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 مقدمة

 الأقراص تشععلي  أجهزة في ااسععاسععي ار عنصعع فتجدها التكنولوجي  المنتجات من ال ديد في الليزر أشعع   دخلت
 وغيرهعععععا القيعععععا  أدوات في أو الحعععععديعععععد ولحعععععا  قطع م عععععدات في أو الأسعععععععععععععنعععععا  طبيععععع  ادوات في أو المعععععدمجععععع 

 من غيره عن مميز الليزر يج   الذي وما الليزر هو ما ولكن الليزر تسععععععععت د  الأجهزة تلك ك   .المجالات من
 .وواضح مبسط بشك  بالليزر يت لق ما ك  بشرح نقو  سوف المقال  هذه في  .الضوئي  المصادر

 الععععجععععمععععلعععععع  فععععي والمععععتععععمعععع ععععلعععععع  الععععلععععيععععزر عععععمعععععع  لعععع ععععكععععرة الأولععععي الأحععععرف مععععن LASER لععععيععععزر كععععلععععمعععععع  تسععععععععععععععععمععععيعععععع  جععععععا ت
 Light Amplification by Stimulated Emission of Radiation :التالي 

 Stimulated Emission الاسععععععععععععععتعع عع ععععععا عع  الانععبعع ععععععا  بععواسععععععععععععععطعععععع  Light Amplification الضععععععععععععععو  تععكععبععيععر وتعع عع عع 
 حيث 1917 في اينشعععععععععععععتاين البرت ال الم الليزر بوجود تنبأ وقد  .Radiation الكهروملناطيسععععععععععععع   للإشععععععععععععع ا 

 في ليزر جهاز أول  تصععععععميم وتم stimulated emission الاسععععععت  ا   الانب ا  ل ملي  النظري  الأسععععععا  وضععععععع
 .Ruby laser الياقوت بليزر وي رف الياقوت بلورة باست دا   T.H. Maiman ميما  ال الم واسط ب 1960

 

 :التالية الخصائص له يكون حيث العادي الضوء عن يختلف الليزر ضوء

 أحععععععععععععععععععععادي المععععععععععععععععععععنععععععععععععععععععععبعععععععععععععععععععع ععععععععععععععععععععث الضععععععععععععععععععععععععععععععععو 
 طعععععععول  لععععععع  أ  أي monochromatic  العععععععلعععععععو  
 الضعو  لو   الموجي الطول  ي دد  .واحد موجي
 .طاقت  وكذلك الناتج

 مععاععزامععن يععكععو   الععلععيععزر مععن المععنععبعع ععععععث الضععععععععععععععو 
coherent نعع عع  فععي كععلععهععععععا العع ععوتععونععععععات ا  أي 

 فلا كبيرة الضعععععععععععععو  شععععععععععععععدة يج عع  ممععا الطور 
 الب ض ب ضعععععععها الضعععععععوئي  ال وتونات تلاشععععععع  
 .بينها الطور  لاختلاف نتيج 

 اتععععععععععععععجععععععععععععععاه لعععععععععععععع  المععععععععععععععنععععععععععععععبعععععععععععععع ععععععععععععععث الضععععععععععععععععععععععععععو 
 الليزر شعععععععععع ا  يكو   حيث directional واحد
 .ال راغ أن ا  في وينتشر مشتت يكو   ال ادي الضو  بينما مستقيم مسار في ال وتونات من حزم  عن عبارة

 ال ادي الضعو  في بينما stimulated emission الإسعت  ا   الانب ا  عملي  هي الخصعائ  هذه عن المسعوول
 .الآخر بال وتو   ل  علاق  لا عشوائي  بصورة فوتو   ك  ي رج حيث تلقائ  الإنب ا  يكو  



 

 ب ض عك  على المرايا تسعععععععععاعد  .الليزر انتاج مادة جانب  على الم بت  المرايا هو الليزر انتاج في المهم ام ال 
 أخرى  م ارة الكارونات اسععععععععععععت  ا  على ال وتونات هذه لت م  مرات عدة الليزر مادة داخ  إلى ال وتونات

 light للضعععععععععععععو  التكبير عمليعععععع  هي وهععععععذه الطور، ون   الموجي الطول  بن   ال وتونععععععات من مزيععععععدا لتطلق
amplification.  ال وتونات لب ض لتسععععععععععم  %100 من اق  عاكسععععععععععي ها لتكو   المرأتي  هتي  إحدى تصععععععععععمم 

 .علي  ن ص  الذي الليزر ش ا  وهو عبرها الخروج من

 
فيزيا  الليزر وتطبيقات  وهي موج  لك  الدارسععععععععي  في الت صععععععععصععععععععات هذه السععععععععلسععععععععل  المتكامل  من م اضععععععععرات 

 لأساسي اتركز هذه المحاضرات على فيزيا  الليزر والك ير من الم اهيم  . البكالوريو ال لمي  في مستوى درج  
ي مرحل    من مقررات فسععع  الطالفي ال يزيا  وي تبر هذا المقرر بم اب  مقرر دراسععع   شعععام  ع تمد على ك  ما در 

الحال   والذري  وفيزيا  اشعععععععععباه المواعععععععععلات وفيزيا  الحدي  م   الكهربي  والملناطيسعععععععععي  وال يزيا   البكالوريو 
 الصلب .

آم  أ  أكو  قد قدمت لأبنائنا الدارسععععععععي  من خلال هذا ال م  المتواضععععععععع ما ع ينهم على فهم واسععععععععتي ا  هذا 
 .ه السلسل  من المحاضراتالشكر لك  من يقد  نصي   حول هذال ر  من فرو  الم رف . كما أتقد  ب

 وراء القصد والله من
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Things you need to know

Before studying about lasers, you must be familiar with basic

terms used to describe electromagnetic waves:

Wavelength (ʎ)

Frequency ()

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.
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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 approximately:

c = 300,000 [km/sec] = 3*108 [m/sec]

One of the most important parameters of a wave is its
wavelength.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com

4

Wavelength

Wavelength (λ) (Lamda) is the distance between 
two adjacent points on the wave, which have the 
same phase. As an example (see figure below) the 
distance between two adjacent peaks of the wave. 
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Frequency

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

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.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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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.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Displacement as a function of space

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. 

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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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

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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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.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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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.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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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. 

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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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 equal to vacuum n0=1.

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. 

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Wavelength in Matter 

We saw that the velocity of light in matter is slower than in
vacuum. This slower velocity is associated with reduced
wavelength: λ = λ 0/n , while the frequency remains the same

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Refraction of Light Beam - Snell Law 

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

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Example 

The velocity of Red light (λ0= 0.6 µm) in a certain medium
is 1.5*108 m/s. What is the wavelength of this light in this
material?

Solution:

First find the index of refraction:

Using n, calculate the wavelength in the material:

Conclusion: The wavelength of Red light in a material with an

index of refraction of 2.0, is 0.3 µm

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Bohr model of the atom 

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 atom 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 charge of the electrons:

e = 1.6*10-19 [Coulomb]

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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The figure illustrates a simple, but adequate, picture of the atom, 
the Bohr model 

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.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Energy States (Levels) 

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).

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Energy transfer to and from the atom 

Energy transfer to and from the atom can be performed in
two different ways:

Collisions with other atoms, and the transfer of kinetic energy
as a result of the collision. This kinetic energy is transferred
into internal energy of the atom.

Absorption and emission of electromagnetic radiation.

Since we are now interested in the lasing process, we shall
concentrate on the second mechanism of energy transfer to
and from the atom.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Photons and the energy diagrams 

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):

h = 6.626*10-34 [Joule-sec]

This formula shows that the frequency of the radiation (ν), uniquely
determines the energy of each photon in this radiation.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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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.

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Introduction to LASER

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com

Physics Academy

10

What is LASER?

خ ما  للعياوا للطتراو ل للتاخ تا     اتكنولوجيا  للييا  تعتبر 
 ا للع ياا  ماا  للتربيماا ا مخاا  للااتر لا لليياا    ااخ للتربيماا

للربيااااااص لال تااااااا  ا لالة واااااا ة للعيطيااااااص لالل ن لاااااايص 
لاأي مسااتر ا لييا   م طاا  ل تياه تراااا    ااو.لاللعساكريص

.   و جص إلى   م مب أ عط  لليي   أي م  يعرف  في ي ء لليي

عب  ل ع  ج  ز يواو  للر ةاص ما  ماا خ  مرتيفاص هو لليي  إن 
 أ لاهذل تعرياه  سايل ليبا.إلى صو ل أشع ع ك رلامغن طيسخ

خ  خ للطوضوع لاتوضيح  كرل عطا  للييا   ثيان أ نا   واا   ا
  يطتيا  للع يا  ما( ضوء)للن  يص عيى شع ع ك رلامغن طيسخ 

.للرولص للتخ تطي ه ع  أي ما   ضوئخ
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What is LASER?

:لاة  ج ءا تسطيص كيطص لي   م  لةثرف لةلالخ لفكرل عط  لليي   أي أن

The word LASER is an acronym for 

Light Amplification by Stimulated Emission of Radiation.

لاتعنااااخ تكبياااار للطاااااوء  وللاااارص ل  بعااااا ة ل لااااتوخ  خ ل شاااااع ع 
.للك رلامغن طيسخ

ثيان لاضاا لةلا   1917لاة  تنبأ  وجوخ لليي   للع لم للبرا لينشت ي   خ 
لاتم تااطيم ألا   stimulated emissionللنظري لعطييص ل  بع ة ل لتوخ  خ

  لتر لا  ياو ل لليا ةوا  T.H. Maiman وللرص للع لم1960ج  ز لي    خ 
.Ruby laserلايعرف  يي   للي ةوا
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What is LASER?

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.
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تاريخ تطور الليزر

1864 - 1940 : History of Astronomical Spectroscopy 
1917 : Einstein postulates photons and stimulated emission 
1954 : First microwave laser 
1960 : First optical laser 
1965 : Microwave laser discovered in the Orion nebula 
1965 : Discovery of cosmic background radiation using microwave laser 
1966 : First gas dynamic laser 
1970 : First postulate of laser action in stars 
1973 : Discovery of laser action in quasars 
1979 : Near Infrared laser star found in Orion nebula 
1981 : Carbon dioxide laser discovered in atmosphere of mars and venus 
1984 : First x-ray laser 
1993 : Gas contact plasma laser 
1994 : Artificial laser guide stars 
1995 : Far infrared laser star discovered by Kuiper Airborne Observatory 
1996 : Ultraviolet laser star discovered by Hubble Space Telescope 
2000 : Survey of the worlds most powerful research and military lasers 
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خصائص شعاع الليزر

شاااع ع للييااا   يطتيااا   اااا ئي تطيااا ه عااا  أياااص ماااا   مااا  ماااا خ  ل شاااع ع 
:للك رلامغن طيسخ لاهذه للرا ئي هخ

1. Monochromaticity.

2. Directionality.

3. Coherence.

هذه الخصائص جعلت لشعاع 
الليزر العديد من التطبيقات في

كافة المجالات
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LASER Properties

LASER

Light 

Amplification

Stimulated

Emission 

Radiation
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Properties of LASER

ادر شعاع الليزر يمتلك خصائص تميزه عن  يينم دصنمر دن  دصن
:الإشعاع الكهرودغناطيسي وهذه الخصائص هي

1. Monochromaticity.

2. Directionality.

3. Coherence.

هذه الخصائص جعلت لشعاع 
الليزر العديد من التطبيقات في 

كافة المجالات

•These three properties make it more of a hazard than ordinary light.

•Laser light can deposit a great deal of energy within a very small 

area.
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Properties of LASER:  Monochromatic

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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تعني ين الليزر يحناد  اللن ن وهنذا دنا يمينزه عن  العن ي العناد  حين  ين 
يحت   بتحليل الع ي الأبيض الصادر د  الشمس يو د  دصباح ض ئي فإنه

علننا العميننم دنن  الأطنن اة الم  يننما حمننا هنن  واضننء عنننم تحليننل العنن ي 
Prismباستخمام المنش ر 
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Properties of LASER: Directional

ادر دن  الع ي الصادر ع  الليزر له اتجاه واحم بحي د دهمل بالمقارنم بالع ي الصن

.بيردصباح حهربي حي  ين الع ي العاد  ينبع  في حافم الاتجاهات وبحي د ح

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.
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Properties of LASER: Coherence

حينن  ين الشننعاع الكهرودغناطيسنني يمتلننك خاةننيم د  يننم يمكنن  وةنن ها
:بالمعادلم التاليم

y = A cos (wt+f(

A = Amplitude .
w = Angular Frequency .
f = Initial Phase of the wave (Describe the starting point in 

time of the oscillation). 
(wt+f  =( Phase of the wave.

