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In this thesis we gave a general discussion on lasers, reviewing some

of are properties, types and applications. We also conducted an

experiment where we obtained a dye laser pumped by nitrogen laser

with a wave length of 337.1 nm and a power of 5 Mw.

It was noticed that the produced radiation possesses ^ characteristic^

different from those of other types of laser. This' characteristics

determine^ the tunability i.e. the possibility of choosing the

appropriately required wave-length of radiation for various applications.
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CHAPTER ZERO

INTRODUCTION

The light amplification by stimulated emission of radiation briefly

termed as laser is one of the greatest achievements of the 20th century.

Laser physics and its technology nowadays have wide applications

ranging from fiber - optics communications to high energy laser

weaponry. Apart from communication and handling of information,

many other applications of laser play an important role in the

development of human life in the areas of industry, medical surgery and

treatment. People now enjoy the utilization of laser technology in

reading, printing and recording of information, displaying, holography,

spectroscopy, remote sensing, measurements and inspections.

There is a growing interest of laser applications for military purposes,

specially in nuclear fusion, the enrichment of uranium and plutonium

and in defense systems.

Unfortunately, in Sudan we are still far away from the evolutionary

advances in laser technology. However the recently established laser

laboratory at the Physics Department, in the University of Khartoum

may be regarded as the first step for the advanced laser science and its

technology.

This thesis, which I worked out in this laboratory, is devoted mainly

to give a review of the theory of laser and several of its types and

applications, and to report on the experiment I conducted by using a

particular type of dye - laser.



In chapter one of this thesis the theoretical background of laser is

introduced followed in chapter two by presenting the theory of laser

physics. In chapter three several important applications of laser are

briefly reviewed and in chapter four a discussion of different types of

laser is given.

Chapter five deals with the experimental set-up of a dye laser, the

first to be obtained in Sudan. In this experiment the dye liquid was

prepared and its characteristics were tested.

In the conclusion a general discussion of the thesis and a brief report

on its experimental part on dye - laser are given where in general the

importance of laser science and laser technology and in particular that

of dye laser are highlighted. At the end of the thesis a compendium of

bibliography and references is given



CHAPTER ONE

THEORETICAL BACKGROUND

Rutherford proposed a model of the atom as a system

consisting of a positively charged nucleus surrounded at relatively

great distance by enough electrons that render the atom as an

electrically neutral entity. This model resembles the orbital solar

system .

1-1 Energy Levels:-

Due to the Bohrs* assumption, the electrons are circulating

around the nucleus with velocity V at specific elliptical orbits of

radius r corresponding to different energy levels. Different energy

values equals the sum of kinetic and potential energies [1][2]; i.e.

2 e ATZZJ

Where e and Mc are the electron charge and mass respectively. s0

is dielectric constant in vacuum.

This can be expressed in terms of the number of level n and

Planck constant ti as follow:

E=±M •' » i M^ ) ( Ke2 } e2n2h
,2

2 v-« j

solving for the values of Me, ti and eo it yields

/ . - . M'e* =Z^eV (1!)
2(4TI8 0 ) Tm2 nl



The electron radiates when it makes a quantum jump from one stationary

to a lower stationary state see fig (1.1). The stationary state of a lowest

energy is called the ground state. In this state it does not emit light. To

emit light electron must be in the excited state which can be obtained by

passing an electric current through the atoms of a certain sample. The

collisions between atoms will disturb the electronic motion and excite the

electron allowing it to move in a larger orbit (high level energy). From this

higher level the electron spontaneously jumping to a smaller orbit ( lower

level energy ) emits a quantum of light with specific frequency v (spectral

line ). Such jumps between upper and lower orbits form a series of spectral

lines which can be expressed by the so-called Lyman, Balmar and Paschen

series fig (1.1). The energy released of light emitted in transition from

some initial (excited) state / to a final (ground) state / yields [1]:

AE = E-, - Ef

i . e . AE = 2nRH(\-\) (1.2)
n~ nn~ nf

And the corresponding frequency v can be shown in the form

E,-_Efv

Which can be expressed by

V=CRH(-T-:T) 0-3)
n2 rij

Where 1 and 2 are the levels numbers.

RH is a constant equal 109.73 Cm"
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fig (1.1)

1-2 The Idea of Laser :-

The energy transition between levels of the atom due to emission or

absorption of photons yields the photons' energy

E2-R{ =/JV2 I (1.4)



AY

hv2i

here E\ and Ei are energy levels'.

v2i frequency of the emitted or absorbed photon .

An electromagnetic wave (e.m.w) with frequency v^ corresponding to

an energy gap interacts with material which absorbs this kind of energy by

raising a part of its atoms to the excited state.

In the state of thermal equilibrium the number of atoms in the lower level

is greater than those in the higher levels so when the e.m.w interacts with

material the absorption takes place .

The laser process requires that energy at the equilibrium state be stored

in the atoms of the material. This process can be achieved by using an

external pump source which transfers electrons from the lower energy

levels to the higher level i.e.; which makes the so called (population

inversion) and the material is then called (inverted material) .An e.m.w. of

V21 incident to this (inverted) laser material will be amplified i.e.; the

incident photon induces the atoms in the higher levels to drop to lower

levels and emit new photons in phase of the incident photons. So the

energy transfers as a radiation field. Due to the pumping the process

repeats and laser is produced.

In the laser cavity consisting of two reflecting mirrors with inverted

amplifying material and the pump source, the signal is emitted. It is

emitted inside the cavity (by laser inverted material) and amplified by the



highly reflecting cavity mirrors, that hold the light returned back through

inverted material (the active medium). For repeated amplifications, the

mirrors in the cavity are partially reflecting and partially transmitting so as

to allow a part of light to emerge from cavity and this what we call LASER

i.e.; Light Amplification by .Stimulated .Emission of .Radiation .

The Laser beam has the spectral characteristics of having the same

phase. These properties of laser light will be discussed later.



CHAPTER TWO

THEORY OF LASER

2-1 Interaction Of Radiation With Matter

The electonnagntic wave (e.m.w) interacts with materials by one of

three processes, spontaneous emission, absorption and stimulated

emission.

Consider a material with two non-degenerate (having distinct) energy

levels of energies Ei and E2 with population Nj for level 1 and N2 for level

2. The total number of atoms in the two levels Nt is.

Nt=N!+N2 (2.1)

where 1 and 2 represent the ground and the excited state levels

respectively.

2-1-1 Spontaneous Emission:-

Assume that an atom (or a molecule) of the material is initially in level 2

fig(2.1), where E2 > E1? then the atom will tend to decay to level 1 with an

energy equal (E2-Ei) released by the atom. This energy is delivered in the

form of an e.m.w. This process can occur without the influence of an

electromagnetic field.

