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                                                    Abstract 

     The current study included firstly the analytical solution of rate equations for 

optical fiber laser, that is process according to pump plan with four-levels system 

to find equation of lasing output power (Pout) by using the numerical emulation 

Secondly, calculating the (Pout) of Nd
+3

-doped optical fiber laser as a typical 

example for the optical fiber laser, which is process according to this system. The 

required equations to calculate (Pout) was programmed by Matlab program 

(version8.1). 

     Two types of hosts were used in this simulation, the first type is Silica with four 

designs using commonly in the above mentioned, the four designs are Lycom (a), 

Lycom (b), York and IVA with lasing emission at the wavelengths (1064×10
-9

m) 

and (1331×10
-9

m). The second type of hosts is ZBLAN with only one design is Le 

Verre fluore, with lasing emission at two wavelengths (1048×10
-9

m) and 

(1317×10
-9

m). 

     The first step in this emulation was determining the value of numerical aperture 

(NA) for each design of special designs and at the special wavelengths for every 

host, which can obtain the highest values of  lasing output power (Pout) and 

efficiency (η)  at value of (NA).The second step was calculating the (Pout) 

corresponding to pump power (Po) for each host according to the designs and the 

wavelengths related to the host, In case of the host Silica, for the two wavelengths 

of this host, it is found that the (Pout) was the highest value when the design (York) 

was used, while in case of the host (ZBLAN), it is found the highest value of (Pout) 

is when using the wavelength (1048×10
-9

m).  

     

 

 



     For addition that, it is found that to obtain the highest values of (Pout) and (η) for 

this type of laser, it must be use the host Silica at the wavelength (1048×10
-9

m). 

According to that, the third step was using this host and this wavelength to 

calculate the effect of the numerical aperture (NA), core radius (a), cladding radius 

(b), fiber length (L),reflection coefficients (R2), Nd
+3

- dopant concentration in the 

core (No), lifetime of upper laser level (T2) and pump power (Po) on the (Pout). The 

changing of the above mentioned coefficients values was determinate with its 

range which is finding in four designs related to the host Silica. It is found that the 

value of (Pout) decreased with the increase of the values of (NA, a, b, L and No), 

while increase with the increase of the values of (R2 ,T2 and Po), through that, the 

optimal values of these coefficients which must be  used to obtain the highest 

values of  (Pout) and (η) for this type of laser.        
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CHAPTER ONE                                OPTICAL FIBER 

 

1 

 

 

   (1.1) Introduction 

     In the early of 1960’s, the first fiber laser that was doped with Neodymium ions 

was demonstrated.  Since that time, lasers based on (Nd
3+

) were the subject of intense 

research. Devices such as pulsed and Continuous-Wave (cw) lasers, super-

fluorescence sources and amplifiers, were verified with (Nd
3+

) - doped fibers. 

Besides, the first cladding-pumped fiber laser was also doped with (Nd
3+

) [1,2]. In the 

current time, (Nd
3+

)-based lasers are still the attention of researchers, because of its 

four-level domination nature (1.1×10
-6

m) transition, and because of the widely 

available, efficient, low cost and high-power laser diodes at (808×10
-9

 m) which can 

be used as pump sources. Recently Ueda et al. demonstrated a highly-multimode 

Neodymium-doped fiber laser with over (1×10
-3

 W) of output power [1,2]. 

     This was an embedded fiber disk laser, and because of relatively low pump 

intensity, the low-threshold of the Neodymium-Doped Fiber Laser (NDFL) was 

essential. Details about (Nd
3+

)-spectroscopy, and (Nd
3+

)-doped lasers in general, are 

widely available in the literature [3]. The spectroscopy of (Nd
3+

) is quite intricate, and 

careful investigations of spectroscopic properties like absorption and emission 

spectra, fluorescence lifetime, and laser performance with various glass hosts are 

required to optimize Neodymium-doped fiber lasers. [3,4].  

 

 

 

 

 

 



CHAPTER ONE                                OPTICAL FIBER 

 

2 

 

(1.2) Optical fiber 

      In its simplest form, an optical fiber consists of a central single solid dielectric 

cylinder of radius (a) and refractive index (n1), this cylinder is known as the core of 

the fiber. The core is surrounded by a solid dielectric cladding which has a refractive 

index (n2) that is less than (n1) [4]. 

     Although, in principle, a cladding is not necessary of light to propagate along the 

core of the fiber, it serves several purposes. The cladding reduces scattering loss that 

results from dielectric discontinuities at the core surface, it adds mechanical strength 

to the fiber, and it protects the core from absorbing surface contaminants with which it 

could come in contact, [4,5] Figure (1-1) shows the cross section fiber  

 

 

 

 

 

 

 

 

  Figure.(1.1): Schematic illustration of the cross section of Single Clad Fiber (SCF). 

 

     In low–and medium–loss fiber the core material is generally glass and is 

surrounded by either a glass or a plastic cladding , Higher–loss plastic–core fibers 

with plastic cladding are also widely in use [4,6]. 

     In addition, most fibers are encapsulated in elastic, abrasion plastic material [5]. 

This material adds further strength to the fiber and mechanically isolators or buffers 

the fiber from small geometrical irregularities distortions or roughness’s of adjacent 

surfaces [5,6]. 

Inner 

Cladding  

Core  

Buffer 

coating  

b 

a 

d 
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(1. 1.2 ) Optical fiber types 

     Optical fibers are characterized by their structure and by their properties of 

transmission. They can be classified by the number of modes that propagate along the 

fiber into two types: single mode and multimode fibers. The basic structural 

difference between these two types is the core size, since core size is strictly related to 

the number of mode propagating in a fiber. Optical fibers can be also classified by the 

refractive index profile of the core/clad structure which determines the mode of 

propagation of the optical signal. The most common types are the step-index and 

graded-index fibers [5,7]. 

 

 (1.2.1 1. ) Single mode and multimode fibers   

     The core size of single mode fibers is small. A fiber core of this size allows only 

the fundamental or lowest order mode to propagate around a (1300*10
-9

m) 

wavelength. As already discussed, for single mode fibers (V) is less than or equal to 

(2.405). The number of modes propagating in a multimode fiber depends on the core 

size and (NA). As the core size and (NA) increase, the number of modes increases 

‘Single mode fibers have many advantages as compared with the multimode: Small 

attenuation ; High transmission bandwidth ; Low fiber dispersion. However, due to 

smaller core size light coupling from an external source is more critical than in a  

multimode fiber[7,8]. As a consequence, single mode fibers typically require laser 

diodes while multimode can be coupled to Light Emitting Diodes (LEDs) that are less 

complex and cheaper than lasers None the less the use of multimode fibers has the 

disadvantage of modal dispersion that increases with the number of supported modes. 

This effect causes the light pulse to be spread during propagation in the fiber and thus 

decreases system bandwidth [7,9]. 
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( 2.1.2.1 ) Step-index and graded-index fibers 

     ‘Step-index optical fibers have a refractive index profile of the core/clad structure 

characterized by a uniform refractive index within the core and a sharp decrease in 

refractive index at the core-cladding interface so that the cladding has a lower 

refractive index[4,6] Figure (1.2) shows the step-index and graded index fiber. The 

step-index profile corresponds to a power law index profile with the profile parameter 

approaching infinity. The step-index profile is used in most single mode fibers and 

some multimode fibers [7,9]. A Graded-Index Fiber means that the fiber core has a 

refractive index that decreases with the increase of radial distance from the optical 

axis of the fiber, as represented in Figure.(1.2,3). Because the part of the core closer to 

the fiber axis has a higher refractive index than the parts near the cladding, light rays 

follow sinusoidal paths down the fiber [8]. 
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These types of fibers are designed to compensate for the difference in the propagation 

path length among various modes so that the distortion of the signal is minimized [9]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.2). Typical structure of optical fiber for telecommunications: (1) single- 

mode fiber; (2) Multimode fiber of step-index type; (3) multi-mode fiber of 

graded-index type[5,7]. 

     Multimode optical fiber can be manufactured with either graded-index or step-

index. The advantage of the graded-index compared to step-index is the considerable 

decrease in modal dispersion [8]. 

 

 

 

 

 

(1) 

(2) 

(3) 
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(1.2.2) Refraction of light and total internal reflection 

     When a light ray encounters the boundary between two different transparent media, 

with different refractive index (n1) and (n2), part of ray is reflected back into the first 

medium while part of the ray is refracted.[4,5],Figure(1.2) shows reflection and 

refraction.The reflected ray follows the law of reflection which states that the angle of 

incidence (ɵ1) is equal to the angle of reflect ion. The relationship between the incident 

and the refracted rays at the boundary is described by Snell
’
s Law [5,6]. 

n1 sin   = n2 sin 2                                                                                                  (1.1) 

 

 

 

 

 

 

 

Figure (1.3). light reflection and refraction at a boundary between media of different    

                                                  refractive index[5]. 

    Where (ɵ1) is the angle of incidence and (ɵ2) is the angle of refraction. If the wave 

passes from a less dense to a denser medium, it is bent toward the normal, and the 

angle of refraction is less than the angle of incidence. On the contrary, if the wave 

passes from a denser to a less dense medium, it bents away from the normal, and the 

angle of refraction is greater than the angle of incidence. As the angle of incidence 

(ɵ1) becomes larger, the angle of refraction (ɵ2) approaches (90°) until a point where 

no refraction is possible [6]. 

     The light ray is then totally reflected back into the glass medium and no light 

escapes into the air. This condition is called Total Internal Reflection (TIR) and the 
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angle ɵc at which (TIR) occurs is called the critical angle. The critical angle is 

determined by using Snell’s Law and it is given by[5,6]. 

sin ɵc =  

  

  
                                                                                                                 (1.2) 

The condition of total internal reflection is an ideal situation. However, in reality, 

there is always some light energy that penetrates the boundary. This situation is 

explained by the mode theory of light [6]. 

 

( 3.2.1 ) Light propagation along an optical fiber 

     The transmission of light along an optical fiber can be described by two theories. 

The first is ray theory, This approach gives a clear picture of the propagation of light 

along the fiber and it is used to approximate the light acceptance and guiding 

properties of optical fibers [6]. The second is mode theory, or wave representation, 

approach where light is described as an electromagnetic wave. This theory describes 

the behavior of light within an optical fiber and it is useful to explain optical fiber 

properties like absorption, attenuation, and dispersion [7]. 

(1.2.3.1) Ray theory 

     Two types of rays can propagate along an optical fiber. The first type is made of 

rays that pass through the axis of symmetry of the fiber and are called meridional rays. 

[6]. The second type consists of rays that travel in a helical path through the fibers and 

never cross its axis; are called Skew Rays. Meridional rays can be classified as bound 

or unbound rays: bound rays remain in the core and propagate along the axis of the 

fiber by total internal reflection while unbound rays are refracted out of the fiber core 

[6].This in an ideal case where the core-cladding interface is perfect. However, 

imperfections at the core-cladding interface will cause part of the bound rays to be 

refracted out of the core into the cladding and escaping from the fiber [6]. In general, 

meridional rays follow the laws of reflection and refraction .In order to be guided 

along the optical fiber, a light ray incident on the fiber must be within a certain cone, 
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known as the acceptance cone. The half-angle of this cone is called the acceptance 

angle; amax).Its value depends on fiber properties and transmission conditions[7]. 

     Suppose that the incidence angle at the end of the fiber core is (a), and inside the 

fiber the ray makes an angle     with the normal of the fiber axis. If the angle   ) is 

smaller than the critical angle ( c), the ray will escape into the cladding; on the 

contrary, if     is greater than the critical angle   c)the ray will be guided along the 

fiber by(TIR) [6,7]. Figure (1.4) shows Total Internal reflection in fiber 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.4). Acceptance angles of an optical fiber and total internal reflection [5]. 

      

     Adapted the maximum value admitted for propagares (A) is the one for which 

(  =  C).At the interface (𝒏0 /𝒏1), from Snell law it can be written where (no) is the 

Refractive index of light in Vacuum [5,6]. 

no • sin αmax = n1 • sin(
 

 
 -  C)                                                                                  (1.3) 

Being at the same time for TIR: 

n1• sin  C = n2 • sin(
 

 
                                                                                                (1.4) 

Thus by substituting for  c: 

sinαmax  = 
          

  
                                                                                                         (1.5) 
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The Numerical aperture (NA) of the fiber is a characteristic parameter defined 

by[5,6,7]. 

NA= (n1² 
_ 
n2

2
)

1/
2                                                                                                                              (1.6) 

Where (NA) is the Maximum cone of light that can enter or exit the system 

So in terms of (NA), the acceptance angle can be defined as [5]. 

sinαm ax =
  

𝒏 
                                                                                  (1.7) 

     the angle (2αmax) is called the total acceptance angle and depends on the (NA) of 

the fiber and the refractive index of the launching medium. This equation is strictly 

applicable only for meridional rays. 

The (NA) is a convenient way to measure the light-gathering ability of an optical 

fiber. It can be used to measure the efficiency of light coupling between a source and 

a fiber[7].Skew Rays propagate without passing through the fiber axis. The 

acceptance angle for Skew rays is larger than the one of meridional rays, thus they 

increase the amount of light capacity of a fiber. They propagate in a helical motion, 

consequently they take- longer paths which increase their attenuation considerably. 

Skew rays tend to propagate in the annular region near the edge of the fiber core and 

so a large portion of them is considered to be leaky rays [6,7]. 
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(1.2.3.2) Mode theory 

     Mode theory-uses electromagnetic wave behavior to describe the propagation of 

light along a fiber. It is useful for describing properties of light that ray theory is 

unable to explain. Light wave can be represented as a plane wave, which is described 

by its direction, amplitude, and wavelength of propagation. A plane wave is a wave 

whose wavefront is made of infinite parallel planes of constant amplitude normal to 

the direction of propagation. The wavelength of the plane wave is given by [7,8]. 

 

  
 

 𝒏
                                                                                                                       (1.8) 

Where (c) is the speed of light in a vacuum, (   is the frequency of the light, and (n) is 

the refractive index of the medium. Figure (1.5) shows the direction and wavefronts 

of plane-wave propagation along the fiber. Not all wavefronts incident on the fiber at 

angles less than or equal to light acceptance angle propagate along the fiber. 

Wavefronts have to remain in phase for light to be transmitted along the fiber. If 

propagating wavefronts arc not in phase, they eventually disappear because of 

destructive interference. This interference is the reason why only a finite number of 

modes can propagate along the fiber [8]. 

 

 

 

 

 

 

 

  Figure (1.5).Wave front propagation along an optical fiber.The light ray must                 

interfere constructively with itself to propagate successfully [5,6].      
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M=1

a 

     The modes of the fiber are then a set of guided electromagnetic waves in the 

optical fiber. Each mode of propagation is identified with a mode number 

(M=0,1,2,...) Figure 1.6 shows the electric field pattern of the first three modes (M= 

0,1,2) traveling wave along the fiber[3,4]. 

 

 

 

 

Figure (1.6). Electric field pattern of the first three modes (M=0,1,2) traveling 

                                      wave along the fiber[5,6]. 

     It can also be observed that the modes are not confined in the core of the fiber, but 

penetrate partially into the cladding material. While the low order mode are 

concentrated near the centre of the fiber, higher order modes are distributed more 

towards the external surface of the fiber. Thus a portion of light could be refracted out 

of the core and could be trapped into the cladding [7,8]. 

     The order of the mode is also determined by the angle the wavefront makes with 

the axis of the fiber: high order modes cross the axis of the fiber at steeper angles 

compared to low order modes, while the lowest mode (M=0) travels nearly parallel to 

the fiber axis [7,8]. Figure (1.7) shows alight pulse traveling in a waveguide structure 

that enters a waveguide structure will thus be broken into various modes that 

propagate at different group velocity inside the guide. Therefore the signal emerging 

at the end of the guide will become broader than the input pulse [5,6]. 

M=2 
M=0 M=1 
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Figure (1.7). Schematic illustration of a light pulse travelling in a waveguide                                                                                                                                           

                                               Structure [5,6]. 

     A last type of modes is the leaky mode that lose power as they propagate along the 

fiber. Generally, modes leaked into the cladding are lost in a few centimeters. 