تعنييأل هلانالييقل ثاييالفا تيياللييألليي الالايي  ل يي هلا  يي ا لCoherentالخاصيي الالز ا اة ييال
.ال تداخلال  التس بللألظاا ةلالت اكبلال ناء

Coherent waves are waves that maintain the relative phase 
between them .
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Properties of LASER: Coherence

تعطي تراحب  Phaseالشكل التالي ي ضء حيف ين ثلاث د  ات لها ن س الط ر
بينمننا تلننك التنني تخلننف فنني الطنن ر تكنن ن المحصننلم هنني  Constructiveبننناي

.Destructiveتلاشي الم  م
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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.
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How does a laser work?
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المكونات الاساسية لجهاز الليزر

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

Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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How the First Ruby Laser Works

 Ruby Laserسنعرض فكرة عمنل يوة لينزر تنك احتشنافه وهن 

وع فني لت ضيء العناةر الأساسيم لمبمي عمل الليزر قبنل الشنر

ظ في الشنكل التنالي نلاحن.دراسم تأثير حل عنصر علا حمى

صنمر ساق بل رة الياق ت دحاطاً بأنب ب ال لاش الحلزوني وه  د

حمنا نلاحنظ شنعاع .الطاقم التني سنتعمل علنا رثنارة النذرات

.الليزر الأحمر
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انتاجمراحل 

شعاع الليزر

تقسم إلى  

مراحل  اربعة

هي
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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.

المرحلة الأولى
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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.

المرحلة الثانية
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Amplification

Mirrors at each end 

reflect the photons back 

and forth, continuing 

this process of 

stimulated emission and 

amplification. 

المرحلة الثالثة
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Laser Beam

The photons leave 

through the partially 

silvered mirror at one 

end. This is laser light. 

المرحلة الرابعة
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The Interaction of 
Electromagnetic Radiation with 

Matter 
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Emission and Absorption of Radiation 

إن نعلم أن الذرة تكتسب طاقة وتفقدها بصورة مستمرة و
:انتقال الطاقة إلى الذرة يتم بواسطة طريقتين هما

Collisions with other atoms, and the transfer of kinetic 

energy as a result of the collision. This kinetic energy is 
transferred into internal energy of the atom.

Absorption and emission of electromagnetic radiation

اصامتصخلالمنالطاقةانتقالعلىتعتمدالليزرعمليةأنوحيث
Absorptionوانبعاثهتكبيرهثمالكهرومغناطيسيالإشعاع

emissionالامتصاصظاهرةسندرسلذاليزر،شعاعشكلعلى
.والانبعاث
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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 is equal to the energy
difference between these two energy levels (E2-E1).

When this energy is absorbed or emitted in a form of
electromagnetic radiation, the energy difference between
these two energy levels (E2-E1) determines uniquely the
frequency (ν) of the electromagnetic radiation:
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Example 

The visible spectrum wavelength range is:
0.4 - 0.7 [μm] (400-700 [nm]).

The wavelength of the violet light is the
shortest, and the wavelength of the red light is
the longest. Calculate:

a)What is the frequency range of the visible
spectrum.

b) What is the amount of the photon’s energy
associated with the violet light, compared to the
photon energy of the red light.
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Solution: 

The frequency of violet light:

The frequency of red light:

The difference in frequencies:   
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The energy of a violet photon:

The energy of a red photon:

The difference in energies between the violet photon and the red 
photon is: 

2.15*10-19 [J]

This example shows how much more energy the violet photon 
have compared to the red photon. 
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Question

Calculate in units of Nanometer, the
wavelength of light emitted by the
transition from energy level E3 to energy
level E2 in which:

E1 = 0   [eV]

E2 = 1.1 [eV]

E3 = 3.5 [eV]
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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 (DE).

If this energy is transmitted as electromagnetic energy, it is called
photon.
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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.
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Three possible
processes
between 

photons and 
atoms

Stimulated 
Absorption

Spontaneous 
Emission

Stimulated 
Emission
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Photon Absorption

Photon Absorption: A photon with frequency n12 hits an atom at 

rest (left), and excites it to higher energy level (E2) while the 

photon is absorbed.
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Spontaneous Emission

Spontaneous emission of a photon: An atom in an excited 
state (left) emits a photon with frequency n12 and goes to a lower 

energy level (E1).
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Stimulated Emission

Stimulated emission of a photon: A photon with frequency n12

hit an excited atom (left), and cause emission of two photons with 

frequency n12 while the atom goes to a lower energy level (E1).
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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
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Remember that two photons with the same wavelength 

(frequency) have the same energy:

E = hn = hc/l

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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Average Lifetime 

Atoms stay in an excited level only for a short time (about
10-8 [sec]), and then 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.
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When the transition probability is low for a specific transition, the
lifetime of this energy level is longer (about 10-3 sec), and this level
becomes a "meta-stable" 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
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The Einstein Relation 

وضي  اسسياا النييرع لعايل الليي   1917ذكرنا سابقاً أن العلم اينشتين في  ايا  

Electromagneticمييين  يييسة ت اسيييل اقاايييل الغاايييل ال  روم نا ي ييييل
Radiation ميي  الايياتMatter وذلييم ميين  ييسة العاليييال ا نتقاليييل ال س ييل

:التاليل

, E0ايا الا ونل للاات  موزال الى م تويين للغاايل  الذ الافترض اينشتين أن 

E1 حيييأ أن م ييتوط الغااييلE0 يعييرب باسييمGround State أمييا م ييتوط

اات  ا نتقا ل ال س ل ال ابقل احدث ف  ال.Excited Stateبـفيعرب E1الغاال 

بييين م ييتوي  الغااييل انييد أع ت  ييل حييرا   و ييذا مييا يعييرب بييا ا ان الحييرا ع 

Thermal Equilibrium.

والإشيعا  الش ل التال  يوضح م توي  الغاال واأ ير كل االيل انتقاة الي  اليذ  

.ال  روم نا ي  

Absorption process

Spontaneous Emission

Stimulated Emission
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 Einstein Coefficientsمعامسل اينشتين 

A21اعيرب الاعيامسل & B12 & B21باعيامسل اينشيتينEinstein Coefficients 
.و   الت  اعغينا ف ر   يد  ان احتااليل حدوث انتقاة بين م تويال الغاال

A21B12 B21

Absorption
Spontaneous

Emission

Stimulated

Emission

E1

E2
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Population at thermal equilibrium 

اك ويلمباعاتللاوصفالحرا عا ا اناندالغاالم تويالف الذ الاعداتبينالعسالإن

-Maxwellالإحصائ للتوزي بولت مان Boltzman Law

Where T is the temperature

in Kelvin and there is a

thermal equilibrium at T, g is

the statistical weight which

represent the different ways

of distribution of atoms all

have the same energy

(degeneracy).
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Example:

Calculate the ratio of the population numbers (N1, N2) for the two
energy levels E2 and E1 when the material is at room temperature
(300oK), and the difference between the energy levels is 0.5 [eV].
What is the wavelength (λ) of a photon which will be emitted in the
transition from E2 to E1? where kB = 1.38x10-23 J/K

Solution:
When substituting the numbers in the equation, we get:

This means that at room temperature, for every 1,000,000,000
atoms at the ground level (E1), there are 4 atoms in the excited
state (E2) !!!
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= 4 * 10-9

Physics Academy

To calculate the wavelength:

This wavelength is in the Near Infra-Red (NIR) 
spectrum.
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The Rate Equations for the Absorption, Spontaneous 
Emission and Stimulated Emission 

قاليةالانتالعملياتمنعمليةكلتأثيربدراسةالمرحلةهذهفيسنقوم

E1المثارالطاقةمستويفيN1الذراتتعدادتغيرمعدلعلىالثلاث

منمجموعةسنفترضلذا،dN1/dtالحراريالاتزانحالةفيوذلك

E0للطاقةمستويينعلىموزعةالذرات , E1

A10B01 B10

E0

E1
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Spontaneous Emission  ــالتلقائاثـــا نبع

االيلزاتلكلااN1ازتاتكلااأعE1الا توعاعداتالىالتلقائ ا نبعاثااليلاعتاد

حدوثاحتااليلالىيعبرالذعA10الاعاملالىا نتقاة ذايعتادوكذلمالتلقائ ،ا نبعاث

كلااسنبال البلل منبالن بلE1الا توطاعداتف الت يرمعدةي ون.التلقائ ا نبعاث

:التاليلبالاعاتللذلمانالتعبيرويا نN1نقصتكلااالت يرمعدةزات

8Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Stimulated Absorptionا متصاص 

االيلزاتلكلااN0ازتاتكلااأعE0الا توعاعداتالىا متصاصااليلاعتاد

االيلحدوثاحتااليلالىيعبرالذعB01الاعاملالىا نتقاة ذايعتادوكذلما متصاص،

زاتكلااسنبالاو بلل منبالن بلE1الا توطاعداتف الت يرمعدةي ون.ا متصاص

ا اوع االوذفواوناوفرإذااحدثا متصاصااليلأنوحيأ.N1زاتكلااالت يرمعدة

أنأعE0وE1الا تويينبينالغاالفرق

  (DE) = E2-E1

الإشعا  افلب ان انعبرفإنناا متصاصااليلف ال ابقلالاعاتللاحققمدطانوللتعبير

Energyالترتتف كات يرrبالدالل density of radiation مدطاعغ والت

ارتتاندفواونالو وتاحتااليل

:التاليلبالاعاتللE1الا توطاعداتا يرالىا متصاصااليلاأ يرالتعبيرويا ن

dN1/dt = + B01 N0 r () (2)
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Stimulated Emissionا ستح ا  ا نبعاث 

االيلزاتلكلااN1ازتاتكلااأعE1الا توعاعداتالىا ستح ا  ا نبعاثااليلاعتاد

حدوثاحتااليلالىيعبرالذعB10الاعاملالىا نتقاة ذايعتادوكذلم،ا ستح ا  ا نبعاث

بال البلل منبالن بلE1الا توطاعداتف الت يرمعدةي ون.ا ستح ا  ا نبعاثااليل

اوفراذااحدثا ستح ا  ا نبعاثااليلأنوحيأ.N1الكلااالت يرمعدةزاتكلااسن

أنأعE0وE1الا تويينبينالغاالفرقا اوع االذوفواون

  (DE) = E2-E1

ب  افلان انعبرفإنناا ستح ا  ا نبعاثااليلف ال ابقلالاعاتللاحققمدطانوللتعبير

Energyالترتتف كات يرrبالداللا شعا  density of radiation اعغ والت

ارتتاندفواونالو وتاحتااليلمدط

:التاليلبالاعاتللE1الا توطاعداتا يرالىا ستح ا  ا نبعاثااليلاأ يرالتعبيرويا ن

dN1/dt = - B10 N1 r () (3)
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فاعلتتأنخلالهامنيمكنالتيالمختلفةالحالاتتمثلالذكرالسابقةالثلاثةالمعادلات
فإنTحرارةدرجةعندالحراري الاتزانحالةوفي.المادةذراتمعالكهرومغناطيسيالإشعاع

أنأيثابتيكون E1الطاقةمستوى فيN1الذراتعدد

N1 = Constant & dN1/dt = zero

Therefore

11Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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اتليل وحيأ أن الاعات ل ال س ل اس ير  ام اشيتقاا ا احيت شير  ا اي ان الحيرا ع ول يذا فيإن مع

متحققلبولت مانماك ويل 

:نحصل الى الاعاتلل التاليل( 5)بالاعاتلل ( 4)وباقا نل الاعاتلل 

ث التلقيائ  اند ت  ال الحرا   العاليل فإن ك افل الإشعا  ا ون كبير  و نا يا ن إ ااة اأ ير االيل ا نبعيا

.حيأ إن ا   اتأ ر بت ير ت  ل الحرا  
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When KT>>hv       we get  g1/g0=N1/N0     hence,
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Equation (7) called Einstein equation for black body radiation

From the Blank equation of black body radiation
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The equation (6) and (9) are called Einstein relations. The
second relation enables us to evaluate the ratio of the rate
of spontaneous emission to the rate of stimulated emission
for a given pair of energy levels.
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 Einstein Coefficientsحالاحلبيتدمشذد ي
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The ratio for the spontaneous emission to the stimulated

emission can be written as
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Example

Calculate the ratio of spontaneous emission to stimulated emission for a
tungsten filament operating at a temperature of 2000K taking the average
frequency to be 5x1014Hz.

