American Journal of Applied Sciences 2 (5): 9479885
ISSN 1546-9239
© Science Publications, 2005

Study of the Optical and Physical Roles of a Dielectric
Laser Dye Solvent Which Affectson the Dye Laser Operation

Riyad A.M. Ghazy
Laser Laboratory, Department of Physics,
Faculty of Sciences, Tanta University, Tanta, Egypt

Abstract: It is well known that when the pump laser beanidirce on the laser dye liquid it will be
absorbed. This absorption tends to heat the lagereamedium, which is the laser dye solution. In
view of this the correlated property of that activedium well change tends to shift the operated
frequency and wavelength. Therefore, one of mastrésted dielectric, nonpolar, laser dye solvent
was selected for this investigation, which is BewezeA laser interferometer known as Mach Zhender
Interferometer (MZI) is constructed and used to smea the refractive index of the investigated
solvent by counting the interfering fringes as action of the angle of incidence of the inciderstela
beam. The temperature of that solvent is raisedlinvithe range 293-373 K by using a constructed
heating system. The thermal behavior of the rafracindex of Benzene is studied to estimate the
thermo-optical coefficient of the refractive indevhich is important to know the state convergernce o
divergence of the pump laser beam within the laser medium. Also, the dielectric constant of the
dye solution is an important parameter for therlageration. Therefore the dielectric constant isd
thermal behavior of Benzene are calculated thrahghMaxwell’s relation to determine the thermal
coefficient of the dielectric constant. The valuetlee number density which is equal the specific
polarizability of the investigated solvent is esabed by using the obtained values of the refractive
index and its variation with the temperature isd&td too. Because the dependence of the mean
polarizability of the dielectric constant throudtetClausius-Mossotti relation the values of bottame
polarizability and its thermal behavior are studi¢nl addition, since the molecular polarizability
depends on the mean polarizability the value ofsitdetermined. By using the values of mean
polarizability the molecule radius is determinedl arsing the Clausius-Mossotti relation the actual
volume occupied by all molecules per unit volume astimated. The volume expansion, through
Murphy and Albert equation is calculated.
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INTRODUCTION important role in shifting the lasing wavelength. a
majority of circumstances, increasing solvent pblar
The heart of any dye laser is the laser dye. Eithewill shift the gain curve toward longer wavelength.
dissolved in an appropriate solvent or in its vaplaaise the case of more polar dyes, the shift can be gis 48
these very often highly colored substances play th€0-60 nnf.
major role in the overall performance of any dysela The solvent is an important component of the
Both pulsed and continuous operation is possibie. | active medium. One must take the role of the sdlven
addition, their unique photophysical properties eak into account in the examination of the laser getiera
them ideal candidates for the generation of ultrarts characteristics of the solution. Solvents are often
light pulses. With moldy-looking pulses shorter rtha organic compounds. They may be divided into polar
100 femtoseconds have been obtained. Hyperfinand nonpolar types. Polar solvents have molecules
tuning of the output has permitted many excitingwhose electric charges are unequally distributed,
experiments in spectroscopy. leaving one end of each molecule more positive than
Prepared laser dye solutions usually contain veryhe other. Nonpolar solvent, of which Benzene is an
small quantities of dye: Typical dye concentratiame example, have molecules whose electric charges are
107 to 1¢ molars. For this reason the solvent in whichequally distributed.
dye is dissolved plays an important role when degn Benzene is a solvent with many applications,
physical properties and potential hazards. including paints, dyes, plastics and rubber and is
Lasing wavelength and energy are very sensitive toegarded as one of the least environmentally harard
the choice of solvent. Most laser dyes are polaof organic solvent. It is both highly effective aedsily
molecules and excitation into their low-lying siegl broken down in both air and water.
state is accompanied by an increase in the dipole By interacting with the excited molecules in the
moment. Accordingly, solvent polarity plays an dye, the solvent may both decrease and increase the