However, leaky modes can carry a large amount of power in short fibers. There is an 

important parameter that describes how many modes a fiber can support: the 

normalized frequency (V). It is a dimensionless quantity defined as[8,9]. 

V = 
   

 
 𝒏 

  𝒏 
  

 

                                                                                                    (1.9) 

(a) is the core radius, and (λ) is the wavelength of light in air. For a given wavelength 

(λ) the (V) number depends on the waveguide geometry (a) and properties (n1and n2), 

so it is a characteristic parameter of the optical fiber. It can be demonstrated that for 

(V  2.405) only the fundamental modes propagates along the fiber, while high order 

modes are lost in the cladding.this kind of fiber is called Single-Mode  (SM) [7,8]. 
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     For low (V) values most of the power is propagated in the cladding material and it 

is easily lost at fiber bends. Hence, the value of (V) should remain near the (2.405) 

value. 

When (V> 2.405), the number of modes propagating along the fiber increases 

sharply, This kind of fiber is called Multi-Mode (MM). For large values, the number 

of supported modes of a fiber can be calculated approximately as [8,9]. 

M=
 

  
V

2
                                                                                                                  (1.10) 

(1.3) The Hosts 

     Since the first demonstration of laser emission from a ruby crystal in (1960), 

hundreds of crystals and glassed doped with rate-earth ion have been fabricated and 

utilized in solid-state laser to generate coherent emissions at different wavelengths. In  

contrast to crystals, glasses do not only have broad laser transition which are essential 

conditions for wavelength tuning and ultrashort pulses generation but also have broad 

absorption spectra that relieve the wavelength tolerance for the pump source. Most 

importantly, single-mode optical fiber, as the most flexible and compact gain media 

for high efficiency and excellent beam-quality laser generation, are mostly drawn 

from glasses[10,11]. 

     Although crystalline fiber can be drawn using techniques of edge-defined film-fed 

growth, micro pulling-down, and laser heated pedestal growth, their cores can not be 

precisely controlled to small enough to ensure exclusive single-transverse-mode 

guiding and their length are also technically limited[10,11]. 

     To date, silicate, phosphate, ZBLAN and chalcogenide glasses can be drawn into 

single-mode fiber. A variety of lasers have also been demonstrated in these glass fiber. 

The spectral rang of glass fiber lasers can cover from ultraviolet (UV) to mid-infrared 

[11,12]. In contrast to other laser, the attractive features of fiber laser include 

outstanding heat-dissipating capability beam quality, high optical conversion 

efficiency, simplicity and compactness, high single-pass gain, low laser threshold, 
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broad gain bandwidth Silicate glasses are outstanding hosts for rate-earth ions and 

most of recent fiber lasers and constructed with silica fibers due to their low loss, high 

tenability, and strong strength. Phosphate glass as the host for the fiber lasers has a 

high solubility that enables extremely high doping high-gain fibers[12,13]. ZBLAN 

and chalcogenide glasses have drawn much attention because they are found to have 

low phonon energy and mid-infrared transparency. These glasses are excellent regions 

where emissions are hard to be optained from silicate and phosphate fiber [12, 13, 14]. 

     Comparing to chalcogenide fiber, ZBLAN fiber have been studied for lasing 

actions with more significant efforts due to their high allowable doping levels, 

relatively high strength, high stability, and low background loss[11, 15]. Though there 

are some studies on rare-earth doped chalcogenide fiber lasers and amplifiers, their 

efficiencies and output powers are relatively low due to the low available rare-earth 

doping level, the large background loss, and the fragility of chalcogenide glass[16,17]. 

     The composition of silica is [(0.1) O3 – (1) Al2O3 – (98.9) SiO2] and ZBLAN is 

[(53%) ZrF4 – (20%) BaF2 – (4%) La F3 – (3%) AlF5 – (20%) NaF], physical 

properties of silica and ZBLAN glass are listed in Table (1.1) [18,19]. 

     Obviously, the mechanical, optical, and thermal resistibility of ZBLAN glass is 

much lower than that of silica glass. As a result, output levels of ZBLAN fiber lasers 

would be much lower than those of silica fiber lasers [18,19]. 
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Table (1.1). Composition of basic properties of silica and ZBLAN glass [19]. 

            Glass property            Silica          ZBLAN 

     Transmission rang (µm)         (0.16 – 4)           (0.22 – 8) 

     Phonon energy (cm
-1

)            1100               600 

     Transition temperature (c
o
)            1175               260 

     Specific heat (J/g.k
o
)            0.179              0.151 

   Thermal conductive (W/cm.k
o
)            1.38              0.628 

    Density (g/cm
3
)            2.20                4.33 

    Refractive index  (at 0.589 µm)            1.458              1.499 

 

 ( 4.1 ) Rare earth doped solid-state laser 

     A solid-state laser is a laser with a gain medium that is a solid, such as crstalline or 

glass material, doped with Rare Earth RE or transition metal ions,that can be made in the 

form of bulk lasers, fiber lasers, or other types of waveguide lasers. Semiconductor based 

lasers are also solid-state devices, but are generally considered as a separate class of 

lasers. The host material must have good optical, mechanical, and thermal properties to 

withstand the severe operating conditions of practical lasers[20].Other important 

properties include hardness, chemical inertness, absence of internal strain and refractive 

index variations, resistance to radiation-induced colour centres and ease of fabrication. 

For crystalline host, several interactions between the host crystal and the dopant ion 

restrict the number of useful material combinations[20]. 

     In particular the size and valence of the dopant ion should match that of the host ion to 

replace. The most common crystal hosts are: Sapphire, Vanadates, Fluorides and 

Synthetic garnets like yttrium aluminum garnet (YAG), gadolinium gallium garnet 

(GGG) and gadolinium scandium aluminum garnet (GSGG), glass is an important class 

of host material for solid-state laser, especially doped with RE ions. Glass is easy to 

manufacture, versatile and less expensive than crystal[20,21]. 
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     It allows a homogenous distribution or RE ions, and these ions in glass show a large 

inhomogeneous broadening of the absorption and emission cross section, due to the lack 

of a unique and well-defined crystalline field surrounding the individual active ions[21]. 

Moreover, glass possesses a particular viscosity-temperature relationship that allows for 

fiber drawing. However, glass has a much lower thermal conductivity than most 

crystalline hosts and this causes, for laser rods, large thermally induced birefringence and 

optical distortion when they are operated at high average powers. Besides, a low thermal 

conductivity causes a lower thermal shock resistance than crystals [22].  

     In the following, the discussion will be limited to RE doped solid slate lasers based on 

glass material, and specifically phosphate glass [21,22]. In order to obtain an active 

material for solid-state laser, host material must be doped with an active ion, which must 

have sharp fluorescent line, broad absorption bands and high quantum efficiency for the 

wavelength of interest. ‘These characteristics are generally shown by solids that 

incorporate a small amount of active ions, in which the optical transitions can occur 

between states of inner incomplete electron shells. RE ions have been the most 

extensively used active ions, because they exhibit a wealth of sharp fluorescent 

transitions representing almost every region of the visible and near-infrared portions of 

the spectrum. [22]. 

(1.4.1) Rare earth 

     The rare earths atoms are divided into two groups: the Lanthanides that begin with 

cerium (Ce, Z=58) and end with lutetium (Lu, Z = 71) and the Actinides from 

thorium (Th, Z = 90) to lawrencium (Lr, Z = 103). Despite their name, (RE) elements 

are relatively plentiful in the Earth's crust,[22]. Only the lanthanides are considered 

here, because they are of greater than importance in lasers and amplifiers; many 

actinides, in fact, have no isotopes stable enough to be used in such devices, only 

promethium (Pm) has a short half-life. Let us consider a classic description of atom as 

an inner nucleus surrounded by shells of electrons, which are gradually filled as one 

moves along the periodic table. In general, the radius of each shell is larger than the 
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previous one, but at the atomic number (Z = 57), an abrupt contraction takes place. 

[23]. This latter instead of having a larger radius than the (5S) and (5P) shells actually 

contracts and becomes shielded from the environment by these shells. This effect is 

called Lanthanide Contraction and is the reason of RF [22,23]. peculiar optical and 

electronic properties. The most common and stable form of RE elements in condensed 

matter is the ionic form, in particular the trivalent (3+) state [22,23]. When a trivalent 

ion is formed, the RE atom gives up its outermost electrons and the electronic 

configuration is Nd
3+

:[Xe] 4f
4 

6s
2
,where Xe

 
:1s

2
,2s

2
 2p

6
,3s

2
 3p

6
,4s

2
 3d

10
 4p

6
,5s

2
 5p

6   

[24]. 

(1. .4 2) Nd
3+

- doped optical fiber  

     This section describes basic characterization measurements performed on most fibers 

fabricated for this work, including the (Nd
3+

)-doped fibers. This involved measurements 

of fluorescence lifetime, absorption spectra for light in core and inner cladding, and 

coupling efficiency of available diode pump lasers[25]. Background loss was often 

measured too. A knowledge of those parameters is a prerequisite for the further 

development of fiber lasers . When a new fiber has been fabricated and its’ refractive 

index profile has been, measured by the fabricator, the first step is typically to measure 

the absorption in the core and inner cladding. Absorption spectra for light launched into 

the inner cladding of double-clad fibers are simply measured with a white light source 

and a spectrum analyzer [25]. The fiber can be cut back for improved accuracy. However, 

different me is with different overlaps with the core are absorbed at different rates. 

Therefore, unless complete and rapid mode- mixing occurs in the fiber, the absorption is 

not unique, but depends on the launch, the fiber length, and the geometric arrangement of 

the fiber. To measure the absorption of light travelling in the core of a cladding-pumped 

fiber with a low-index polymer outer cladding, the following procedure was used [26].                                                       
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     Sometimes a very short fiber length must be used owing to a high core-absorption and 

the limited dynamic range of the measurement system. The fiber was stripped of its outer 

cladding, at least at its ends. Index matching fluid with a higher index of refraction 

relative to that of the inner cladding of the fiber was applied to strip cladding-modes, at 

least at the ends of the fiber. In some cases, stripping the fiber and covering it with index-

matching oil through most of the mid-section, or otherwise intermittently throughout the 

mid-section, helped to strip cladding-modes more thoroughly [26]. This improves the 

dynamic range of the measurement, which would be limited by any light propagating 

through the cladding. The core absorption was then measured using the white light source 

and a spectrum analyzer [26].The measurement can be repeated after the fiber is cut back 

for better accuracy. In case the tested fiber was too short to effectively strip cladding-

modes, [26]. The lifetime of neodymium metastable (
4
F3/2) level was measured with 

pulsed excitation by a diode laser. The diode laser was on-off modulated either directly 

via the current or externally with a mechanical chopper. To have an accurate 

measurement, stimulated emission and reabsorption must be negligible. Lifetime 

shortening via stimulated emission was avoided by using low pump levels. Furthermore, 

in double-clad of NDFs, reabsorption is quite weak and does not affect the measured 

lifetime under typical measurement conditions, since most detected fluorescence 

propagates in the inner cladding and interacts only weakly with the Nd
+3

-ions in the 

core[26,27]. 

(1.4.2.1) Neodymium energy levels 

     A partial energy level diagram, with the relevant transitions for the pump bands and 

the fluorescence bands of (Nd
3+

) is shown in Figure (1.8).The numbers indicate the 

approximate wavelengths of the Nd
3+

 
 
laser transitions, spanning the range from (0.9×10

-6 

to1.3×10
-6

)m[28].
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Figure (1.8): Partial energy level diagram of (Nd
+3

)-doped 1-silica and 2-ZBLAN      

fiber laser. 

     Figure 1.8- Partial energy level diagram of (Nd
3+

)-doped silica and ZBLAN host fiber 

showing the pump at (806×10
-9

m) and the lasing wavelengths in silica(1064×10
-9

m and 

1331×10
-9

m) and in ZBLAN (1048×10
-9

m and 1317×10
-6

m). The wave lines indicate 

rapid non-radiative transitions. (Nd
3+

)-ions have many energy levels, but the most 

important ones are the metastable
4
F3/2 level[28]. 

      The pump level (
4
F5/2) and the fluorescence terminal levels (

4I13/2,
4I11/2, and 

4I9/2) (the 

ground state). Furthermore, the (
4I9/2        

4
F5/2) transition corresponds to absorption of a 

pump photon from the ground level[29].Laser emission is most commonly, and 

easily,obtained on the(
4
F3/2           

4I11/2) transition at (~1100×10
-9

 m).The (
4
F3/2        

4I9/2) 

emission line is centred at (~ 900×10
-9

m), and the (
4
F3/2   

          4I13/2) transition emits in the 

range (1300×10
-9

 -1400×10
-9

 m). Some wavelengths that suffer from excited-state 

absorption from the metastable (
4
F3/2) state are also indicated [29,30].Figure (1.9) shows a 

emission cross section spectra of Nd
3+ 

-ion for representative glass compositions 

(1) (2) 



CHAPTER ONE                                OPTICAL FIBER 

 

20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(1.9):The emission cross section spectra of Nd
3+

ion for representative 

glass compositions[22]. 

 

(3) 

(2) 

(1) 

(3) 

(1) 

(2) 
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(1.4.2.2) Radiative transitions 

     the (N) electron state configuration of the RE ions is not sensitive to the environment, 

on the contrary the transition probability between these electron states is sensitive to the 

surrounding ions, both radiatively and nonradiatively.If we assume the host medium as a 

collection of charged particles, the elastic displacement of the electronic charge 

distribution to the nucleus causes a collection of induced electric-dipole moments. 

Classically, a light wave consists of electric and magnetic fields which vary sinusoidally 

at optical frequency. Since a light wave interaction with a material induces a charge 

displacement, its effect can be expressed in terms of the field induced electric-dipole 

moment [27]. The likelihood of transitions between electronic levels in an atom is 

governed by certain selection rules. However, for ions in a glass, internal electric and 

magnetic fields can break certain symmetries, so that originally dipole-forbidden 

transitions become possible by mixing of states with different parity. Such processes, 

however, exhibit a small probability to occur [31]. The resulting transitions are called 

Weakly Allowed Transitions. Whereas typical upper-state lifetimes are of the order of a 

few nanoseconds for allowed transitions for spontaneous emission, weakly allowed 

transitions for ions in glasses are typically between micro second sandmilli seconds. 

‘Such long-lived levels are called metastable states. Optical transitions in RE ions have 

been found to be predominantly electric-dipole in nature, and thus, since no change of 

parity is involved, mixing of higher lying states of opposite parity into the (4F) 

configuration, introduces a degree of electric dipole strength into the (F         F) 

transitions .Magnetic dipole and electric quadrupole transitions are allowed by the 

selection rules but their contributions to radiative decay arc generally small or 

negligible[31]. 
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(1.4.2.3) Nonradiativer relaxations 

     In addition to the interaction with (EM) radiation through emission and 

absorption of photons, RE ions in glass can interact with vibration of If the energy 

gap   E) between the electronic levels is of the order of one or two phonons, for 

example the Stark components of a multiplet, the transitions will occur rapidly. 

This leads to thermal occupation of levels above the ground state or metastable 

excited state if the separations are on the order of the thermal energy, When the 

energy- gaps   E) are much larger than (KT),[31,32].  

Where (T) is the Temperature of the host material in (Kelvin) an (K) is Boltzmann 

constant 

For the energy conservation it is required that [31]. 

                                                                                                                     (1.11) 

The nonradiative decay rate (Wnr) is inversely proportional to the exponential of the 

energy gap separating the two levels[31,32]. 

Wnr = W0 exp[-  E]                                                                                  (1.12) 

Where     is the correlated to phonon vibration (   ) 

     From the equations (1.12) follow that the nonradiative decay rate (Wnr ) has not 

only an exponential dependence on  E but also on the phonon vibration (   ).In 

practice (W0),(    ) are considered as empirical parameters that are host-dependent, 

but insensitive to the RE ion and energy levels involved.-Their values were measured 

for several glasses and crystalline materials. Table (1.2). lists the maximum phonon 

energy of various glasses that corresponds to the stretching vibrations of the glass 

network formers[32]. 
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Table (1.2). Maximum phonon energy of various glasses [32]. 