Solution

The ratio R = exp[(6.6x10-34*4x1014)/(1.38x10-23*2000)]

تم إهمال كثافة الإشعاع

R = 1.5x105

This confirms that under normal condition of thermal equilibrium
stimulated emission is not an important process.
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 spontaneousتنافس عمليتي stimulated emissionمما سبق نستنتج أن عملية
emission وabsorption وحتى نكبر شعاع ضوئيي وئسسو ةstimulated emission 

.سلاخرتيينفإنه يجب أن نزيد معدل هذه سلعملية والنسبة للعمليتين 

وهوذس موا E1وحتى يتحقق ذلك فإنه يجوب ييوا ك افافوة ساشوعاع وتعودس  سلمسوتئ 
.Population Inversionوويعرف 
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اتساع وشكل الخط الطيفي
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Width and Shape of Spectral lines 

يتولد الليزر داخل المادة عندد طودوام جوةيدح جةدددة ي داد  اطدد ااودوام الموةيدح 
الطيدف رسمدش ةددة ااةدعا  دلتمثيدل خطدوو.لخطوو الطيف المنبعثح جن المدادة

.الكهسدجغناوي ي المنبعث جن المادة كدالح في التسدد طد الطوم الموةي

Emission line is described by plotting spontaneous emission
radiation intensity as a function of frequency (or wavelength), for
the specific lasing transition.

دهويددطيسددعندفقطيسيكزالمثارةالذرةجنالمنبعثالطيفطنمابقا  افتسضنا
νo يدعىدالذResonance Frequency

يدد فقدط دلكن في الةقيقح فإن عمليتي الاجتصاص دالاربعاث لا يةدثان عند يدسدد دط
دهدذا Δνدلكدن عندد طزجدح جدن التدسدداي التدي يسدكل اي دا  فدي الخدط الطي دي

مدنذكسها يعتمد على الكثيس جن العواجدل  emission lineالاي ا  في الخط الطي ي
.بالت صيل خلام هذه المةاضسة
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Monochromaticاللون أحاديبمصطلحالمقصود

وعنااد ر اا  ،l0نظريااا نااصن مصااطلح أحااادي اللااون وجنااح طااو  مااو ح محاادد
مااو حالمنحنااح الير اار نااح طاادا الط اال المنبجااط للم اايوي ن طا اا  ماا  الطااو  

كماا ناح الطاكل الموعاح علا  spectral line ناي  طاي وجارا باالطي الطو اح
ي اااوي l0طااار مو واا ال انااا اموماان ح ااط أن طاادا امطااج  عنااد أطااوا  

. ص ر

Width of spectral line (laser radiation) in Theory and in Reality
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منبجطالالط لطداب نالجلا  يمث لعندنصنالحقوق نحأما
Dlمقدارهمج ناي اعالطو حللطيأننلاحظالمو حوالطو 

spectralباوجرا widthعند وم أعظ يكون بح طl0

الطكلنحكماl0ب وارالم اوراالمو و امطوا عل ويينا ص
اليوعوححالطكلمنامو رال اناعل 
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تخطق وللتعبيررع  ررل شرركل واتسرراع الخررط الطيفرري  اكررل امررتخطاق العط ررط  ررل الطررع  ولكررل م سرر

ه واري اعتسراع   رط   تمر  القار      Full Width at Halfالطع قر  اكثررع شريً ا

Maximum  بـوالتي تكتب اختمارFWHMثاا في الشكل التالي:

FWHM = Full Width at Half Maximum

5Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Broadening the of emission line

Certain mechanisms are responsible for broadening the
linewidth of a laser:

• Natural Broadening (Lifetime Broadening)

• Doppler Broadening

• Collision Broadening (Pressure Broadening)

ح نقو  بدرا   كل عامل بالي ص ل ليوعوح يأث ره عل  اي اع الطي الطو 
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Natural Broadening (Lifetime Broadening) 

 وم أنأييماما  حادابأنهامجهايجاملنااليح(0,1)الطا  م يوواتبأن لمنالقد
DEص رو اوي (الطك)اللاحيمو  = ه زنبر مبدأم ينا ضوطكلوهذامنهما،لكل0

لانهائحزمنيبق أن  اE1الم يوى إل المثاراالذرانصنالطكمبدأمنأنح طللطك
.ص رو اوي E1الطا  م يوى يحد دنحالطكوكون حي 

Heisenberg uncertainty principle:

DE × Dt > h

DE = h × Dn

Dn  > 1/ Dt

Numerical examples:

Dt = 10-8 [s]  Dn = 108 [Hz]

Dt = 10-4 [s]  Dn = 104 [Hz]

The longer the specific energy level transition lifetime, the
narrower its linewidth Dn .

7Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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بشكل حطدغيعالارارةالحال فيالذرةفيهتبقىالذ الز ل ننعلم

  ي زفتعةفيهتبقىفسًف اطاق  ستً إلىذرة ثيعتفإذا.عنهائي

Groundللطاق اكرضيالاستًىإلىتعًدثم حطدة levelوتطلق

.فًتًنات

Emission line between narrow (ideal) energy levels
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ا مثااارا مباادأ الطااك والجماار المحاادود لبقااا  الااذر ولليرلااا علاا  هااذا الينااا ض باا ن 
ر مااا ن اارض أن م اايووات الطا اا  لهااا اي اااع وأن الااذرات ييااوزع باحيمالواا  أكباا

nكما نح الطكل الموعاح، ولاذلك ناصن احيمالوا  الانيقاا noومكن عند اليردد

ما  لان احيمالو  يوزيا  الاذرات ناح منيصال م ايوى حز n21ا ل من احيمالو 
.الطا   اكبر ما ومكن

Emission line between wide (real) energy levels
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Averageالم يوى عمرميو يبأطذ life time t الزمننحللطككمقواسالطا  لم يوى
.Dt

Naturalالطبوجحالاي اعني   الطو حالطياي اعيقد روومكن Broadening لم يوي
:اليالو بالمجادل iطا  

Where as Dni = 0 for the ground state since ti=∞. The upper state (excited
state) have life time in the range of 10-6-10-9 sec.

In the case of both levels involving the transition are broadened then the
line width is given by

Dn21 =Dn1 +Dn2
The life time of an excited state is the inverse of the spontaneous emission
probability (A21)

In general case

i

i
t

n
2

1
=D

21

1

A
=t

21

1

A
=t
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The  shape of spectral line due to the natural 
broadening is given by the line shape function g(n)

g(n)تعطي احتمالية حدوث الانتقال عند تردد مادالة.

.فيهي منتصف القيمة العظمى للاحتمالية وتسمى اتساع الخط الطيDnو
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Physics Academy

Summary

Natural Broadening

Width of spectral line due 

to natural broadening

Shape of spectral line due 

to natural broadening

i

i
t

n
2

1
=D

Lorentzian function 
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Examples

For Sodium

Tsp = 16ns    then

For Ruby   Tsp=3x10-3sec        (metastable state)

For Semiconductor Tsp=10-9sec

MHz
i

i 10
10162

1

2

1
9

=


==D
t

n

Hz
i

i 53
1032

1

2

1
3

=


==D
t

n

MHzi 100=Dn
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Broadening the of emission line

Certain mechanisms are responsible for broadening the
linewidth of a laser:

•Natural Broadening (Lifetime Broadening)

•Doppler Broadening

•Collision Broadening (Pressure Broadening)

سنقوم بدراسة كل عامل بالتفصيل لتوضيح تأثيره على اتساع الخط الطيفي
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Doppler Broadening 

يفيالطالخطاتساععلىالطاقةلمستوياتالمحدودالعمرتأثيردرسنا
Natural Broadening،علىدوبلرظاهرةتأثيربدراسةالآننقوموسوف

.الطيفيالخطاتساع

هاينتيياارنااينالتارددنالمقااا ننتيكاةنالحركااةنظاااهرةندبلاركمااننعلاأن نن
رنمثااانال اوتنالاامعننساامعرنلاادعنمااروالنساييةنباايلنالم اادرنوالمراقاا ،

راقا نسيارةنإسعافنمسرعةنبالنسيةنلنا،ناعندمانيتحركنالم درنباتكاا نم
درنعلنثابتناإننالترددنالمقا نبواسطةنالمراق نيزدادنوعندمانييتعدنالم 

ةنالمراق نالثاباتني ايانالتارددنالمقاا ن قاانمالنتارددنالم ادرنااين الا
.سكون

لفهأنالمق ودنبظاهرةندبلرناستعلنبالمحاضرةنعلىنالموقعنالتالي
http://www.hazemsakeek.com/Physics_Lectures/medicalphysics/medical_lectures/medical_lectures_5d.htm
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 ن يثالكهروميناطيسيللطيفالياعثةمراتللدبلرظاهرةتحدث

اإنولهماالضوئيالانيعاث ثناءمستمرة ركة الةايالمرات

سوفSpectrometer)المطياف)التردداتتلكيقيسالمعالمراق 

يافالمطملمقتربةالمراتكانتإذاما س مختلفةتردداتيقيس

.المطيافعلميتعدة و

يةنوالتااردداتنالمقاسااةنتعتماادنعلااىنالساارعةنالنسااييةنللاامراتنبالنساا

:للمطيافنكماناينمعادلةندبلرنالتالية

Classical Doppler Effect









c
vv o

v
1
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ونعلاىن سا نسارعاتهانالاالامراتيمكلنالتمييزنبيلنمكموعةنمالن

لافناختلفتنمكموعةناينسرعتهاناإننالتردداتنالمنيعثاةنمنهاانتخت

ومالن.اتوبالتاليننستطيعنتمييزنالتردداتننتيكاةنلاخات فنالسارع

لنالنظريةنالعامةنلليازاتناإننا تماليةنانتمااءنذرةنإلاىنمكموعاةنما

يمكالنإيكادهاانمالنv to v+dvسرعتهانتنح رناينالماد نالمرات

:كمانيليبولتزمانتوزيعنماكسويان

وبالتاليناإننا تمالياةن ننتكاوننسارعةنالامرةنواقعاةنااينالماد 

v to v+dvيمكلنالتعييرنعنهانبالدالةنg(v)dv

v
2

2v
2/1

2/1

de
kT

M

N

dN
kT

m
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where dN the total number of atoms have velocity in the range v to 
v+dv

N the total number of the atoms
M the mass of the atom
T the temperature in Kelvin at thermal equilibrium

سوف يكون معتمداً 2و 1وحيث أن الترددات المنبعثة من الذرة نتيجة للانتقال بين مستويي الطاقة 

على سرعة الذرة من خلال معادلة دبلر على النحو التالي

وذلكنللتعويضناينالمعادلةنvوالترددننvسنقومنالآننبإيكادنع قةنبيلنالسرعةن
:كمانيلي)*( 

(*)
v

2
v)v(

2v
2/1

2/1

de
kT

M

N

dN
dg kT

m
























c
vv o

v
1

السرعة

التردد
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نح انعلىdvو vعل (*)بالتعويضناينالمعادلة

والتينتعطاينالاتسااعنااين Gaussian Functionوهم نالمعادلةنتسمىنمعادلةن

إيكاادنالخطنالطيفيننتيكةنظاهرةندبلرنوالشكانالتالينيوضانالاتسااعنالمطلاو 

.قيمتر




 de
kT

M

v

c
dg o

o

v

vv

kT

mc

o

2
2

)(2/1
2/1

2
)(
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cv
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v
vv

o

oo
o

vv





السرعة

التردد
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cv dv
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السرعة

التردد
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ومان الكاكل voعان التاردد )**( بالتعويض في المعادلة الساابقة 

هو نصف قيمة الدالاة عناد التاردد v1أيضا نلاحظ أن عند التردد 

voوعليه نحصل على المعادلتين التاليتين.
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:بالقسمة المعادلتين نحصل على المعادلة التالية
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التاليةللتخلصنملنالدالةنالاسيةننأخمناللوغارتأنللطرايلنانح انعلىنالمعادلة