947



American J. Applied i, 2 (5): 947-955, 2005

generation energy and shift the generation in timg| was re%;arded for many years as virtually a closed
wavelength region. In addition, the solvent detewsi chaptel’.
the thermo-optical properties of the solution ahi t However, the last three decades have seen a major
affects the characteristics of the resonator. resurgence of interest in this field. This transfation
Inevitably during the leasing process a certainhas been largely due to several new developmehts. T
amount of thermal energy is released, giving risemost important development was the invention of the
temperature gradients in the solution that may €auslaser, which made available, for the first time, an
optical inhomogeneities. In this respect, the lestlia  intense source of light with a remarkably high degof
appear to be water and its deuterated relativeyyhea spatial and temporal coherence. Lasers have removed
water. Therefore the ideal laser dye should beldelin -~ most of the limitations of interferometer imposed b
water and still maintain its leasing properties,iokh thermal sources and have made possible many new
generally means that it must not form dimmers at th techniquel§’. The observation of beats produced when
leasing concentrations or that it responds reattly the beams from two lasers were mixed at a
desegregating agents. photodetector led to the development of a range of
It is important to mention that the photochemicalheterodyne methods for fringe interpolation. Since
stability as a property relevant to laser dyes. Whg measurements in the frequency domain can be made
this is about the lesser importance in dye laser§ver a wide range with high precision, such techeg
employing liquid solutions, the poor stability ofamy  have greatly increased the accuracy and scopetichop
laser dyes is a serious problem in lasers wherelype interferometry.

is important in a solid matrix and therefore canbet N terms of current applications of optical
circulated. interferometry include measurements of distances,

For various applications of laser light in the Uy displacements —and vibrations, tests of optical
there is an interest to search for better UV lagers. components and systems, studies of surface stejctur
However, in the near UV spectral range under 4o0nnstudies of fluid flows, measurements of temperature
the demand on the photochemical stability is highPreSsure, electrical and magnetic fields, rotasensing
because the energy of the pumping laser light ishen and high-resolution stellar imaging.
order of the binding energy of covalent carbon-oarb

and carbon-hetero atom bonds of the laser dye. MATERIALSAND METHODS
The most efficient source of coherent radiation in . .
the UV range for dye laser pumping is the exciraset Prior to the development of the laser, the ordii

operating on Xe Cl (308 nm) or Kr F (248nm) sources available for interferometry were spectral
emission. In view of the photochemical stabilitytbe ~ lamps. Such sources only gave a crude approximation
laser dye, it is preferable to use the longest vemgth  t0 coherent illumination and their intensity wasiteu

for dye laser pumping. This requires a proper magch l0W. Intense sources of light with almost perfeattal

of the wavelength of the single absorption maxinafm coherence and a coherence length of several meters
the laser dye with the emission line of the pungeta became available for the first time with lasers.

The solvent on stability and the photo-product  The light source that we used in the present paper
interaction. The presence of oxygen accelerates th®r the laser interferometry is the Argon ion lager”).
photodegardation of the dye and the solvent offhe Argon ion laser is one of a class of nobleigas
increasing polarity. The dye degraded more rapidly |asers that operate in the visible and ultravisfetctral
solvent of low polarity and that low polarity had a regions. The argon ion laser can provide approxtyat
dramatically different solvent. The Coumarin 12ahwi 25 Visible wavelengths ranging from 275 to 363.8 nm
different solvents. The Coumarin 120 decompositionVavelengths as short as 229 nm are also produced by
rate was about 10 times faster with cyclohexaneestl  intracavity frequency doubling of a visible argami
than with methanol. lasef".

