 

precisely tune to excite specific molecule.  

 

 Medical Applications .23 

There are many medical applications of lasers, and there are different ways to 

classify them into groups:  

General , Eye, such as: organ to be treated by the laserAccording to the 

. , Blood vessels, Cardiac, etcDermatology, Dentistry, Surgery 

, and YAG, 2CO, such as: type of laser used for treatmentAccording to the 

. Argon 

According to the type of treatment, such as diagnostic, surgery, connecting 

blood vessels.  

The classification used here is basically according to the type of treatment, with 

comments on suitable lasers used for each application:  

 .Lasers in medical surgery .2.13 

 .Lasers in diagnostic medicine, and in combination with drugs .2.23 

 .Soft lasers  Lasers for specific applications: .2.33 

When using lasers for medical treatments, a good understanding of the 

interaction between specific laser radiation with specific biological tissue is 

required. 

 Lasers in Medical Surgery .2.13 

http://perg.phys.ksu.edu/vqm/laserweb/Ch-6/F6s4p9.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-9/F9s2t1p4.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-9/F9s2t1p4.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-9/F9s2t1p12.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-9/F9s2t1p9.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-9/F9s2t1p8.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-6/F6s2t2p1.htm
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http://perg.phys.ksu.edu/vqm/laserweb/Ch-6/F6s1t4p1.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-9/F9s2t1p1.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-9/F9s2t2p1.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-9/F9s2t3p1.htm


Laser Physics                                                                                      

 
82 

Almost every medical surgery in which a removal of tissue is required or a cut 

needs to be made, can be done with a laser.  

In general, the results of surgery using lasers are better than the results using a 

surgical knife.  

The Advantages of Laser Surgery:  

 Dry field of surgery, because laser energy seals small blood vessels.  
 Less postoperative pain, because of the sealing of nerve ends.  
 No contact with mechanical instruments, so sterilization is built in.  
 Clear field of view, because no mechanical instrument blocks it.  
 Possible wavelength specific reaction of specific colors of biological 

tissue.  
 Possibility to perform microsurgery under a microscope. The laser beam 

passes through the same microscope.  
 Possibility to perform surgical procedures inside the body without 

opening it, using optical fibers to transmit the laser beam.  
 The laser can be used as a precise cutting tool.  
 It can be controlled by a computer, and operate with a very small area of 

effect under a microscope.  

3.2.2 Lasers in Diagnostic Medicine, and in combination with Drugs:  

Diagnostics of cancer cells using Fluorescence, and Photo Dynamic Therapy 

(PDT)  

 One of the biggest problems in medicine today is to find a cure for cancer.  

There are many treatments for cancer to destroy the cancer cells, such as:  

Disectomy of the infected organ.  

Radioactive irradiation.  

Heat treatment.  

All these treatments improve the chance of cure in some cases, but the "magic" 

medicine has not yet been found. Since there is no solution yet, the medical 

professionals are looking for new ways to solve the big problem of cancer. 

 

 Soft lasers .2.33 

Most of the medical laser applications were until recently based on the thermal 

effects caused by the electromagnetic radiation which was absorbed in the 

biological tissue.  

In the last few years, some new applications are using low power lasers with 

output power less than 1 Watt.  

Some of the effects of these low power levels on the biological tissue is not 

thermal, and in effect the mechanism of interaction is not yet clear.  
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It is sometimes referred to as Biostimulation, which does not explain a lot.  

 

 Military Applications .33 

Since the invention of the laser, its potential military uses were exploited.  

Large number of projects on lasers were done in secret laboratories, and many 

years passed until the public was notified about these projects.  

In the last few years, with the fall of the "Iron Curtain", and the creation of 

collaboration between the super-powers, the public found about some of these 

big projects that cost so much money.  

We shall concentrate on some of the simplest and most known applications, such 

as:  

 

3.1 Laser Range-finder  

Measuring distances with high speed and high accuracy was the immediate 

military application after the laser was invented.   Since the laser beam is 

electromagnetic light, it is traveling in space with known velocity (the velocity of 

light c).  

By sending a short laser pulse to the target and measuring the time it take the 

beam to arrive at the target and reflect back to the sender, it is easy to calculate 

the distance.  Measuring distances with high accuracy is important for military 

applications such as:  

Measuring the distance to a shooting target for artillery and missiles. Navigation.  

Numerical Example:  

How much time will the laser pulse travel, when it hit a target at a distance of 1.5 

kilometer?  

sec]-[sec] = 10 [micro 5-[m/s] = 10 8t = s/c = 3,000 [m]/3*10 

This time is well within the response time of standard electronic equipment.  

 

3.3.2 Laser Target Designator  

The laser is used to mark targets for attack by "smart" artillery and guided 

missiles.  

The properties that make the laser so attractive as laser designator are:  

The laser beam advance great distances in a straight line.  

The laser beam propagate at very high speed (speed of light).  

It is possible to modulate the laser beam to include information for identification.  

A soldier in the field, or a flying vehicle can be used to send a laser beam on the 

target.  

The laser is designed to send a series of pulses in a specific pattern (code) of 

pulses of invisible light.  

Spe
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cial detecting systems are locked on these specific pattern of laser pulses, and 

guide the "Smart Bombs" to hit the marked target.  

An example showing several laser designator system are shown in figure 9.1. 

  

 
Figure 9.1: Laser Designator systems in the Battlefield. 

 

3.3.3 Laser weapons ("Star War"). 

A lot was written on the Strategic Defense Initiative (SDI) of the US 

government. 

This futuristic project was named by the public "Star Wars". 

The idea behind this initiative was to build high power devices that can send 

beams over very big distances in a very high accuracy and very high speed. 

These high power devices were supposed to destroy the USSR missiles above 

their lounching sites right after this launch. Since these missiles were supposed 

to carry nuclear weapons, it was not possible to let them arrive above Europe or 

the US. By destroying the missiles at the launch zone a great damage would be 

caused to the attacker, so such defense system was a threat to the other side. 

 

3.3.4 Laser blinding for man and sensitive equipment.  

A simple and very promising project, which is being developed at many sites all 

over the world, is laser system for blinding enemy soldiers and their optical 

equipment.  

The power required is not specially high, because of the high sensitivity of our 

sight system, and the high sensitivity of the optical detection systems in use at 

the battlefield.  

The operation of blinding laser system is simple:  

The laser beam is used to scan the space in front of the military troops, 

blin
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ding enemy soldiers and their equipment.  

, optical power density higher than the safe level AppendixAs can be seen in the 

can cause blindness (temporary or permanent) to humans, and saturation or 

damage to sensitive optical equipment. 