The energy of photon emission reads



hv=E2-E1 (1.4)

The rate decay due to a spontaneous emission is given by

I dt
(2.2)

sp

Where t is time decay, A21 spontaneous emission probability with

dimension s "I.

E,

fig (2-1)

2-1-2 Absorption :-

The atom is raised from level 1 to level 2 fig (2.2) by applying e.m.w

with a frequency

h

The absorption rate is

dNx

dt
(2.3)



Where a(v) is the radiation density, and the proportionality constant

5i2 is an absorption coefficient with dimension cmVs2 J.

The product 5]2CT(V) is the probability per unit frequency that the

transitions are induced by the effect of the field .

hv

E,.

fig(2.2)

2-1-3 Stimulated Emission :-

In this process the atom is forced by the e.m.w of the same frequency as

the atomic frequency to undergo a transition from level 2 to level 1 fig

(2.3).

Then the energy difference E2-Ej is delivered in the form of an e.m.w

which adds to the incident one .

The rate of transition from level 2 to level 1 is

dN

i\ a proportionality constant .

(2.4)

10



The changes in population of the lower and the upper levels become

t=
it 2.5)

In thermal equilibrium transition from

from E2to Ei then

dN} dN2

dt ~ dt

to E2 equal to the transition

(2.6)

(2.7)

This equation means that at a thermal equilibrium the stimulated and

spontaneous emissions are equal to the absorption. From Boltzmann

formula [3] this yields

(Fo - E<
exp KT

(2.8)

by using (2.7) with (2.8) we get

G(V)
(A2X/B21)

— \exp\hv2\ / KT) - 1
(2.9)

Where gi and g2 are the degeneracies of level 1, and level 2 . From the

black-body radiation theory [3]

hv
(2.10)

Where

a(v)dv= radiation density.

dV = band width.

11



Comparing equines (2.9) and (2.10) one obtains

hv

B
(2.11)

21

with

J21 - u\2
Si

(2.12)

The probability of absorption equals the probability of stimulated

emission and (2.11) is called Einstein relation. There are fundamental

distinctions between the spontaneous and stimulated emission processes ,

in the case of the spontaneous emission the atom emits an e.m.w which has

no definite phase relation with that emitted by another atom. Furthermore

the wave can be emitted in any direction. In the case of stimulated

emission, since the process is forced by the incident e.m.w the emission of

any atom adds in phase to that of the incoming wave and this wave also

determines the direction of the emitted wave [3] .

hv

hv

hv

fig(2.3)
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2-2 The Lasing Process :-

A laser consists of a fluorescing active material fig (2.4) placed in

suitable optical cavity composed of two plane mirrors one of them (mirror

2) is made partially transparent.

Mirror 2
Mirror 1

fig (2.4)

In this case the e.m.w traveling in a direction orthogonal to the mirrors

will bounce back and forth between the two mirrors amplifying on each

passing through the active material. Then a useful output beam is

generated and there is a certain threshold condition which must be fulfilled

for producing a laser beam.

The oscillation will start when the gain of the active material

compensates the losses in the laser .The gain per path in active material is

given by the law [4]

exp[a(Ar2 - Njl] (2.13)

Where L : length of the active material.

a : Path cross-sectional area.

13



If the only losses present in the cavity are those due to transmission

losses the threshold will be reached when [4]

R,R2 exp[2a(Ar
2 - N^)L] = 1 (2.14)

Where R\, R2 are the reflectivities of the two mirrors respectively. This

equation shows that threshold occurs when

(2.15)

The oscillation starts with photon emitted spontaneously along the cavity

axis. This is the basic of the laser oscillator and the process is called

lasing.

2-3 The Metastable Level:

It is the level in which the atoms have a long life time before they decay

to the lower level which is accompanied with or without radiation.

2-4 Population Inversion :-

By population inversion we mean that the number of atoms in upper

level is greater than the atoms in the lower level while the energy of the

upper level is greater than the energy of the lower level i.e. If E2 > Ei

then N2 >Ni

This is the essential condition for the amplification process when the

population of both energy levels are equal; it is called the inversion

threshold.

2-5 The Rate Equation:-

The laser strongly absorbs the pumped light in a band round hvp . If the

atoms, ions or molecules are pumped into level E2 faster than they decay to

14



level E2, the population inversion will be established. The rate equation for

the time development of N2 is

^ {W A ) N { W W ) N (2.16)

Where:

Wp= pumping rate per atom.

W21 , A21 =The probabilities of stimulated and spontaneous emissions

from level E2 to level E| respectively and, Wi2 is the rate of absorption

from level Ei to level E2.

Nl o ,
dt dt

Wn = W2i

At steady state.
dNz

dt

then

= 0

(2.17)

where nt and n2 are the normalized populations in level 1 and 2

respectively. In terms of normalized populations ni , 112 we use the

normalized population inversion [4],

£ £ L (2.18)

For amplification n > 0 or Wp > A21

The pumping is given by

Wp = Fpap (2.19)

Where

Fps photon flux, and,

15



GP= absorption cross section .

To find the output power let the population of the lower level become,

Total pumping power [4] is

rhfnv\
— \WohvB (2.20)
O / P P

P

Where

V s= volume of the active medium .

Since Wp = A2J , then the output power is

^o=(^}v21 (2.21)

Q - Switched laser:

To obtain laser, we often require high peak power operation. In the Q-

switched or giant pulse laser, the laser is prevented from oscillating until

the normalized population inversion n has been allowed greatly to exceed

the usual threshold value nt When it reaches a very large value, oscillation

is allowed to occur, for example by opening a shutter placed between the

laser medium and the total reflector fig (2.5). The top curve is drawn as if

the reflectance Refr of one mirror were allowed to vary from a low value to

a high value. When Reir is small n grows large. When the shutter before the

mirror is switched open, the power grows rapidly as long as the round trip

gain exceeds 1 when n = ntj and falls below 1 and then the peak power is

emitted.

Consider the normalized population inversion iij before the shutter is

open and nt at the end of the pulse.

16



The total energy emitting during the pulse is given by [4]

= [^j(n, - nf)N0Vvl2 (2.22)

We may estimate the duration of Q-switched pulse by examining the

decay of a pulse in an isolated cavity [4].