وبهذا فإن

21

2

)(
2

2ln
o

o

v

vv

kT

Mc 


2/1

2

1 2ln2
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v
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o

o
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وحيث أن من الشكل التوضيحي للمنحني 
اتساع دبلر فإن

بالتعويض عن الثوابت نحصل على مدى الاتساع الناتج عن ظاهرة دبلر

2
1


 ovv

21

2ln2
2)(2

Mc

kT
vvv oo 

M

T
vo

7107 
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لا ظن ن

ثنوعليارنمد نالاتساعنيتناس نطرديانًمعنالترددنالأصلينللطيافنالمنيعا

ااااإننظااااهرةندبلااارنتااادثرنعلاااىنالتاااردداتنالكييااارةنمثاااانالانيعااااثن

الكهروميناطيساايناااينمااد ناللااوننالأزررن ون كثاار،ن مااانالتااردداتناااين

مد ناللوننالأ مرن ون قاانااإننظااهرةندبلارنلانتلعا ندورانً ساسايانااي

.الاتساع

كمان ننالاتساعننتيكةنظاهرةندبلارنيازدادنبزياادةندر ااتنالحارارةنويازداد

بنق اننالكتلة

M

T
vo

7107 
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Example

For Infrared λ=10.6μm   in CO2 laser  [m=44, T=300k]

For visible λ=6328Å    [m=20,  T=400k]

MHzD 60

Å2.0 D c
D







2

MHzD 1500

Å02.0 D
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For vacuum UV  λ=1216Å

GHzD 55

Å03.0 D

MHznatural 10

oD

m
D

1


TD
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Pressure Broadening (Collision Broadening) 

ينتت عن تتتناد اتتالماننادين تتذناتت تنادتت  انن

رانادبا ثذندلإشتاا نادهرنممنناي يتبناا ت

دقطتا نمي يببناد االمنفبنا قطا نا. اباض

اديوجبنادينباثنمتتنادت  ونمات اناط قطتا ن

ميتتان،13sec-10يتتمممندر تتنونةاتت نونجتتمان

ييتتببنداتتمازنةرتتوانن  تتواو ذنفتتبنيتتو ن

ادقطا ناديتوجب،نميتانفتبناد تهت،نم هتو ن

اديحاتتتاذنادنراو تتتذندرتتت اناد اتتتالمانناتتتون

ا يتتا نفتتبنمتتمدناد تتنللاننادينباثتتذنمتتتن

ادتت  اننادي اتتالمذناتتودناد تتنللنا  تتاب

voمفبنا انادحادذنفإ نادمادذناد بن اطتب

شهتنادخطنادط ربناب
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يرنملنوالشرطنالأساسينلهم نالمعادلةنهون ننيكوننالزملنبيلنالت ادماتن كيرنبكث
زملنالت ادمننفسرن عن ن

Tc >> tc

where Tc is the time between collisions
tc is the time of collision

 is the spectral line broadening due to the natural lifetime and 

the collision process, therefore
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ةنالعمرنوهمانيعطينالاتساعننتيكةنللت ادماتنوقدنتأنإهمالنالاتساعننتيك

الناات نالمحدودنلمستوياتنالطاقةنوذلكنل ايرنقيمتارنبالمقارناةنبالاتسااع

علنالت ادماتنبيلنالمرات

17Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Homogenous & Non-homogeneous 
Broadening 

ادي جا سااط يا يانفا  و  تإدىاط يا يقيم
Homogenous Broadening

Life تادنا عاط يا مثت time Broadening & Pressure
Broadening

-Nonم جا سادن نااط يا يانفادثا بمادنو 
homogeneous BroadeningمثتDoppler Broadening

متمدخندمجيو ذا تاد ي وييهننالاانفب  مذدك
LifeمPressureفبدماسن ا را،ايباد  ان timeفلا
.مدخنداد  انمتمجيو ذا ت ي  ويوجم

فقطزيحمدا و اد هب نفإ م جا سادن ناط يا اادذفب
اط يا فبدمااد  انمتمحملومجيو ذاواسطذ

اجلإ  اد هب ن يا ذفب  ا كاد  انمتفإ ادي جا س
.(طاقا نذدك وض حس أ ب).ادا و 

18Dr. Hazem Falah Sakeek    www.physicsacademy.org  &  www.hazemsakeek.com
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Absorption and Small Signal 
Gain Coefficient
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Lecture 8

معادلة الليزر
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HeNe Laser in Action
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HeNe Laser tube
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Absorption of electromagnetic Radiation 

photonفوتونامتصاصعمليةأنعلمناالسابقةالمحاضراتمن

absorptionإلىمثارةغيرذرةمنتتغيرالذرةحالةفإنذرة،بواسطة

.اكتسبتهالذيالفوتونطاقةتساويبطاقةمثارةذرة

ولكن.حداعلىالمادةفيالذرةإلىالنظرعنديحدثمابالفعلوهذا

macroscopicالامتصاصعمليةلوصفالجاهريةالحالةاعتبرناإذا

systemالمادةعلىالساقطالكهرومغناطيسيالشعاعمنجزءفإن

Thermalالعاديةالحالةوفييمتصسوف Equilibriumشدةفإن

لشعاعاشدةتربطالتيوالعلاقةالساقطالشعاعمنأقلالنافذالشعاع

Lambertلامبرتقانونهوالمادةوسمكالساقطالشعاعمعالنافذ

Law
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I = Io exp(-ax)

I0 = Intensity of incoming radiation.

a = Absorption coefficient of the material.

It is common to use units of centimeter (10-2 [m]), to measure
the width of the material (x), so the units of the absorption
coefficient (a) are:

[cm-1] = [1/cm].

النافذةالأشعةشدةكانتكلماالمادةسمكازدادكلماأننستنتجالمعادلةهذهومن
transmittedاقل.

Physics Academy
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Example: Absorption Coefficient (a)

Calculate the absorption coefficient (a) of materials which
transmit 50% of the intensity of the incident radiation on a 10
[mm] width, to the other side.

Solution

Using the exponential absorption law:

a = 1/x * ln(Io/I) = 1/1 * ln(1/0.5) = 0.69 cm-1

Results from the exponential absorption law:

•For every material, absorption depends on the width of the
material. The thicker the material, less radiation will be
transmitted through.

•For a certain width (x) of the material, absorption depends only
on the absorption coefficient (a), which is characteristic of
each material.
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Small Signal Gain Coefficient

لأن الأشااعة النافااذة أقاال ماان الأشااعة إن مااا ساابي لا يناات  شااعاع لياازر 
الساقطة والمطلوب هو الحصول على شعاع مكبر بعد نفااذ  مان الماادة،

ياد مان عمليتاي الانبعااث التلقااوي والأساتحثازي تزوكما نعلم أن كل مان 
شااادة الأشاااعة، بينماااا عملياااة الامتصااااص تقلااال مااان شااادة الأشاااعة 

ن وللحصاول علاى الليازر يجا  أن تكاون عملياة الانبعااث أكبار ما.النافذة
.عملية الامتصاص حتى نحصل على شعاع ليزر

وتون مكبراستحثت بواسطة فوتون فكانت النتيجة ف( السحابة الخضراء)يوضح الشكل أعلاه ذرة مثارة 

مع وقد درس العالم اينشتين تأزير تفاعل الإشعاع الكهرومغناطيسي
المادة من خلال عمليات الانتقال الثلازة

1.Absorption

2.Spontaneous Emission

3.Stimulated Emission

Physics Academy
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Consider a collimated beam of light travelling in z-direction and passing

through an atomic gas, For simplicity assume that there is only a single

radiative transition, which occurs between two energy state E1 and E2

where E2 > E1. The incident light is monochromatic at the transition

frequency

v21 = (E2-E1) / h
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The light beam is characterized by its irradiance, I, 

In = C r(n)

Where In is the irradiance (energy per unit area per sec)

C is the speed of light (m/sec)

r(n) is the energy density (J/m3)

The magnification of In as it interacts with the atoms in

E1 & E2 along the z-direction is as follow:

Physics Academy

10Dr. Hazem Falah Sakeek

DIn =   + N2*Dz*1 (In/C) B21 g(n) * hn

- N1*Dz*1 (In/C) B12 g(n) * hn

+ N2*Dz*1 A21 g(n) * hn

Stimulated emission

Absorption

Spontaneous emission

يمكن تجميع المعادلة بالصورة التالية
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أيادةالمعلىساقطةفوتوناتوجودعدمأوبوجودتحدثالتلقائيالانبعاثعمليةأنحيث
.المعادلةفيتهملفإنهالذاIعلىتعتمدلاإنها

كانتإذاسالبةقيمةتكونzًللمسافةبالنسبةالأشعةشدةفيالتغيرقيمةأنأيضاً نلاحظ
N1>N2يرتكبأردناإذاولذلكتكبير،علىنحصللاوهناالطبيعة،فييحدثماوهذا

بانقلابيعرفماوهذاN2>N1تكونًأنالضروريًمنفإنهليزرعلىلنحصلالأشعة
Populationالتعداد Inversion.معادلاتونستخدمالسابقةالمعادلةإلىلنعود

:وهماالذكرالسابقاينشتين

Physics Academy
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وبذلك ينتج أن

باستخدام معادلات اينشتين ينتج التالي B21وبالتعويض عن

باختصار المعادلة السابقة ينتج أن

Laser Equation
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ولهتذاًتعترفًباستمًمعامتلًالحصتيلةًالصتغيرةcm-1أوm-1الثوابتتًفتيًالمعادلتةًلهتاًوحتدة
Small signal Gain Coefficient

ستتبقىN2ًأيًأنN2صتغيرةًبحيتثًلاًتت ثرًعلتىIvوقتدًستميتًكتذلكًلأننتاًاعتبرنتاًأن
ستتتغيرً N2كبيرةًفإنًالمعادلتةًلاًتصتللأًلأنIvوالحالًسيكونًمختلفًإذاًكانتًالشدة.ثابتة

.معًالشدة

:وتأخذ المعادلة الصورة التالية

Physics Academy
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 lوهوًأبعادًالمادةًالتيًطولهاlإلى0يتغيرًمنًالقيمةً dzبتكاملًطرفيًالمعادلةًمعًالعلمًبأن

كبيراً  Small signal gain coefficientعندما تكون

Saturation levelفإن الشدة تزداد بسرع إلى حد التشبع
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Cross-section for stimulated emission

لنعودًإلىًمعادلةًالتكبيرًالتالية

حيثًأنًوحدةًالكمياتًالفيزيائيةًالتاليةًفيًالمعادلةًالسابقة

هتتتتتتيًوحتتتتتتدةًمستتتتتتاحةًفإنهتتتتتتاًتعتتتتتترفًباستتتتتتمًمستتتتتتاحةًمقطتتتتتتعًعمليتتتتتتةًالانبعتتتتتتاثًالاستتتتتتتحثاثيً
Cross-section for stimulated emissionًوهتتذهًتعبتترًعتتنًاحتماليتتةًحتتدوث

.ثيالانبعاثًالاستحثاثيًفكلماًزادتًمساحةًالمقطعًكلماًازدادتًعمليةًالانبعاثًالاستحثا

Physics Academy
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:وبهذاًيمكنًكتابةًمعادلةًالتكبيرًلليزرًعلىًالنحوًالتالي

وفدي حالدة الزيدزر E2وE1تعطي مقددار فدارا التعدداد بدين مسدتويات الطا دةDNحيث أن

 ً .يجب أن يكون فارا التعداد موجبا

Laser Equation

Example

To build a laser of magnification of 0.1cm-1 and If it’s stimulated 

emission cross section is 1014cm2.