As an example of the effect of the decomposition ~ The used AT laser is a multiine light the
rates one can give a Comparison between thé/a.velengths 515, 502, 497, 488, 476 and 458 nm. In
decomposition rates for methanol, ethanol, isopmopa the present study, an air-cooled Argon lon Laser
and cyclohexane showed that the decomposition ratd$/niphase Co. Product 2013 argon ion laser system
increased in the same order as the dielectric aohétr ~ consists of a model 2213 held incorporating a 2313
these solvents. argon ion laser tube, powered by a 2113 power gyppl

Optical interferometry uses interference betweeriS used.
light waves to make extremely accurate measurements The experimental arrangement of Mach Zehnder
The father of optical interferometry was undoubyed! Interferometer (MZI), which is used to determine th
Michelson who gave contributions to interferometry refractive index of benzene as a non-polar solaert
during the half century from 1880 to 1930 dominatedits dependence with temperature, is explained failde
the field to such an extent that optical interfeetry  in my literaturé”’.
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RESULTSAND DISCUSSION Figure 1 shows that the refractive index n obags t
desperation phenomena at constant temperature. From
Earlier Studie§® showed that the photo physical the Fig. 1 one can estimate the values of therntiwaip
properties of many laser dyes are affected by theoefficient (dn/dT) for Benzene as given in Table 1 for
solvent polarity. Where the Stokes shifté=vps— Vem, each laser wavelength. From the Table 2 notes that
guantum yields and fluorescence lifetimes show moreln/dT is a negative value which means that therlase
or less linear correlation with the solvent polarit dye solvents under investigation diverges the laser

function: beam inside the cavity, i.e. Each of them are @sed
diverging lens inside the laser cavity.
Af={(e-1)/(2 +1)}-{(n?>-1)/(2rf+1)} The knowledge of both n and dn/dT for Benzene

are very important for their uses as an active madi
All these parameters are unusually lower infor a dye laser. It is known that when the pumpedas
nonpolar solvents. Unlike in other solvents, bothincidence upon the laser dye medium it will be
quantum vyield and fluorescence lifetime in nonpolarcompletely absorbed by the medium which re-emits it
solvents are also strongly temperature dependent. as a fluorescence from which the dye laser beanesom
Because Benzene is a non-polar molecules one c4hit. As a result, the absorbed laser beam will bédte

treat it as a dielectric medium inside the laser dgtive ~ active laser dye medium causing changing its densit
medium. Therefore when we talk about theWhich tends to change its refractive index and the

macroscopic and microscopic properties of benzengorrelated pagamete_rs. '.I'akir?g into accognt tha}f ?\ny
liquid we mean their molecular state. Of much iesér i[empe(;ature UCtuat'O?] in the ?ﬁt'v? m(;"h'u?]ﬂ? } €
the dielectric relations existing between the aser dyé causes a cnange in the iength o Iel ase
macroscopic parameters of dielectrics which ar cavity L (mirror separation) t(_endlng to ch.ang.e

oo . : o } Saser wavelength by the fractiomAA which is given by
permittivity, €, dielectric susceptibility & refractive AMA=Ad/d+An/n and the laser frequency by the
index n, density d and molecular mass W and th

X X . V. and N§action Av which is given byAv/v= Ad/d+An/n.
microscopic parameters, which means polarizabdity The refractive index variations can be noticegas

number of molecules in a unit volume N of a substan  nermal lens effect, which has some astigmafism

) o Therefore, this thermal lens effect is hard to
Refractive Index (n): The value of the refractive index compensate and reduces the maximum pump power.
of Benzene laser dye solvent is determined as a
function of temperature T of the medium using the s QOptical Permittivity & and its thermal Coefficient
different laser wavelengths. The refractive indexfn  TC,: Since the refractive index n of a matter is defined
Benzene laser dye solvent is measured by the metheg the ratio of the velocity of the electromagneiies
described by Gha®. It was noted that the values of n in vacuum, c, to the velocity of these waves in the
at the different temperature values are evaludtemin  medium, v, i.e. n= c/v. According to Maxwell's thgo
the temperature behavior of the refractive index ofof the propagation of electromagnetic waves in a
Benzene one can evaluate what is called the thermanedium, the velocity of propagation is given by:
optical coefficient, dn/dT, of the Benzene laser dy
solvent with the values given in Table 1 correspagd  V=1/(uoteoe)"”
to each selected wavelength of thé ser source.