                      Glass type             Phonon energy(  ph) 

                         (cm
-1

) 

                        Borate                           1400 

                        Silica                           1100 

                        Phosphate                           1200 

                       Germinate                            900 

                       Tellurite                            700 

                       Flurozirconate                            500 

                       Chalcogenide                            350 

 

( 5.1 ) Optical resonator 
 

     The most common fiber laser resonator is the Fabry-Perot Figure. (1.10) shows 

the fiber resonators.  formed by ordinary dielectric mirrors in close contact with the 

ends of the doped fiber Figure. (1.10,1) Pump light is launched from the left-hand 

side, through the dichroic mirror, into the doped fiber. Laser light is generated in 

the fiber through a stimulated emission process, and it is extracted on the right-hand 

side. A variation of this design is possible by depositing dielectric reflector directly 

on fiber ends, usually with some evaporation method [22]. 

     The Fresnel reflection from a bare fiber end face is often sufficient for the 

output coupler of a fiber laser, especially in lasers based on a high gain transition. 

     For commercial products, it is common to avoid the use of free space optics and 

all- fiber Fabry-Perot resonator designs are preferred. Figure (1.10,2). shows a 

resonator in which the optical feedback is provided by two Signal fiber loops, one 

at each end of the doped fiber. Each loop is made of a length of doped fiber closed 

by a coupler. They have a typical insertion loss of less than 0.3 dB, so that the loss 

of this resonator is quite low [22]. 
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Figure (1.10). Step of various fiber resonators : (1) fabry-perot with dielectric 

reflector ; (2) fabry-perot with all-fiber reflector ; (3) fabry-perot with fiber Bragg 

gratiangs ; (4) ring ; and (5) fox-smith [22]. 
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      Another solution is provided by the use of fiber Bragg gratings Figure. (1.10,3) that 

can be either spliced to the fiber end or, if possible, directly written in the doped fiber, 

reducing the number of splice and consequently the loss a particular benefit of this 

design is the possibility to use as pump source a fiber Apigtailcd laser diode that can be 

spliced directly to the fiber laser, thus reducing coupling loss[22,23]. 

      Alternative setup for fiber laser is the all-fiber ring resonator Figure.(1.10,4), which 

consists in a loop of doped fiber with a low loss fused fiber coupler. The displayed ring 

laser resonates in both directions and, therefore, has a bidirectional output. This means 

that its conversion efficiency is only half compared to the one of Fabry-Perot cavity. It is 

possible to overcome this limitation by introducing an optical isolator in the ring[22],  

which forces unidirectional operation. However, this element introduce also a small loss, 

thus unidirectional ring fiber lasers require higher threshold. 

       A less commonly used solution is the Fox-Smith resonator Figure. (1.10,5), which 

consists in a standard Fabry-Perot resonator coupled through a fiber coupler, to a third 

branch with a mirror at its end. ‘The doped fiber is positioned in one of the arms and 

pumped through one of the reflectors[22,23].
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 (1.6) Pumping Sorics 

     Consider two energy level schemes for obtaining apopulation inversion, in both   

schemes, ahigher state is excited directly  by the pumping mechanism, and this state 

decays quikly and nonradiatively to the upper laser level, stimulated emission then 

occurs  from upper to lower laser levels, which is the optical gain transition [1,2]. 

     The difference between  the two schemes is in the position of the lower laser level, 

for the three-level system, the lower laser level is in the ground state, whereas for the 

four- level system the lower laser level is excited stste of the system [1,2,3]. 

     In the three-level system requires that at least half the atoms be pumped of the 

ground state, which agood deal of pump energy, whereas for the four-level system can 

achieve population inversion with only a small number of atoms raised out of the 

ground state, therefor, it is easiest to obtain amplification and lasing with a four-level 

system because not as much pump energy must be wasted in removing atoms from 

the ground state [3,21]. 

     Generally,the pumping sorics are used in optical fiber lasers are (Nd
3+

-YAG 

,GaAs, ALGaAs, InGaAs, Ar
3+

ions, dye Laser), in this study used  the ALGaAs laser 

is pumping sorics for the output power (0-10)W [3,21]. 
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( 7.1 )  Advantages of fiber laser 

     Optical fiber lasers have several key advantages over conventional bulk solid state 

laser: 

1-Outstanding heat-dissipation capability thanks to their high surface area-to-volume 

ratio and the distribution of the thermal load over a considerably long length, 

resulting in excellent heat dissipation. Thermal distortion of the beam is thus 

negligible, and the beam quality depends primarily on the physical design of the fiber. 

Tight confinement of both pump and laser light, resulting in a low threshold and high 

optical conversion efficiency [33,34]. 

2-Excellent beam quality, quite insensitive to thermal and mechanical perturbations. 

Single mode fiber laser exhibits a diffraction-limited Gaussian beam that is a beam 

that can be focused to the smallest spot possible for a given wavelength, i.e. the beam 

quality is ideal. For a given optical power, a diffraction-limited beam has also the 

highest brightness[33,34]. 

3-Simplified beam handling and beam delivery that enables to transport higher levels 

of power inside the laser, using higher brilliance to deliver more useful power at the 

work piece[33,34]. 

Possibility of pumping with low cost reliable diode lasers. 

4-Scalability to high power level through modularity. Commercial devices at 10
-3

W 

level commonly employ more sophisticated architecture than a single stage laser 

resonator. They often use one or more high power amplifier stages that are seeded by 

a medium or even high power fiber oscillator[33,34]. 

Possibility to realize the whole laser resonator only using fiber components, all-fiber 

setup, such as fiber Bragg gratings and fiber couplers. This configuration avoids the 

use of free-space optics that can be critical in presence of vibrations or large 

temperature variations; in addition light in fibers is totally confined within the core 

cladding structure and thus completely shielded from the environment. Using an all- 
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fiber setup, a robust and compact system design is possible, thus enabling the usability 

of fiber lasers outside the laboratory [33,34]. 

 

 ( 8.1 ) Literature Review . 

  Fiber lasers are nearly as old as the glass laser itself the first demonstration of a 

fiber laser dated back to the (1960’s) when C.J. Koester and E. .Snitzer developed a 

flash lamp pumped Neodymium-doped optical fiber with a large core-however, after 

these pioneering efforts,  work in fiber lasers essentially stopped until (1985), when 

D.N. Payne and co-workers at Southampton university, reawakened interest in fiber 

laser announcing the fabrication of the first low-loss single fibers containing (Nd) and 

(Er)[1,3]. 

     In that period, fiber lasers were investigated mainly for their applications in 

telecommunication field, as optical amplifier for path long-haul (1.5×10
-6

m) and local 

area network (1.3×10
-6

m). They were mostly single-mode devices with average of 

(10
-3

w). The next significant step forward in fiber laser evolution was introduction in 

(1980) of double clad fiber structure, that leads to a gradual increase in fiber laser 

output power in the intervening decode, thanks also to the increase of pump diode 

powers and brightness, as well as decreasing cost per watt[1,3]. 

     In the past few years, (cw) µw-level silica fiber using length of tens of meters to 

provide effective absorption of pump power. Power scaling of these sources is 

eventually limited by stimulated Brillonin scattering (SBS) and photo – darkening, 

which can limit the maximum attainable output power or induce output power 

degradation over time [2,3]. 

 M.J.F. Digonnet and C.J. Gaceta. [1985] [34]: “unsing the formalism of mode 

overlap, a theoretical analysis of optically pumped fiber laser amplifiers oscillators is 

developed. Simple and accurate closed-from expressions are derived for the gain of 

fiber amplifiers and the threshold and energy conversion efficiency of fiber laser 

oscillators in terms of the fiber and laser material parameters and the pump and single 
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modes, when applied to step-index Nd
3+ 

- doped fiber lasers, this study predicts 

optimum fundamental mode oscillation in fiber with a (V) number of (5-25) with 

submilli watt thresholds and nearly quantum-limited conversion efficiencies“ 

 P. Alcock.et.al.[1986][35]: “ Amenomode silica fiber doped with Nd
3+ 

has allowed 

the first demonstration of (CW) laser action on the (
4
            

4      transition of Nd
3+ 

in a glass host, with tuning over the range (900×10
-9

-945×10
-9

) m” 

D.C.et.al. [1987][36]:  “ Recent studies of monomode silica fiber which has rare-

earth impurity ions incorporated into the core region have shown that it can exhibit 

laser action with low threshold and high efficiency when end pumped by on external 

laser source. We described the first demonstration of Q-switching Nd
3+ 

transition at 

(10.9×10
-6

m) using a fiber laser of this type. In Q-switched operation an introcavity 

acousto-optic modulator was needed to generate pulses of (200×10
-9

s) duration and 

(8.8w) peak power at repetition rates up to (1×10
3
HZ) ”  

M.W.Phillips.et.al .[1987][37]:  “Modulated pumping of Nd
3+ 

doped silica 

monomode fiber laser has been investigated experimentally. For small modulation 

depths the laser exhibits a resonance of the relation oscillation frequency , providing 

pulses of a few microseconds duration at a repetition rate in the region of (10×10
3
HZ), 

dependent on the average pump level above threshold”. 

G.Geister and R.Ulrich. [1988][38]: “A LINbo3; Ti intrgrated-optic phase modulator 

is inserted into the cavity of a Nd
3+

-doped fiber laser operating near (  =1080×10
-9

 

m). Active mode-locking was achieved at the fundamental frequency (29×10
6
HZ) of 

the cavity and at higher harmonics thereof, using sinusoidal modulating voltages of 

(5-15) Vrms . the laser output is a stable periodic train of pulses, having lengths 

(≤90×10
-12

 sec) energies (≥1.5×10
-12

J) and a repetition rate (29×10
6
 HZ) ” 

” P.R.Morrel.et.al.[1988][39]: “The spectral variation of gain and excited absorption 

have been measured for Nd
3+

-doped silica fiber co-doped with Germania and alumina. 

The results show that an observed excited state absorption peak at (1300×10
-9

m) is 

considerably reduced47 in the alumina co-doped fiber” 
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M.S. Osullivan. [1989][40]:  "A narraw linewidth ,(cw) Nd 
3+ 

-doped fiber laser is 

described for application to the excitation of the (1092×10
-9

m) ,(5p) 
2
p1/2-(4d)

2 
D3/2 

transition in Sr
+ 

.The laser incorporates a gradient – index lens as an intra-cavity beam 

collimator and employs agroting together with a series of etalons as frequency 

selective and tuning elements .Tunable laser output in the region of (940×10
-9

m) is 

also described" 

M.Ledig. [1991][41] : "A (cw)-pumped Nd
3+ 

-deped silica fiber laser is mode –loked 

by feeding back the light from linear external mode –loked by feeding mirror.The 

duration of laser pulses is measured in dependence on the mismatch between the 

lengths of main and external cavity .The shortest pulses have a full width  at half 

maximum (FWHM) of (32×10
-12

sec).They  are generated if the laser cavity is (3.2×10
-

9
m) shorter than the external cavity" 

M.Le.Flohic.et.al. [1991][42]: " describe both experimentally and theoretically the 

two –stage process of the transient buildup of  emission in Nd
3+

-doped fiber lasers. 

After switching on the pump, spontaneous emission increases first until the gain 

becomes suffeicient to compensate for the cavity losses; then the laser field develops 

and reaches the steady state after more or less regular oscillations .During this second 

stage ,an almost chaotic spiking is obtained either for high pumping rates and /or at 

low temperature" 

P. R . Morkel .et. al. [1992][43]: "A high – power , laser –diode pumed , Q . 

switched Nd
3+   doped fiber laser operating at (1.053×10

-9
m) is described which is 

suitable for use in time – multiplexed fiber sensor applications . The laser emits (>1 

×10
3
W) pulses at (1.053×10

-9
m) with (2×10

-9
sec) duration at up to (1×10

3
Hz) 

repetition rakes for an absorbed pump power of only (22×10
-3

W) at (810×10
-9

m) with 

(2×10
-9

sec) duration at up to (1×10
3
Hz) repetition rakes for an absorbed pump poer of 

only (22×10
-3

W) at (810×10
-9

m) " 
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M.D. Selker and J .L .Dallos. [1992][44]:  " We have demonstrated simultaneous 

lasing and self-frequency doubling of a Neodymium and Germanium doped Silica 

fiber laser at (1.064×10
-9

m) . The doubling action is provided by a self-organized  

phase matching  grating in the fiber .The laser was mode-locked using a linear 

external cavity which produced (600×10
-12

sec)pulses a (1.664×10
-9

m) " 

". P. R Morkel .et .al [1993][45] : " The operation of a short-pulse , Q-switched , 

Neodymium-doped fiber laser operating at (1.054×10
-6

m) is described  experimentally 

and theoretically . The laser is efficiently pumped with a single-stripe AlGaAs laser 

diode and emits (>1×10
3
w) pulses . It is seen that due to high gain , short pulses with 

high energy extraction efficiency can be obtained . The feature of broad emission 

lines associated with rare-earth-doped glass is exploited to demonstrate tunable , Q-

Switched operation over a (40×10
-9

m) tuning rang " 

U.Gheara.et.al.[1994][46]:"Laser made of regular (i.e.non .polarization-maintaining) 

rare-earth doped single mode fibers have birefringence which is randomly diotriuted 

along the length of the gain medium This property  and its consequences are 

examined in detail , together with applications tunable laser , as well as to lasers 

capale of simulataneously lasing in a number of discrete spectral lines" 

"H.Ammann.et.al.[1994][47]: "have investigated experimentally and theoretically 

the propagation and amplification characteristics of short optical pulses at (1.3×10
-6

m) 

in a Neodymium –doped flourozirconate fiber . We have found that pulses(4×10
-12

sec) 

with Sub-NJ eneries can be propagated and amplified without appreciable temporal 

and spectral rashaping . The propagation and amplification of Sub-psec pulse 

(300×10
-15

sec) of comparable energy , however , is significantly affected by the 

diopersive and nonlinear properties of the fiber . The comparison between 

experimental and numerical results allows to identify the pulse shaping mechanisms  

involved which is important in order to assess  Nd
3+

  doped fluoride fiber amode-

locked fiber laser" 
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F. Sanchez . et . al . [1995] [48]:  "A simple theoretical modeling of a fiber laser that 

ineludes distributed losses and inhomogeneous pumping which pressented distributed 

closed-from expressions for both the output and backward at the input mirror 

intensities are obtained . The model is based on an extended formulation of the Rig 

red's theory .In particular , we show that for long (short) lasers optimal output power 

is achieved with low output-coupler reflectivity" 

J. Wang. et. al. [1995] [49]: "The fabrication of a highly efficient Nd
3+

-doped single-

mode fiber laser operating at (1.064×10
-6

m) described . The Nd
3+ 

is introduced by 

doping (Nd2O3) into a multicomponent lead-silicate glass  host . A fabrication 

technique for doping rare-earth evenly into commercial optical glasses is 

demonstrated . Spectroscopic properties relevant to laser operation in Nd
3+

-doped 

lead-silicate glass fibers were measured and influence of Pb
3+

 ions on the spectral 

properties was analyzed , Owing to the long lifetime and large absorption emission 

cross-section of Nd
3+

 this lead-silicate glass host , a high-performance Nd
3+

-doped 

lead-silicate fiber laser device operating at (1.064×10
-6

m)”. 