Then we need population difference ΔN=1013cm-3
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Gain and Gain coefficient 

تعارف بمعامال التكبيار وكالا goوالدالاة Gainتعرف باسم التكبيار Gالدالة
تعتمد على التردد بدالة آساية  Gالدالتين يعتمدان على التردد ولكن الدالة

حيث أن

go(v) = C g(v)
Gأما الدالة  

G(v) = e go(v)l = e C g(v)

Physics Academy

Laser Amplifier
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Optical Feedback التغذية العكسية الضوئية

جودو بدون ذبذباتينتججهازهوالمذبذبوفكرةالكتروني،مذبذبأيمثلالليزريعمل
ن ميكرفومنيتكون والذيالصوتمكبرجهازمثالنستخدمذلكولشرحخارجي،مؤثر

microphoneوسماعةspeakerتكبيرجهازبينهمايوصلamplifierفيكما
:التاليالشكل

منلمتصصفيرنسمعفإننامغلقةكدائرةالسماعةأمامموضوعا  الميكرفون يكون عندما
.خارجيصوتمصدرإلىالحاجةبدون وذلكالسماعة
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منادرةالصالداخليةالصوتيةالإشارةأنحيثالعكسيةالتغذيةفكرةوهذه
اسطةبو تكبيرهيتمثمومنالميكرفون بواسطةيلتقط(noise)السماعة
الصوتبيرتكيتمأنإلىالعمليةوتتكررالميكرفون خلالمنبثهويعادالمكبر
.متصلصفيرشكلعلىويصدر

Physics Academy
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حينننث ينننتم إعنننادة جنننز  منننن مذبنننذب اللينننزر وبننننفل الفكنننرة يعمنننل 
اسننتخدام الفوتونننات المكبننرة بواسننطة عمليننة الانبعنناث الاسننتحثاثي ب

.ذب الليزرمرايا ليتم تكبيرها، والشكل التالي يوضح فكرة عمل مذب
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فإنهنا تتكبنر  active mediumخنلال منادة مكبنر اللينزرIoعنندما تسنقط فوتوننات ذات شندة
R2فنإن جنز  منن الأشنعة يننعكل بمقندارR2وباسنتخدام منر ة IoGوتصبح شدة الأشعة Gبمقدار

,IoGR2وتصبح شدة الأشعة

مننرة أخننرم وتخننر  Gتعمننل المننرأة علننى إعننادة الأشننعة للمكبننر مننرة أخننرم لتتكبننر الأشننعة بمقنندار
IoGR2G  لتسقط على المرأة الأخرمR1وتكون شدة الأشعة عند انعكاسهاIoGR2GR1

ب فنني وهننذا مننا يحنندث لنشننعة عننند دخولهننا للمكبننر خننلال دورة تكبيننر واحنندة ويكننون التكبيننر المكتسنن
.R1R2والفقد في الأشعة يكون ناتج عن GGالمقدار

ورة واحندة والشنر  الأساسني ليصنبح المذبنذب يعمنل كمكبنر لهشنارة هنو أن يكنون النناتج النهنائي بعند د
أي أن،Ioأكبر من الإشارة الأصلية 
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IoGR2GR1  Io

GR2GR1  1 **

This is the condition for the oscillator to become amplifier. i.e. the
Gain for single round trip is  1

The gain is given by the function

Substitute for G in equation ** we get
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This equation can be written as follow

Gainتمثلالسابقةالعلاقةمنالأيسرالطرف per unit lengthوالطرف
Lossesيمثلالأيمن per unit length

فإنلذاالإشارةفيالفقدمقدارعنيعبرالرمزأنلنفرض

يمكنالحالةهذهوفيالترددعلىيعتمدلاlossesالخسارةأننلاحظ
كمامستقيمبخطالترددفيكدالةGainالـمنحنيعلىالخسارةتمثيل
الشكلفي

Physics Academy
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يمكنن أن تننتج لينزر ولكنن فقنط تلنك التنرددات Gainلاحظ أنه ليل كل الترددات تحنت منحنني
سننارة التني تحقنا الشنر  النذي ينننأ علنى أن الحصنيلة يجنب أن تكننون اكبنر منن أو يسناوي الخ

كما موضح في الشكل أعلاهv1-v2وهذا يتحقا في المدم الترددي
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ةأننه يمكنن التعبينر عنهنا بثابنت مضنروبا  فني دالن Gainمنن معلوماتننا السنابقة عنن دالنة النن
line shape function كما يلي:

*** 

Physics Academy
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For homogenous broadening g(v) is given by

Substitute for g(v) and g(vo) in equation *** we get

*** 
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.voعند التردد Gainعند أي تردد بدلالة الن Gainوهذه المعادلة تعطي الن

For the laser action the gain at frequency vo should be grater 

than the losses  ,i.e.

الدي  Bandwidth for the laserسنقوم في الخطوات التالية بإيجاد المدد  التدددد  

GainΔvيتحقق فيه شدط الحصول على الليزد وعلاقته باتساع منحنى الـ 
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إلنى الخسنارة، voيعبنر عنن النسنبة بنين مقندار الحصنيلة عنند التنردد عندد صنحيح Nحينث أن
هو lossesويكون مقدار الخسارة
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كما هو موضح في الشكل

Bandwidth for the laser action المد  التددد  لمكبد الليزد

Physics Academy

Bandwidth for the laser action المدى الترددي لمكبر الليزر

Bandwidth for the laser actionالليزرلمكبرالتردديالمدم

دماوعنالليزرلكفا ةأفضلوهذاالخسارةمنأكبرالحصيلةكانتكلماNقيمةكبرتكلما
تكون وعندهاGainvمنحنىلاتساعمساويا  لليزرالتردديالمدميكون N=2تكون 

ويكون الخسارةتساوي الحصيلةتكون N=1تكون وعندماالخسارة،قيمةضعفالحصيلة
v2-v1للصفرمساويا  الحالةهذهفيالتردديالمدم = 0

زيائيفيمعنىلهليلوهذاسالبا  يصبحالجذرتحتالمقدارفإن1مناقلNتكون عندما
منأكبرالخسارةتصبححيثالحالةهذهفيليزرعلىالحصولالإطلاقعلىيمكنولا

.الحصيلة

14Dr. Hazem Falah Sakeek
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 Laser Modesأنماط الليزر

اااامنر ضاا نعلمناامنماامناضمام ااسابناضأاامللحنوناالنضلالاار نعلاامناضلغااةسننأااية بناضية اااحناض  أاااحن راأاا حناضمسن
الإااا مضنضيك غااسناضااا مضناض اار منةاا  نمااسرسلنلمضرأاارناضماااانضلغااةسونضفاا لناضمساااامن رسن اامناضياا  غسنعلاام

 longitudinalاضكفسرمةنم اأمن اةلناضم  اسناغاينغنايوننارعغمنمامنا نمام ني اسانلم نمام ناض رضااح
modesرا نمم ناضمأي س حtransverse modes

Longitudinal modes only specific frequencies are possible inside the optical
cavity of a laser, according to standing wave condition.

Transverse modes are created in cross section of the beam, perpendicular
to the optical axis of the laser.
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Longitudinal modes (Axial Modes)

Using Fabry-Perot interferometer one can observe that the
output of the laser beam consists of a number of discrete
frequency components. These modes are known as
longitudinal modes or axial modes. These modes are
created inside the optical resonator between the two
mirrors.

مرقر حومراجيكرمنإضما ر ا نمم ه ليكرمن ما ر اضأ بإم
standing waveرمنييكاضمرقر حا مراجومن لبر مم.اضمسآيغم غم

 م مكأغمميايجمهغم مرينياساماضيس  نفسضفمممرجيغمضي اةلنيغجح
.اضجغيمس ماضمرأالماضريسا مراجه لعلمر م م .اضمسآيغم غماضمأم ح
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Standing waves in a laser 

In a laser an optical cavity is created by two mirrors at both ends 
of the laser. 

These mirrors serve two goals:

1. They increase the length of the active medium, by making 
the beam pass through it many times. 

2. They determine the boundary conditions for the 
electromagnetic fields inside the laser cavity. 

The axis connecting the centers of these mirrors and
perpendicular to them is called Optical Axis of the laser. The
laser beam is ejected out of the laser in the direction of the
optical axis.

An electromagnetic wave which move inside the laser cavity from
right to left, is reflected by the left mirror, and move to the
right until it is reflected from the right mirror, and so on.
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Conditions for Standing Waves 

Two waves of the same frequency and amplitude are moving in
opposite directions, which is the condition for creating a standing
wave.

standing waves, must fulfill the condition:

L = q lq/2

L = Length of the optical cavity. 

q = Number of the mode, which is equal to the number of half 
wavelengths inside the optical cavity. The first mode contains 
half a wavelength, the second mode 2 halves (one) wavelength. 

lq = Wavelength of mode m inside the laser cavity.

In fact the number of modes (q) in most laser is very large. For
Example if the central wavelength is 500nm and the mirror
separation is 25cm , q has a value of 1000000, since q can be any
integer, there are many possible wavelengths within the laser
transition shape.

Physics Academy
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Example: The length of an optical cavity is 25 cm. Calculate the 
frequencies nq and wavelengths lq of the following modes: 

1. q =1

2. q = 10

3. q = 100

4. q = 106
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The separation between axial modes 

If the First mode is q
Then 

L = q lq / 2

If the Second mode is q+1
Then 

L = (q+1) lq+1 / 2

It is more convenient to refer to the axial modes by their frequency

Physics Academy
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The separation between neighboring frequencies is equal to C/2L i.e.
dependent only on the separation between mirrors and independent of q.

For L=25cm The separation between neighboring frequencies is 6x108sec-1.
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ملاحظات

وذلكLالليزرمكبرطولزادكلماالحصيلةمنحنىتحتالأنماطعددتزداد
Lبزيادةيقلالأنماطبينالفاصللأن

It is clear that a single mode laser can be made by reducing the
length of the cavity, such that only one longitudinal mode will
remain under the fluorescence curve with GL>1.

شرطعندهايتحققالتيتلكليزرتنتجأنيمكنالتيالأنماطعدد
ونةالملالمنطقةفيواضحهوكماالخسارةيساويأومنأكبرالحصيلة

.أعلاهالشكلفي

ةالحصيلمنحنىتحتتكبرأنيمكنالتيالأنماطعددعلىللحصول
Laserنقسم bandwidthنمطينبينالمسافةعلىC/2L

The approximate number of possible laser modes is given by the
width of the Laser bandwidth divided by the distance between
adjacent modes:
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Example 

The length of the optical cavity in He-Ne laser is 30 cm. The
emitted wavelength is 0.6328 mm. Calculate:

1. The difference in frequency between adjacent longitudinal
modes.

2. The number of the emitted longitudinal mode at this
wavelength.

3. The laser frequency.

Physics Academy
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Solution 

1. The equation for difference in frequency is the same as for the 
basic mode:

(∆n)=C/(2L)= 3*108 m/s/(2*0.3 m)=0.5*109 Hz=0.5 GHz

2. From the equation for the wavelength of the qth mode:

lq = 2L/q 

q = 2L/ lq = 2*0.3 [m]/0.6328*10-6 [m ] = 0.948*106

which means that the laser operate at a frequency which is 
almost a million times the basic frequency of the cavity.
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3. The laser frequency can be calculated in two ways:

a) By multiplying the mode number from section 2 by the
basic mode frequency:

n = q*(∆n) = (0.948*106)(0.5*109 Hz) = 4.74*1014 Hz

b) By direct calculation:

n = c/l = 3*108 m/s/0.6328*10-6 m = 4.74*1014 Hz

Physics Academy
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Example 

The length of the optical cavity in He-Ne laser is 55cm. The Laser
bandwidth is 1.5 GHz. Find the approximate number of longitudinal laser
modes.

Solution

The distance between adjacent longitudinal modes is:

D n=c/(2L)= ( 3*108 m/s)/(2*0.55 m) =2.73*108 s= 0.273 GHz

The approximate number of longitudinal laser modes:

N =Laser bandwidth /D n = 1.5 GHz/0.273 GHz = 5.5  5
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The importance of Longitudinal Optical 
Modes at the Output of the Laser 

The importance of Longitudinal modes of the laser is determined by the
specific application of the laser.

1. In most high power applications for material processing or medical
surgery, the laser is used as a mean for transferring the energy to
the target. Thus there is no importance for the longitudinal laser
modes.

2. In applications where interference of electromagnetic radiation is
important, such as holography or interferometric measurements, the
longitudinal modes are very important.

3. In spectroscopic and photochemical applications, a very defined
wavelength is required. This wavelength is achieved by operating
the laser in single mode, and than controlling the length of the
cavity, such that this mode will operate at exactly the required
wavelength. The structure of longitudinal laser modes is critical for
these applications.

4. When high power short pulses are needed, mode locking is used.
This process causes constructive interference between all the modes
inside the laser cavity. The structure of longitudinal laser modes is
important for these applications.