Where:
. o is the magnetic constant whose value i1’
+ 458nm Hm_l;
sl by . G u is the relative permeability of a medium, which
. ’ > e equals unity for non-magnetic dielectric materials;
148 “ii = S g is the permittivity of vacuum which equals

g 8.854x10"°F/m; and
¢ is the relative permittivity of the medium.

=
m
o
o
o

Refractive Index, n

-
-

L
e

b . Therefore:
By
K
1.42 .
i v=c/(g)*? and n=¢)*? i.e.
140 : i i i . . . € =rf (1)
10 20 30 40 50 B0 70 &0 80
Temperature.T °C The terme is known as dielectric constant related

to the dielectric susceptibility through

Fig. 1: Temperature Variation of the Refractivedrd
n (T) of Benzene Laser Dye Solvent e=1+4nk, 2
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Table 1: Macroscopic and Microscopic ParameteBeanizene Laser Dye Solvents Determined by a MZI btth

Laser wavelength -dn/dTx10 -de/dTx1C®  -dkygx10* -dggrx10* -dpjgrx1C° dPyyqrx10? D doygrx10?®
A1 458 nm 1. 4984 4.4032 3.5058 7.6371 3.0239 3.0322 1.2031
Ap: 476 nm 1. 4954 4.3857 3.4190 7.6383 3.0296 3.0079 1.1934
Az 488 nm 1. 4939 4.3799 3.4873 7.6386 3.0322 2.9991 1.1899
Aa: 497 Nnm 1.4934 4.3741 3.4826 7.6390 3.0348 2.9903 1.1865
As: 502 nm 1. 4924 4.3685 3.4782 7.6393 3.0375 2.9819 1.1831
As: 515 nm 1. 4904 4.3566 3.4687 7.6400 3.0427 2.9640 1.1760

Table 2: Some of Macroscopic and Microscopic Pataraeof Benzene Laser Dye Solvents Determined byZh

Method at 20°C and Different Wavelengths

Laser wavelength -9 tx 101Sec. px10° ax1C® cm RoOhms  @gx10°  daggrx10  dR/T
A1 458 nm 1. 5140 21.3873 2.7637 2.1973 249.01 5313 8.1254 0.2618
Aot 476 nm 1. 5110 21.2969 2.7779 2.1942 249.51 $.323 8.0837 0.2623
A3: 488 nm 1. 5100 21.2600 2.7814 2.1930 249.67 1.3270 8.0692 0.2625
A4 497 Nnm 1. 5090 21.2271 2.7850 2.1918 249.84 1.3304 8.0547 0.2627
As: 502 nm 1. 5080 21.1923 2.7884 2.1906 250.00 1.3337 8.0410 0.2628
Ag: 515 nm 1. 5060 21.1198 2.7957 2.1881 250.34 B340 8.0109 0.2632
235 closely related ta, is the basic parameter of a dielectric
- ¢ s which describ_ing the propgrties for the view_poihthe
Eiﬁ MIbE process of its polarization or propagation of the
L EEEE = 502nm electromagnetic waves in it, or more generally tfoe
Zom Eiii o o viewpoint of the processes of its interaction wéth
g iﬁaa electric field. The terna or kereflects the properties of
'f:: e iﬁﬁg a given substance in a sufficiently large volume rimt
g 210 EEEE the properties of the separate atoms and moleailes
© Eiﬁia that substance.
EEE Figure 2 shows the temperature ranges between
e 293 and 353 K. It is noted that the relationshipieen
195 ¢ and T is a decreasing relation, which tends to the

Fig.

k, of Benzene

Fig.

T T T T T T T
20 30 40 =0 EQ 70 an an

=}

negative slope of the curves with the values gien
Table 1. This slope gives the value of the thermal

_ ~ coefficient of permitivity TG corresponding to each
2a: Temperature Behavior of the Opticalyalue of laser wavelengths.