 

  

3.4 Daily applications 

Since the daily applications of the laser are the most familiar to us, they are 

described in more details. They are classified as: Laser at home, which include:  

 

3.4.1 Compact Disc and CD-ROM  

Optical storage of digital information. 

Preface  

Since the beginning of history, man searched for means of storing information, in 

order to inherit knowledge to following generations.  

At first the cave-man marked the hunting drawings on the cave walls.  

Then came shard boards, parchment scrolls, paper, printing, and now the 

magnetic recordings.  

Magnetic recordings is used on many devices such as: Tape recorders, computer 

tapes for storing information in big computers,  computer diskettes, and hard 

drives  for storing information in personal computers (pcs).  

As society developed more, the amount of information is growing at an 

exponential rate. People are trying to find better ways to store information, and 

the current trend is toward:  

 

Laser Printer .4.23 

Everyone heard about laser printers, and most offices are using laser printers for 

printing their documents. We are all aware of the quality of the printing out of a 

laser printer, but few knows to answers questions about the operation principles 

of the laser printer: 

What is the role of the laser in a laser printer?  

What is the difference between a laser printer and a photocopy machine?  

Can the same system be used for printing documents from a computer and 

photocopying documents?  

What are the advantages of the laser printer compared to the dot printers?  

The following pages will try to answer such and similar questions by explaining 

about the laser printer, and the physical principles underlying its operation.  

 

3.4.3 Optical Storage of Information  

We 

http://perg.phys.ksu.edu/vqm/laserweb/Misc/Apindex.htm
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already saw the Compact-Disc, or CD-ROM in section 9.4.1 as a way to store 

information and read it optically. There are storage devices which act like 

magnetic hard disc drives of a computer, but store the information optically.  

Both writing the information on the optical disc and reading it are done using 

lasers.  

These devices allow rewriting information on the optical disk thousands of times, 

unlike CD, which is write-once device.  

 

New devices, which are now at a research stage, are based on holographic 
writing and reading of information (see chapter 10). These devices store a 
complete page as an image, unlike the storage of bits in standard storage 

devices.  

3.4.4 optical computer - processing information at the speed of light!  

 

Electronic computers are limited by the speed of current flow through the wires 

inside the computer.  By using pulses of light instead of electrical currents it is 

possible to increase by orders of magnitude the speed of the computers.In 

electronics, it is possible today to put millions of transistors into one integrated 

circuit (IC).  

For optical computers, similar circuits are needed to be developed, and they are 

called integrated optics (IO). This is a new research subject and there are not 

yet commercial products of optical computers. In the laboratory, scientists have 

demonstrated simple operations of edition and multiplication, but it will probably 

take more than 10-20 years until such products will be available.  

 

3.4.5 Bar code scanner.  

With increased automation in every-day life, there was a need for a standard 
automatic identification system for consumer products.  Many automatic systems 
for identifying products are based on optical systems. Such systems are based 

on a beam of light, which scan a bar code on the product. The reflected light is 
read by an optical system.  

Bar code is a code based on a series of dark and bright bands with specific 
distances between them. It is made by writing dark bands on white 
background. Usually the bar code appears on a paper label.   In a common bar 
code the information is coded in one dimension: the width of the dark and 
bright bands. The length of the bands is just for easy reading and does not contain 
any 
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meaningful information.  

3.4.6 Holograms on credit cards and other valuable products to avoid 
forgery. 

Holography is described in chapter 2. 

Here we shall just mention one of the expanding application of laser in everyday 

life. 

Since we now know how to mass-produce holograms that can be seen without 

using a laser, people are using these holograms in many applications. 

The production of the master hologram requires sophisticated equipment and 

special knowledge. This makes them ideal in preventing forgery.  

The laser is used only in the first production stage of the master hologram  

Examples for this use of holograms are on: 

 Every "Visa" credit card.  
 "Microsoft" software.  
 Special bank notes. 

Applications in the future will proobably include all kinds of identification cards.  

3.4.7 Optical Fiber Communications 

Each channel in communications needs a bandwidth (range of frequencies 

around the central transmission frequency). 

Optical frequencies (in the visible or Near-Infra-Red spectrum region) are very 

.[Hz]) 1510-14high frequencies (10 

The bandwidth of voice communication over phone lines is about 10 [kHz]. 

Thus, the number of phone conversations that can be send over optical 

communications system is measured in enormous numbers. 

[Hz]). and  10Hertz (10-Diode lasers can be modulated at speeds of tens of Giga

their light can be transmitted over tens of kilometers of optical fibers without the 

need for amplification.  

Thus, Optical fiber communications provide the perfect solution for reliable high 

volume communication. This subject need its own Web site, so we shall just 

mention here a few facts.  

Advantages of Optical Fibers: 

 Wide bandwidth.  
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 Immunity from electrical interference.  
 Low weight.  

 Low cost.  
 More secure transmission. 

Using optical fibers instead of the metal wires that transmit electrical signal have 

so many advantages, that all the new communication lines are made of optical 

fibers. 

In one optical fiber to the home, all the communications need can be 

fulfilled: 

Phone, television, radio, cable TV, computer communication, etc. 

 

 

3.4.8 Free Space Optical Communications  

The very high modulation speed of Diode Lasers enables direct line of sight 
optical communication at very high speed. The main applications of free 
space optical communications are:  

 Communication between satellites in space which can transfer 
information at a bit rates of 1010 bits per second. Thus tens of thousands of 
phone conversations can be transmitted simultaneously.  

 Military use of free space optical communication channels are used 

especially in the battle field, when it is not practical to have fiber optics links. 
The communication is based on direct line of sight, and provides a secure 
link because of the very narrow divergence of the laser beam. The 
advantages of optical communications were described in section 3.4.7. 

3.4.9.0 Lasers in Art and entertainment  

Using lasers that emit in the visible spectrum range, it is possible to create 

impressive visual effects.  When a laser beam pass through a region of humidity, 
smoke, or any other small particles in the air, the scattered light can be seen by 

observers from all sides.  

In big outdoor shows, when the effect need to be seen from a distance, it is 
possible by moving a small optical element (such as mirror) to move laser beams 
over large area.  

For entertainment it is common to use lasers which emit few laser wavelengths. 
First each color is separated, using prisms, to create many laser beams of 
diffe

http://perg.phys.ksu.edu/vqm/laserweb/Ch-6/F6s3p1.htm
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rent colors. Using small vibrating mirrors, controlled by a computer, it is possible 
to move each laser beam very rapidly, and create moving colored images.       
Since our vision is based on seeing the image a little time after it has disappeared, 
we see a full picture created by laser beam, although the laser beam illuminates 
each point for a brief period of time.  