Round trip time is

t, = 2d/c

Time loss is = ( 1-R)

The losses fraction is = (1-R )/t

The cavity life time is tc= t,/((l-R)/t) (2.23)

The peak power is pm = E/2tc (2-24)

17
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fig (2.5)

2-6 Amplification of Light:

Suppose we have an amplifying rod on the resonator with a diameter of

radius R and gain intensity G. Consider wave-packet emitted along the

axis by a single atom. After many reflections from the mirrors, each round

18



trip in the cavity is amplified by G2 and dimensioned by R. If the net round

trip gain exceeds 1 then

G2R> 1

Only waves that travel parallel to the axis have continuous growth and

the result is, therefore, a powerful directional beam. The useful output of

the laser is the fraction that escapes through the partially reflecting output

mirror.

There is a second condition necessary for lasing:

Consider again the wave packet emitted along the axis when its coherent

wavelength is greater compared with the optical length of the cavity. Due

to the multiple reflections, the packet returns many times to the atom

before the emission is completed. If the packet returns out of phase with

the wave that still being to be emitted by the atom, then they will both

interfere destructively with each other and terminate the emission. The

only waves that exists are those which interfere constnictively according to

the relation;

mk = Id (2.25)

With m = integer number,

d = Atomic spacing.

X = wave length.

Due to the multiple beam interference fringes, the only wave length

A.=2d/m exists. And this is the result of a number of repeated

reflections.

2-6-1 Optical Amplifier:-

Consider slab of material with thickness dl and area A fig (2.6). The

material has Nj absorbers per unit volume and each absorber represents a

cross-sectional area a to an incident beam of light.

19



fig (2.6)

If a flux F of photon incident per unit area at unit time on the slab is

absorbed by this slab then we will have [5]

dF_

F

dA_
A

Where

(2.26)

Adi s the volume of the slab.

The number of absorbers

N - Ni AdL

these yield

dA=N,aAdL

dA
and

N

i.e.
F

By integrating over all length L we gets

F(L) - Fo exp(-NtaL)

Where

Fo = the initial flux.

(2.27)

(2.28)

{2.29)

(2.30)

20



2-7 Pumping:-

By this we mean raising the number of atoms from the ground state to

the upper level i.e. make population inversion.

2-7-1 Three-Level Optically Pumped :-

The atoms are raised from the ground state to the level 2 by absorption

and brought back to the ground state by spontaneous emission. When

pump-radiation is processed level E2 is emptied by fluorescence. When

pump radiation intensity exceeds threshold then the decay from the

fluorescent level becomes consisting of stimulated and spontaneous

radiation and the stimulated emission produces the laser beam.

In a three-level system the transition from the pump level to the upper

level must be fast relative to the spontaneous transition. The life time in E2

level should be larger than the relaxation time of the transition from E3 to

E2

T32«T31

T is relaxation time for a certain transition N3 in level E3

N 3 « N2 , Ni

The total number of atoms is

Ntotal = N , + N2

That means atoms are pumped directly from levels Ei to level E2 in a fast

transition in level E3 fig (2.7) if there were two energy levels Ei and E2

then the population is one half of the total in level Ei and E2 [6]

21
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fig (2-7)
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The disadvantage of such a system is that greater than half of the total

atoms in the ground state must be transferred to level E2 (metastable level)

which provides large number of atoms for spontaneous emission in

addition the lasing in three-level laser system occurs between energy level

E2 and ground state Ei the lowest energy level, and this leads to a low

efficiency.

2-7-2 Four-Level Optically Pumped :-

In this case the atoms are excited and raised from the ground level (level

0) to level E3 (fig 2.8).

Lasing takes place between the metastable level E2 and another level Ei

above the ground state level Eo with;

The lower laser level far from the ground state reduces population in the

thermal equilibrium [6], so that,

f ^ ] (2.32)p f ]
No V KTJ

AE is the energy difference between the laser levels where AE » KT

i.e.

N i « No

This means that the inversion between level 2 and level 1 takes place

with very small pumping power and

T32, T10 « T21

23
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fig (2.8)
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2-7-3 Difference Between The Various Laser Levels : -

Population inversion is more easily in four-level than in a three-level

lasers and this is due to the energy difference between the various levels as

in fig (2.7) and (2.8), which is greater than KT according to Boltzmann

statistics equation (2.8).

From this equation all atoms are initially at equilibrium i.e. in the ground

state level. If we let Nt be the total number of atoms per unit volume of the

material, all these will initially be in level 1 for the three level case. Let us

now start raising atoms from level 1 to 3, they will then decay to level 2

and if this decay is sufficiently fast, level 3 will remain more or less empty.

So we first have to raise half of the total population Nt to level 2 in order

to be equal to the population of level 1. From this, any other atom which is

raised will then contribute to the population.

In four-level laser since level 1 is also initially empty, any atom which

has been raised is immediately available for a population inversion.

2-8 Processes of Pumping :

There are more than two ways to make a pumping process [5], but we

consider the following two ways ;

2-8-1 Optical Pumping

The atoms of the active material are pumped to the upper level by

absorbing light from a powerful source. This method is suitable for solid

state laser and liquid laser e.g. ( dye laser ).

Method of Optical Pumping:

There are two types for this method fig (2.9 )

25



a) Pulse Laser.

In this system, the electrical energy stored in a capacitor bank is

discharged into the flash lamp. The discharge is initiated by a high-voltage

pulse to an auxiliary electrode. This pulse pre-ionizes the gas. Then the

lamp produces an intense flash of light whose duration range from few

micro-seconds up to a few hundred micro-seconds.

The active material is usually in the form of a cylindrical rod with

diameter ranging from a few millimeters up to a few centimeters and,

length ranging from a few centimeters up to a few tens centimeters.

lamp
transfer
system

active
material

Optical Pumping System

fig (2.9)

b) Continuous Wave-Laser.

In this kind of laser iodine lamps are often used.

2-8-2 Electric Pumping :-

This one is accomplished by means of a sufficiently intense electrical

discharge, which is suited to gas and semiconductor lasers. Gas laser can

not be pumped optically because of the small width of their absorption

lines.

26



The Method of Electrical Pump for Gas Laser

Pumping is produced by a suitable current passing through the gas. Ions

and free electrons excite neutral atoms by collision. The ions movement is

less than that of the electrons. For a low pressure gas the average electron

energy is much greater than the corresponding ion energy. After a short

time the system is at the equilibrium state among the electrons. This can be

described by an effective electron temperature Tc. There are two processes

of electrical pump.

1) Collision of the first kind.

This process is for a gas consisting of only one species. The excitation

can only be produced by electron impact =>

e + x -> X* + e

x and X* represent atoms in the ground and excited states respectively.

2) Resonant energy transfer.

This process is for a gas consisting of two species. The excitation

occurs by collisions between atoms A and B =>

Where AE is the amount of energy released by collision .