M. Wegm ller. et. al [1996] [55]:  ."A diode pumped Nd
3+

. ZBLAN Auoride fiber 

laser operating at (1.05×10
-6

m) Experiment and theory reveal that the fiber gain is 

strongly saturated which leads to an improved stability when the fiber laser is 

passively mode-locked with a multiple quantum well storable absorber pulse of (9×10
-

12
sec) duration with a pubc energy of (70×10

-12
J) are routinely obtained from a simple 

and compact set-up without dispersion compensation . On the other hand band width 

limited (2×10
-12

sec) pulses are obtained for a slightly anomalous total intracavity 

dispersion" 

T. Chartier. et. al [1996][51]:   "A detailed experimental and theoretical of optical 

feedback effects in Nd
3+

-doped fiber lasers is presented . of particular interest is an 

output-intensity reduction attributed to broadband nature of the laser spectrum with a 

mode-selection mechanism of external Fabry-Perot cavity . The theoretical approach 

on a simple multimode rate-equation model , provides on excellent description of 
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experimental results" 

".Y. C. Hool and H. B. Ahmad. [1996] [52]: "Operating characteristics of a Q-

Switched Nd
3+

-doped single-mode silica fiber with a mechanical chopper as a Q-

switching device are presented . peak powers as high as self-mode-locking in Nd
3+

-

doped fiber is also reported . An output power of (312 W) with a centre pulse duration 

of (4×10
-9

sec) is observed" 

R. Hofer. et.al. [1997][53]: " report mode-locked operation of a Nd
3+

-doped fiber 

laser at a wavelength of (920×10
-9

m) . The moving mirror technique was used as a 

starting mechanism and mode-locking was self-sustaining by nonlinear polarization 

evolution . Nearly transform limited pulses of (53×10
-15

sec) duration with output 

energies of (500×10
-12

J) were generated " 

R. B hm. et.al. [1997][54]: ”The optical nonlinearity , saturation of the lower laser 

level , and spontaneous emission modify the relaxation oscillations in a Nd
3+

-doped 

fiber laser . A novel four-level rate_equation model correctly describes the modified 

laser dynamics and allows the determination of the second-order susceptibility of the 

fiber , lifetimes of upper and lower levels , cavity loss . and the number of oscillating 

modes by monitoring relaxation oscillations " 

J.M.Lee. et. al. [1997] [55]:  "The start-up of passive mode-locking with a 

moving mirror was demonstrated in a Nd
3+

doped glass fiber laser pumped by a single-

stripe laser diode and pulses with a duration of (250×10
-15

sec) were generated . A 

relatively long fiber was used to lower the mode-locking threshold by increasing the 

kerr effect in the fiber and variation of the threshold for the start-up of mode-locking 

was investigated by changing the length of the fiber from (0.74 – 2) m" 

K. Ueda and A. Liu [1998][56]:  "Possible designs of high-power fiber lasers are 

discussed in work related to the future power delivering system in laser material 

processing factories.High efficiency operation of (73 %) was demonstrated by clod 

pumping schem using homogeneous absorption regime of Nd
3+

-doped rectangular 

double clad fibers.Fiber-embedded lasing dis and tube are proposed for the high-
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power laser that produces more than (1×10
3
w)for a single core of (50×10

-6
m) in 

diameter" 

J.H nkcmeier. et. al. [2000][57]: " Diode-pumped Nd
3+

-and Yb
3+

 multimode    fiber 

lasers with external cavities allow sensitive measurements of inter a cavity absorption 

in the spectral ranges of (0.9×10
-9

 – 0.945×10
-9

)m  . The sensitivity is characterized by 

effective absorption path length and is derived from the spectral dynamics of the 

lasers with intracavity atmospheric absorption , and calibrating the emission spectra 

with HIIRAN database . The highest sensitivity is achieved with a (cw) Nd
3+

-doped 

fiber laser ; it corresponds to a (140×10
3
 m) effective path length of absorption" 

N. S. Kim. et. al. [2000][58]:  "Numerical analysis is investigated for the high-power 

double-clad fiber lasers and experimental results using different microscope 

objectives for focusing into Nd
3+

-doped rectangular double-clod fiber also performed . 

The numerical analysis includes dependence of output power an output mirror 

reflectivity absorbed pump power, losses, and fiber length and pump power 

distribution for the cases of one-end and two-end pumps with 20 dB/km 

loss.Calculated conversion efficiencies are 76.36 % , 69.73 % and 63.84 % for 

lossless , two-end pump and one-end pump fiber lasers respectively " 

H. S. Seo. et. al. [2002][59]:" created a design for an Nd
3+

doped clad-pumped silica 

fiber laser to enhance the pump absorption and lasing efficiency for a butt-eoupled 

end-pumped scheme Two concatenated a diabetic tapers formed within the laser 

cavity simultaneovely removed higher order mode and were spliced to conventional 

single-mode fibers .We theoretically analyzed mode along the composite cavity and 

caper achieved continuous wave (cw) oscillation in the (LPo1) mode at (1.064×10
-6

m ) 

and a laser output power of over 820×10
-3

w with a efficiency of (27 %)" 

D.B.S.soh.et.al. [2004][60]:”A tunable high –power cladding –pumped Nd
3+

-doped 

aluminosilicate fiber laser is demonstrated .The maximum power reached was (2.4 w) 

with a slope efficiency of (41%) and a threshold pump power of (1.68 w),both with 

respect to launched pump power ,when cladding pumped by two (808×10
-9

m) diode 
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pump sources at both fiber ends .The tuning  range changed from (922×10
-9

-942×10
-

9
)m for a (25m) fiber length to (908×10

-9
-938×10

-9
) m with a (14m) fiber length , 

because of reabsorption effects. The filtered out the unwanted and competing strong 

transition at (1.064×10
-9

m) while guidance of (0.9×10
-6

m) remained intact" 

"T.J.Kane.et.al.[2004][61]: "A cladding –pumped Nd
3+

-aoped fiber with a 

fundamental – mode cut-off near (100×10
-9

m) was used to build an amplifier with 

gain ever a range near (920×10
-6

m) .pulses from an Nd:YVO3 passively Q- switched 

laser were amplified and then frequency doubled in (LBO) to produce bule with (3w) 

average power" 

"M.rusu.et.al. [2004][62]: " demonstrate a practical ultrafast Nd 
3+ 

- doped fiber laser 

operating in the (894×10
-9

-909×10
-9

) m spectral range. Using purposely designed 

semiconductor storable operation with clean transform- limited (360×10
-15

 sec) pulses 

was a chieves," 

J.Swiderski .et.al. [2005][63]: "A Q switched operation of a (1064 nm )Nd
3+ -

doped 

eliding –pumped silica a fiber laser using an electron apace modulation has been 

presented .The laser developed woplsnd at the temptation rate of up to(10×10
3
Hz) .for 

a (5m) along double- clad fiber of (3m) length . pulses with the energy of (0.36×10
-

3
g)and the  pulse duration of (84×10

-9
sec) have been obtained, for the same fiber of 

(3m) length.Pulses of (154×10
-3

g) energy and (48×10
-9

 sec) duration have been 

achieved" 

M. Meenster.et.al.[2005][64]: " demonstrate femtoserond operation of a Nd
+3 

doped 

microstructure fiber laser .The fiber Provides and anomalous dispersion at lasing 

wave length of (1.064×10
-6

m) and canes the construction of shert and simple cavity 

designs of a saturable  absorber mirror ,fiber nonlinearity,and diopersion and produces 

transform limted sub (400×10
-15

 sec) pulses with a pulse with a pulse energy as high 

as (100×10
-12

 J) " 
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L.B.Fu.et.al. [2005][65]: " present a compact  high power continuous wave tunable 

Nd 
3+ 

-doped double cladding fiber a prating on three-level 
4
F3/2 → 

4
I9/2 tansition with a 

maximum slope efficiency of (49.3 %) against absorbed (808×10
-9

 m) tuning range is 

achieved " 

E. Yahel.et.al. [2006] [66]: "High-power continues-wave Nd
3+

 - Yb
3+

 co-doped fiber 

laser (NYDFL) are analyzed, based on a rate-propagation equation model, The model 

takes into account energy transfer between Nd
3+

 and Yb
3+

, as well as cross relaxation 

between Nd
3+

 ions, and contributions from high-order modes to the Amplified 

spontaneous emission. Examples of cladding-pumped NYDFLs with distributed 

Bragg reflector at either end are presented" 

R. A. Martin and Jonathan C. Knight. [2006][67]: " have fabricated a neodymium-

doped phosphate glass fiber with a silica cladding and used it to form a fiber laser. A 

bulk phosphate glass of composition (Nd203)0.011 (La2O3)952.9 (P2O.)9572. (Al2O3) 0.005 

was prepared and the resultant material was transparent, free from bubbles and visibly 

homogeneous. The bulk phosphate glass was drawn to a fiber while being jacketed 

with silica and the resultant structure was of good optical quality, free from air 

bubbles and major defects. The attenuation at a wavelength of 1.06×10
-12

m was 0.05 

dB/cm and the refractive index of the core and cladding at the pump wavelength 

of488×10
-9

 m were 1.56 and 1.46, respectively" 

A.E. Siegman.et.al. [2006][68]: "The authors report laser oscillation in what appears 

to be a single transverse mode with very large mode area in optical fibers having 

heavily Nd-doped 100×10
-6

m diameter cores with refractive index significantly lower 

in the core than in the surrounding cladding. Since fibers of this type cannot support 

conventional index-guided modes, their results appear to confirm a recent analysis 

which predicts gain-guided single-mode propagation in index antiguided fibers, 

provided the gain coefficient in the core exceeds a threshold value". 
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H.Kalayciogly.et.al. [2008] [69]: "have achieved, for the first time to our knowledge, 

lasing in a new type of telluride – tungstate glass host doped with neodymium : Nd
3+

 : 

(0.8) Teo2-90.2) WO3. Lasing was obtained at 1065×10
-9

 m with two samples 

containing (0.5 mol%) and (1.0 mol% Nd2O3). During gain-switched operation , slope 

efficiencies of (12%) and (10%) were obtained with (0.5 mol%) and (1.0 mol%) 

doped samples,  respectively, at a pulse repetition rate of  1000Hz. Judd-ofelt analysis 

was further employed two determine the emission cross section    at 1065×10
-9

m 

from the absorption spectra and life time data. The emission cross section from the 

Judd-ofelt analysis came to (3.23 0.09 10
-20

 cm
2
), in reasonable agreement with the 

value of (2.0 0.13 10
-20

 cm
2
) obtained from the analysis of laser threshold data " 

J. Azkargorta.et.al. [2008][70]:  "In this work we present a detailed study about the 

influence of the host matrix in the spectroscopic and laser properties of Nd
3+

 in three 

different fluoride glasses. Stimulated emission experiments performed under selective 

wavelength laser pumping show the existence of dichromatic emission from two 

distinguishable site distributions for Nd
3+

 in fluoride glasses. This result can be 

explained by the moderate inter-site energy transfer among Nd
3+

 ionsfound in these 

systems" 

A.Peled.et.al. [2008][71]:" Report the design, fabrication, and characterization of a 

monolithic tapered rib waveguide laser made of Nd doped silica hafnia sol-gel. The 

laser has a (604×10
-9

 m) thick guiding layer. (CW) pumping was coupled in via a 

grating which also coupled out the lasing signal output, while reflection gratings 

supported the feedback. A lasing threshold of (20×10
-3

 W) and an output power of 

(2.45×10
-3

 W) were measured in a (3×10
-2

m) long device. " 

Z. Fan.et.al. [2008][72]: "A global optimization method - niche hybrid genetic 

algorithm (NHGA) based on fitness sharing and elite replacement is applied to 

optimize (Nd
3+

-Yb
3+)

 co-doped fiber lasers (NYDFLs) for obtaining maximum signal 

output power. With an objective function and different pumping powers, five critical 

parameters (the fiber length, L; the proportion of pump power for pumping (Nd
3+

), 
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(Nd
3+

) and (Yb
3+

) concentrations,Results show that dividing equally the input pump 

power among 808×10
-9

 m (Nd
3+

) and 940×10
-9

 m (Yb
3+

) is not optimal choice and the 

pump power of (Nd
3+

) ions should be kept around (10 - 13.78%) of the total pump 

power.Three optimal schemes are obtained by NHGA and the highest slope efficiency 

of the laser is able to reach 80.1%" 

P.Dallocchio.et.al. [2009][73]: " present a compact Nd:silicate laser pumped by a 

single 1-W high-brightness commercial laser diode that generates pulses as short as 

(88×10
-15

 s) (nearly Fourier limited) when passively mode-locked with a saturable 

absorber mirror. We also tested a prismless cavity setup employing a single Gires-

Toumois mirror, yielding 100×10
-15

-s pulses. These setups are significantly simpler 

and more compact than those reported previously for short pulse Nd:silicate lasers." 

C. N. Santos,et.al.[2009][74]:"In this work we performed a thorough spectroscope 

and thermo-optical investigation of yttrium aluminoborate glasses doped with 

neodymium ions. A set of samples, prepared by the conventional melt-quenching 

technique and with Nd2O3 concentrations varying from (0.1 to 0.75 mol %), were 

characterized by ground state absorption, photoluminescence, excited state lifetime 

measurements, and thermal lens technique, For the neodymium emission at  

(1064×10
-9

m)(
4
F3/2 4I11/2 transition), no significant luminescence concentration 

quenching was observed and the experimental lifetime values ranged around (70×10
-

6
s). The obtained values of thermal conductivity and diffusivity of approximately 

(10.3 X 10
-3

 W/cm K )and (4.0 X 10
-3

 cm
2
/s), respectively, are comparable to those of 

commercial laser glasses.Moreover, the fluorescence quantum efficiency of the 

glasses, calculated using the Judd-Ofelt formalism and luminescence decay, lies in the 

range from (0.28 to 0.32), larger than the typical values obtained for Nd
3+

 doped 

YAl3(BO3)4" 

E. Ramsay.et.al. [2010][75]: " report single-transverse mode laser oscillation from 

waveguides inscribed in a commercially available Nd-doped silicate glass substrate 

using an ultrafast fiber laser operating at 1064×10
-9

 m. When pumped at 808 nm, laser 
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action was observed at (1062×10
-9

 m), With a slope efficiency of (15.0%) and a 

maximum output power of (7.5×10
-3

 W). Analysis of the laser performance implied a 

waveguide loss of (0.17 ± 0.06 dB cm
-1

). 

I.Iparraguirre,
1
.et.al.[2011][76]:"The influence of the host matrix on the 

spectroscopic and laser properties of Nd
3+

 in a K-Ba-Al phosphate glass has been 

investigated as a function of rare-earth concentration. Site-selective time resolved 

laser spectroscopy and stimulated emission experiments under selective wavelength 

laser pumping show the existence of a very complex crystal field site distribution of 

(Nd
3+

) ions in this glass. The peak of the broad stimulated (
4
F3/2 

4
I11/2) emission shifts 

in a non monotonous way up to (3×10
-9

m) as a function of the excitation wavelength. 

The best slope efficiency obtained for the laser emission was 40%." 

M. Hughes.et.al. [2011][77]:"The internal quantum efficiencies under sunlight and 

laser excitation were measured directly by an integrating sphere method for tellurite, 

borosilicate and fluoride glasses. The radiative quantum efficiency was also obtained 

by Judd-Ofelt analysis. The radiative quantum efficiency was almost (100%) for 

tellurite and fluoride glasses and (50%) for borosilicate glasses. The quantum 

efficiency under laser excitation was (86%),( 34%) and (88%) for tellurite, 

borosilicate and fluoride glasses at a low (Nd
3+

) content and decreased by 

concentration quenching. The quantum efficiency under sunlight excitation was up to 

(33%, 21%) and( 70%) for tellurite borosilicate and fluoride glasses. Nd
3+

-doped 

fluoride glass is a promising candidate for solar pumped laser applications since it has 

the high quantum efficiency under sunlight excitation. " 

M. Klimczak and R. Piramidowicz. [2012][78]:"in this work the short-wavelength 

emission properties are investigated for the highest observed 4f metastable energy 

level (4F5/2) of (Nd
3+

) tens In fluorozirconate ZBLAN glass.Various dopant 

concentrations, ambient temperatures and excitation conditions have been considered 

throughout the study. Distinct spectral features were observed under pulsed and cw 

excitation at (514×10
-9

 m). In particular, pulsed pumping enabled recording of (4F5/2) 
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emission spectra, not observable under (cw) excitation, as well as the level 

fluorescence decay dynamics and its evolution with temperature and dopant 

concentration. According to the best of the authors’ knowledge, neither the 

fluorescence lifetime of (4F5/2) of (Nd
3+

) in ZBLAN, nor its concentration dependent 

evolution were reported before". 