Temperature, T c

Permitivity & (T) of Benzene Solvent at The permittivity e and dielectric susceptibilityck
Constant Values of Laser Wavelength are basic parameters of a dielectric describing its
properties from the viewpoint of the process of its
01D polarization or propagation of electromagnetic veaie
iii o ireom it, or more generally from the viewpoint of proces®f
" §§ : T agrom its interaction with an electric field.
wses ﬁﬁai s Attention should be paid to the fact that
iiai permittivity and  dielectric  susceptibility are
— ﬁgié macroscopic parameters of a dielectric which refiee
igﬁé properties of a given substance in a sufficientisgé
0085 iﬁﬁ volume but not the properties of the separate atmds
EEEEE molecules in the substance.
0.050
n07s Number density g or Specific Polarizability Pg:

® m  ® @ 0 @ 7 W When the behavior of the molecules is studied under
Benzene Temperature (°C) the effect of electric and magnetic fields. There tavo
kinds of fields one is the effective electric orgnatic
2b: The Change of the Determined Dielectricand the second is the observed electric or magfielic
Susceptibility with the Temperaturg KT) of  obtained by averaging over a region which contains
Benzene great number of molecules. The difference between
these two fields is due to the gaps between the
Physically the optical permittivitye (dielectric  molecules and depends on the number of molecules pe

constant) or, the dielectric susceptibility, kvhich is  unit volume, which is known as their number density
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The mean polarizability e and Molar Polarizability
Pua: It is known that the non-polar molecules have no
permanent dipole moment in the absence of the.field
For each molecule, the electric dipole moment
established under the influence of the field is
proportional to the effective field. We have assdme
that the molecule under investigation is isotro@at
we are interested only in the average effect ovler a
possible orientations of the molecule thereforwilt
not necessary to assume that each individual melésu
isotropic. Since the electric dipole moment has the
dimensions equal to charge multiplied by the length
therefore the mean polarizability is seen to hawe t
dimensions of a volume. If N is the number of males
per unit volume, we can get informations about the
dependence of the mean polarizabititpn both optical
permittivity € and N, in case of Maxwell’s relatiop=n?
is used through the following relationship:
o =(3/4tNm)Pyoi= {(e-1)/(e+2)}(M/p) (3/4nNr)  (4)
where, N, is the Avogadro’s number that equals 6.02 x
107 i.e. The number of molecules in a mole.

This relation is known as the Clausius-Mos88tti
, which is seen to be bridged, which connects
Maxwell's phenomenological theory with the atontsti
theory of matter. The values of the mean polarizgbi
a of Benzene are calculated as a function of the
refractive index n of different values of temperatd
as shown in Fig. 4 and the rate of its variatiofdd at
each wavelength.

Instead ofa. we could use another quantity known

as molar polarizability g which is known as the
atomic refractivity in the case of monatomic molesu

11]

This is essentially the total polarizability of eol® of

(o) on the Temperature (T) of the Benzene

Laser Dye Solvent at Constant the substance, defined as:

Puvoi= {(&-1)/(e+2)}(M/ p) )
polarizability g, of Benzene is
function of temperature at eactr las
\X/avelength as shown in Fig. 5 and its variable vtk
temperature diR/dT is given in Table 1 at each

the nur_nber densit]y g.of Fhe spheres in terms Qf. th%orresponding wavelength. For the calculation dhloo
dielectric constafit! which is also known the specific and Ry, the calculated values of the density of
ol

polar|;at|on of a d_|ele_ctr|c. _Th|s is a dimensicsyle Benzene as a function of temperature are used.
magnitude becauseis dimensionless:

Clausiu§” and Mossottt! tried to explain the
dielectric properties of insulators on the assuampthat The molar
the atoms (monatomic molecules) are small Condglctindetermineol as a
spheres whose mutual distances are large compared
their diameters and derived the following expressar