Physics Academy

16Dr. Hazem Falah Sakeek

Transverse modes 

بدراسةةةوتوزيةةةوشةةدةوأشةةرةوالليةةزروعلةةىومسةةايةوالمقطةةةوعموديةةا وعلةةىو

وجةدوأناةاوتذ ةشوأشةكالومختلفةةو Optical axis laserالمحوروالضوئيولليزر

ترتمةةدوعلةةىودوةةةومووةةةوالمرايةةاووأيوتؤيةةروطفيةةيويةةهديو لةةىوتؤييةةروهةةشه

 Transversal Modeالأشكالووالتيوتررفوبالأنماطوالمستررضة

مفروةةوبإسقاطوشراعوليزروعلىوشاشةوبيضاءوبردوتكبيرهوبواسطةوعدسة

وضةحووالشةكلوالتةاليوي.يمكنوفحصوالأنماطوالمستررضةولشةراعوالليةزر

مجموعةةةومةةنوهةةشهوالأشةةكالوييةةوويبةةينواللةةونوالأ ضةةرواكبةةروشةةدةولليةةزرو

.والمناطقوالبيضاءوينردموفيااوالليزر
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Population Inversion انقلاب التعداد

stimulatedالاستحثاثيالانبعاثلعمليةرئيسيشرطالتعدادانقلاب emissionلتكبيراللازم
الاتزانةحالفيالتوزيععنيختلفالطاقةمستوياتعلىللذراتتوزيعهوالتعدادوانقلابالضوء،
thermalالحراري  equilibriumلابانقفكرةولتوضيح،بولتزمانماكسويللإحصائياتالخاضع
.الحراري الاتزانحالةفيللتوزيعمختصربشرحنقومسوفالتعداد

Thermal Equilibrium

From thermodynamics we know that a collection of atoms, at a
temperature T [0K], in thermodynamic equilibrium with its surrounding, is
distributed so that at each energy level there is on the average a certain
number of atoms.

The number of atoms (Ni) at specific energy level (Ei) is called Population
Number.
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The Boltzmann equation determines the relation between the population
number of a specific energy level and the temperature:

Ni = const * exp (-Ei/kT)

Ni = Population Number = number of atoms per unit volume at certain
energy level Ei.

k = Boltzmann constant: k = 1.38*1023 [Joule/0K].

Ei = Energy of level i. We assume that Ei> Ei-1.

Const = proportionality constant. It is not important when we consider
population of one level compared to the population of another level.

T = Temperature in degrees Kelvin [0K] (Absolute Temperature).

Physics Academy
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The Boltzmann equation shows the dependence of the population number (Ni) on
the energy level (Ei) at a temperature T.

From this equation we see that:

1. The higher the temperature, the higher the population number.

2. The higher the energy level, the lower the population number.

الاتزان الحراري 
حريكبت)الحرارةدرجةوبزيادةالأرضيالمستوى فيالذراتكلتكون المنخفضةالحرارةدرجاتعند

عندصائيالإحبولتزمانماكسويللقانون خاضعوهذااعليطاقةلمستوياتالذراتتثارلليمينالمؤشر
.الحراري الاتزان

Temperature Increase
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Relative Population (N2/N1)

The relative population (N2/N1) of two energy levels E2 compared to E1

is:

N2/N1 = const* exp (-E2/kT)/ const* exp (-E1/kT) 

N2/N1 = exp(-(E2-E1)/kT)

The proportionality constant (const) is canceled by division of the two
population numbers.

Conclusions:

1. The relation between two population numbers (N2/N1) does not depend
on the values of the energy levels E1 and E2, but only on the difference
between them: E2- E1.

2. For a certain energy difference, the higher the temperature, the bigger
the relative population.

Physics Academy
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The Figure below shows the population of each energy level at 
thermal equilibrium.

Population Numbers at "Normal Population"
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Example
Calculate the ratio of the population numbers (N1, N2) for the two energy
levels E2 and E1 when the material is at room temperature (3000K), and
the difference between the energy levels is 0.5 [eV]. What is the
wavelength (l) of a photon which will be emitted in the transition from E2

to E1?

Solution
When substituting the numbers in the equation, we get:

= 4 * 10-9

الطاقةمستوي فيالتعداديكون الغرفةحرارةدرجةعندأنهلنايتبينالنتيجةهذهومن
!!!فقطذرات4الأولالمستوي فيالتعدادحينفيذرةمليون الفالأرضي
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To calculate the wavelength:

This wavelength is in the Near Infra-Red (NIR) spectrum.
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Population Inversion 

We saw that in a thermal equilibrium Bolzman equation shows us that :

N1 > N2 > N3

Thus, the population numbers of higher energy levels are smaller than

the population numbers of lower ones.

This situation is called "Normal Population". In a situation of normal

population a photon impinging on the material will be absorbed, and raise

an atom to a higher level.

By putting energy into a system of atoms, we can achieve a situation of

"Population Inversion". In population inversion, at least one of the higher

energy levels has more atoms than a lower energy level.

Physics Academy
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An example is described in the Figure. In this situation 
there are more atoms (N3) in an higher energy level (E3), 
than the number of atoms (N2) in a lower energy level (E2). 

The process of raising the number of excited atoms is 
called "Pumping".

"Normal Population" compared to "Population Inversion".
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Three Level Laser 

A schematic energy level diagram of a laser with three energy 
levels is the figure below. 

The two energy levels between which lasing occur are: the lower 
laser energy level (E1), and the upper laser energy level (E2). 

Energy level diagram in a three level laser

Physics Academy
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To achieve lasing, energy must be pumped into the system to create
population inversion. So that more atoms will be in energy level E2 than in
the ground level (E1).

Atoms are pumped from the ground state (E1) to energy level E3. They
stay there for an average time of 10-8 [sec], and decay (usually with a
non-radiative transition) to the meta-stable energy level E2.

Since the lifetime of the meta-stable energy level (E2) is relatively long
(of the order of 10-3 [sec], many atoms remain in this level.

If the pumping is strong enough, then after pumping more than 50% of
the atoms will be in energy level E2, a population inversion exists, and
lasing can occur.

Question
The condition of high pumping, limits the operation of a three level laser to 

pulsed operation. Why is continuous operation impossible in a three level 

laser? 
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Four Level Laser 
The schematic energy level diagram of a four level laser is shown in the figure
below.

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.

Energy level diagram in a four level laser

Physics Academy
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The pumping operation of a four level laser is similar to the pumping of a 
three level laser. This is done by a rapid population of the upper laser 
level (E3), through the higher energy level (E4). 

The advantage of the four level laser is the low population of the lower 
laser energy level (E2). 

To create population inversion, there is no need to pump more than 50% 
of the atoms to the upper laser level. 

The population of the lower laser level (N2(t)) is decaying rapidly to the 
ground 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 (!) 
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Advantages of four level lasers Compared to three level lasers:

•The lasing threshold of a four level laser is lower. 

•The efficiency is higher. 

•Required pumping rate is lower. 

•Continuous operation is possible. 

Summary
In a three level laser the lower laser level is the ground state. 

In a four level laser the lower laser level is above the ground state.

Physics Academy
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Round trip gain with losses

لمنا درسنا في محاضرات سابقة الحصيلة الناتجة عن دورة كاملة لليزر خلال المادة، وع

ج عن عدة ولكن الفقد الناتانقلاب التعداد شرط أساسي لكي يستمر الحصول على ليزرأن 

ورة يجب الحصيلة لكل دولكي نحصل على ليزر فإن .عوامل يسبب في نقصان الحصيلة

في هذه المحاضرة سنركز على .أن تكون على الأقل أكبر من الخسارة في كل دورة

.العلاقة بين الحصيلة والخسارة

The total losses of the laser system is due to a number of
different processes these are:

1. Transmission at the mirrors

2. Absorption and scattering by the mirrors

3. Absorption in the laser medium

4. Diffraction losses at the mirrors

All these losses will contribute to reduce the effective gain
coefficient to (go- k)
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Round trip Gain (G)

Figure below show the round trip path of the radiation through 
the laser cavity.  The path is divided to sections numbered by 1-5, 
while point “5” is the same point as “1”. 

Round trip path of the radiation through the laser cavity.

By definition, Round trip Gain is given by:

G = I5/ I1

G = Round trip Gain.

I1 = Intensity of radiation at the beginning of the loop.

I5 = Intensity of radiation at the end of the loop.
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Gain (G) Without Losses

From lecture (9) we found that the intensity after one round trip

is given by the equation

I5 = R1 * R2* G2 * I1

D:%5CMy%20Webs%5Chazemsakeek%5Cphysics_courses%5Claser%5Clecture%206.htm
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Gain (G) With Losses

We assume that the losses occur uniformly along the length of the cavity

(L). In analogy to the Lambert formula for losses, we define loss 

coefficient (a), and using it we can define absorption factor k: 

k = e(-2aL)

k = Loss factor, describe the relative part of the radiation that remain in 

the cavity after all the losses in a round trip loop inside the cavity.

All the losses in a round trip loop inside the cavity are 1-k (always less 

than 1).

a = Loss coefficient (in units of 1 over length). 

2L = Path Length, which is twice the length of the cavity. 

Physics Academy
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Adding the loss factor (k) to the equation of I5: 

I5 = R1* R2* GA
2 *I1* k

From this we can calculate the round trip gain: 

G = I5/I1 = R1* R2*GA
2 * k

As we assumed uniform distribution of the loss coefficient (a), we 
now define gain coefficient (g), and assume active medium gain 
(GA) as distributed uniformly along the length of the cavity.

GA = e (+gL)

Substituting the last equation in the Loop Gain: 

G = R1* R2* exp(2(g-a)L)

k = exp(-2aL)
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G = R1* R2* exp(2(g-a)L)

When the loop gain (G) is greater than 1 (G > 1), the beam intensity will 
increase after one return pass through the laser. 

When the loop gain (G) is less than 1 (G < 1), the beam intensity will 
decrease after one return pass through the laser. laser oscillation decay, 
and no beam will be emitted. 

Conclusion: 

There is a threshold condition for amplification, in order to create 
oscillation inside the laser. 

This Threshold Gain is marked with index “th”. 

For continuous laser , the threshold condition is: 

Gth = 1 = R1 R2 GA
2 k = R1* R2* exp(2(g-a)L)

Gth = 1 
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Example 

Active medium gain in a laser is 1.05. Reflection coefficients of

the mirrors are: 0.999, and 0.95. Length of the laser is

30cm. Loss coefficient is: a = 1.34*10-4 cm-1.

Calculate:

1. The loss factor k. 

2. The round trip gain G. 

3. The gain coefficient (g). 
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Solution 

1. The loss factor k: 

k = exp(-2aL) = exp[-2(1.34*10-4)*30] = 0.992

2. The Loop gain G: 

G = R1R2GA
2k = 0.999*0.95*1.052*0.992 = 1.038

Since GL > 1, this laser operates above threshold.

3. The gain coefficient (g): 

GA = exp(gL)

Ln GA = gL

g = Ln GA/L = ln(1.05)/30 = 1.63*10-3 [cm-1]

The gain coefficient (g) is greater than the loss coefficient (a), as
expected.

Physics Academy

10Dr. Hazem Falah Sakeek

Example

Helium Neon laser operates in threshold condition. Reflection

coefficients of the mirrors are: 0.999, and 0.97. Length of the

laser is 50 cm. Active medium gain is 1.02.

Calculate:

1. The loss factor k.

2. The loss coefficient a.
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Solution

Since the laser operates in threshold condition, Gth = 1. 
Using this value in the round trip gain: 

Gth = 1 = R1R2GA
2k

1. The loss factor k: 

k = 1/( R1R2GA
2) = 1/(0.999*0.97*1.022) = 0.9919

As expected, k < 1. 

2. The loss coefficient (a) is calculated from the loss factor: 

k = exp(-2aL)

lnk = -2aL

a = lnk/(-2L) = ln(0.9919)/(-100) = 8.13*10-5 [cm-1]

Attention:

If the loss factor was less than 0.9919, then G < 1, and the
oscillation condition was not fulfilled.
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Example

Reflection coefficients of the mirrors are: 0.999, 
and 0.95. All the losses in round trip are 0.6%.

Calculate the active medium gain.
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Solution

For finding the active medium gain GA, the loss factor (k) must be 
found. 

All the losses are 1-k. 