The first devices were used to create two dimentional moving pictures on 
screens, but the new devices are used to create three dimentional moving 
sculptures in space (with small particles in it).        Using emitted laser powers of 
few watts, it is possible to create big moving images, in free space, an 
impossible task to create by other means.  

 

 olograms for exibitions and museumsH .4.103 

 

(Details about holography and its applications are described in chapter 10).  

Holograms allows us to see three dimensional images. Thus there are special 

holography museums which show holograms as an art by itself.  

A more advanced use is to show holograms of rare exibits, which can be 

damaged by exposing to the public. Such exibits include:  

Archeological exibits which need to be kept at special light, temperature and 

humidity conditions.  

Very expensive items, which can be stolen or damage by the public.  

Rare items which can not be exibited in every museum, but their holograms can.  

Good hologram contains all the information included in the original object. Once 

color holography will be developed, many special exibits will be available to be 

seen at many museums.  

 

3.4.11 Kinetic sculptures.  

Visible light is used to create visual effects.  

Using lasers in the visible spectrum, with the help of optical elements which cause 
reflection refraction, and dispersion, it is possible to create three dimensional 
sculptures which are moving in space.    In order to see the laser beams in 
space we need a medium which scatter light in all directions. The standard 
medium is smoke which contains very small particles suspended in the air. When 
using higher power visible lasers, it is possible to see the reflections from the 
particles in "standard" air, without the use of smoke.  

The best lasers for these application are the Argon Ion and the Krypton Ion 

http://perg.phys.ksu.edu/vqm/laserweb/Ch-6/F6s1t4p1.htm
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lasers.  

A "wall" (plane) of light can be easily created by a rotating or vibrating mirror.  
By using multiple rotating and/or vibrating mirrors, controlled by computers, it is 
possible to design complicated shapes which appear in space.  

3.5 Scientific/Research Applications  

 

3.5.1 Spectroscopy.  

Every material has its own characteristic absorption and emission spectrum.  
By selective excitation using specific wavelengths, it is possible to identify 
materials with high certainty, even if only small traces exist.  

Spectroscopy is used in the research of molecules by optically exciting the 
molecules. It is one of the most important tools in the research of the structure of 
matter.  

The laser allows the use of definite controlled wavelengths, which results in a 
very high resolution measurements. Increasing the accuracy of the 

determination of the wavelength allows a distinction between smaller details in the 
material structure.  

Photo-chemistry is the science of chemical changes which are the result of light.  

Examples are:  

 "Tanning" of the skin in the sun light.  
 Photosynthesis in plants.  
 The process of vision within the retina cells of the eye.  
 Induced fluorescence is a very sensitive process, which allows selective 

excitation of specific energy levels in a specific molecule. This process is 
used in forensic science to identify trace residuals of molecules.  

 

3.5.2 Inertial Fusion by laser  

Equivalence between mass (m) and energy (E):  

Mass and energy are related by the mathematical formula:          E = mc2  

This well-known formula was discovered by Albert Einstein in 1905, and he 
expl

http://perg.phys.ksu.edu/vqm/laserweb/Ch-6/F6s1t5p1.htm
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ained the equivalence between mass and energy using this relation.  

Every reaction, which results in products with total mass less than the 
original mass, releases energy. The amount of energy released is equal to 
the mass difference times the square of the velocity of light.  

The amount of energy per unit mass, which is released by the nuclear fusion 
reaction, is millions times higher than the chemical energy released by burning 
coal or oil.  

The first artificial use of fusion energy was in the Hydrogen bomb (October 
1952). Since then, scientists are trying to control the nuclear fusion reaction; in 
order to make controlled use of the energy released.  

3.5.3 Lasers which emit very short pulses (10-15-10-18 [sec]).  

Very short pulses are a new tool for research. 

Applications of very short pulses: 

 They can be used to study rapid processes. Illuminating the process at 
short intervals, and taking a picture.  

 Optical communications. The shorter the pulse, the greater the number of 
pulses that can be send in a second. This number determine the amount of 
information that can be transmitted in a given time.  

3.5.4 Laser cooling of atoms.  

All atoms in nature are moving because they are at a temperature higher than 0 
[0K], thus they have thermal energy.  At low temperatures, it is possible to 

almost stop atoms by using the momentum of the photons of the laser 
radiation.  

Explanation:  

A beam of laser light moving in the opposite direction of a beam of atoms can be 
made to interact with each other in such a way that the atoms absorb photons 
from the laser beam. The process occurs when the photons energy (which is 
determined by the photon frequency) is exactly equal to the energy difference 
between energy levels of these atoms.  

When the atom is in motion, then by the Doppler effect this atom "sees" a slightly 
different frequency of the incoming photons.        By using a few beams from 

opp
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osite directions, it is possible to stop the movement of atoms.  The frequency of 
the laser beam is chosen such that it is very close to the absorption frequency of 

the atom, but not identical to it. Each time the atom starts to move toward one of 
the laser beams, the Doppler effect causes the radiation from that beam to be 
absorbed by the atom, so it returns to its place.  

3.5.5 Study of the interaction of electromagnetic radiation with matter.  

Electromagnetic radiation can react with matter by many different mechanisms.   
The research of the mechanisms of interaction between electromagnetic radiation 
and matter is a very productive research field, which produce many new 
applications.  

 For all the medical applications of the laser this research is of valuable 
importance.  

 For all the industrial material processing applications by lasers this 
research is of valuable importance.  

 We shall mention the advance in recent years of the interaction of 
electromagnetic radiation with different biological molecules, and the 
potential of genetic engineering (changing the gene properties by 
manipulations on the DNA molecules within the nucleus of the biological 
cell).  

3.6 Special applications.  

The applications of lasers are expanding, and many new special applications have 
been discovered. In the next few sections we shall mentioned briefly just a few of 
the more common special applications.  

3.6.1 Energy transport in space. 

Space stations are planned for the near future. And space opens new possibilities 
for the human race. The energy for the space station will be collected by big 
collections of solar cells. 

There is an idea to build such big solar collectors in space. These solar cells 
will convert the solar energy into electricity. The electrical energy will be send to 
Earth in Electromagnetic radiation form as a beam of laser energy. 

3.6.2 Laser gyroscope.  

Gyroscope is an instrument that helps maintain orientation in space.  

http://perg.phys.ksu.edu/vqm/laserweb/Glossary/Glossary.htm#emr
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In the past the gyroscopes were mechanical spinning systems, in which the 
principle of conservation of angular momentum help keep the device pointing in 
one direction. These devices were very massive and required motors and 
maintenance.  Optical gyroscopes are based on a principle called Sagniac 
effect.  