Optical and electrical pump are not the only processes of pumping, there

are other types e.g.; chemical reaction (chemical pumping), gas- dynamic

pumping, and laser pump (optical pump for solid state, dye and gas lasers,

see chapter three).

2-9 Resonators:

By resonators we mean a cavity consisting of reflecting surfaces and

continuing homogeneous isotropic and passive dielectric medium.

Laser resonator must be:

27



%ir Open i.t. n ii HOI

b- Of dimensions much larger than the laser wave length.

Generally we divide resonators into two categories [7]:

1- Unstable RrE£tfi£iK>r

When arbitrary ray is bouncing back and forth between two mirror

spreading away from their axis fig (2.10 a)

2- Stable Resonator

When the ray remains bounded spreading in the axis of the resonator.

2-9-1 Types of Resonators:

I) Plane-Parallel (or Fabry- Perot Resonator)

The modes of this resonator can be expressed as a superposition of two

plane e.m. waves propagating in opposite directions along the cavity axis

with fig(2.10 b),

(2.33)

and y

Where:

L s the distance between the

number.

v = resonance frequency.

X = the wave length.

c= velocity of the light.

c

v = r& —
\2LJ

two mirrors,

(2.34)

and n is a positive integer

28



II) Concentric ( or Spherical) Resonator:

This consists of two spherical mirrors having the same radius R and

separated by distance L such that their centers are coincident, fig (2.10 c)

i.e.

L=2R

The mode is approximated by a superposition of two oppositely traveling

spherical waves originating from the center.

HI) Confocal resonator:

This consists of two spherical mirrors, fig (2.10 d), such that their foci Fi

and F2 are coincident. The center of curvature C of one mirror lies on the

surface of the second mirror i.e.

L=R

tV) Combined Resonator:

This is made of a combination of a plane and spherical mirrors

1- Hemi-confocal resonator fig (2.10 e).

2- Hemi-spherical resonator fig (2.10 f)

29



Fig (2.10a)

fig (2.10 b)

\

Fig (2.10c)
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Fig (2.1 Od)

Fig (2.1 Oe)

>4 f 1

Fig (2.1 Of)
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2-9-2 Resonance Radiation:

Consider an atomic or molecular system with energy levels EK subject to

time-independent perturbation H\ e.g. the oscillating electric field of an

incoming monochromatic light fig (1.2). In this section we will consider in

what state a system, initially in a given state, will be found after having

interacted with an electromagnetic field for a time t. We start with the

time-dependent Schrodinger equation

(2.35)

The time-independent eigenfunctions of Ho (describing the non-

perturbed system) and the eigenvalues EK are assumed to be known

/ / (2.36)

with £ = 1 , 2 , 3 ,

The eigenfunctions are supposed to be normalized and those with the

same eigenvalues have been orthogonalized. These eigenfunctions have the

time dependence

v/M^/exp^/a^f) (2.37)

with COK = EK / %. Since the functions constitute a complete system, an

arbitrary time-dependent function can be expanded according to

(2.38)
K K

Inserting this expression into Schrodinger equation (2.35) gives

=H
K dt K

Multiplication by Tn0 * and integration yield
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dc

with

The set of equations (2.39), written for the various values of n,

constitutes a set of coupled linear differential equations. The coupling

between these equations arises solely from the existence of the

perturbation H , which has non-zero off- diagonal matrix elements.

Assume that the system is in an eigenstate of Ho, say E;, at t = o. Thus,

with the probability interpretation of the wavefunction we have [7 ]

c,(0) = 1

K*i (2.40)

The first-order result is now obtained by integration of (2.39), using the

condition (2.40) in the integral also for [7] t > 0, i.e.,

{%)(\]ty\ (2.41)

°where | i > abbreviates I \\j[ ° > and correspondingly for < n I. The

transition probability from state i to state n is then I cn (t) 12. In order to

calculate this quantity we must consider the time-dependent perturbation

H more explicitly. We consider one - electron system inflounced by an

e.m field in a source free region. This field can be expressed by the

magnetic vector potential A , fulfilling the condition V.A = 0 according to

the Lorentz condition V.A + c *] 5<j) / dt = 0. The Hamiltonian [7] =>

-~ (2.42)

{ihV A)2becomes H = x— {-ihV + eA)2 + V{r)
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where V(r) is the static potential. But V.(Af) = (V.A)f + A.(Vf) = A.( Vf)

since V.A = 0 according to the Lorentz condition, i.e., A and V commute.

Thus [7]

H = ̂ 2+v{r)_*eAV+e^Ai ( 2 4 3 )

2m m 2m

For weak fields the last quadratic term can be neglected [7], (it is

important for two-photon transition). If the radiation is of frequency GO [7],

A=Ao coscot and the quadratic term is neglected then

• -ihe
H = .A.V = Ccosast (2.44)

m
with

he
= -i — A0.V. (2.45)

m
Equation (2.41) now becomes

(A l / I H J K63"' rc)'] l [/K,+co)^]lLcJt) = —xruiQm exp- + exp- f (2-46)

The case when A © = ©ni - co is close to zero, is of special interest.

This is when the irradiation frequency co is close to the energy difference

between state i and n. Then the second term in (2.46) can be neglected and

using the Eulerian formulae [7], the first term becomes

t siri Acô -
(2-47)

z

The time - dependent probability i —> n transition is thus
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sin Aco —
2 ' ' (2-48)

Aco —
2

The transition probability is plotted in fig (2.11) as a function of A co for

given value of t. The function has prominent maximum value for A co = 0,

i.e. when the photon energy of the radiation field exactly matches the

energy difference between the final and initial states [7].

ftco = 7zcom = En - Ej (2.49)

This is the resonance condition. We have assumed that a transition to a

state with higher energy occurs, i.e. absorption of radiation. However,

exactly the same result is obtained if

ftco = Tico,-,, = Ej - En (2.50)

Where the final state n is below the initial state. In this case the first term

in (2.46) is neglected in stead of the last. The situation where the

perturbation causes the system to emit photon of the same energy as that of

the incoming photon is called stimulated emission [7]. Mathematically the

probabilities for absorption and stimulated emission are the same.

As we mentioned before the stimulated photon is emitted in the same

direction and the wave has the same phase as that of the incoming photon

(coherence), the coherence properties of the stimulated photon result in

strengthening of the incoming beam. According to the eqn. (2.46) the

maximum transition probability fig (2.11) (Aco = 0) is proportional to t2 ,

where t is the time during which the system is subject to the perturbation

[7] [4].

If the perturbation is applied for time t » i the resonance curve of

fig(2.11) will be much narrower than this level width. The area below the

curve yields the transition probability. Since the half-width of the curve is
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proportional to t"1 and its maximum value to t2 (the internal shape being

independent of t) the area under the curve is proportional to t, [7].