N.Oliveira.et.al.[2013][79]:"The optical properties of trivalent neodymium 

embedded in a P2O5-Al2O3- Na2O K2O phosphate glass system, synthesized by the 

fusion method, are studied. Absorption, luminescence, lifetime, and Raman 

spectroscopy measurements were performed and the Judd-Ofelt theory was applied to 

determine optical parameters such as die quantum efficiency and the stimulated 

emission cross section of the Nd
3+

-doped glass system. This structure has high 

quantum efficiency at low Nd
3+

 concentrations, comparable to the efficiency of a 

commercial YAG:Nd
3+

 crystal". 

A. Ryasnyanskiy.et.al. [2014][80]:"The first demonstration, to the best of our 

knowledge, of distributed Bragg reflector (DBR) and monolithic distributed feedback 

(DFB) lasers in photothermoreffactive glass doped with rare-earth ions is reported. 

The lasers were produced by incorporation of the volume Bragg gratings into 

the laser gain elements. A monolithic single-frequency solid-state laser with a 

linewidth of( 250×10
3
Hz) and output power of (150×10

-63
w) at (1066×10

-9
 m) is 

demonstrated. " 

M.Venkateswarlu,.et.al.[2014][81]:"Lead Tungsten Tellurite (LTT) glasses doped 

with different concentrations of Nd
3+

 ions were prepared by using the melt quenching 

technique to study the absorption, emission and decay spectral profiles with an aim to 

understand the lasing potentialities of these glasses. The emission spectra recorded for 

LTT glasses give three emission transitions (
4
F3/2   

4
I9/2) (

4
F3/2   

4
I11/2) and (

4
F3/2   

4
I13/2)for which effective band widths (   ) and stimulated emission cross-sections 

(   ) are evaluated. Branching ratios (  ) measured for all the ITT glasses show that 

(
4
F3/2   

4
I11/2) transition is quite suitable for lasing applications. The intensity of 
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emission spectra increases with increase in the concentrations of Nd
3+

up to (1.0 

mol%) and beyond concentration quenching is observed. From the absorption, 

emission and decay spectral measurements, it was found that   (1.0 mol%) of (Nd
3+

) 

ion concentration is aptly suitable for LTT glasses to give a strong NIR laser emission 

at (1062 ×10
-9

m). " 

C.Tian.et.al.[2015][82]:"A detailed investigation on (1.06×10
-6

 m) spectroscopic 

properties as a function of (Nd
3+

) ions concentration in bismuth silicate glasses is 

reported. Judd-Ofelt analysis indicated that (Nd
3+

) has no substantial influence on 

glass structure. Based on the Judd-Ofelt intensity parameters, several radiative 

properties such as radiative transition probability, radiative lifetime, branching ratio 

and emission cross-section of (Nd
3+

) ions have been derived. The (1.06×10
-6

 m) 

emission intensity increases firstly and then attains maximum at (0.5 mol%) Nd2O3 

and decreases with further increase of dopant concentration.The luminescence 

quenching behavior at higher Nd
3+

 concentration has been ascribed to the hopping 

migration assisted cross relaxation mechanism. The high emission cross section (233 

x 10
-20

 cm
2
) and large quantum efficiency (90.7%) suggest their potential for compact 

(1.06×10
-6

 m) lasers applications. " 

.IL.Leconte.et.al. [2015][83]:"High-power and tunable operation of Nd-doped fiber 

lasers at wavelengths as short as (872×10
-9

 m) is reported. Using a reflective VBG, we 

showed a narrow line width (~35pm) laser emission with a maximum output power of 

(22W) "
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(1.9) Thesis Layout 
 

     This thesis included four chapter, the first chapter is Background and Literature 

Riview, which is description the active medium of studied laser through the topics 

Optical fiber, Optical fiber type,  Refraction of light and total internal reflection, Light 

propagation along on optical fiber, The Host, Rare-earth doped solid-state laser, Rare-

Earth,  Nd
3+

- doped optical fiber, Neodymium energy levels, Radiative transitions, 

Nonradiativer relaxations, Optical resonator, Pumping Sorics , and Advantages of 

fiber laser, also in this chapter, number of researchers studies related this research was 

reviewed. 

     The title of chapter two is Theoretical Treatment, which is study the topics; 

Principle of laser action, Rate equations, Threshold condition Efficiency and Lasing 

output power. 

     Results and Discussion is the title of chapter three, which is introduced a 

comprehensive presentation of a numerical solution results for Lasing output power 

equation in case of using the host of types Silica and ZBLAN, and study the effect all 

the coefficients related this Laser design on lasing output power calculation, and 

determine the optimal values of these coefficients to obtain the highest value of lasing 

output power and efficiency for laser consideration study. 

     The title of chapter four is Conclusion and Future works, ‘which is included a 

number of derived conclusion from this study, addition to that, this chapter included a 

number of proposed future projects, which are complementary to the current study. 
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(1.10)  Aim of the present work 

      The aim of this work is using the analytical solution of modified equations for 

optical fiber laser, which works according to pump plan with four – levels system to 

find the equation of lasing output power (pout), and using the numerical solution to 

calculate (Pout) of (Nd
+3

) doped optical fiber laser as a model example for optical fiber 

laser, which is working according to this system. Two types of hosts included Silica 

and ZBLAN with using a different designs. 

      In addition to that, the study was achieved to know the effectiveness of the 

numerical aperture (NA), core radius (a), cladding radius (b), fiber length (L), 

reflection coefficient of mirror(2) (R2), (Nd
+3

)-dopant concentration in the fiber core 

(No),lifetime of upper laser level (T2) and pump power (Po) up on the (Pout)for the host 

type Silica when the emission of laser with wavelength is (1064*10
-9

m). 
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 (2.1) Introduction 

     Light in the core of an optical fiber is trapped by total internal reflection, and this 

provides a natural way of confining the lasing mode laterally. Light can be confined 

in the longitudinal direction by a mirror on each end of the fiber [22]. The mirrors 

in this case can be flat, because the optical mode is defined by the fiber rather than 

the mirrors. In this type of laser cavity, light can be confined to a small lateral size 

for an arbitrarily long cavity length, subject only to attenuation losses in the fiber. 

Gain in the cavity is provided by rare earth ions, which are doped into the fiber core. 

A device of this type is termed a fiber laser [22]. 

     To obtain gain in the fiber laser, the rare earth ions need to be optically pumped  

with a suitable light source. The first fiber lasers, proposed and developed by Snitzer 

in the early 1960s, were lamped pumped from the side. However, this pump scheme 

does not take advantage of the long fiber lengths that are possible, and fiber lasers 

today are nearly always end pumped[85]. One way to end pump the laser is to send 

pump power through a dichroic mirror at the fiber end. This mirror is highly 

transmitting at the pump wavelength( λp) which allows the pump power to be 

coupled into the core of the fiber, but it is highly reflecting at the lasing  wavelength 

(λL), so it can serve as a high reflector in the laser cavity. This pumping arrangement 

is generally used for experimentation and setting up prototypes, since the cavity can 

be easily altered [22,85] 
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 (2.2)  Principle of laser action. 

     The interaction between electromagnetic (EM) radiation and matter causes 

change in the energy states of the electrons in matter. 

     To simplify the discussion, let us consider an idealized material with just two 

nondegenerate energy levels (E1) and (E2) having populations of (N1) and (N2), 

respectively. The total number of electrons in these two levels is assumed to be 

constant[22,22]. 

     N1 + N2 = No                                                                                                     (2.1) 

We can identify three types of  interaction between (EM) radiation and a simple two-level atomic 

system (see Figure.2.1). 

 

   

 

 

 

 

     Absorption: when a electromagnetic (EM) wave of frequency (𝑣) enters a material, electrons 

can be raised from lower energy level (E1 ) to higher energy level( E2 ), if the photons energy 

equals the energy difference between the two levels[22,22]. 

hν = E2 -  E1                                                                                                                                                                                                          (2.2) 

The population of lower level will be depleted at a rate equals to: 

 d N1 / dt = - B12  ρ N1                                                                                                          (2.3) 

     Where (B12 )is the Einstein's coefficient for stimulated absorption, (N1) is the 

population in lower state and( ρ) is the energy density per unit of frequency of the 

incoming photons. 

 

Figure (2.1). Interaction of radiation with matter . 

(1) Absorption (2) Spontaneous emission (3) Stimulated emission 

(1) (2) (3) 
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Spontaneous emission: after an electron has been raised to the upper energy level 

by absorption, there is a probability that it will return to the lower energy state 

emitting, in a random direction, a photon of energy equals to the energy difference 

between the two levels. The population of the upper level will be depleted at a rate 

equals to[22,22]. 

d N2 /  dt = - A21  N2                                                                                                                                                   (2.4) 

Where (A21) is the Einstein's coefficient for spontaneous emission. 

   It can be observed that this spontaneous decay of the upper level takes place in 

absence of an (EM) field. It is purely a statistical phenomenon related with time and 

space and is dependent on the lifetime of the excited state. If the transition lifetime 

is very large, it is considered as a forbidden transition. 

  If we consider a large number of spontaneously emitted photons, there is no 

phase relationship between them, thus they are incoherent. 

 Equation (2.4) has a solution equals to[22,22]. 

N2 (t) = N2 (0) exp (- t / 𝑇21)                                                                                                             (2.5) 

where (𝑇21) is the lifetime for spontaneous radiation of level (2). This radiation 

lifetime is equal to the reciprocal of the Einstein coefficient[22]. 

𝑇21  = A21 
-1                                                                                                            (2.6) 

     In general, the reciprocal of the transition probability of a process is called its 

Lifetime and has the dimension of time. The shorter the spontaneous lifetime, the 

greater is the probability that spontaneous emission will occur. In certain materials, 

there are energy levels which have the spontaneous lifetime of the order of 

microseconds to a few milliseconds. 
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These levels are known as metastable levels. The probability of transitions 

involving metastable levels is relatively low [22].Stimulated emission: emission 

takes place not only spontaneously but also under stimulation by (EM) radiation of 

the appropriate frequency (ν), that satisfies  

equation (2.2). 

     In this case the emitted photon is in phase with the incoming photon, it is in the 

same direction, it has the same polarization and the same energy. 

The population of the upper level will be depleted at a rate equals to[22]. 

dN2 / dt = -B21 ρ N2                                                                                                                                      (2.7) 

Where (B21) is the Einstein's coefficient for stimulated emission and (ρ) is the energy 

density per unit of frequency of the incoming photons. 

  The useful parameter for laser action is the (B21) coefficient; the (A21) coefficient 

represents a loss term and introduces a noise source in a laser. 

Considering an ideal material in thermal equilibrium, where absorption, 

spontaneous emission and stimulated emission take place, it can be written [22,22]  

B21 ρ N2+A21 N2 =  -B21 ρ N2                                                                           (2.8) 

Using Boltzmann statistical black body radiation law, it is possible to 

demonstrate that[22,22]. 

A21 /  B21 = 8πν2 hν /  c3                                                                                       (2.9) 

B21 = B12                                                                                                                             (2.10) 

These equations are known as Einstein’s relations. 

     From eq. (2.9) it is possible to observe that the ratio of the probability of 

spontaneous to stimulated light emission depends directly on the frequency of 

emission. Hence, stimulated emission is more probable than spontaneous in the 

microwave region, while in the optical region, spontaneous emission is more likely 
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than stimulated emission and this gets worse as we go into the (UV) region of the 

spectrum [22]. 

     Eq. (2.10) states that the Einstein coefficients for stimulated emission and 

absorption are equal. This means that, in steady state, the two processes have the 

same probability to happen [22]. 

(
𝑁2

𝑁1
) =exp(-

𝐸2−𝐸1

𝐾𝑇
)                                                                                              (2.11) 

Where (T) is the Temperature of the host material in (Kelvin) an (K) is Boltzmann 

constant 
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(2.3) Rate Equation 

Consider the four – level scheme as shown in Fig (3.2) . 

 

 

 

 

 

 

 

 

 

Figure (2.2). The scheme of a four – level system. 

 

 In this scheme , a higher state level (3) is excited directly by the pumping 

mechanism  , and this state decays quickly and nonradiatively to the upper laser level 

(2) . Stimulated emission then occurs from level (2) to level (1) , which is the optical 

gain transition . In contrast , the four – level system can achieve population inversion 

with only a small number of atoms raised out of the ground – state . Generally , it is 

easy to obtain amplification and lasing with a four – level system because not as 

much pump energy must be wasted in removing atoms from the ground state[03, 28 ].  

 Where (N1 = N3 ≅ 0) , population inversion is therefor , readily obtained , 

since (∆N ≅ N2), which is positive for any rate of pumping . It is also clear level (2) 

is in effect being directly populated by the pump . 

 With the above approximations , only a single rate equation is required to 

describe the level populations in the four – level system . The rate of change of the  
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upper laser state population can be written as[03, 28 ].  

𝑑𝑁2

𝑑𝑡
 = NoWp – N2 𝑊21

𝑖𝑛𝑑 – 
𝑁2

𝑇2
                                                                                                  (2.12)

 Where (T2) is the fluorescence lifetime of level (2) and the approximation 

 (N1 ≪ N2) has been used. The rate (WP) is the pump rate, defined as the probability 

per unit time that an atom is promoted by the pump from the ground state up to level 

(3). (No) is the Nd3+-dopant concentration in fiber core .The rate (𝑊21
𝑖𝑛𝑑) is, as before, 

the probability per unit time for an induced transition and are geien by [ 28 , 08 ].  

Wp = 
𝐼𝑝𝜎𝑝

ℎʋ𝑝
                                                                                                           (2.13) 

𝑊21
𝑖𝑛𝑑= 

𝐼𝐿𝜎𝐿

ℎʋ𝐿
                                                                                                           (2.14) 

 

 Where (𝜎P) ,(𝜎L) are absorption  and emission cross – section at pumping and 

lasing wavelength , and (IL) is the lasing intensity that is resonant with the                

Level (2) → Level(1) transition . 

 Using eq. (2-13 and 2 - 14), the rate equation of eq. (2-12) can be written as. 

𝑑𝑁2

𝑑𝑡
 = R – N2 (

𝐼𝐿𝜎𝐿

ℎʋ𝐿
 +

1

𝑇2
)                                                                                                      (2.15) 

R = NoWP                                                                                                                     (2.16) 

 

 Where (R) is the total number of atoms pumped up to level (2) per unit volume 

per unit time . 

 The equation (2.15) relates the excited – state population (N2) to the lasing 

intensity (IL) , and to understand the operation and behavior of lasers[88] . 
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(2.4) Threshold condition  

       The conditions under which lasing will occur can be determined by considering 

the simple laser cavity shown in Fig (2.3). 

 

Figure (2.3). Laser cavity. 

        A uniform gain medium fills the region between two cavity mirrors  which are 

separated by distance (L) and have reflectivities (R1) and (R2) . Let us consider that 

there is a small amount of lasing intensity at point (A) that happens to be moving in 

a direction toward mirror (2) , as shown . As the lasing makes a round – trip through 

the cavity from point (A) to point (B) it is amplified with again coefficient (G) while 

at the same time being attenuated by the loss coefficient at lasing wavelength . After 

reflection from mirror (2) , the losing intensity is reduced by a factor (R2) and 

similarly for mirror (1) . The intensity of lasing arriving at point (B) , the (IB) can be 

written as[88].  

IL(B) = R1 R2 𝑒2(𝐺−∝𝐿)𝐿  IL(A)                                                                                        (2.17) 

Where (IA) is the intensity of lasing originating at point (A) .If (IB < IA) then the  

lasing intensity will become progressively smaller with each round – trip , and lasing  

output will not occur  . 

Pumping 
Lasing 

0 

Mirror(1) Mirror(2) 



 

52 

 

CHAPTER TWO               THEORTICAL TREATMENT 

 

      For lasing output to occur , it is necessary that (IB > IA).The threshold condition 

for laser oscillation then becomes[22,88,88]. 

R1 R2 𝑒2(𝐺−∝𝐿)𝐿 ≥ 1                                                                                                   (2.18) 

     The smallest vlaue of (G) that satisfies this inequality is the threshold gain 

coefficient  and is denoted (Gth) ,taking the log of eq. (2.18) gives[22,88,88]: 

Gth = ∝𝐿 + 
1

𝐿
 ln 

1

√𝑅1𝑅2
                                                                                                (2.19) 

     So that the condition for threshold can be written (G > Gth) .The Scattering loss 

at lasing wavelength is given by[15].  