Molecular Radius (a): If each molecule were to be
regarded as a perfectly conducting sphere of raajus
the polarizabilityo would be given by

&(M)-1
eM+2

Ps™ g(T) = (3

As mentioned above, the dielectric constanto=a’ (6)
depends on the temperature; T. Therefore the number

density g must depend on the same parameters. Substituting the value ofi in Clausius-Mossotti
According to Eq.3 the values of g are calculated an re|ation, one can find that the quantify 1 is equal to
plotted as a function of T, as shown in Fig. 3 from £+2

which the rate of change of g with respect to, @igkl the actual volume occupied by all the molecules per
calculated by the value in Table 1. unit volume.

951



American J. Applied i,

29

25

Puo of Benzene

71 458 nm

476 nm
438 nm
437 nm
302 nm
515 nm

Om- 408

26

T T T T T T
30 40 50 =] 70 a0 a0

Benzena Temperature o

Fig. 5: The Change of the Estimated Molecular
Polarizability (Ry,) with the Temperature (T)
of the Benzene Laser Dye Solvent

.
T 2248 R H
= o'é%%%gu
D 5 23ed ot g% il
§ ..Oigggnnﬂ
@ 22208 °.§§g%‘3nu
5 b g
o * o
2 22Mes .o'%%%%guu
R .o°§%§c‘nn
= 3 9088 ..o%%%DDD + 455nm
Fa] . O o 47TEnm
% ggﬁgn“ ¥ 4s5mm
= 21898 E.E'D : gggm
o S15nm
21888 . . . . : . -
10 20 30 40 50 &0 0 a0 @
Benzene Temperature "C
Fig. 6: The Calculated Molecular Radius (a) of

Benzene Solvents and its Change with the

Temperature (T)

0.0

436 nm
476 nm
4585 nm
497 nm
3202 nm
15 nm

0.85 4

omadd 0w

0.80 4

0.75 4

Benzene Density(ym/cm’)

070 4

0.65

T T T T T T T
20 30 40 a0 G0 70 &0 an

Benzene Temperature
Fig. 7: The Behavior of the Determined Densjty
(T) of Benzene at Constant Wavelength

2 (5): 947-955, 2005

0.0045

00044 4

00042 4

0.0040 4

00038 4

458 nm
476 nm
438 nm
497 nm
502 nm
515 nm

00036 4

Wol. Exp. pig) of Benzene

00034 o

ON<]4C*

00032

T T T T T T T
20 30 40 50 ) 70 a0 a0

Benzene Temperature oc

. 8: The Change of the Calculated Values of the
Volume Expansionfl) with the Temperature
(T) of Benzene Laser Dye Solvent

Fig

268

266

264 |

262 4

260 4

258

256

254 | 458 nm
476 nm
485 nm
497 nm
502 nm

S1anm

Characterstic Impedance R, (T)

252 4

om-]4C%

250 4

248

T T T T T T
an 40 a0 G0 70 an an

Benzene Temp erature(ﬂC)

Fig. 9: Change of the Characteristic Impedance of
Benzene Laser Dye Solvent with the
Temperature

The obtained value of the molecular radius, a, of
Benzene is plotted as a function of solvent's
temperature at a constant laser wavelength. Tleeofat
change of a with the temperature (da/di§)calculated
from Fig. 6 and is given in Table 2. The resultevgh
that the molecular radius of the Benzene beconmgeira
with increasing temperature. This means that the
volumes of the molecules become larger which téods
the volume expansion of the laser dye solutionrdyri
the dye circulation process.