Transitions involving outer electrons normally occur in the optical or UV

region, which mean that the wave length of the radiation (X > 100 nm) is

much greater than the dimension of the atom (~ 0.1 nm ).

It is well known that the atom can emit radiation even if it is not externally

perturbed i.e. spontaneous emission [7].

Transition
probability for
absorption and
stimulated
emission

-6n/t -4n/t -2n/t o 2n/t 4n/t 6n/t

fig (2.11)
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2-10 Properties Of The Laser Beam :-

Laser radiation is characterized by the following properties:

2-10-1 Monochromaticity :-

The electromagnetic wave of a frequency v=(E2-Ei ) /h which can be

amplified, by oscillating between the resonators in the cavity. Oscillator

occurs only at a definite resonant frequency of the cavity and this leads to

the laser line width being much narrower than the usual line width of the

transition from level 2 to level 1 as observed in spontaneous emission [8]

PL

2-10-2 Coherence:-

Lasers are characterized by light with highly coherence i.e. uni-phase

such that it can produce stable interference fringes. There are two types of

coherence [10].

/ / Temporal Coherence: -

The degree of temporal coherence of light source is a measure of the

possibility of predicting phase and amplitude for light at a given location

and a certain time at the same point.

11/ Spatially Coherence:-

A light wave is considered spatially coherent if there is a constant phase

difference between different points of observation . The light source is not

phase related. Therefore the light from an extended light source will not be

spatially coherent at a close distance.

2-10-3 Directionality:

This means that the radiation have uni- directions such that it can be

diffracted by suitable operations.
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2-10-4 Brightness:-

Brightness of a given source of e.m. waves is the power emitted per unit

surface per unit solid angle fig(2.10) [11].

dp - B cos 6 ds d a

Where

dp = power,

ds = surface,

dQ = solid angle,

0 = angle between O' and normal n to the surface , and

B = source brightness.

fig (2.12)
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CHAPTER THREE

APPLICATIONS OF LASERS

The advent of laser took place in 1960, when the first successful

laser was reported, lasers are now used in the diverse fields, industrial

processes, measurements of various types, computer, communication,

radar systems, biology and medicine. In this chapter some examples of

different kinds of laser uses are presented.

3-1 Measurements:

3-1-1 The Velocity:

One of the applications of laser is measuring the velocity. There is a

simple technique to measure velocity of fluids by the Helium-Neon laser

which is allowed to scatter through a fluid which is flowing within a glass

tube.

The light signal is detected by a phototransistor which is inserted

between an active filter and an amplifier.

For instance the flow velocity of a fluid was found to vary from 0.41±

0.04 to 0.014 ± 0.04 m/s, by using laser, where by another experiment it

was found in the range from 0.037 ± 0.04 to 0.12 ± 0.04 m/s.

3-1-2 Alignment:

By He-Ne laser of power 2 Mw operating in the uni-phase transverse

mode, the output can be regarded as a straight line of a constant thickness.

This property can be utilized for the purpose of alignment. Not only
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straight line can be defined by alignment, but qualities such as sequence

and parallelism can also be determined, e.g. in construction work and

engineering uses.

3-1-3 Distance:

He-Ne laser is used to measure short distances. But for measuring long

distances, Nd, YAG laser and CO2 laser are used [12].

3-2 Laser as heat source:

Semiconductor diode laser and CO2 laser have focussed beams of light,

so they are considered as positively practical sources of heat in industrial

processes, due to spatial coherence of the output or ability of laser to

produce a beam of light of a very small divergence by means of focussing

the lens. The diameter of the focussed spot is S such that

S = F6 (3.1)

Where

F = focal length.

G = amount of divergence of the light beam.

Therefore power density E is given by [12]

E=W/A (3.2)

Where

A s area of the focussed spot.

W = beam power,

and

9=1.22 A7R
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with

X = wave length, and R = lens radius.

3-3 Cutting:

CO2 laser operating continuously cuts almost every thing when focussed,

and a jet gas at the cutting area is introduced. The introducing of oxygen-

metal makes cutting more easier with less rounding off of edges.

One of the advantages of using laser in cutting is the high speed and easy

control of laser beam [12].

3-4 Medical Applications:

A number of medical applications had been suggested for the laser, [13]

e.g.

- Skin disease treatment.

- The remedy for detached retina ( ruby laser ).

- Dentistry ( ND:YAG- CO2 laser ) [14].

- Treatment for leukemia patients.

- In general surgery.

- For bladder cancer ( ND:YAG laser ) [15].

- In urology ( Dye laser).

3-5 Communications:

Light -wave communications, using optical fiber as a transmission

medium, is an important configuration in both public and private

telecommunications networks.

Optical fibers are idealiy suited to the transmission of digital information
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and therefore are ideal transmission medium for integrating and

interfacing with digital switching and digital transmission of data, voice

and video signals.

Signal mode fibers operating at wave lengths 1310 run & 1550 nm and

the light source at these wave lengths are DF-PBH and DFB-DC-PBH

laser diodes respectively whereas the detectors are Ge.APD & GeAs.APD

correspondingly [16].

3-6 Radar:

Shorter laser pulses ( ruby and Nd:YAG) can be used as signals for

distance measuring by the radar principle. Giant- pulses from crystal lasers

are suitable as signals for short distances, pulsed gas or semiconductor -

lasers.

Laser radar is interesting for extreme resolutions required for short

measurement paths e.g. air craft landing systems [17].

3-7 Spectroscopy Applications

The use of synchrotron radiation and lasers in the experiments of atomic

and ion spectroscopy, and the advanced techniques in the photoelectrons

spectroscopy and fluorescence measurements, make possible strong

development in the theoretical investigations of resonant or auto-ionizing

states of atoms and ions [10].

Theoretically auto-ionizing states in resonant photoionisation of atoms

and ions is very important in the collision and radiational processes which

take place in hot astrophysical and laboratory plasma ,in the processes of

selective photoionisation for the resolution of different problems in laser

physics and atomic isotope separation [10], [18],
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3-8 Industrial Applications:

The efficiency of continuous wave CO2 laser is about 14% . The range

of output power allows to use it, in processing of plastic, ceramics and

some other non-conducting materials.

3-9 Environmental Applications:

Laser can detect the pollution in the air e.g. the existence of SO2, and

also it detects the percentage of chlorophyll in the trees, depths of minerals

in the earth, and depths of rivers and seas ( geological uses) [7], [18].

3-10 Holography:

Is a new type of photography which needs no image forming lenses and

gives pictures in a three dimensional view of objects.