∝𝐿 = No 𝛤𝐿 𝜎L                                                                                                              (2.20) 

Where (𝛤𝐿) is the power filling factor at lasing wave length (𝜆L) is defined by [88].  

𝛤𝐿 = 1 – exp [−2(
𝑎

𝑤𝐿
)2]                                                                                                  (2.21) 

(wL) is the mode field radius , for a fundamental mode (wL) is defined by[93].  

WL = a [6.616 +
1.660

⊔1.5
+

0.987

⊔6
]                                                                                      (2.22) 

Where (⊔) is the normalized frequency at lasing wavelength is defined by: 

⊔ = 
2𝜋𝑎𝑁𝐴

𝜆𝐿
                                                                                                               (2.23) 

Where (a) is the radius of core fiber . 

     The net fractional increase in intensity of lasing after propagating a distance (∆Z) 

is (G – Gth) ∆Z , this fractional increase occurs in a time (∆t = 
∆𝑍

𝑐
) , since the beam 

is moving with speed (c) . 

The fractional increase in intensity of lasing can then be written[88].  

∆𝐼𝐿

𝐼𝐿
 = (G – Gth) c ∆t                                                                                                        (2.24) 
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     At (∆N = N2) , the(G)and the cavity lifetime( Tc) has been defined by[22,88] : 

G = 𝜎L N2                                                                                                                  (2.25) 

Tc = 
1

𝑐𝐺𝑡ℎ
                                                                                                            (2.26) 

The eq. (2-24) become : 

∆𝐼𝐿

∆𝑡
 = c 𝜎L N2 IL – 

1

𝑇𝑐
                                                                                               (2.27) 

Taking the limit( ∆t → 0) in eq. (2-27) gives an equation for the rate of change of 

lasing intensity , then yields of differential equation relation (IL).  

𝑑𝐼𝐿

𝑑𝑡
 = c 𝜎L N2 IL – 

1

𝑇𝑐
                                                                                              (2.28) 

In the steady state , eq.s (2-15) and (2-28) become[22,88].  

0 = R – N2 (
𝐼𝐿𝜎𝐿

ℎʋ𝐿
+

1

𝑇2
)                                                                                          (2.29) 

0 = c 𝜎L N2 IL – 
1

𝑇𝑐
                                                                                                          (2.30) 

     The solutions for (N2) and (IL) both above  and below threshold can be found in 

the following way . Below threshold , (IL) is very small , so (
𝐼𝐿𝜎𝐿

ℎʋ𝐿
) can be neglected 

compared to (
1

𝑇2
) in eq. (2-29) . The excited state population is then[88,92] : 

N2 = R T2                                                                                                                                            (2.31) 

Which increases linearly with the excitation rate IL . 

When IL reaches the threshold value : 

Rth = 
𝑁2𝑡ℎ

𝑇2
 = 

1

𝑐𝜎𝐿𝑇𝑐𝑇2
                                                                                                   (2.32) 

      Laser action begins , with eq. (2-28) giving (𝑑𝐼𝐿 ∕ dt ≥ 0) . 

The lasing intensity (IL) builds up rapidly , but is prevented from going to infinity 

by saturation of the population inversion (N2)[92] . 
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    A further increase in (IL) does not result in any additional increase in (N2) , 

because the steady – state condition of eq. (2-28) would then be violated . Instead , 

(N2) becomes pinned at the threshold value[88,92].  

N2 = N2th = Rth T2                                                                                                         (2.33) 

    Although (N2) does not increase above threshold , the lasing intensity (IL) does 

increase with  increasing (R).  

This can be seen by combining eqs (2-33) and (2-29) : 

R = Rth (
𝐼𝐿𝜎𝐿𝑇2

ℎʋ𝐿
+ 1)                                                                                                     (2.34) 

And solving for (IL) to give : 

IL = 
ℎʋ𝐿

𝜎𝐿𝑇2
(

𝑅

𝑅𝑡ℎ
− 1)                                                                                               (2.35) 

  

     The Lasing intensity (IL) is increased linearly with excitation rate (R) , this linear 

increase in lasing intensity above threshold , along with the pinning of the population 

inversion , are key identifying features of laser action[88,92] . 

 

 

 

 

 

 

 

 

 

 

 



 

55 

 

CHAPTER TWO               THEORTICAL TREATMENT 

 (2-5) Threshold Lasing power  

     The pump power is absorbed as it propagates down the fiber core , and this causes 

the pump intensity to vary with position along the fiber . 

     Consider pump power of intensity (Ip (o)) and wave length (𝜆p) that is coupled 

into the core of fiber of length (L) . 

     The core has cross – sectional area (Aeff) and is doped with (No) rare earth ions 

per unit volume . 

     In this case , the pump intensity decays exponentially with(Z) according to Beer’s 

a law [22]. 

Ip(Z) = Ip(0) e−∝pZ                                                                                                              (2.36) 

Where (∝p) is the scattering loss at pump wave length is given by[22].  

∝p = Γp No σp                                                                                                               (2.37) 

If (Γp) is the power filling at pumping wave length (λp) is defined by[93].  

Γp = 
Aeff

A clad
                                                                                                                 (2.38) 

Where :  

Aclad = πb2                                                                                                                                                           (2.39) 

(b) is the radius of cladding and (Aeff) in Multi – Mode fiber defined by[93].  

Aeff  = πa2                                                                                                                      (2.40) 

The Aeff  in a Single – Mode fiber defend by[93].  

Aeff = π wp
2                                                                                                               (2.41) 

Where (wp) is the mode field radius at pumping wave length , for a fundamental 

mode is defined by[93]. 

Wp = a [0.761 +
1.237

V1.5
+

1.429

V6
]                                                                                (2.42) 

V = 
2πaNA

λp
                                                                                                                (2.43) 

     The gain coefficient varies with (z), we first express it in terms of the level 

populations as [22,88.88].  
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G (Z) = [N2 (Z) – N1 (Z)] σL                                                                                             (2.44) 

Where (𝑁1 ≪N2) has been assumed for the four – level transition . 

G(Z) = N2(Z) σL                                                                                                         (2.45) 

By using eqs. (2-13), (2-16) , (2-31) and (2-37) the eq. (2-45) can be written as[88].  

G(Z) = 
∝pσLT2

Γphυ𝑝
 IP(Z)                                                                                                   (2.46) 

     This result shows that the gain coefficient (G(Z)) varies with (z) in the same 

manner as the pump intensity IP(z) . 

The gain coefficient gives the fractional increase per unit length of lasing intensity 

at lasing wave length (λL) . 

     For the small section (dz) of fiber , the increment in lasing intensity is [88]. 

dIL = IL G(Z) dz                                                                                                              (2.47) 

By using eqs. (2 - 46) and (2 - 36) can be integrating over the fiber length , we obtain  

∫
dI𝐿

I𝐿

I𝐿2

I𝐿1
=  

σLT2

Γphυp
 IP(0) ∫ ∝P e−∝PZdz

L

0
                                                                            (2.48) 

Where IL1, IL2 is the  intensity at the mirror (1) and (2) respectivly 

Ln 
𝐼𝐿2

𝐼𝐿1
= 

σLT2Ip(0)

Γphυp
 (1-e−∝pL)                                                                                        (2.49) 

The single – pass gain was denoted previously as [22,88].  

γ= 
𝐼𝐿2

𝐼𝐿1
                                                                                                                      (2.50) 

By using eq. (2-50) the eq. (2-49) can be written as : 

ln γ =
σLT2Ip(0)

Γphυp
 [1-exp (-∝p L)]                                                                              (2.51) 

the threshold Lasing power (pth) can be evaluated using[88,88].   

IP(0) = 
𝑃𝑡ℎ

Aeff
                                                                                                                 (2.52) 

  ln γ = ln γth = Gth L                                                                                                (2.53) 

Pth = 
A eff hυpΓpGthL

σLT2[1−exp(−∝pL)]
                                                                                           (2.54) 
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(2.6) Lasing output power  

     The output power from the laser can be determined by referring to Fig (2.4) . 

 

 

 

 

 

 

 

 

Figure. (2.4) : Schematic of end-pumped linear-cavity. 

     The two counter. Propagating beam of intensities (IL
-) only the (IL

+) beam is 

transmitted through the mirror (2) to give laser output. 

The wave inside the resonator has the form of a standing wave , which is equivalent 

to the superposition of two counter propating beams of intensities (IL
-) and (IL

+) as 

showed[88,92] . 

      Each of these has half the intensity (IL) of the wave in the cavity,   So                  

(IL
- = IL

+ = IL/2) . Assume for simplicity that the left mirror (R1), and that the other 

mirror has a transmission (T) , so (T = 1 – R2) . wave will then have the cavity only 

through the right mirror (R2) , with an intensity (T IL
+ = 

1

2
 TIL) , the power exiting 

the laser becomes[88,88] . 

Pout =  
1

2
 ILT Aeff                                                                                                             (2.55) 

By using eq. (2-35) , the eq . (2-55) become : 

Pout = 
1

2
 

ℎ𝜐𝐿

σLT2
 T Aeff (

R

Rth
 -1)                                                                                        (2.56) 

Where the saturation intensity (Is) is  defiend as[22,88,92] : 
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Is = 
ℎ𝜐𝐿

σLT2
                                                                                                               (2.57) 

 The input power to laser (pin) can be taken as the absorbed pump power (pabs) is 

given by[88,88,92].  

Pin = Pabs = Rhνp Aeff L = Po [1-exp(-∝pL)]                                                                  (2.58) 

And the lasing threshold can be written as : 

Pth=RthhνpAeff L=
A eff hυpΓpGthL

σLT2[1−exp(−∝pL)]
                                                                            (2.59) 

Combining eqs. (2-57) , (2-58) and(2-59) with eq. (2-56) yields : 

 Pout = 
1

2
 Aeff 

TIs

Pth
 [Pin – Pth]                                                                                           (2.60) 
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(2.7) Efficiency  

Eq. (2-60) can be further manipulated the simple form [22,22,88].  

Pout = ηs [Pabs – Pth]                                                                                                (2.61) 

Combining eq. (2-60) with eq. (2-61) , the slope efficiency giving : 

ηs = 
1

2
 Aeff T 

Is

Pth
                                                                                                          (2.62) 

By using eqs. (2-57), (2-59) and (2-26) the eq. (2-62) become : 

ηs = T 
ℎ𝜐𝐿

hυp
 
cTc

2L
                                                                                                         (2.63) 

Where : 

 
cTc

2L
 = 

1

2ln𝛾𝑡ℎ
                                                                                                             (2.64) 

Then the eq. (2-63) becomes : 

ηs = T 
hνL

hνp
 

1

2ln𝛾𝑡ℎ
                                                                                                         (2.65) 
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(3.1) Introduction 

     There is a growing interest in the optical fiber lasers, especially in desired 

applications in low threshold pumping, Compared to other lasers, it can reach the 

threshold of the laser emission due to the fact that the size of a very small core of 

optical fiber. In these lasers, the core of the optical fiber has been fed by one of rare 

earth elements, as each of the absorption cross-section, emission cross-section and 

the energy levels life-time that control the intensity of laser emission depending on 

how the distribution of ions of these elements within the host, in which a core of the 

optical fiber is made up. 

     In the current study, the Silica and ZBLAN have been chosen as a model example 

of hosts that represented the full common flight attendant use in optical fiber laser 

that is being vaccinated by Neodymium element. 

 

(3.2) Simulation of lasing output power 

     After the equation laser output power (pout) was derived in the two chapter and 

equation (2-61), we will calculate the output power and study the effect of all 

coefficients in this equation on Pout value, by Matlab (version8.1) (see.AppindaxA). 

     In the current study, as in case of host type (silica),it has been adopted different 

designs, the first design is Lycom (Denmark) with two types, that are indicated by 

two symbols (d1) and (d2) respectively,the second design is York (England) which 

has been indicated by the symbol (d3), while the third design is IAV (Germany) 

which is indicated by the symbol(d4)[64]. For this host, the laser transitions with 

largest intensity for Nd+3, including wavelength (1064×10-9m) which is indicated by 

the symbol (Nd1) and the wavelength of (1331×10-9m) indicated by the symbol 

(Nd2). 

     For the case of the host type (ZBLAN), the design  Le Verre Fluore (France) has 
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been adopted, which is indicated by symbol (d5) [64] ,for the case (Nd+3), the largest 

intensity laser transitions are wavelengths (1048×10-9m), which are indicated by 

symbol (Nd3) and (1317×10-9m) which are in turn indicated by symbol (Nd4). 

According to above symbols, the results of output power are as follows: 

(3.2.1)The host is silica 

     Table (3.1).shows all required coefficients to calculate the laser output power for 

each of the four designs which are related to the  optical fiber laser that has been 

doped by (Nd). 

      Table (3.2).shows the coefficients related the two wavelengths (Nd1) and (Nd2) 

when pumping source has been used. Therefore, the results of the two wavelengths 

(Nd1) and (Nd2) will be reviewed respectively.  

 

Table (3.1). Default value for used parameters[64]. 

Parameters d1 d2 d3 d4 unit 

No 11.5×1025 5.6×1025 5×1025 5×1025 ion/m3 

T2 430×10-6 485×10-6 460×10-6 480×10-6 sec 

T3  15×10-9 9.5×10-9 12×10-9 10.5×10-9 sec 

L  75×10-2 135×10-2 54×10-2 46×10-2 m 

a  1.35×10-6 1.85×10-6 1.85×10-6 2.75×10-6 m 
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Table (3.2). default value for used parameters[93,94]. 

Parameters Nd1 Nd2 Unit 

𝜆𝑝 806×10-9   806×10-9 m 

𝜎𝑝 2.5×10-24   2.5×10-9 m2 

𝜆𝐿 1064×10-9   1331×10-9 m 

𝜎𝐿  2×10-24   0.256×10-24  m2 

 

(3.2.1.1) (Nd1)-wavelength  

1- Determination of NA 

      The first step in calculations was to determine the hole of the numerical 

aperture (NA), then the highest laser output power will be obtained for each of the 

four designs. Tables (3.1, 3.2, 3.3 and 3.4). show the values of (Pout) corresponding 

to the values of (NA) respectively. According to these results, table (3.7). shows 

the value of (NA) for each design, that the highest laser output power has been 

obtained. 
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Table (3.3). The values of (Pout) vs (NA) for a design (d1) at (Nd1) wavelength. 

NA Pout(W) 

0.045 6.797222 

0.057 4.634369 

0.063 1.299336 

0.079 0.2902448 

0.092 0.083342 

0.103 0.032241 

0.115 0.016089 

0.127 0.009765 

0.138 0.006823 

0.150 0.005256 

 

Table (3.4). The values of (Pout) vs (NA) for a design (d2) at (Nd1) wavelength. 

 

 

 

 

 

 

 

 

 

 

 

 

NA Pout(W) 

0.035 6.619543 

0.048 2.065099 

0.061 0.232754 

0.073 0.045107 

0.086 0.015858 

0.099 0.008388 

0.117 0.005663 

0.124 0.004394 

0.137 0.003697 

0.150 0.003268 
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Table (3.5). The values of (Pout) vs (NA) for a design (d3) at (Nd1) wavelength. 

 

                                   

 

 

 

 

 

 

 

 

 

 

 

 

NA Pout(W) 

0.035 6.90901905 

0.048 3.811524 

0.061 0.616297 

0.073 0.125056 

0.086 0.044313 

0.099 0.023496 

0.117 0.015878 

0.124 0.012327 

0.137 0.010375 

0.150 0.009173 

NA Pout(W) 

0.025 6.772212 

0.039 1.065229 

0.053 0.090138 

0.067 0.027297 

0.081 0.015662 

0.094 0.011741 

0.108 0.009961 

0.122 0.008902 

0.136 0.008278 

0.150 0.007867 

Table (3.6). The values of (Pout) vs (NA) for a design (d4) at (Nd1) wavelength. 
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Table (3.7). The values of (NA) will be obtained highest (Pout) for each of 

the four designs at (Nd1) wavelength. 