Relaxation Time Effect t: On the molecular scale one
can look at the friction and viscosity of the dye
solution. If molecular obstructions are taken into
account, for pure liquids, the effect of frictios very
different, the ellipsoids of revolution being preds
against each other, rotating about or oscillatitfang
the major axis. The effects, although very smalthia

The values of molecular volume calculated in thisfirst case, are considerably in the second. In tmec

way and those obtained from the kinetic theory ardhere will be as many viscosity effects as there ar

found to agree within close limits.
952
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Table 3: The Evaluated Values of dk/ddA/dh and 150

dB/d\ at Constant Temperature of Benzene as = .

a Laser Dye Solvent B . * ., .
Temp. (°C)  (-dn/#)x10* (-dA/d)x10*  dB/dA T 1l
20 1.34520 2.0160 45.9331 g o me
50 1.30729 3.9081 46.3541 I Ll e o v o
80 1.26659 2.7800 449110 & © ° o

‘g 1.42 &
Table 4: The Evaluated Values of dA/dT and dB/dT at £

Constant Wavelength of Benzene as a Laser E 1401 M .

Dye Solvent ooy v
Wavelength (hm)  (-dA/dT)x10 -(dB/dT) .
458 1.3333 6.2935 Laser wavelength, nm
488 1.4150 7.6130
515 1.4133 8.978 Fig. 11a:Wavelength Dependence of Benzene's

Dispersion Constant A (A) at Constant
182 " Temperature Values
- - - . .
= 130 4
& B 8500
< * 20°C .
£ 148 3 gg% 2 o - *
% @ <] ] o e E 8500 1 * M
o 146 4 @ ‘5 ¢ o
@ & a0 ° ¥
2 o .
o 1.44 £ 75m 4 L] @
3 g v
E 142 ] v v v Y ¥ v OZ 7 3
% £500 4 .
1.40 . . . . . . z o ¢ W
450 460 470 480 480 500 510 520 [SREE v o s0%
¥ 0%
Laser Wavelength, nm =m0 i i i i i -
440 460 470 480 490 500 510 520
Fig. 10: The Dispersion Behavior of the Refractive La ser Wavelength, nm
Index of Benzene Laser Dye Solvent at
Constant Temperature 20, 50 and 80°C Fig. 11b: Wavelength Dependence of Benzene's
N o ) Dispersion Constant B (\) at Constant
_ Ur!der these con_dmons_ it is evident that the tgrm Temperature Values
which in the expression faris related to the molecular
i i 13 151 . . .
viscosity and molecular radits ** The density and thickness fluctuations are credted
_ 3 the thermal fluctuations of the dye solution, power
©=4nn alkT () fluctuations of the pump laser, pressure fluctustiand

. surface waves of the dye jet.

Cannot be calculated from a macroscopic  of the statistical effects, which influence thaeli
measurement of viscosity (rate of outflow a cagaoit  \yigth  three have been considdt¥d spontaneous
viscosity of fall of a sphere). emission or phase diffusion, Brownian motion of the

resonator and statistical fluctuations in the dgnef
Where: _ the active medium. Only the last of these is large
Acis the mole,cular radius; enough to be important in practical systems.
K: Boltzmann’s constant; and The density fluctuations due to temperature change
T: absolute temperature. in benzene laser dye solvent is estimated by tthefi

) ) Clausius-Mossotti relation from which:
By knowing the values of bothand at the ambient

the values of are calculated and given in Table 2. defdp=(e-1)( £+2)/% (8)
Effect of Density Fluctuations p: The emission line o )

width of CW single-mode dye laser is broadened by By substituting withp at 20°C ande at each
fluctuations of the optical path length of the fasavity. ~ wavelength at the same temperature the value:/df d
The fluctuations are caused mainly by the dengily a is determined. Consequently the values pofas a
thickness fluctuations of the dye jet and buy somdunction of the solvent’s temperature are calculaed
insignificant mechanical instabilities of the lasawity. plotted as shown in Fig. 7 at each selected waygéhen
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L. From the figure the (@DT) , values are estimated 150
and tabulated in Table 1 showing a decrease bahavio e
of Benzene laser dye solvent. These determinecesalu 1491 §15m
of p (T) are used to calculate the values of both