He-Ne laser is used as light source for holography. The unique

properties of holograms give rise to numerous potential applications and

great deal of work, [9] [12] e.g.,

- Holographic interferometry.

- Particle analysis.

- Character recognition.

- Acoustic holography.

- Data storage by holography.
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CHAPTER FOUR

TYPES OF LASER

Lasers are classified according to their state of matter, into three main

types as follows;

4-1 Solid State Lasers:

-Ruby Laser.

-Neodymium Laser.

-The semiconductor Laser.

As an example for solid state laser we confine ourselves here to ruby

laser

4-1-1 Ruby Laser:

The ruby is the first type which was discovered in the early sixties, it

consists of aluminum oxide AI2O3 with small proportion (impurities) of

chromium which gives the crystal its characteristic pink color.

Higher concentration of chromium Cr being the red crystal is due to the

absorption of a broad band of wave length from the visible light.

The Cr3+ ions provides energy level between which the stimulated

emission takes place.

The energy difference E2 - Ej corresponds to the characteristic red light

of ruby laser, which has wave length 6943 A0. E2, is the metastable level

with life time 3 milliseconds. E3 is a single level, but it is a whole band of

levels corresponding to a broad absorption by chromium in the center of

the visible region fig (4.1 ) [7].
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Xenon lamp flashes emits light intensively in yellows and greens, so its

isorption by the ruby having population in the states level E3, which is a

lort life time level, decays to state E2 with emitting photons. Hence N2

ows faster than Ni, then the set is suitable for laser action.

The ruby laser described in this chapter is a pulsed system, which

foduces intensive heating, that is why it needs to be cooled.

Ruby laser delivers a power equivalent to millions of watt per square cm.

lodern ruby lasers deliver instantaneously optical power of more than 109

/att by means of the process of switching [12].

Most natural rubies are unsatisfactory for lasing because they are either

30 small or are containing impurities.

45



X =6943 A0

E2

E,
fig (4.1)
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4-2 Gas-Lasers:

There are a number of gas- lasers;

-N2- laser.

- He-Ne laser.

- He-Cd laser.

-Argon- laser.

-Kr -laser.

-CO2 laser.

Gas laser classified into three types depending on the nature of the

energy levels between which laser action takes place.

The mechanism of exciting atoms to a higher energy state is a collision

by interaction of an energetic electron with atoms in the ground state. The

exchange in the energy of electron excites atoms. Collision of an excited

atom in a metastable state with another atom of different element in an

unexcited state, allows the transfer of energy from the metastable state to

an unexcited atom, so the metastable atom loses energy and reveres it to a

lower level. We here take the N2 -laser as an example of gas laser.

4-2-1 N2-Iasers:

Apart from its applications which we will consider later the N2 -laser

serves as pump source for dye laser spectroscopy ( to be discussed in the

next section ) and laser chemistry. The main advantages of the N2 laser are

low cost,simplicity of operation and high repetition rate . the 337.1 nm N2

wavelength pumping dye laser emitting over 360-950 nm range. Shorter

ultraviolet pulses can be produced by frequency doubling the output of N2-

pumped dyes.
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le main disadvantage of the N2 laser is low efficiency which limits N2 -

r pulse energy to about 10 millijoules (mJ) ,and restricts average power

1 few hundred milliwatts in practical designs. Because of these

tations, neodymium-YAG and excimer lasers are more powerful than

laser so they replace N2 - laser in its applications such as in nonlinear

cs and laser chemistry.

ernal Workings:

he active medium in a nitrogen laser is a nitrogen gas which is pure at a

ssure of 20 torrs.

The nitrogen molecules are excited by a fast high-voltage discharge

mlating the upper laser level fig (4.2) its excited electronic state with

time of about 40 nanoseconds (ns), emitting a photon at 337.1 nm

en dropping to the lower laser level.

The decay time of the lower level is about 10 microseconds (ys) much

iger than the life time of the upper laser level. The lower laser level

jays to metastable level with a life time of many seconds. Such slow

cays of lower-lying levels would make a population inversion impossible

many materials. However those problems are set off by the extremely

*h efficiency with which a fast electric discharge can populate the upper

. level. The result is a transitory population inversion, which generates

ser pulses [19].

N2- lasers are broad band, but compared with ultraviolet lamps, N2 -

sers output can be considered monochromatic.
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fig (4.2)
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Internal Structure:

The rapid population and quick decay of the upper laser level combine to

produce very high gains, which eliminates the need for a high-quality laser

resonator. Virtually all nitrogen lasers can operate without any cavity

mirrors. Most nitrogen cavities are about 15 to 50 cm long and the output

power can be more than doubled by the use of a simple cavity with two

flat mirrors, The back mirror is 100 percent reflective and the front mirror

is 4 percent reflective.

The pulse of nitrogen laser is of 15 to 40 KV with rise time 10 ns. Both

the fast pulse circuitry and applied discharge are important factors in laser

performance. Channel with rectangular cross section are usually used.

Beam characteristics:

I \ Wavelength and output power:

Standard nitrogen lasers emitting at 337.11 nm can also emit additional

lines at 357.60 nm in the near-infrared, but emission on those lines is

suppressed in standard models.

The single ionized species, N2+ has laser line at 428.00 nm, but it is not

produced by standard N2 lasers and is rarely used because of low power.

N2-lasers are rated to produce peak powers of 1.0 Kw to 2.0 Mw at

337.1 nm pulse with energies range from 10 JJJ to 9 mJ. The low pulse

energy levels reflect the gas's very limited energy storage capacity which

originates with the short upper-state life time.
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II\ Efficiency and spectral bandwidth:

The efficiency of pulsed N2 laser is 0.11 and the spectral bandwidth is of

0.1 nm. The coherence length with this bandwidth can be estimated in

order of 1.0 mm. Spatial coherence is also small [19] [20].

Operating requirements:

Input power of high-power N2-lasers equipped with vacuum pumps

may draw total current of 20 A at 110 V, or draw a smaller amperage at

220 V for cooling using forced-air system or water cooling system as an

option for operation at high repetition rates.

Application:

The major application of N2-lasers is pumping pulsed dye laser. The

short, high-power pulses in the near-ultraviolet are suitable for the

characteristics of many visible wavelength laser dyes.

Like other ultraviolet sources N2 lasers can be used to study and measure

fluorescence effects. The high efficiency of N27s 337 nm emission in

stimulating fluorescence effects also could lead to new applications in

fields such as analytical flourometry [19].

Battery-powered N2 lasers could be important in measurement

applications particularly with the N2- laser pumping of a dye laser. Uses

could include remote sensing with a portable tunable laser.