This effect which was discovered at the beginning of the 20th century, states that:           
" An electromagnetic wave which moves in a closed path, which surrounds a finite 
area, is influenced from the angular velocity of the system which is included in this 
area".  

Principle of Operation of Optical Gyroscope:  

Two laser beams are moving in opposite directions in the same ring path. 
Any change in the direction of the system will cause a difference in the path of 
these two beams. By using inteferometric measurements (), it is possible to 
detect very small changes, so the laser gyroscope is a very sensitive device.     
There are two kinds of optical gyroscopes, both based on the same principle:  

1. Laser Gyroscope is a laser with ring cavity. The laser cavity is made of 
three or four mirrors which form of a closed loop.  

2. Fiber Gyroscope is a similar device, but the beams of the laser light are 
traveling along a fiber optic, which is in a form of a coil.  

3.6.3 Fiber laser.  

It is possible to create a laser action within an optical fiber. The active medium 

is an optical fiber made of impurity atoms embedded in the glass of the fiber core.  
The advantages of the fiber-laser are:  

 The optical fiber confine the laser beam within the fiber (the active medium).  
 The optical pumping is done by light which is confined within the fiber.  

Fiber-laser can directly amplify an incoming signal of laser light, without 

having to transform it to an electrical signal which is then amplified electronically, 

and transformed back into light.  

The main use of fiber-laser is in optical communication, where the signal 
transmitted over long distances (such as over the ocean) need to be amplified 
along the way.The most known family of fiber laser is the Erbium (Er) Doped 

Fiber Amplifier (EDFA), which is used in optical communications.  

Holography 

http://perg.phys.ksu.edu/vqm/laserweb/Glossary/Glossary.htm#active_medium
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In everyday life we see everything in 3-D, and we accept it as obvious. 

However, when we look at a hologram which show a 3-D image of something, we 

are impressed. 

Holographyenables looking at a 3 dimensional scene, where the perspective 

and parallax are kept as in real life. (Parallax is the relative position of the bodies 

in the picture, as seen from different points of view Click here to read more about 

parallax). 

The medium on which the 3-D image is recorded is called “Hologram” 

The name Hologram comes from the Greek language, and means “whole 

message (picture)”.  

Looking at a hologram from different angles, show different perspectives of the 

scene.  

All the information on the 3 dimensional scene is retained in the hologram.  

 Since hologram is based on interferometry, it will be explained first:  

What is recorded on the hologram is not the image (as in standard film 

photography), but the interference pattern created by the waves from all 

parts of the bodies in the scene.  

Interference pattern is created between two beams of light (waves) occupying 

the same place in space at the same time.  

 , there are links to holographic Web sites, where nice At the end of Chapter

pictures of holograms can be seen, and more information can be read, especially 

on commercial products.  

 
 

Classifications of lasers into groups,  

according to safety precautions needed: 

 The American National Standards Institute (ANSI) divides all lasers into four 
groups according to the risk involved in using them . These laser hazard 
classifications are used to signify the level of hazard inherent in a laser system, 
and the extent of safety controls required. These range from class I lasers (which 
are inherently safe for direct beam viewing under most conditions) to class IV 
lasers (which require the most strict controls).  

This division is based on the maximum radiation emitted from the laser which can 
cause damage.   For this, they defined two parameters:  

 The aperture through which the radiation is received.  
 The distance from the laser , in which the measurement is done.  

 

http://perg.phys.ksu.edu/vqm/laserweb/Ch-10/C10s0f1.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-10/C10s0f1.htm
http://perg.phys.ksu.edu/vqm/laserweb/Ch-10/F10s5p9.htm
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Laser Applications 
 

Medical applications  Welding and Cutting  Surveying  

Garment industry  Laser nuclear fusion  Communication  

Laser printing  CDs and optical discs  Spectroscopy  

Heat treatment  Barcode scanners  Laser cooling  

 
Medical Uses of Lasers 
The highly collimated beam of a laser can be further focused to a microscopic dot 
of extremely high energy density. This makes it useful as a cutting and 
cauterizing instrument. Lasers are used for photocoagulation of the retina to halt 

retinal hemorrhaging and for the tacking of retinal tears. Higher power lasers are 
used after cataract surgery if the supportive membrane surrounding the implanted 
lens becomes milky. Photodisruption of the membrane often can cause it to draw 
back like a shade, almost instantly restoring vision. A focused laser can act as an 
extremely sharp scalpel for delicate surgery, cauterizing as it cuts. ("Cauterizing" 
refers to long-standing medical practices of using a hot instrument or a high 
frequency electrical probe to singe the tissue around an incision, sealing off tiny 
blood vessels to stop bleeding.) The cauterizing action is particularly important for 
surgical procedures in blood-rich tissue such as the liver. 
Lasers have been used to make incisions half a micron wide, compared to about 
80 microns for  
 
Welding and Cutting 

The highly collimated beam of a laser can be further focused to a microscopic dot 
of extremely high energy density for welding and cutting. 
The automobile industry makes extensive use of carbon dioxide lasers with 
powers up to several kilowatts for computer controlled welding on auto assembly 
lines. 
Garmire points out an interesting application of CO2 lasers to the welding of 
stainless steel handles on copper cooking pots. A nearly impossible task for 
conventional welding because of the great difference in thermal conductivities 
between stainless steel and copper, it is done so quickly by the laser that the 
thermal conductivities are irrelevant. 
 
Surveying and Ranging 
Helium-neon and semiconductor lasers have become standard parts of the field 

surveyor's equipment. A fast laser pulse is sent to a corner reflector at the point to 
be measured and the time of reflection is measured to get the distance. 
Some such surveying is long distance! The Apollo 11 and Apollo 14 astronauts 

put 

http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasapp.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasapp.html#c2
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasapp.html#c3
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasapp.html#c4
http://230nsc1.phy-astr.gsu.edu/hbase/nucene/finert.html#c2
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasapp.html#c5
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasapp2.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/audio/cdplay.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/laspec.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasapp.html#c6
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasapp.html#c7
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lascool.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/qualig.html#c5
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/qualig.html#c5
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/qualig.html#c5
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/qualig.html#c5
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lasgas.html#c2
http://230nsc1.phy-astr.gsu.edu/hbase/optics/optref.html#c1
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corner reflectors on the surface of the Moon for determination of the Earth-Moon 
distance. A powerful laser pulse from the MacDonald Observatory in Texas had 

spread to about a 3 km radius by the time it got to the Moon, but the reflection 
was strong enough to be detected. We now know the range from the Moon to 
Texas within about 15 cm, a nine significant digit measurement. A pulsed ruby 
laser was used for this measurement. 
 