1-k = 0.006

k = 0.994

Using this value in the threshold loop gain: 

Gth = 1 = R1R2GA
2 k

(GA)th = 1/sqrt( R1R2k) = 1/sqrt(0.999*0.95*0.994) = 1.03

The active medium gain must be at least 1.03 for creating 
continuous output from this laser.
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Summary 

G = round trip Gain, determines if the output power of the laser
will increase, decrease, or remain constant. It include all the
losses and amplifications that the beam have in a complete round
trip through the laser.

GL = R1R2GA
2k

R1, R2 = Reflection coefficients of the laser mirrors. 
GA = Active medium gain as a result stimulated emission. 

GA = exp(+gL)

g = Gain coefficient. 
L = Active Medium length. 

k = Optical Loss Factor in a round trip path in the laser cavity. 

k = exp(-2aL)

a = Loss coefficient. 
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Summary 

When G = 1, The laser operate in a steady state mode, meaning 

the output is at a constant power.  This is the threshold condition 

for lasing, and the active medium gain is:

(GA)th = 1/sqrt( R1R2 k)

The round trip Gain is: 

GL = R1* R2* exp(2(g-a)L)
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Population inversion and pumping 
threshold condition

From the equation of small signal gain one can conclude that the 
population inversion required for reaching the lasing threshold:

At threshold the population inversion
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Note that the lasing threshold will be readily when g(v) is

maximum at v = vo corresponding to the center of the

natural linewidth.
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Pumping power required to reach 
threshold condition

To find the power required for
a

4-level laser system to reach
the threshold we will use the
rate equations.

First we assume that E1>>KT
so the thermal population of
the energy level 1 is negligible.

Second we assume that the
population of the ground state
does not change during lasing
action.

R1 and R2 are the rate of
pumping then the rate
equation for the population for
the change in N2 and N1
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In steady state condition dN2/dt = dN1/dt = 0 ( we assumed that
g1=g2 and R1=0)

By solving the above two rate equations we get

and hence
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For population inversion A21<A10 or T21>T10 (The upper lasing level
has a longer spontaneous emission life time than the lower level.

In most laser T21>>T10 and hence (1 - A21/A10) @ 1

At threshold

At threshold the radiation density rv is very small and we can
assume that (rv=0)

*
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From equations * & ** we get

and hence the radiation density rv

This mean that the power output is directly proportional to the pumping
power within the laser cavity

In steady state

In steady state situation the gain becomes equal to the

losses then we can write

(N2-N1)ss = (N2-N1)th

** 
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At time t1 the excitation mechanism is
activated. As a result, the active
medium gain and loop gain increase.

At time t2 the active medium gain is
equal to the threshold gain, and the
round trip gain is equal to 1. Lasing
starts, and output power of the laser
start to increase.

At time t3 the input power reaches its
steady state (constant input power).
The active medium gain is a little above
threshold, and the round trip gain is a
little above “1”.

Output power from the laser continues
to rise,

At until t4 when it reaches its steady
state value. Then the active medium
gain is equal to the threshold gain, and
the gain is equal to “1”.

 pumpingعلاقة كلا من

power وGain وlaser power 

كدالة في الزمن
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Gain saturation in 
homogeneously laser

In a continuous wave laser (CW Laser) at steady state lasing, the
gain (G) is always “1”.

At this state, the gain value for each longitudinal laser mode is
dropping from the value of the small signal gain to the threshold
gain Gth, which is equal to the saturation gain.

Increasing pumping cause an increase in the output power of the
laser. The system will stabilize on higher power when the net gain
will be equal to the threshold gain.

The active medium gain depends on population inversion, and the
width of the laser line shape. This gain is influenced by the lasing
process itself, since lasing change the population inversion
conditions. Stimulated emission causes depletion of the upper
laser level, and reduces the population inversion. Thus, gain is
reduced until pumping increase the upper level population again.
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ظ ح  في الشكل الموضح  دناح ن اظ ح   
يل  دامحح ا ازازاز حح  ا ححى ما احح  ال  حح
كبححا يا قححع داححنز  شححاا دي ال  ححيل  ا

و يحححححح  دي .مححححححي دو الحححححح و  ال لحححححح ا 
اححححححح  شحححححححي ر الليحححححححزا ياولحححححححن ااي ححححححح  ليمل

 stimulatedالاابيح   الالحا    ي
emission ,ي والاحي بحنواز  اقلحل مح

فححححح اع الايحححححنان وزححححح ا لحححححي ن  بما اححححح 
ل إلح  ال  يل  إل  الاق  ي  ا  ا ح

ام ا دم  ب لالب  للأ.  ن ال  ل  ال ا  
  اححانن الازازاز حح  ال ظ حح  فكححي لكححل ماكحح

 ححححححح ا وماق ححححححح ي ما اححححححح  ال  حححححححيل  
بيض ي ال شاا ال  ول دل  ليزا ل
از  ماكححح   اححح  لا يبقححح  إلححح  امححح  ازاحححز 

 singleوا حححن وزحححح ا مححح  ايححححا 

mode laser.
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Conclusions

1. The saturation gain of the active medium is equal to the
threshold gain Gth.

2. Homogeneously broadened laser should automatically
operates in a single mode once steady state is reached.
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Gain saturation in 
non-homogeneously laser

التجيياز في حالة الليزر ذو الاتساا  الييار جتناافإ فالأم ايجار مخاوم جمتلاً تجاجااك يفا  مجخام
، باايم جنجو ااة جاام الااذراة وجنجو ااة حماارل جاام فاحمااة التاارنن الجفيلاا  تحااة جفحفاا  الح اايلة

فاناا الليازر و لم  يم إفتاج الليزر يؤني إل  فق ام الح يلة فقط  فن الترنناة التي محان   
واااذا .فقااط حي  فاان ايفجاااز الااتزازيااة التااي يتحقااا  فااناا باارز الح اايلة ا باار جاام المسااار 

.خجا او في البخل حنفاه hole burningسوف محن  جا مسج 

The value of the saturation gain drops for each lasing mode, from the 
small signal gain to threshold gain Gth  This process is called “hole 
burning” in the gain curve.

Conclusions

Each moment, 

most of the 

energy stored 

inside the active 

medium is not 

used to create 

the radiation out 

of the laser  
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Pulsed Laser 

Pulsed laser is pumped at high intensity for a short period
of time.

As a result, the active medium gain, and the loop gain are much
higher than for continuous wave laser, so the output power is
higher.

Pulse Shape Out of a Pulsed Ruby Laser

Figure below describes the shape of a single pulse out of a Ruby
laser, compared to the pumping pulse from the flash lamp.
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ناا نعلم ان الضوء الصادر من الفلاش ه

ي يستخدم كوسيلة لقلا  التعاداد  ا

والشاااال البقابااال ( الياااا و )بلاااور  

يوضااال العلا اااة باااين  اااد   ضااااء  

.الفلاش مع الزمن

بالبقابل نلاحا   اي الشاال الخاا 

أن بتغير  د  الليزر مع الازمن نلاحا 

فر الشد  تتغير بين  يبة عظبا  و ا

هذا  ي خلال  تر  بقاء ضوء الفلاش و

 Caseمااا يعاارا بظاااهر  الشاارار 

Spiking.

لاحاا  هنااا ان اللياازر يداادأ بعااد   تاار  

زمنية محدد  مان بادأ الفالاش وهاذ  

ل الفتاار  الزمنيااة لازمااة للوساا  ليصاا

. ل  حالة الحصيلة أكدر من الخسار 
Single pulse out of a Ruby laser, compared to 

the pumping pulse from the flash lamp
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The output laser pulse is about 1 millisecond, and it is
composed of hundreds or thousands of small pulses.

Each of the small pulses is called a spike, and last about
a microsecond.

The spikes appear randomly in time, and differ from
each other in its length and peak power.
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Starting from t1, the active medium gain
and the loop gain increase rapidly as a
result of continuous strong pumping.

At time t2, the active medium gain arrive
to the threshold value, and the loop gain
arrive to “1” - lasing starts. The active
medium gain and loop gain continue to
rise since the output power has not reach
the saturation value that cause “hole
burning” in the gain curve.

Until time t3, the high value of the loop
gain causes intense pulse of laser
radiation. Thus, the active medium gain
drops below the threshold value. When
the loop gain is below “1”, lasing stops,
and the whole process starts again as
long as the pumping continue.

Gain and output power from a pulsed 

solid state laser.
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Each longitudinal laser mode starts at a different time,

with a different photon.

There is a competition between the longitudinal modes

on the energy inside the active medium.

Thus, the random nature of the spikes: Each spike has

its own peak power and duration.
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Modifying the laser output

مكنيلابدونهاالتيالأساسيةوالعواملالليزرعملفكرةالسابقةالمحاضراتفيدرسنا
.ليزرشعاععلىالحصول

الليزرعاعشلتسخيرالمتبعةوالأساليبالطرق علىالضوءبإلقاءسنقومالمحاضرةهذهفي
زيادةيتطلبوهذاواللحامالمعادنلقطعالليزريستخدمالمثالسبيلعلى.العمليةللتطبيقات

راساتالدلتطبيقاتواحدمحوري بنمطيعملليزرشعاععلىالحصولأوالليزرشعاعطاقة
:التاليةالأربعةالعناوينخلالمنموضحسيكون وهذا.الاتصالاتأوالطيفية

•Selection of the laser emission lines

•Single-mode operation

•Q-Switching

•Mode Locking
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Selection of the laser emission lines

الطاقممة نعلمم أن الليمزر ينممت  ممن انتقممال المذرات المثممارة ممن مسمتويات الطاقممة الأعلمى  لممى مسمتويات
حقم  فمي وهمذا قمد يت.الأقل وذلك  ذا تحققمت الشمروا المطلوبمة لتكمون الحصميلة اكبمر ممن الخسمارة

He-Ne Laserكما سنرى في المحاضرة القادمةالمادة المنتجة لليزر لأكثر من تردد

ليمزر أو هنا نحن لا نتحدث على الأنماا المحورية تحت منحنى الحصيلة ولكن المقصمود همو خطمي
بمر وتنمت  وكلا ممن همذه التمرددات سمو  تك.أكثر مختلفين ولكل منهما تردد خاص ومنحنى حصيلة

.ليزر عند أكثر من تردد في نفس الوقت

فقط باستخدام المنشور2يوضح الشكل كيف يمكن تكبير الطول الموجي
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حيثوالمرآةلليزرالمنتجةالمادةبينPrismمنشوراستخداميتمالظاهرةهذهعلىللتغلب
Snell'sحسبخاصةانكسارزاويةترددلكلأن Lawيكون بحيثالمنشوروضعوبضبط

ينعكسلتاليوباالمرآةعلىقائمةبزاويةيسقطعندهليزرعلىللحصولتكبيرهالمرادالتردد
تنت ولاالمكبرةالمادةخارجتنعكسالأخرى التردداتبينماويكبر،المادة لىليعودنفسهعلى
Diffractionاستخداميمكنكما.ليزر GratingأوFilters
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Single-mode operation

المصدر لىيكون مااقربأحاديمحوري نمطعنديعملليزرمنالنات الضوءيكون 
يالطيفالخطاتساعموضوعالأولىالمحاضراتفيدرسناأنناحيث.اللون أحاديالضوئي
تساعالا وهذامحدود،اتساعلهيكون اللون أحاديالضوءفإنوبهذامتعددةللعواملنتيجة
Monochromaticاللون أحاديمصطلحدقةمدىيحدد Light Sourceواقل
Singleواحدمحوري بنمطيعملليزرمنعليهالحصوليمكناتساع mode

operation.