The high peak power of focused beam has led to N2 laser applications in

cell surgery and micro-cutting. N2 lasers can also be used as ultraviolet

sources for a variety of other laboratory purposes.
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4-3 Liquid Lasers:

We mean by liquid lasers organic liquid lasers that acts as active

medium, mainly the organic dye lasers which entered when several

hundred laser active material had already been found. Dye lasers have a

wide range of frequencies or wave lengths. They have the same phases and

concentrations as solids, liquids ,or gases.

In principle, liquid dye lasers have output powers of same magnitude as

solid state lasers, and the density active species are the same in both. The

organic laser is practically of an un- ultimate size. Finally the cost of the

active medium organic dyes is negligibly small compared with that of solid

state lasers.

The first experimental study of an organic laser by using a high-power

flash lamp to excite perylene solution in benzin between resonator mirrors

indicated a small net gain. After that xanthene dye like rhodamine 6G or

fluorescein, was tried.

4-3-1 Organic Dye Lasers:

The organic dye laser is important class of optically pumped lasers.

The active medium is a large organic dye molecule (used to color fabric,

food or other materials) which have spectral property; that it absorbs

efficiently over wide spectral range from the ultraviolet to the near infrared

(this absorption gives the dyes characteristic colors) and re-emits this

energy over a broad band at longer wavelengths [13].

The most common laser dyes belong to specific classes of chemical

compounds e.g. [6] rhodmine 6G, comarine and most of them dissolve in

52



alcohol solutions, although some require exotic solvents for optimum

efficiency. The wave length of dye changes by the solvent used.

Internal Working'.

The dye molecules are basically three-level system, fig.(4.3), but it have

a level with a life time of an order of micro seconds rather than

milliseconds. As a result, a very great pumping power is required to

maintain a population inversion.

In addition the organic dyes have a fourth level known as a triplet

level. [7] The triplet level does not contribute to a laser action. Molecules

in level 2 decaying to the triplet level in about 1.0 us. The triplet level is

very long lived, so the molecules can not return soon to the ground state

level 1.

*

Wp
W21

}2

(triplet levels)

fig (4.3)

The laser action therefore stops when molecules accumulate in the triplet

level, which is the metastable state, and this leads to absorption in triplet-
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triplet transition [21],[6]. This is undesirable because it represents a loss

and lowers the over- all laser efficiency.

To minimize this effect the transition between the triplet states should

be smaller than the time rate for the excited and ground states fluorescent

transition.

In addition the life time of the triplet state should be small by using flash

lamp-pumped dye lasers using special low inductance capacitors and

sometimes, a specially constructed flash-lamp to permit discharging, the

capacitor across the flash lamp in a few microseconds or less.

The dyes are thereby made to lase efficiently before molecules are lost

to the triplet level. In addition certain triplet states quenching additives

help somewhat to bring the dye from the triplet level back to level 1.

Other dyes laser are continuously pumped with an argon-ion laser. In

this process one can avoid the triplet level problem by flowing a solution

through the laser cavity.

If the active volume is small enough and the rate of a flow great enough,

molecules are physically removed from the cavity before an appreciable

fraction of the molecules are lost to the triplet level.

Dye lasers are important for their tunability, their wave-length ranging

between 0.2 and 1 .O îm and for the fact that the tuning range depends on

the time dependence of the pumping source.

Each dye has a broad fluorescence spectrum and the laser is easily tuned

across the spectrum with a grating or a prism located inside the cavity[22].

In addition, the great number of valuable dyes allows coherent radiation

to be produced at any wave-length in the visible spectrum [23].
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Properties of Pulsed Dye Laser.

- peak power of 108w.

- Average power of 60\v.

- output wave-length using a number of dyes from 0.34 to 1.2jam,

- line width as narrow as 35 MHz [23].

We will come back to describe the experimental set up of the dye laser

in chapter 5. There are some dyes and their spectrum, each of which has a

certain fluorescent region. The table below shows different dyes with their

fluorescent regions [24].

Dye Type

Coumarine, Anthracenes and Oxazole

Xanthene, acridine

Polymethines

Rhodamine

Fluorescent Region

violet, blue.

green, yellow, red.

red.

red, yellow, green.

Some properties of dyes compounds are given , in the following table

Dyes

Butyl-PBD

Comarin 440

Carbatine

Rohdamine

Solvent

Toluene

Ethanol

Methanol

Methanol

Tuning Range

357-395

416-462

690-740

573-620

Pump Source

N2

N2

Fl

N2
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Applications of Dye Lasers:

Here we name a number of applications of dye lasers.

I \ Industrial applications of dye laser [25]:

- Manufacturing applications of dye lasers.

- Manufacturing case study: Dye lasers curing of pigmented coatings.

- Diagnostic applications of dye lasers.

- Remote sensing applications of dye lasers to monitor industrial pollution.

II \ Dye laser isotope separation [25] [26].

III \ Dye lasers in medicine and surgery [13], [25].

The characteristics of dye lasers make them a valuable source of

coherent light for medical applications, e.g.;

- Ar+ laser-pumped dye laser for cancer diagnosis and treatment.

- Flash lamp-pumped dye lasers for such divers bits as incurable blood-

vessel birth marks of infant and children, the insightly "sun burst" small

veins in thighs and legs.

- Breaking stones in the ureters and in the gall bladder.

- Pulsed dye lasers are considered for corneal ablation

56



CHAPTER FIVE

THE EXPERIMENTAL SET-UP AND RESULTS

In this chapter a detailed discussion and the experimental set-up of the

equipment used in the experiment is presented.

Our goal is to perform an experiment of a dye laser (Rhodamine 6G) pumped

by a nitrogen laser (NRG-0.8-8-400) to get a tunable laser which can be used for

different purposes according to the required wavelength of radiation.

Our experimental set-up (fig 5.1) consists of:

5-1 Nitrogen Laser System:

The component of N2-laser are :

(i) A container for liquid nitrogen with pressure of 0.5 - 1.0 bar.

(ii) A vacuum pump (model -CFE 41V) containing heavy oil.

(iii) Cooling system (kerosin), for the transformer and spark gap.

(iv) Power supply that gives a voltage of 12 kV fig (5.2a), fig (5.2b).

(v) The laser head which consists of: fig (5.3)

1. a spark gap : it consists of two copper electrodes separated by 1.5 mm.

Those electrodes result in migration of successive sparks. It serves as a pump

that populates the atoms of the upper nitrogen levels, fig (5.4).