Design NA 

𝑑1 0.045 

𝑑2 0.035 

𝑑3 0.035 

𝑑4 0.025 

 

 

2- calculation of (Pout) 

      In this step, for the four designs, the laser output power (Pout) corresponding 

to pump power (Po) were calculated respectively. 

Table (3.8). shows all the coefficients which are not affected when the pump 

power increased, that were calculated from the equations ((2-43),(1-14),(2-41), 

(2-38),(2-21),(2-37) ,(2-20),(2-65),(2-54) and (2-19) ) as indicated in the table above. 

     Table (3.9). shows the absorption power in optical fiber (Pabs) that were  

calculated from the equation (2-58) corresponding the pumping power of the four 

designs. 

      Figure (3.1). shows the laser output power that is corresponding to pumping 

power of the four designs, from this figure, it has been noted that  

Pout (d3) > Pout (d1) > Pout (d4) > Pout (d2) . 
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Table (3.8). The values of parameters are not affected when the (Po) increased at 

(Nd1) wavelength. 

 

 

Table (3.9). The values of (Pabs) vs (Po) for each of the four designs at (Nd1) 

wavelength. 

 

 Value parameters 

unit d4 d3 d2 d1 

-  0.535942  0.504759 0.504759  0.473576 V 

-  0.116411  0.103259 0.103259  0.090896 M 

m2 9.796919×10-8 8.828149×10-8 8.828149×10-8 9.860152 ×10-8  Aeff 

-  0.160000  0.160000 0.160000   0.160000 Γp 

- 3.865782×10-5 1.911504×10-5 1.911504×10-5 9.001193×10-6 ΓL 

m-1  16.000000  15.999999 17.919999  36.799999 αp 

m-1  0.004832  0.002389 0.002676  0.002588 αL 

-  68.986909  70.178938 67.283569  69.343005  %η  

W  0.176975  0.163507 0.161724  0.197682 Pth 

 m-1  16.114522  16.097556 17.959022  36.870240 Gth 

Pabs (w) Po (w) 

d4 d3 d2 d1 

0.999363 0.999823     0.999999   0.999999 1 

1.998728 1.999646 1.999999   1.999999 2 

2.998091 2.999469 2.999999   2.999999 3 

3.997455 3.999292 3.999999   3.999999 4 

4.996819 4.999116 4.999999   4.999999 5 

5.996183 5.998939 5.999999   5.999999 6 

6.995547 6.998762 6.999999   6.999999 7 

7.994910 7.998585 7.999999   7.999999 8 

8.994274 8.998408 8.999999   8.999999 9 

9.993638 9.998231 9.999999   9.999999 10 
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Figure. (3.1). Lasing output power versus input pump power for each of the four 

designs at (Nd1) wavelength 

 

 (3.2.1.2)(Nd2)-wavelength 

1- Determination of (NA) 

      Tables (3.10, 3.11, 3.12. and 3.13). show the (Pout) values that correspond to 

(NA ) values that are in turn correspond to (NA) values of  this wavelength for 

the four designs according to these results. Table (3.14) shows the greatest (NA) 

values for each design that a highest laser output power has been obtained. 
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NA Pout (W)   NA Pout (W) 

0.060 5.660532   0.045 5.641061 

0.070 5.476400   0.057 5.037636 

0.080 4.697795   0.068 2.760123 

0.090 3.172767   0.079       0.93833 

0.100 1.681684   0.092 0.335527 

0.110 0.817666   0.103 0.153292 

0.120 0.415843   0.114 0.087822 

0.130 0.232746   0.127 0.059445 

0.140 0.144330   0.138 0.045081 

0.150 0.981566   0.150 0.036879 

  

     

  

  

          

          

NA Pout (W)   NA Pout (W) 

0.045 5.672673   0.035 5.626989 

0.057 5.467722   0.048 3.852399 

0.068 4.144123   0.061 1.091129 

0.079 2.030603   0.073 0.358863 

0.092 0.850425   0.086 0.184210 

0.103 0.409864   0.099 0.125066 

0.114 0.239605   0.112 0.985190 

0.127 0.163662   0.124 0.084184 

0.138 0.124706   0.137 0.075459 

0.150 0.102301   0.150 0.697090 

Table (3.12). The values of 

(Pout) vs (NA) for a design (d3) 

at (Nd2) wavelength. 

Table (3.11). The values of 

(Pout) vs (NA) for a design (d2) 

at (Nd2) wavelength. 

Table (3.10). The values of 

(Pout) vs (NA) for a design (d1) 

at (Nd2) wavelength. 

Table (3.13) The values of 

(Pout) vs (NA) for a design (d4) 

at (Nd2) wavelength. 
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Table (3.14). The values of (NA) will be obtained highest (Pout) for each of the four 

designs at (Nd2) wavelength. 

 

 

NA Design 

0.060 𝑑1 

0.045 𝑑2 

0.054 𝑑3 

0.035 𝑑4 

 

 

2- Calculation of (Pout ) 

     Table (3.15) shows all the coefficients which don’t affect to the pumping 

power increasing, while table (3.16) shows (Pabs) values corresponding of 

pumping power in this case while Figure (3.2) shows the laser output power 

coresponding to pumping power for the the four designs. It can be noted that:  

 Pout (d3)˃ Pout(d1)˃Pout (d2)˃Pout(d4) . 
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Table (3.15) The values of parameters are not affected when the (Po( increased at 

(Nd2) wave length. 

 

 

 

 

 

 

 

 

 

 

 

Unit 
Value 

parameters 
d4 d3 d2 d1 

-  0.750318  0.648977 0.648977   0.631437 V 

-  0.228166  0.170694 0.170694   0.161592 M 

m2 2.706331×10-9 5.325131×10-9 5.325131×10-9   3.802732×10-9 Aeff 

-  0.160000  0.160000 0.160000   0.160000 Γp 

- 1.431108×10-4 2.639386×10-5 2.639386×10-5   1.911661×10-5 ΓL 

m-1  16.000000  15.999999 17.919999   36.799999 αp 

m-1  0.001835 3.383693×10-4 3.789736×10-4   5.637609×10-4 αL 

-  56.568718  57.276355 54.922205   57.017838  %η  

   W  0.046471  0.094192 0.089897   0.072270 Pth 

 m-1  16.114522  16.097556 17.959022   36.870240 Gth 
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Table (3.16) The values of (Pabs) vs (Po) for each of the four designs at (Nd2) 

wavelength. 

Pabs(W) Po (W) 

d4 d3 d2 d1 

0.999368 0.999823 0.999999 0.999999 1 

1.998428 1.999646 1.999999 1.999999 2 

2.998091 2.999469 2.999999 2.999999 3 

3.997455 3.999292 3.999999 3.999999 4 

4.996819 4.999116 4.999999 4.999999 5 

5.996183 5.998939 5.999999 5.999999 6 

6.995547 6.998762 6.999999 6.999999 7 

7.994910 7.998585 7.999999 7.999999 8 

8.994274 8.998408 8.999999 8.999999 9 

9.993638 9.998231 9.999999 9.999999 10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure.(3.2): Lasing output power variation versus pump power for 

each of the four designs at (Nd2)wave length. 
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(3.2.1.3) comparing between the wavelength (Nd1) and (Nd2) 

      Figures (3.3, 3.4, 3.5 and 3.6) show the laser output power corresponding to 

pumping power of the two wavelength (Nd1) and (Nd2) for each designs of the four 

design from the all figures was noted that: Pout (Nd1)˃ Pout(Nd2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.3).  Lasing output power vs pump power at design(d1) 

(d1). 
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Figure (3.4).Lasing output power vs pump power at design (d2) 

))))(d2). 

 

Figure (3.5). Lasing output power vs pump power at design (d3). 
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(4.2.2) The host ZBLAN  

     Table (3.17) shows all the required coefficients to calculate the laser output power 

design (d5) specialized for this host. Table (3.18). shows the coefficient of the two 

wave length (Nd3) and with pumping source (diode laser), the result of 

 (Nd3) and (Nd4) in this case are as follows: 

Table (3.17). default value for used parameters[64]. 

Unit Value Parameters 

ion/m3 20×1025 No 

sec 445×10-6 T2 

sec 11×10-9 T3 

m 116×10-2 L 

m 1.9×10-6 a 

 

 

 

 

 

Figure (3.6).Lasing output power vs pump power at design (d4) 

)))(d4). 
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Table (3.18) default value for used parameters[93,94]. 

unit Value Parameters 

 Nd4 Nd3 

           m      806×10-9    806×10-9 𝜆𝑝 

           m2      2.5×10-24    2.5×10-24 𝜎𝑝 

           m      1317×10-9    1048×10-9 𝜆𝐿 

m2 8.28×10-25 34.515×10-25 𝜎𝐿 

 

 

 

1- Determinations of (NA)  

    Tables (3.19). and (3.20). show (Pout) values corresponding to (NA) for the 

two waves length (Nd3) and (Nd4) respectively according to these results, 

table (3.21). Shows (NA) value for each wave length that is the highest laser 

output power has been obtained. 

Table (3.19). The values of (Pout) vs (NA) for a design (d5) at (Nd3) wavelength. 

Pout(W) NA 

6.371059 0.030 

1.098634 0.043 

0.072241 0.057 

0.011178 0.069 

0.003590 0.083 

0.001852 0.097 

0.001249 0.0109 

0.000975 0.0123 

0.000826 0.137 

0.000735 0.150 
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Table (3.20). The values of (Pout) vs (NA) for a design (d5) at (Nd4) wavelength. 

Pout(W) NA 

5.705477 0.040 

   4.80164 0.052 

1.848423 0.064 

0.443471 0.077 

0.135116 0.089 

0.058004 0.101 

0.032652 0.113 

0.022129 0.126 

0.016906 0.138 

0.013956 0.150 

 

Table (3.21). The values of (NA) will be obtained highest (Pout) for the design (d5). 

NA Lasing wavelength 

0.030 Nd3 

0.040 Nd4 

 

 

2- calculations of (Pout) 

    Table (3.22). Shows all the coefficients which aren’t affected by pumping 

power increasing (Nd3) and (Nd4), table (3.23). shows the (Pabs) values 

corresponding to pumping power for two wavelengths while Figure (3.17) 

shows the  (Pout) values corresponding of pumping power for (Nd3) and (Nd4) 

then it can be noted that  

Pout(Nd3)˃ Pout(Nd4). 
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Table (3.22). The values of parameters are not affected when the (Po) increased for 

design (d5) at (Nd3) and (Nd4)wavelength. 

 

 

 

 

 

 

 

 

 

 

 

 

Unit Value Parameter 

Nd4 Nd3 

-    0.592459    0.444344 V 

-    0.142258    0.080020 M 

m2    1.512309×10-8    4.119856×10-7   Aeff 

-    0.160000    0.160000 Γ𝑝 

-    1.020951×10-5    5.061683×10-6 Γ𝐿 

m-1    15.99999    63.999999 𝛼𝑝 

m-1   4.229798×10-4    0.003494 𝛼𝐿 

-    57.549975    67.780540   𝜂% 

             W    0.086048    0.600459 Pth 

 m-1    16.045414    64.045414 Gth 
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Table (3.23). The values of (Pabs) VS (Po) for design (d5) at the wavelength (Nd3) 

and (Nd4). 

 

 

 

 

 

 

 

 

 

 

Figure (3.7) Lasing output power variation vs pump power at design (d5) 

 

Pabs (W) Po )W) 

Nd4 Nd3 

0.999999 1 1 

1.999999 2 2 

2.999999 3 3 

3.999999 4 4 

4.999999 5 5 

5.999999 6 6 

6.999999 7 7 

7.999999 8 8 

8.999999 9 9 

9.999999 10 10 
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 (3.2.3) Highest value of laser output power 

    According to the results that are demonstrated, it can be noted that to obtain 

the highest value of laser output power, must be used the wave length ( Nd1) and 

the host is Silica for the design (d3), then this step of all the coefficients will be 

calculated which included the laser output power and  these coefficients are  

(NA, a, b, L, R2, No, T2 and Po) respectively,As in table (3.1), in order to determine 

the range that each coefficient changes, the effectiveness of these coefficients will 

be presented as bellow: 

(3.2.3.1) The effects of (NA) 

     Table (3.24). shows the all coefficients that are not effected by increasing the 

numerical aperture (NA) while table (3.25). shows all the coefficients which their 

values change by increasing (NA). 

     Figure (3.8). illustrated the change of (Pth) with (NA) increasing, it is noted that 

(Pth) value decreased gradually by (NA) increasing , and increased gradually too, 

the reason of this behavior belongs to the exponential factor in equation(2-54) , 

figures (3.9). and (3.10). illustrated the largely decreasing of the efficiency and 

laser output power respectively with (NA) increasing, it is noted that the highest 

laser output power value , obtained with (NA= 0.045). 

Table (3.24). The values of coefficients that are not effected by increasing (NA). 

Parameter Value Unit 

Γ𝑝 0.160000 - 

𝛼𝑝 15.999999 m-1 

Pabs 9.993638                 W 

Gth 16.114522  m-1 
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Table (3.25). The values of coefficients that are changed by increasing (NA). 

V M Aeff×10-12 

(m2) 

Γp αL               

(m-1) 

NA 

0.473577 0.090896 0.986015 0.000009 0.001125 0.045 

0.596357 0.144136 0.071004 0.000134 0.016739 0.057 

0.719136 0.209596 0.009857 0.001106 0.138269 0.063 

0.841916 0.287275 0.002327 0.005800 0.725016 0.079 

0.964695 0.377173 0.000844 0.020803 2.6335 0.092 

1.087474 0.479289 0.000422 0.054139 6.767334 0.103 

1.210254 0.593626 0.000263 0.108682 13.585265 0.115 

1.333033 0.720182 0.000189 0.179160 22.395012 0.127 

1.455813 0.858951 0.000149 0.256436 32.054444 0.138 

1.578590 1.009950 0.000125 0.332836 41.604508 0.150 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.8). Lasing threshold power vs Numerical aperture.  
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Figure (3.9). Efficiency vs Numerical aperture. 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.10). Lasing output power vs Numerical aperture. 
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(3.2.3.2)The effect of (a) 

     Table (3.26) shows all the coefficients which cannot be effected by increasing 

of the laser optical fiber core radios (a) while table (3.27). Shows all the coefficients 

which can be affected by this increase. 

Table (3.26) The values of coefficients that are not effected by increasing (a) . 

Unit Value Parameters 

-             0.160000 pГ  

m-1             15.999999 αp 

                  W             9.993638   Pabs 

m-1             16.114522  Gth 

 

Table (3.27). The values of coefficients that are changed by increasing (a). 

V M Aeff  

(m2) 

LГ Lα 

 )1-(m 

a*10-6 

  (m) 

0.473578 0.090896 0.986015 0.000009 0.001125 1.350 

0.528146 0.113049 0.347203 0.000033 0.004069 1.500 

0.582715 0.137617 0.138989 0.000102 0.012810 1.661 

0.637283 0.164598 0.062360 0.000287 0.035816 1.817 

0.691852 0.193993 0.031052 0.000722 0.090254 1.972 

0.746421 0.225802 0.017029 0.001627 0.207171 2.128 

0.800989 0.260024 0.010216 0.003493 0.436652 2.283 

0.855558 0.296659 0.006655 0.006803 0.850435 2.439 

0.910126 0.335709 0.004671 0.012311 1.538881 2.594 

0.964695 0.377173 0.003502 0.020802 2.600331 2.750 

 

     Figure (3.11). illustrated the decreased (Pth) gradually with increasing (a), and 

after that starting increasing gradually ,while Figures (3.12) and (3.13) illustrated 

how the efficiency and laser output power increased largely when the (a) increased, 

respectively. The highest laser output power can be obtained at a=1.35x10 -6m. 
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Figure (3.11). Lasing threshold power vs core radius. 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.12). Efficiency vs core radius. 
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Figure (3.13). Lasing output power vs core radius. 
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(3.2.3.3)The effect of (b) 

     Table (3.28) shows all the coefficients which cannot be affected when the 

protection clad radios (b) increases, while table (3.29). shows all the coefficients that 

their values can be changed with this increase. 

Table (3.28). The values of coefficients that are not effected by increasing (b). 