polarizabilityo and Ry,

.
-

146 4

1.44 4
Volume Expansion Coefficient B: As it's shown from
the molecular radius determination and its thermal
increase which must tend to the increase of the
molecular volume. Therefore the volume expansion of
the Benzene laser dye solvent must be studied. By . . . . . .
knowing the values of the thermal coefficient o€ th 9 2 3 e 0 8 70 80 @
optical permitivity, TG, of Benzene the volume Benzene Temperature 'C

expansion of the solvent can be determined by usmng
expressiofi”) given by: Fig. 12a:Temperature Behavior of the Dispersion
Constant A (T) of Benzene at Constant

B=-{(2e+1)/3e(e-1)}(de/dT) (9) Wavelength

1.42 4 ¥

Digpersion Constant A, (T)
.

1.40 4

4 4

Where: 3500
de/dT is the thermal coefficient optical permitivityf — v

the solvents; v
g s the optical permitivity; and =
B is the volume expansion coefficient.

* 455 nm
< 483 nm

5000 ¥ 515nm

a0 o

The thermal behavior op is shown in Fig. 8
showing an increase in the temperature correspgndin
to each selected wavelength. The rate of thernsigh
of B, (dB/DT) 4, is given in Table 2 for Benzene.

o0

Digpersion Constant B,(T)
o

£500 4 .

E000 o

Characteristic Impedance R: Because its known that 5500
when a plane electromagnetic wave moving without

dying out in Eyhylacetate as a dielectric mateinah

selected direction may be X, Y, or Z-axis. Here the ) ) )
vectors of the intensity of both electric and magne Fig- 12b: Temperature Behavior of the Dispersion
fields E and H, respectively, are mutually perpenkir Constant B (T) of Benzene at Constant
to each other in such that the ratio of their mb&iiH Wavelength

stay constant with the dimension of resistance knasv

the characteristic impedanceo Fof matter. This Wavelength Effect: It is known that the r8|ati0n5hip
characteristic impedance, Rf a dielectric is related to between the refractive index n the wavelerigidf the

it permitivity ¢ and permeabilityp through the incident laser beam through what is called the Ggisc

T T T T T T T
10 20 30 40 a0 B0 70 a0 a0

Benzene Temperature o

equatioft™: equatiof?:
Ro=( utof/eeg) 2 (10) NQ)=A+B/3? (12)
In case of vacuumt=1 and p=1 so that R=( Practically, the refractive index of Benzene sotve

no/ee)’=377 Ohms therefore the Benzene solventgvas measured at each selected vv_aveleh_gﬂ‘constant
which is a dielectric nonmagnetic material has thelemperature 20, 50 and 80°C. This relation was show

characteristic impedance R given as: graphically in Fig. 10 from which (dnigk was
evaluated as given in Table 3. By differentiating B

R=377/n (12) with respect to. we got

where, n is the refractive index. Consequently M@ (dn/d); =-2B,/ A3 (13)

the measured values of the refractive index of Baaz

laser dye solvent at different temperatures andtao By substituting with the values of (ditd in Eq.13

wavelength p(T) the values of its R as a function of T the value of dispersion constan{(B) corresponding to

and constant laser wavelength @) is determined as each at constant temperature T were calculated. By

shown in Fig. 9 and its rate of change (Dr/PiB)given  using the calculated values of(B) in Eg. 12 and the

in Table 2. corresponding values of +fA) the values of the
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dispersion constant #) were calculated. The 7.
dispersion behavior of bothA\) and B () is studied
during the Fig. 11a and b from which (DA)(/d\) 1 8.
and (dB {) /d)) + were estimated as given in Table 3.
From Fig. 11a and b the values of &) and B (T) g,
were evaluated and plotted in Fig. 12a and b from
which the rate of change of both (&) and B(T) with
respect to temperature were estimated as, (dA(J)/dT
and (dB(T)/dT), given in Table 4. 11
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