2. two big capacitors: which are constructed of mylar sheets polished with oil

and surrounded by thin waxed paper with dimensions 580x520 mm2 and

580x580 mm2. Those capacitors are used for discharging the energy so as to

pump the N2 laser electrically. See the pulse generator in fig (5.5)

3. a laser tube consisting of two mirrors; the back mirror, which is totally

reflective, and the front window, which is partially reflective. From that

window the laser beam is oriented to the dye laser cavity fig (5.6).
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Spark Gap Separation
about 1.5 mm.
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Copper electrode
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CROSS-SECTION OF THE SPARK GAP

fig (5.4)
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5-2 The Pump Set -up

To pump the dye solution which is inside a glass cell, we constructed the

set up in fig. (5.6). It consists of:

i- A plain mirror (mm-1 new port), which is used to direct the N2 laser

beam to the dye laser cavity,

ii-A plano-convex lens of focal length 10 cm, that is used to focus the N2

-laser beam to a very sharp line into the dye solution inside the cell,

iii- The dye cavity which consists of:

- A dye cell (Qs 1.000 coating two sides ), which serves as an active

medium. It contains the dye liquid (Rhodamine 6G dissolved in

methanol), it was placed in between two plain mirrors.

- A diffraction grating, it is used to achieve the grazing incidence of the

beam.

- Two Aluminum plane mirrors (mm-1 new port), one is located behind

the dye cell, and the other is to reflect the beam back to the grating, and

by tuning the x-axis of this mirror, the wave length of the dye laser can

be selected.

iv-Pinhole to select the most bright spot of the light beam.

v- A lens (kB*052) to focus the beam in the diffraction grating.

vi- A diffraction grating to resolve the dye laser beam.

vii- A pinhole to filter out the fluorescence and to obtain narrow band

width.

viii- Screen to observe the tunability of the dye laser.

5-3 Dye Powder:

There are four main categories of dye powder lasers :

- polymethine dyes (X= 0.7- 1.0 fim),

- xanthene dyes (X = 0.5-0.7|im),
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- comarine dye (X = 0.4-0.5pm) ,

- scintillator dyes (X < 0.4p.m)

Those dyes has the following characteristics. They are tunable in

frequency and have a very high gain and easy to prepare. Pulsed and

continuous wave operations lasers are obtained by using these dyes.

We used Rhodamine 6G laser dye dissolved in methanol . The powder

of the dye has the following characteristics:

- appearance: red solid.

- absorption wave length (in ethanol): 530 nm.

- fluorescence wave length (in ethanol ): 556 nm-620 nm.

-molar absorbitivity: 9.7><104 litterx Mole"1* cm"1.

- emission wave length (in methanol): 581 nm.

This dye is by far the most frequently used and investigated one. It is

applied in research and in other development purposes. It is a very

efficient laser dye for both continuous wave (cw) and pulsed operation. Its

wave length can be tuned in the range of 573 - 620 nm [27].

5-4 The Cavity Length:

The cavity length is given by

L = 1/2 n X

Where

n = positive integer,

X = the wave length.

For the rhodamine 6G, A^d= 6131 A0, A,yeiiow - 5850 A0.

5-5 Method of Preparation:

The dye solution was prepared in our laboratory using the following

steps:
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1- The dye cell was washed and cleaned carefully by sulfiiric acid to

remove all the impurities inside the cell.

2- An amount of 1.63 grams of the dye powder was dissolved in one liter

methanol, this powder was weighted by using a digital scale, The

sample was prepared as mentioned previously- according to the Lambda

physik dye manual (for N2-laser) [27].

After that, the dye solution was injected in the cell. One of the

advantages of this dye solution is that it is not so sensitive for the

impurities and the concentration of dye powder has an error of (± 10%).

It can be pumped by various pump sources e.g. XeCL-Eximer, NdYAG,

Cu vapor laser flash lamp, Ar+ and nitrogen laser. Which is available.

5-6 The Set - Up Of N2-Laser Pumped Dye Laser:

As we mentioned in chapter three, one of the important applications of

the N2 - laser is its usage as pump source for the dye laser. We constructed

a set-up for a N2 laser pump Rhodamine 6G dye. The dye sample was

prepared as mentioned before.

We demonstrated pulsed operation with pulses of 4 ns and 25 Hz. The

experimental set- up is given in fig.(5-6).

The N2- laser was focussed to the dye cell in the form of light line. This

was done by using a cylindrical lens, the dye cell was mounted with an

angle of 10° so that oscillations between its walls are avoided and as a

result the output of the laser is obtained.
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The laser cavity was constructed from two plain aluminum mirrors with

grating, that was located in such a way that the incident angle was nearly

89 degree (grazing incident). High resolution and a large irradiated area of

the grating was achieved by this method of incidence.

The output of laser was focussed on another grating so that the laser

spot and the fluorescence background can be observed. Tunability of the

wave length was achieved by tuning the mirror fixed in front of the grating.

The laser cavity was made to give short pulses of the pump source (N2

laser) [28].

5-7 The Result:

As a result of using the above mentioned experimental set-up a new laser

was obtained. This result is of a great value here in the Sudan, since the

laser obtained was the first one obtained from a well optimized cavity.

That cavity was not easy to construct and to optimize. It was really a hard

task.

This laser has the property of tunability, that has a great value in laser

research and experiments. We observed three colours in the screen when

we were tilting the mirror (Mi), they were green, yellow and red.

The power of the outcome laser and of the pumping source was not

measured, due to the lack of measuring instrument. Inspite of that, we

were able to measure the cavity length which was found to be 16 cm.
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CONCLUSION

We constructed a dye laser cavity, this is the first dye laser produced in

Sudan. The work constitutes an experimental contribution to the thesis.

This starting experiment allows the further research and applications in dye

laser spectroscopy to be conducted at the laser laboratory in Khartoum.

We employed a dye laser, in this research because of its tunability

properties which makes this kind of laser workable in many applications

fulfilling different aims.

We used the N2 laser with X = 337.lnm and 5ns in pumping the dye cell.

This results in obtaining the new laser with three colors red, yellow and

green on the screen.

Each wave length can be adjusted to serve a certain function. The good

properties of the dyes laser due to the N2-laser whose characteristics are

suitable for pumping the dye liquid (chapter three).

The conversion efficiencies was theoretically found to be 3% , the peak

power per unit band width equals 2X107 W/nm, and the smallest band

width yields 0.001 nm.

Because of the unavailability of the assisting equipment we were not

able to make measurements. Though the work we were required to do was

meant to be of a theoretical nature, however we managed to install the

whole experimental set-up and obtain the dye laser.

We hope this work will open new horizons for research in dye laser

techniques and that further applications can be achieved which will be

useful to the life of humankind.
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