Lasers in the Garment Industry 
Laser cutters are credited with keeping the U.S. garment industry competitive in 
the world market. Computer controlled laser garment cutters can be programmed 
to cut out 400 size 6 and then 700 size 9 garments - and that might involve just a 
few cuts. The programmed cutter can cut dozens to hundreds of thicknesses of 
cloth, and can cut out every piece of the garment in a single run. 
The usefulness of the laser for such cutting operations comes from the fact that 
the beam is highly collimated and can be further focused to a microscopic dot of 
extremely high energy density for cutting. 
 
Lasers in Communication 

Fiber optic cables are a major mode of communication partly because multiple 
signals can be sent with high quality and low loss by light propagating along the 
fibers. The light signals can be modulated with the information to be sent by 
either light emitting diodes or lasers. The lasers have significant advantages 
because they are more nearly monochromatic and this allows the pulse shape to 
be maintained better over long distances. If a better pulse shape can be 
maintained, then the communication can be sent at higher rates without overlap 
of the pulses. Ohanian quotes a factor of 10 advantage for the laser modulators. 
Telephone fiber drivers may be solid state lasers the size of a grain of sand and 
consume a power of only half a milliwatt. Yet they can sent 50 million pulses per 

second into an attached telephone fiber and encode over 600 simultaneous 
telephone conversations (Ohanian). 
 
 
Heat Treatment 

Heat treatments for hardening or annealing have been long practiced in 
metallurgy. But lasers offer some new possibilities for selective heat treatments of 
metal parts. For example, lasers can provide localized heat treatments such as 
the hardening of the surfaces of automobile camshafts. These shafts are 
manufactured to high precision, and if the entire camshaft is heat treated, some 
warping will inevitably occur. But the working surfaces of the cams can be heated 
quickly with a carbon dioxide laser and hardened without appreciably affecting 
the remainder of the shaft, preserving the precision of manufacture. 
 

http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lassol.html#c3
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lassol.html#c3
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/qualig.html#c5
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/qualig.html#c5
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Barcode Scanners 
Supermarket scanners typically use helium-neon lasers to scan the universal 
barcodes to identify products. The laser beam bounces off a rotating mirror and 
scans the code, sending a modulated beam to a light detector and then to a 
computer which has the product information stored. Semiconductor lasers can 
also be used for this purpose. 
Laser Fusion 
Laser fusion attempts to force nuclear fusion in tiny pellets or microballoons of 
a deuterium-tritium mixture by zapping them with such a high energy density that 
they will fuse before they have time to move away from each other. This is an 
example of inertial confinement. 
Two experimental laser fusion devices have been developed at Lawrence 
Livermore Laboratory, called Shiva and Nova. They deliver high power bursts of 
laser light from multiple lasers onto a small deuterium-tritium target. These lasers 
are neodymium glass lasers which are capable of extremely high power pulses. 
 
Nova Laser System 
Nova is the name given to the second generation laser fusion device at Lawrence 

Livermore Laboratories. It employs lasers ten times more powerful than 
the Shiva laser fusion device and will attempt to reach the breakeven point for 
fusion. Nova makes use of ten lasers which are focused on a 1 mm diameter 
target area, dumping 100,000 joules of energy into the target in a nanosecond. 
As of 1994, Nova has reached the Lawson criterion, but at a temperature too low 
for fusion ignition. 
 
Particle Beam Fusion 
If a high energy beam of electrons or other particles can be directed onto a tiny 
pellet or microballoon of deuterium-tritium mixture, it could cause it to explode like 
a miniature hydrogen bomb, fusing the deuterium and tritium nuclei in a time 
frame too short for them to move apart. 
 
 
Compact Disc Audio 
Analog sound data is digitized by sampling at 44.1 kHz and coding as binary 
numbers in the pits on the compact disc. As the focused laser beam sweeps over 
the pits, it reproduces the binary numbers in the detection circuitry. The same 
function as the "pits" can be accomplished by magnetooptical recording. The 
digital signal is then reconverted to analog form by a D/A converter. 
The tracks on a compact disc are nominally spaced by 1.6 micrometers, close 
enough that they are able to separate reflected light into it's component colors like 
a diffraction grating. 
This is an active graphic. Click on any bold text for further details. 

 

http://230nsc1.phy-astr.gsu.edu/hbase/NucEne/fusion.html#c2
http://230nsc1.phy-astr.gsu.edu/hbase/NucEne/finert.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/NucEne/finert.html#c3
http://230nsc1.phy-astr.gsu.edu/hbase/NucEne/finert.html#c4
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lassol.html#c2
http://230nsc1.phy-astr.gsu.edu/hbase/NucEne/finert.html#c2
http://230nsc1.phy-astr.gsu.edu/hbase/NucEne/finert.html#c2
http://230nsc1.phy-astr.gsu.edu/hbase/NucEne/lawson.html#c4
http://230nsc1.phy-astr.gsu.edu/hbase/phyopt/grating.html#c3
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Laser for Compact Discs 
The detection of the binary data stored in the form of pits on the compact disc is 

done with the use of a semiconductor laser. The laser is focused to a diameter of 
about 0.8 mm at the bottom of the disc, but is further focused to about 1.7 
micrometers as it passes through the clear plastic substrate to strike the reflective 
layer. 
The Philips CQL10 laser has a wavelength of 790 nm in air. The depth of the pits 
is about a quarter of the wavelength of this laser in the substrate material. 
This is an active graphic. Click on any bold text for further details. 
Laser Cooling 
Starting in about 1985 with the work of Steven Chu and others, the use 
of lasers to achieve extremely low temperatures has advanced to the point that 
temperatures of 10-9 K have been reached. If an atom is traveling toward a laser 
beam and absorbs a photon from the laser, it will be slowed by the fact that 
the photon has momentum p = E/c = h/λ. If we take a sodium atom as an 
example, and assume that a number of sodium atoms are freely moving in a 
vacuum chamber at 300K, the rms velocity of a sodium atom from the Maxwell 
speed distribution would be about 570 m/s. Then if a laser is tuned just below one 
of the sodium d-lines (589.0 and 589.6 nm, about 2.1 eV), a sodium atom 
traveling toward the laser and absorbing a laser photon would have its 
momentum reduced by the amount of the momentum of the photon. It would take 
a large number of such absorptions to cool the sodium atoms to near 0K since 
one absorption would slow a sodium atom by only about 3 cm/s out of a speed of 
570 m/s. A straight projection requires almost 20,000 photons to reduce the 
sodium atom momentum to zero.  
A conceptual problem is that an absorption can also speed up an atom if it 
catches it from behind, so it is necessary to have more absorptions from head-on 
photons if your goal is to slow down the atoms. This is accomplished in practice 

by tuning the laser slightly below the resonance absorption of a stationary sodium 
atom. From the atom's perspective, the headon photon is seen as Doppler 
shifted upward toward its resonant frequency and it therefore more strongly 
absorbed than a photon traveling in the opposite direction which is Doppler 
shifted away from the resonance. In the case of our room temperature sodium 
atom above, the incoming photon would be Doppler shifted up 0.97 GHz, so to 
get  