Unit Value Parameters 

-              0.473578 V 

-              0.090896 M 

m2              9.860152×10-8  Aeff 

-              9.0011929×10-6 ГL 

 m-1              0.001125 αL 

-              71.198285 η% 

 

 

 

Table (3.29). The values of coefficients that are effected by increasing (b). 

Гp α p 

(m-1) 

Gth  

(m-1) 

     b*10-6  

          (m) 

0.160000 15.999999 16.114522 3.375 

0.111111 11.111111 11.225633 4.050 

0.081633      8.163265      8.277787 4.725 

0.062500      6.250000      6.34522 5.400 

0.049382      4.938272      5.052794 6.075 

0.040000      4.000000      4.114522 6.750 

0.033058      3.305785      3.420307 7.425 

0.027777      2.777777      2.892300 8.100 

0.023668      2.366864      2.481386 8.775 

0.020408      2.040816      2.15539 9.450 
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Figures (3.14 and 3.15) and 3.16). Show the (Pth), (Pabs) and (Pout) respectively, which 

decreased when (b) is increased, the highest laser output power can be obtained at 

(b= 2.5 a).  

 

Figure (3.14). Lasing threshold vs cladding radius. 

 

 

Figure (3.15). Absorbed pump power vs cladding radius. 
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Figure (3.16). Lasing output power vs cladding radius. 

 

(3.2.3.4) The effect of (L) 

        Table (3.30). Shows all the coefficients that cannot be affected when the optical 

fiber length (L) increased, while table (3.31). Shows the increased (Gth) slightly with 

this increase. 

Table (3.30). The values of coefficients that are not effected by increasing (L) . 

Unit value Parameters 

-           0.4335778 V 

-           0.090896 M 

m2           9.560151×10-8   Aeff 

-           0.160000 Γp 

-           9.001193×10-6 ΓL 

 m-1           15.999999 αp 

 m-1           0.001125 αL 
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                              Table (3.31). The values of (Gth) vs (L).  

Gth 

(m-1) 

L ×10-2
 

(m) 

16.114522 45.000 

16.094258 55.889 

16.080088 65.778 

16.069621 75.667 

16.061574 85.556 

16.055195 95.444 

.16.050013   105.333 

16.045721 115.22 

16.042721   125.111 

16.039022   150.000 

 

 Figures (3.17). and (3.18). illustrated (Pth) and (Pabs) values that increased slightly 

when (L) increased. Figures (3.19 and 3.20). illustrated the decrease of (η) and (Pout) 

with this increase, the highest output power can be obtained at (L= 46x10 -2 m). 

 

 

 

 

 

 

 

 

 

 

Figure (3.17). Lasing threshold vs fiber length. 

P
t
h
(
W
)
 



 

89 

 

CHAPTER THREE                           RESULTS AND DISCUSSION 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.18). Absorbed pump power vs fiber length. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.19). Efficiency vs fiber length. 
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Figure (3.20). Lasing output power vs fiber length. 

 

(3.2.3.5) The effect of (No) 

   Table (3.32). shows all the coefficients that cannot be affected with the increasing 

of the(Nd+3) concentration in the core of optical fiber (No) while table (3.33). shows 

all the confidents that can be changed with this increase. 

Table (3.32). The values of coefficients that are not effected by increasing (No). 

Unit Value Parameters 

- 0.473578 V 

- 0.090896 M 

m2         9.860152×10-8  Aeff 

- 0.160000 PГ  

-          9.001193×10-6 LГ  
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Table (3.33). The values of coefficients that are effected by increasing (No)  

 α L 

 (m
-1) 

α p   

(m-1) 

Gth 

 (m-1) 

         No*1025  

             (ion/m2) 

0.001125 15.999999 16.114522 5.000 

0.001288 18.311111 18.425633 5.722 

0.014502 20.622222 20.736744 6.444 

0.001613 22.933333 23.047855 7.167 

0.001775 25.244444 25.358966 7.889 

0.001938 27.555555 27.670077 8.611 

0.002100 29.866666 29.981189 9.333 

0.002263 32.177777 32.292299 10.056 

0.002425 34.488888 34.603411 10.778 

0.002588 36.799991 36.914522 11.500 

 

Figures (3.21 and 3.22). illustrated the increase of (Pth) and (Pabs) respectively when 

(No) increased, while figures ( 3.23 and 3.24). illustrated the increase slightly with 

this  increase, the highest value of laser output power can be obtained at 

(No = 5x10 25) ion/ m3. 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.21). Lasing threshold power vs concentration. 
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                      Figure (3.22). Absorbed pump power vs concentration.  

 

 

 

 

 

 

 

 

 

 

 

Figure (3.23). Efficiency vs concentration. 
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                           Figure (3.24). Lasing output power vs concentration. 

      

 

We observe from the above that the value of the Lasing output power (Pout ) decrease 

by increasing each value of (NA, a ,b, L, NO) and the cause of that is because of each 

of efficiency (ηs) and absorbed pump power (Pabs) are decrease while the value of 

threshold lasing power(Pth) increase by this increasing  and this is satisfy the 

equation(2-61) 
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(3.2.3.6) The effect of (R2) 

    Table (3.34). shows all the coefficients that cannot be affected with the increase 

of the laser output mirror reflectivity (R2), while table (3.35). shows how 

 (Gth) reduces with this increase. 

Table (3.34). The values of coefficients that are not effected by increasing (R2). 

Unit value Parameters 

- 0.473578 V 

- 0.090896 M 

m2            9.360152×10-8   Aeff 

-  0.160000  Γp 

-          9.001193×10-6   ΓL 

  m-1   15.999999  αp 

  m-1            0.001125   αL 

W  9.993638     Pabs 

 

Table (3.35). The values of (Gth) vs (R2) 

Gth 

(m-1) 

R2 

18.617332 0.090 

17.863911 0.180 

17.423188 0.270 

17.110491 0.360 

16.867943 0.450 

16.669768 0.540 

16.502213 0.360 

16.357069 0.720 

16.229045 0.810 

16.114522 0.900 
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The Figure (3.25). shows that (Pth) reduces with (R2) increases, while Figures (3.26) 

and (3.27). show how (𝜂) and (Pout) increase with (R2) increasing respectively. 

The highest output power can be obtained at (R2= 0.9). 

 

 

 

 

 

 

 

 

 

 

Figure (3.25). Lasing threshold power vs reflectivity of mirror (2). 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.26).Efficiency vs reflectivity of mirror (2).  
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Figure (3.27). Lasing output power vs reflectivity of mirror (2). 

 

(3.2.3.7) The effect of (T2)  

   Table (3.36). shows all the coefficients that cannot be affected with increase of 

the higher laser level life time (T2)  

     Figure (3.28). illustrated the slightly decrease when (T2) increased while Figure 

(3.29). illustrated the slightly increase with this increase, the highest value of the 

laser output power can be obtained at  (T2=485 x10-6 s) 
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Table (3.36). The values of parameters are not effected by increasing (T2). 

Unit value Parameters 

             -       0.473578 V 

             -       0.090896 M 

m2       9.860152×10-8 Aeff 

             -       0.160000 Γp 

             -       9.001193×10-6 ΓL 

m-1       15.999999 αp 

m-1       0.001125 αL 

m-1       16.114522 Gth 

             W       9.993638 Pabs 

              -       71.198285 %η  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.28). Lasing threshold power vs lifetime of upper laser level 
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Figure (3.29). Lasing output power vs lifetime of lasing upper level. 

 

(3.2.3.8) The effect of (Po)  

    Table (3.37) all the coefficients that cannot be affected with the increase of 

pumping power (Po) 

Table (3.37) The values of parameters are not effected by increasing (Po). 

Unit value Parameters 

-       0.473578 V 

-       0.090896 M 

m2      9.860152×10-8   Aeff 

-       0.160000 Γp 

-      9.001193×10-6 ΓL 

m-1       15.999999 αp 

m-1       0.001125 αL 

m-1       16.114522 Gth 

             W        0.170806 Pth 

              -        71.198285 %η  
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Figure (3.30) illustrated the increase of (Pabs) with (Po) increase while figure (3.31) 

illustrated the increase of (Pout) with (Po) increase, the highest value of output power 

can be obtained at (Po= 10 W). 

 

Figure (4.30) Absorbed power vs pump power. 
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Figure (4.31). Lasing output power vs pump power 

 

 

 

     We observe from the above that the value of losing output power increase by 

increasing each  value of(R2, T2 ,Po) and the cause of that is each value of 

efficiency (ηs) and absorbed  pump power (Pabs) are increase while the value of 

threshold power(Pth) is decrease by this increasing  and this is satisfy the equation 

(2-61) 
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(3.2.3.9) Typical values 

 

    According to calculation of coefficients effect on laser output power (Pout), the 

optimal values of these coefficients in order to obtain the highest laser output power 

can be presented in table (3.38). 

Table (3.38) The Typical values are used to obtain highest output laser and 

efficiency. 

 

Unit Value parameters 

-               0.045 NA 

m               1.35×10-6                  a 

m               3.375×10-6                  b 

m               46×10-2 L 

-               1  R1 

-               0.9  R2 

ion/m2               5×1025  No 

sec               485×10-6 T2 

W               10  Po 
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Conclusions. 
 

1-In case that the host type is (Silica), the highest value of (Pout) and (η) for the 

wavelength (Nd1) can be obtained when the design (d3) are used while in case of 

the host type is (ZBLAN), the highest value of (Pout) and (η) can be obtained when 

the wavelength (Nd3) is used.  

2-When using the host (Silica) of the design(d3) at the wavelength (Nd1), the value 

of (Pout) will be decreased with the increase of the values of (NA, a, b, L and No), 

while it will be increased with the increase of the (R2, T2 and Po) values. 

3-The host type (Silica) with the design (Nd1), the optimal values were determined 

for these coefficients, that is the highest value of (Pout) and (η) will be given. 
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Future work 
1- A theoretical study of the output power for up-convertion Nd+3-Doped 

ZBLAN glass fiber laser. 

2-  A theoretical study of the output power for a mode-locked Nd+3-Doped 

ZBLAN glass fiber laser. 

3- A theoretical study of the output power for Nd+3-Doped Silica glass double – 

clad fiber laser. 

4- A theoretical study of the effects of Nonlinearity and Dispersion on the output 

power of Nd+3-Doped Phosphate glass fiber laser.   

5- A theoretical study of the output power for Q-switched Nd+3- Doped Silica 

glass double-clad fiber laser. 
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 ( :ـAbstractانخالصح )

نهٍضسانهٍف انثصشي انزي ٌعًم  ٔ ذضًُد انذاسسح انحانٍح أٔالً إسرعًال انحم انرحهٍهً نًعادالخ انًعذل

( ، ٔأسرعًال انحم انعذدي Poutرٌٕاخ ألٌعاد يعادنح قذسج انخشض انهٍضسي )سٔفقاً نخطح ضخ تُظاو أستعح ي

كًصال إًَٔرظً نهٍضس انهٍف انثصشي انزي  هٍضس انهٍف انثصشي انًطعى تانُذًٌٍٕون( Poutشاٍَاً نحساب )

( تأسرعًال تشَايط انًاذالب Poutصيح نحساب )الٌعًم ٔفقاً نٓزا انُظاو ، حٍس ذًد تشيعح انًعادالخ ان

 ( .8.1)أصذاس 

 ايٍى أستعح شائعح ( ٔترصSilicaأسرعًهُا فً ْزِ انًحاكاج َٕعٍٍ يٍ انًضٍفاخ ، انُٕع االٔل ْٕ )

، ٔتأَثعاز  (IVA , York , Lycom (b) , Lycom(a)   (األسرعًال فً ْزا انُٕع  يٍ انهٍضس ْى

10×1064نٍضسي عُذ انطٕنٍٍٍ انًٕظٍٍٍ )
-9

m( ، )1331×10
-9

m( ٕٓأيا انُٕع انصاًَ ف ، )ZBLAN )

10×1048نٍضسي عُذ انطٕنٍٍٍ انًٕظٍٍٍ ) ( فقظ ٔتأَثعازLe Verre fluoreترصًٍى ْٕ )
-9

m )

(1317×10
-9

m. ) 

( نكم ذصًٍى يٍ ْزِ انرصايٍى انخاصح ٔعُذ NAانخطٕج األٔنى فً ْزِ انًحاكاج كاَد ذحذٌذ قًٍح )

( انحصٕل عهى أعهى قذسج NAاألطٕال انًٕظٍح انخاصح تكم يضٍف ، ٔانرً ًٌكٍ عُذِ ْزِ انقًٍح نـ)

 ( ، 𝜂ءج )( ٔكفاPoutخشض نٍضسي )

نهرصايٍى ٔاألطٕال  ٔ( نكم يضٍف Po( انًُاظشج نقذسج انضخ )Poutأيا انخطٕج انصاٍَح فكاَد حساب )

( ذكٌٕ أعهى عُذ أسرعًال Pout( أٌ )Silicaانًٕظٍح انخاصح تانًضٍف حٍس ٔظذَا فً حانح انًضٍف َٕع )

تًٍُا فً حانح كٌٕ انًضٍف َٕع ( نكال انطٕنٍٍٍ انًٕظٍٍٍ انخاصح تٓزا انًضٍف ، Yorkانرصًٍى )

(ZBLAN( ٌٔظذَا ا )Pout( ًذكٌٕ أعهى عُذ إسرعًال انطٕل انًٕظ )10×1048
-9

m نهرصًٍى انخاص )

( نٓزا انُٕع Pout( ٔ )ηتٓزا انًضٍف ، اضافح إنى رنك ٔظذَا أَّ يٍ أظم انحصٕل عهى أعهى قٍى نكم يٍ )

10×1064)ًٔعُذ انطٕل انًٕظ ( Silicaيٍ انهٍضس التذ يٍ إسرعًال انًضٍف يٍ َٕع )
-9

m)  ٔٔفقاً نزنك،

فرحح انُفٕر فأٌ انخطٕج انصانصح كاَد إسرعًال ْزا انًضٍف ٔانطٕل انًٕظً نحساب ذأشٍش كم يٍ 

طٕل انهٍف ،b)نهٍف انثصشي) َصف قطش انغالف انٕاقً، a) َصف قطش انهٍف انثصشي) (NA)انعذدٌح

عًش ، No) ذشكٍض انُذًٌٍٕو فً نة انهٍف انثصشي)،) (R2انهٍضسي اَعكاسٍح يشآج انخشض( ، Lانثصشي )

( حٍس أٌ ذغٍش قٍى ْزِ Pout)قذسج انخشض انهٍضسي، عهى Po)) ٔقذسج انضخ  ،) T2)يسرٕي انهٍضس انعهٕي

( ، حٍس ٔظذَا أٌ Silicaانًعايالخ كاٌ يحذداً تًذاْا انًٕظٕد فً انرصايٍى األستعح انخاصح تانًضٍف )

( ،  R2 ,T2 , Po  ( ، تًٍُا ذضداد تضٌادج قٍى كم يٍ )NA a, b ,L ,No( ذقم تضٌادج قٍى كم  يٍ )Poutقًٍح )

ٔيٍ خالل رنك ذى ذحذٌذ انقٍى انًصهى نٓزِ انًعايالخ ٔانرً التذ يٍ إسرعًانٓا يٍ أظم انحصٕل عهى أعهى 

 ( نٓزا انُٕع يٍ انهٍضس .Pout( ٔ )ηقٍى نكم يٍ )

 

 

 

 

 



 العراق جوهىرٌت

 وزارة التعلٍن العالً والبحث العلوً

 جاهعت بغداد

 كلٍت التربٍت للعلىم الصرفت /ابي الهٍثن

 قطن الفٍسٌاء

 

 

 دراضت ًظرٌت للٍسر اللٍف البصري الوطعن بالٌدٌوٍىم

 رضالت هقدهت الى

 جاهعت بغداد –ابي الهٍثن  كلٍت التربٍت للعلىم الصرفت /هجلص 

 درجت هاجطتٍر علىم فً الفٍسٌاءوهً جسء هي هتطلباث ًٍل 

 

 هي قبل

 اهجد عبدالحوٍد ضلواى  

 2013بكالىرٌىش علىم فٍسٌاء / 

 هظهر شهاب احود م. د. بإشراف
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