Singleعلىالحصوليمكنكيف mode laser؟
نمااالأ بينالمسافةزيادةعلىوحيدمحوري بنمطيعملليزرعلىالحصولفكرةتعتمد

بهذاو .الحصيلةمنحنىلاتساعمساويةالأقلعلىتصلمسافة لىالمتجاورةالمحورية
ابينمالخسارةمنأكبرالحصيلةشراعندهالمتحق النمطهوq0المحوري النمطيكون 
.الحصيلةمنحنىخارجتقعq0+1أوq0-1الأخرى الأنماا
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قةبالعلاتعطىمحورييننمطينبينالمسافة
C/2LقلكلماانهيعنيوبهذاLالمكبرطول

فإذا.المحوريينالنمطينبينالمسافةزادتكلما
راالشيحق طولهيكون بحيثالمكبرصممما

C/2L Dn

التاليوبالمكبرمادةتقليلعلىاثرالطريقةلهذه
ون تكتطبيقاتفيتستخدمولكنالليزرطاقة
.اللون أحاديللتردديكون مااقرب لىبحاجة
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Q-Switching
اللحامفيرلليز الصناعيةالتطبيقاتمثللليزرعاليةطاقة لىالتطبيقاتمنالعديدتحتاج
يتمحيثQ-Switchingعلىللحصولطرق عدةنستخدمالليزرطاقةولزيادةوالقطع
كيف؟؟.ارةالخسمستوى فيالتحكمطري عنالاستحثاثيالانبعاثعمليةتوقيتفيالتحكم

Rubyمنالمنبعثةالليزرنبضةأنلاحظناالسابقةالمحاضراتمن laser علىتحتوي
Spikesعمليةلالخالتعدادلقلبوالضخالاستحثاثيالانبعاثحدوثتواليإلىيعودوهذا

Flashبواسطةالإثارة lampإلىتصلزمنيةلفترةتستمروالتيmicrosecondsتممافإذا
نبضةعلىصولالحيمكنالحصيلةلزيادةالضوئيالضخفترةخلالالاستحثاثيالانبعاثإيقاف
.Nanosecondsإلىتصلزمنيةفترةفيليزر

Q-Switchingالمعملفكرة

رةالخسامستوى فيالتحكمخلالمنلليزرمؤقتإيقافعلىQ-Switchingالـفكرةتعتمد
زيادةعنييوهذاممكنةقيمةاكبرإلىالليزرمستوى تعدادزيادةيتمحتىالضخعمليةخلال

Thresholdالحرجةالقيمةمنبكثيراكبرقيمةإلىالحصيلة Gain.مستوى بتقليلنقومثم
الـمنبكثيرأكبرGainالـيكون أنإلىسيؤديوهذاالأساسيةالقيمةإلىالخسارة

Thresholdليزرنبضةعنهتنتجقصيرةزمنيةفترةفيالاستحثاثيالانبعاثعمليةفتحدث
.عاليةطاقةذات
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حولبسرعةدورتفتحةبهدائري قرصوضعتمحيثبالخسارةالتحكمفكرةأعلاهالشكليوضح
وتكبيرعدادالتزيادةيتمالقرصخلفالمرآةعنالأشعةتحجبفعندما.لليزرالضوئيالمحور

مستوى فيالقرصفيالفتحةوصولوعندجدا  كبيريعدالخسارةمستوى لأنوذلكالحصيلة
لهامستوى لىأعفيالحصيلةتزالبينمالهامستوى أدنىفيالخسارةتصبحالضوئيالمحور

.هائلةطاقةيعنيمماقصيرةزمنيةفترةفيليزرنبضةانبعاثإلىسيؤديوهذا

Q-switch acts as a shutter that can be open suddenly inside the 
laser cavity
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 Flash Lampيوضح الشكل التالي التغير الزمني في كلًا من الم
.الناتجةالمستخدمة في انقلاب التعداد والمنحى الحصيلة ونبضة الليزر
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Q-Switchingللـطرق مختلفة 
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Mode Locking
Locking the longitudinal optical modes inside the cavity is achieved by
locking the relative phase of all the optical modes, such that at a certain
point they all have the same phase.

At this point a constructive interference occur between all the laser modes,
and the result is a single pulse, with very short width and very high peak
power, which move between the mirrors of the cavity.

This moving pulse cause the laser output to be orderly chain of pulses.

The length of each pulse is from 1 psec (10-12 sec), up to 1 nsec (10-9 sec).

In figure the output laser radiation of a mode locked laser can be seen.

Output laser radiation of a mode locked laser.
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Mode Lock Optical Switch
The element locking the laser modes is an optical switch inside the cavity.

This switch is opened for a very short time equal to the length of the
pulse, and than close for a period of time equal to the time of round trip
of the pulse inside the cavity.

The location of the switch is near one of the end mirrors.

The switch allows the pulse to pass to the mirror and back, and than close
to disable other pulses from building up.

The switch opens again when this particular pulse arrive again from the
other mirror.

This is a synchronous switching which accumulates all the energy in a
single pulse moving back and forth between the cavity mirrors. Each time
it reaches the output coupler, a single pulse is emitted.

The mode locking is done with an Acousto-optical modulator, and the
frequency of its operation is determined by the travel time of the pulse
between the mirrors.
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Time Interval (T) between two Adjacent Pulses.

The time interval (T) between two adjacent pulses is the time of
flight of the single pulse inside the cavity for a complete round
trip:

T= 2L/C

L = Cavity length.

c = Velocity of light inside the active medium.

In a mode locked diode lasers, the pulse length can be a few
picoseconds (10-12 [s]), with pulse rate of hundreds of Gigahertz
(1011 [Hz]).
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Laser System

مؤثرةالالعواملعلىالتركيزمععامبشكلالليزرعملفكرةالسابقةالمحاضراتفيدرسنا

دةالماباختلافتختلفلليزرأنظمةعدةعلىدراستنانخصصسوفوالآن.الليزرعلى

Active mediumيالتالالنحوعلىهيأقسامخمسةإلىالليزرأنظمةتقسيمويمكن:-

• The state of matter of the active medium: solid, liquid, gas, 
or plasma. 

• The spectral range of the laser wavelength: visible 
spectrum, Infra-Red (IR) spectrum, etc. 

• The excitation (pumping) method of the active medium: 
Optic pumping, Electric pumping, etc. 

• The characteristics of the radiation emitted from the 
laser. 

• The number of energy levels which participate in the 
lasing process.
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Activeالمادةحسبالليزريقسموالذيالأولالنوععلىنعتمدسوف mediumوالذي

:التاليةالخواصيحدد

• Laser Wavelength. 

• Preferred pumping method. 

• Order of magnitude of the laser output. 

• The efficiency of the laser system. 

We saw that the two basic requirements for laser action are: 

• Population Inversion between the upper and lower laser energy 
levels. 

• The active medium must be transparent to the output 
wavelength. 

activeأنإلىهناالإشارةتجدر mediumالسببولهذاالليزرخواصتحددالتيهي

.المستخدمةالمادةحسبالليزرتسميةتعود
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Laser types
[1] Gas lasers:

Atom Gas: 

• Helium-Neon Laser (He-Ne). 

• Metal Vapor Laser (Copper, Gold). 

• Helium Cadmium Laser (He-Cd). 

•

Ion Gas:

• Argon Ion Laser (Ar+). 

• Krypton Laser (Kr+). 

•

Molecular Gas: 

• Carbon Dioxide Laser (CO2). 

• Nitrogen Laser (N2). 

• Excimer Laser. 

• Chemical Laser. 

• Far Infra-Red Laser (FIR). 
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[2] Solid State lasers: 

• Ruby Laser. 

• Neodimium YAG and Nd Glass Laser. 

• Color Center Laser. 

• Titanium Sapphire Laser. 

•

[3] Diode Laser (Semiconductor Laser, Injection Laser). 

[4] Dye Laser (Liquid).

[5] Special Lasers: 

• Free Electron Laser (FEL). 

• X Ray Laser.

Physics Academy

WAVELENGTHS OF MOST COMMON LASERS

6Dr. Hazem Falah Sakeek

Argon fluoride (Excimer-UV)

Krypton chloride (Excimer-UV)

Krypton fluoride (Excimer-UV)

Xenon chloride (Excimer-UV)

Xenon fluoride (Excimer-UV)

Helium cadmium (UV)

Nitrogen (UV)

Helium cadmium (violet)

Krypton (blue)

Argon (blue)

Copper vapor (green)

Argon (green)

Krypton (green)

Frequency doubled

Nd YAG (green)

Helium neon (green)

Krypton (yellow)

Copper vapor (yellow)

0.193

0.222

0.248

0.308

0.351

0.325

0.337

0.441

0.476

0.488

0.510

0.514

0.528

0.532

0.543

0.568

0.570

Helium neon (yellow)

Helium neon (orange)

Gold vapor (red)

Helium neon (red)

Krypton (red)

Rohodamine 6G dye (tunable)

Ruby (CrAlO3) (red)

Gallium arsenide (diode-NIR)

Nd:YAG (NIR)

Helium neon (NIR)

Erbium (NIR)

Helium neon (NIR)

Hydrogen fluoride (NIR)

Carbon dioxide (FIR)

Carbon dioxide (FIR)

0.594

0.610

0.627

0.633

0.647

0.570-0.650

0.694

0.840

1.064

1.15 

1.504

3.39

2.70

9.6 

10.6 

Key: UV = ultraviolet (0.200-0.400 µm) 

VIS = visible (0.400-0.700 µm) 

NIR = near infrared (0.700-1.400 µm) 
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Helium-Neon (He-Ne) Laser 

The Helium-Neon laser was the most common laser
until the spread of diode lasers.

It was first built in 1961 by Ali Javan. The active
medium is a noble gas Neon (Ne), and it is a 4 level
laser.
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• Two meta-stable energy levels act as upper laser levels.

• The He-Ne laser have two lower laser levels, so quite a few 
wavelengths can come out of the transitions between these 
levels. 

• The important wavelengths are:

λ1= (632.8 nm), λ2=1.152  m, λ3=3.3913  m
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The energy level diagram of a Helium-Neon laser 
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The excitation process of the Neon atoms is a two 
stages process: 

• The high voltage causes electrons to accelerate from 
the cathode toward the anode.  These electrons
collide with the He atoms and transfer kinetic energy 
to them. 

• The excited Helium atoms collide with the Neon 
atoms, and transfer to them the energy for excitation. 

Thus Helium gas does not participate in the lasing 
process, but increases the excitation efficiency 
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The role of the Helium gas in He-Ne laser is to
increase the efficiency of the lasing process. Two effects
make Helium particularly valuable:

• The direct excitation of Neon gas is inefficient, but the
direct excitation of He gas atoms is very efficient.

• An excited state of the He atom (labeled E5) has an
energy level which is very similar to the energy of an
excited state of the Neon atom (also labeled E5).
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Red Wavelength out of He-Ne Laser:
Most of the applications of He-Ne Laser use the red
wavelength, because it is the strongest line and it is in
the visible region of the spectrum.

As shown in the figure, this red light is

emitted when the Neon atom goes

from the energy level labeled E5 to

the energy level labeled E2, a much

bigger energy difference than for

the other transitions.



9/12/2015

7

Physics Academy

13Dr. Hazem Falah Sakeek

• The solution to this problem is to use a special coating on the
laser mirrors which selectively reflect only the red light. This
coating causes reflection back into the optical cavity of only the
desired (red) wavelength, while all other wavelengths are
transmitted out, and not forced to move back and force through
the active medium.

• In a similar way, other selective reflecting coating can be used
on the mirrors to select other transitions. This procedure allows
commercial production of He-Ne lasers at other wavelengths in
the visible spectrum. For example, orange, yellow and green
He-Ne lasers can be produced, but the laser efficiency is much
lower than for the red.

A problem with creating this red light is

that a Neon atom in state E5 may also

emit 3.3913 m radiation. This emission

decreases the population of the E5 level,

without producing visible radiation.
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Absorption and Amplification in He-Ne Laser

• He-Ne laser is a 4 level laser, so the lifetime of the 
lower laser energy level needs to be very short.

• In a Neon gas, which is the active lasing gas, the 
transition (decay) from the lower laser level is not 
fast enough, but it is accelerated by collisions with 
the tube walls. Because the number of collisions with 
the tube walls increase as the tube becomes narrow, 
the laser gain is inversely proportional to the tube 
radius. So, the tube diameter of a He-Ne laser 
must be as small as possible. 
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• The low gain of the active medium in a He-Ne
laser limits the output power to low power.

• In laboratory prototypes an output power of the
order of 100 W was achieved, but commercial lasers
are available only in the output range of 0.5-50 mW.

• The output coupler of He-Ne laser is a mirror with
coating that transmits about 1% of the radiation to
the output. This means that the power inside the
optical cavity is a 100 times more than the emitted
power.
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Commercial He-Ne Lasers:

Wavelength: 632.8 [nm]

Output Power: 0.5-50 [mW]

Beam Diameter: 0.5-2.0 [mm]

Beam Divergence: 0.5-3 [mRad]

Coherence Length: 0.1-2 [m]

Power Stability: 5 [%/Hr]

Lifetime: >20,000 [Hours]
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