 استطارة رامان

استطارة رمان عندما يتم تسليط الضوء على الجزيئات، يتشتت الضوء بواسطة تلك الجزيئات. معظم موجات 

الضوء المستطارة يكون لها نفس تردد الضوء الساقط ولكن بعض الموجات سيكون لها تردد مختلف بسبب 

التفاعل بين تذبذب الضوء والاهتزاز الجزيئي. ظاهرة تشتت الضوء مع تغير التردد تسمى استطارة رامان. 

الممكن تحليل تكوين المواد أو  نظرًا لأن تغير التردد هذا خاص بالاهتزاز الجزيئي والفونون في البلور، فمن

http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lascon.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/relativ/relmom.html#c2
http://230nsc1.phy-astr.gsu.edu/hbase/kinetic/kintem.html#c4
http://230nsc1.phy-astr.gsu.edu/hbase/kinetic/kintem.html#c4
http://230nsc1.phy-astr.gsu.edu/hbase/quantum/sodzee.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lascool.html#c1
http://230nsc1.phy-astr.gsu.edu/hbase/optmod/lascool.html#c1
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معلومات الشبكة البلورية عن طريق تحليل طيف الضوء المستطار لرامان. طريقة التحليل هذه تسمى مطيافية 

رامان. وللتحليل في المنطقة المجهرية يستخدم مطياف رامان، حيث يتم دمج مطياف رامان مع ميكروسكوب 

 .()مطيافية رامان الميكروية

 

Fig.1 

 اعلانات جوجل
في الآونة الأخيرة، أصبح من الشائع جداً قياس طيف رامان لجميع النقاط في المنطقة وإعادة بناء الصورة 

المجهرية في نطاق طيف معين لمعرفة توزيع المعلومات الطيفية. إن أداة رامان التي لديها القدرة على إظهار 

 .صورة رامان الطيفية تسمى مجهر رامان

ياس أطياف رامان في جميع النقاط في المنطقة يستغرق وقتاً طويلاً، فإن بعض صانعي رامان ونظرًا لأن ق

 RAMANtouch .وهي أسرع طريقة Nanophoton يعتمدون طريقة التصوير السريع. من بينها، تقنية

طيف في وقت  400لديها تقنية مطيافية متعددة القنوات تقيس أطياف متعددة في نفس الوقت. عادةً ما يتم قياس 

 .واحد بينما الطريقة الأخرى هي القياس الطيفي واحداً تلو الآخر
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Fig.2 

 ما هو طيف رامان؟

يحتوي الضوء المستطار لرامان على معلومات مختلفة عن الجزيئات في المادة. إذا قمت بفصل الضوء 

ي المستطار الذي يساوي المستطار عن طريق الطول الموجي من أجل تفسيرها، يمكنك أن ترى أن ضوء رايل

الطول الموجي للضوء الساقط تم الكشف عنه بقوة ويتم اكتشاف ضوء رامان المستطار على كلا الجانبين كما 

. يطُلق على ضوء رامان المستطار المكتشف على جانب الطول الموجي الأقصر من 3هو موضح في الشكل 

على جانب الطول الموجي الأطول يسمى خط  ضوء رايلي المبعثر خط ستوكس المضاد، والضوء المكتشف

 .ذات الكثافة العالية للتحليل Stokes ستوكس. بشكل عام، يتم استخدام خطوط

 

Fig.3 

ويتم حساب  / (  1يتم تحويل المعلومات الخاصة بكل طول موجي مشتت إلى رقم موجي )الطول الموجي

عداد الموجية على المحور الأفقي والشدة على يسمى الفرق بين الأ الفرق مع عدد الموجة للضوء الساقط. 

المحور الرأسي طيف رامان. من المحور الأفقي ، يمكنك قراءة معلومات الاهتزاز الجزيئي، ومن المحور 

 .الرأسي، يمكنك قراءة قوة النشاط

معرفة درجة حيث يمكن تحديد نوع وجودة الروابط الكيميائية. علاوة على ذلك، إذا كانت مادة بلورية، فيمكن 

 .التبلور والتشوه لـ الشبكة بلورية
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Fig.4 

 

Fig.5 

 

 

  

Exercises 

1- Find the wavelength at which the rate of spontaneous emission is equal to 
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the stimulated emission at a temperature under the condition of thermal 

equilibrium. 

2 - Explain mathematically that there is no laser beam generation when the 

thermal energy is equal   the photon energy  .  

Planck's constant  and Boltzmann's constant  

3 - What is the temperature for the occurrence of the laser action and laser 

generation? 

4- Calculate the ratio between the spontaneous emission and stimulated 

emission of a tungsten lamp due to a heat T = 1727 C ,  

where the light is visible. 

 

 

 

 

 

 

 

Glossary of laser definitions 

Absorption of radiation 
- Receiving electromagnetic radiation by interaction with the material, and 

transforming it to different form, which is usually heat (rise in temperature). The 

a
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bsorption process is dependent on the wavelength of the electromagnetic 

radiation and on the absorbing material. 

Active Medium 
- Collection of atoms or molecules which can be stimulated to a population inversion, 

and emit electromagnetic radiation in a stimulated emission. 

Amplification 
- The process in which the electromagnetic radiation inside the active medium within 

the laser optical cavity increase by the process of stimulated emission. 

Amplitude 
- The maximum value of a wave, measured from its equilibrium. 

Anode 
- The positive electrode of a gas laser, used for electrical excitation of the gas in the 

tube. 

Aperture 
- A small opening through which the electromagnetic radiation pass. 

Argon Laser 
- A gas laser in which argon ions are the active medium. This laser emits in the blue - 

green visible spectrum, primarily at 488 and 515 [nm]. 

Attenuation 
- The decrease in radiation energy (power) as a beam passes through an absorbing or 

scattering medium. 

Beam Diameter 
- Defined as the diameter of a circular beam at a certain point where the intensity drop 

to a fraction of its maximum value. The common definitions are 1/e (0.368) and 

1/e2 (0.135) of the maximum value. 

Beam Divergence 
- Angle of beam spread, measured in (milli)radians. Can be approximated for small 

angle by the ratio of the beam diameter to the distance from the laser aperture. 

Brewster Windows 
- Windows at the ends of a gas laser, used to produce polarized electromagnetic 

radiation. The window is at Brewster angle to the optical axis of the laser, so only one 

type of polarization can pass through. 

Brightness 
- The visual sensation of the luminous intensity of a light source. 

Carbon Dioxide (CO2) Laser 
- A gas laser in which CO2 molecules are the active medium. This laser emits in 

the infrared spectrum, primarily at 9-11 [µm], with the strongest emission line at 10.6 

[µm]. 

 

Cathode 
- The negative electrode of a gas laser, used for electrical excitation of the gas in the 

tube. 

Coherence 

https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#wavelength
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#emr
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#emr
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#stimulated_emission
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#pop_inv
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#emr
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#stimulated_emission
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#emr
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#stimulated_emission
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#gas_laser
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#excitation
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#emr
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#gas_laser
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#active_medium
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#visible_spectrum
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#milliradian
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#polarization
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#emr
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#emr
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#polarization
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#gas_laser
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#active_medium
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#ir_spectrum
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#gas_laser
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#excitation
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- A property of electromagnetic waves which are in phase in both time and space. 

Coherent light has Monochromaticity and low beam divergence, and can be 

concentrated to high power densities. Coherence is needed for interference processes 

like holography. 

Diffraction 
- A wave property which create deviation from a straight line when the beam pass near 

an edge of an opaque object. 

Divergence 
- Increase in beam diameter with distance from the aperture (see beam divergence). 

Diode Laser 

Semiconductor Laser 

Electromagnetic Radiation (Spectrum) 
- A wave which propagate in vacuum with the speed of light, and composed of 

simultaneous oscillations of electric field and magnetic field perpendicular to each 

other, and perpendicular to the direction of propagation of the beam. Created by 

accelerating electric charge, and include X-rays, visible spectrum, infrared spectrum, 

microwave etc. 

Electron Volt [eV] 
- Unit of energy: The amount of energy that the electron accuire while accelerating 

through a potential difference of 1 [Volt]. 

1 [eV] = 1.6*10-19 [Joule] 

Excimer Laser 
- A gas laser which emits in the UV spectrum. The active medium is an "Excited 

Dimer" which does not have a stable ground state. 

Excitation 
- Energizing the active medium to a state of population inversion. 

Fluorescence 
- Emission of light of particular wavelength, as a result of absorption of light at 

shorter wavelength. It is a property of some materials, each material has a 

specific wavelength of absorption and emission. 

Frequency () (nu) 

- The number of times that the wave oscillates per second (The number of periods of 

oscillations per second). For more information click Here. 

Gain 
- see Amplification. 

Gas Laser 
- A laser in which the active medium is a gas. The gas can be composed of molecules 

(like CO2), Atoms (like He-Ne), or ions (like Ar+). 

Ground State 
- Lowest energy level of an atom or molecule. 

Helium-Neon (He-Ne) Laser 
- A gas laser in which Helium (He) and Neon (Ne) atoms are the active medium. This 

laser emits primarily in the Visible spectrum, primarily at 632.8 [nm], but also have 

s

https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#monochromatic_light
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#beam_divergence
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#holography
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#beam_divergence
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#semiconductor_laser
https://perg.phys.ksu.edu/vqm/laserweb/glossary/Glossary.htm#visible_spectrum
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ome lines in the near Infrared. 

Hologram 
- An interference phenomena captured on a plate (or film). It can contain enormous 

amount of information and a 3 dimensional image can be constructed from it. 

Injection Laser 
A type of laser which produces its output from semiconductor materials such as GaAs. 

Infrared Spectrum (IR) 
- Invisible electromagnetic radiation between 0.7-1,000 [µm]. 

Injection Laser 
- See Diode Laser. 

Ion Laser 
- A laser in which the active medium is composed of ions of a Nobel gas (like Ar+ or 

Kr+). The gas is usually excited by high discharge voltage at the ends of a small bore 

tube. 

Irradiance (E) 
- Radiant flux (radiant power) per unit area incident upon a given surface. Units: Watts 

per square centimeter. (Sometimes referred to as power density, although not exactly 

correct). 

Laser 
- An acronym for Light Amplification by Stimulated Emission of Radiation. A laser 

device is an optical cavity, with mirrors at the ends, filled with material such as 

crystal, glass, liquid, gas or dye. A device which produces an intense beam of light with 

the unique properties of coherence, collimation and monochromaticity. 

Laser Accessories 
- The hardware and options available for lasers, such as Brewster windows, Q-

switches and optical components used to control laser radiation. 

Laser Medium 
- (See Active Medium) 

Laser Rod 
- A solid-state, rod-shaped active medium in which ion excitation is caused by a 

source of intense light (optical pumping), such as a flash lamp. Various materials are 

used for the rod, the earliest of which was synthetic ruby crystal (see Solid State 

Laser). 

Laser Pulse 
- A discontinuous burst of laser radiation, as opposed to a continuous beam. A true 

laser pulse achieves higher peak powers than that attainable in a CW output. 

Lens 
-A curved piece of optically transparent material which depending on its shape, is used 

to either converge or diverge light. 

Light 
- Usually referred to the visible spectrum. The range of electromagnetic 

radiation frequencies detected by the eye, or the wavelength range from about 400 to 

700 nanometers. The term is sometimes used loosely to include radiation beyond 

visible spectrum limits. 
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Limit Accessible Emission Level (AEL) 
- permitted within a particularly class. In ANSI Z-136.1, AEL is determined as the 

product of Accessible Emission Maximum Permissible Exposure limit (MPE) and 

the area of the limiting aperture (7mm for visible and near infrared lasers). 

Limiting Aperture 
- The maximum circular area over which radiance and radiant exposure can be 

averaged when determining safety hazards. 

Longitudinal (Axial) Modes 
- Specific wavelengths in the laser output, determined by standing waves within 

the laser cavity. Only longitudinal modes under the laser gain curve, above the laser 

threshold are found in the laser output. 

Maximum Permissible Exposure (MPE) 
- The level of laser radiation to which person may be exposed without hazardous effect 

or adverse biological changes in the eye or skin. 

Metastable State 
- The upper laser level. An excited state of the atom or molecule, which have a 

long lifetime. 

Micron 
- Micro-meter, one millionth of a meter (10-6 [m]). 

Milliradian 
- A unit to measure angles, one thousandth of a radian. 1 milliradian [mrad] = 0.057°. 

Mode locked 
- A method of controlling the length of the output laser pulse . Produce very short (10-

12 [sec]) burst of pulses. 

Monochromatic Light 
- Theoretically, light at one specific wavelength. Practically, light with very narrow 

bandwidth. The light out of a laser is the most monochromatic source known to man. 

Nanometer [nm] 
- one billionth of a meter (10-9 [m]). 

Nd:Glass Laser 
- A solid-state laser in which a Nd doped glass rod is used as a laser active medium, to 

produce 1064 [nm] wavelength. 

Nd:YAG Laser 
- A solid-state laser in which Neodymium doped Yttrium Aluminum Garnet is used as 

a laser active medium, to produce 1064 [nm] wavelength.. YAG is a synthetic crystal. 

Neodymium (Nd) 
- The rare earth element that is the active element in Nd:YAG laser and Nd:Glass 

lasers. 

Optical Cavity (Resonator) 
- Space between the laser mirrors where lasing action occurs. 

Optical Density 
- A logarithmic expression for the attenuation produced by an attenuating medium, 

such as an eye protection filter. 
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Optical Fiber 
- A filament of quartz or other optical material, capable of transmitting light along its 

length by multiple internal reflection and emitting it at the end. 

Optical Pumping 
- The excitation of the active medium in a laser by the application of light, rather than 

electrical discharge. Light can be from a conventional source like Xenon or Krypton 

lamp, or from another laser. 

Optical Radiation 

- Ultraviolet, visible and infrared spectrum (0.35-1.4 m) that falls in the region of 

transmittance of the human eye. 

Optical Resonator 
- The mirrors (or reflectors) making up the laser cavity including the laser rod or tube. 

The mirrors reflect light back and forth to build up amplification. 

Output Coupler 
- The part of the laser which enable light to come out of the laser. Usually it is a 

partially reflecting mirror at the end of the laser optical cavity. 

Output Power 
- The energy per second (measured in Watts) emitted from the laser in the form 

of coherent light. 

Photon 
- The elemental unit of light. Quantum of light with energy (E) proportional to the 

wavelength () (lambda) (or frequency f). 

 

E = hf = hc /  (lambda). (  (lambda) = wavelength,  c = speed of light,  h = Planks 

constant). 

Polarization 
- Vibration of the electric field vector in specific direction perpendicular to the 

direction of propagation of the wave. 

Population Inversion 
- An excited state of matter, in which more atoms (or molecules) are in upper state than 

in a lower one. This is a required situation for a laser action. 

Power 
- The rate of energy delivery in a unit of time, expressed in Watts (Joules per second). 

Thus: 1 [Watt] = 1 [Joule]/1 [sec]. 

Pulse Duration 
- The "On" time of a pulsed laser. 

Pulsed Laser 
- Laser which delivers energy in the form of a single or train of laser pulses. 

Pumping 
- (See Optical Pumping). Addition of energy (thermal, electrical, or optical) into 

active laser medium. Used to produce a state of population inversion. 

Q-Switch Laser 
- A laser which store energy in the active medium, to produce short pulse with high 

energ
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y. It is done by blocking the resonator ability to oscillate, keeping the "Q-Factor" of the 

optical cavity low. 

Radian 

- A unit of measurement of angles. 2 [rad] = 360°, 1 [rad] = 57.3°. 

Radiant Energy (Q) 
- Energy in the form of electromagnetic waves usually expressed in units 

of Joules (watt-seconds). 

Radiant Exposure (H) 
- The total energy per unit area incident upon a given surface. It is used to express 

exposure to pulsed laser radiation in units of J/cm2. 

Reflection 
- The return of radiant energy (incident light) by a surface, with no change 

in wavelength. 

Refraction 
- The change of direction of propagation of any wave, such as an electromagnetic 

wave, when it passes from one medium to another in which the wave velocity is 

different. The bending of incident rays as they pass from one medium to another (e.g.: 

air to glass). 

Ruby Laser 
- The first laser type. A solid state laser which use a crystal of sapphire (aluminum 

oxide) containing trace amounts of chromium oxide as an active medium. 

Scanning Laser 
- A laser having a time-varying direction, origin or pattern of propagation with respect 

to a stationary frame of reference. 

Semiconductor Laser 
- (see diode laser) A type of laser which produces its output from semiconductor 

materials such as GaAs. 

Solid Angle 
- The ratio of the area on the surface of a sphere to the square of the radius of that 

sphere. It is expressed in steradians (sr). 

Solid State Laser 
- A laser in which the active medium is in solid state (usually not including 

semiconductor lasers). 

Spontaneous Emission 
- Random emission of a photon by decay of an excited state to a lower level. 

Determined by the lifetime of the excited state. 

Spot Size 
- A measure of the diameter of the beam of laser radiation. 

Stimulated Emission 
- Coherent emission of radiation, stimulated by a photon absorbed by an atom (or 

molecule) in its excited state. 

Transverse Mode 
- The geometry of the power distribution in a cross section of a laser beam. 
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Transverse Electro-Magnetic (TEM) Mode 
- Used to designate the shape of a cross section of a laser beam. 

TEM00 
- The lowest order transverse mode possible. The power distribution across the beam 

is of a gaussian shape. 

Tunable Laser 
- A laser system that can be "tuned" to emit laser light over a continuous range 

of wavelengths or frequencies. 

Tunable Dye Laser 
- A laser whose active medium is a liquid dye, pumped by another laser or flash lamps, 

to produce various colors of light. The color of light may be tuned by adjusting optical 

tuning elements and/or changing the dye used. 

Ultraviolet (UV) Radiation 
- Electromagnetic radiation with wavelengths between soft X-rays and visible violet 

light, often broken down into UV-A (315-400 [nm]), UV-B (280-315 [nm]), and UV-C 

(100-280 [nm]). 

Visible Spectrum (light) 
- Electromagnetic radiation which can be detected by the human eye. It is commonly 

used to describe wavelengths which lie in the range between 400 nm and 700-780 nm. 

Wavelength () (Lamda) 

- The length of the light wave. The shortest distance at which the wave pattern fully 

repeats itself, usually measured from crest to crest. The wavelength of light in the 

visible spectrum determines its color. Common units of measurement are 

the micrometer (micron), the nanometer, and (old unit) the Angstrom unit. [For more 

information click here] 

YAG = Yttrium Aluminum Garnet 
- a widely used solid-state crystal which is composed of yttrium and aluminum oxides 

which is doped with a small amount of the rare-earth neodymium. 
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