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Using the Green function theory, the time dependence of the two
dimensional temperature distribution resulting from the volume absorption of a
pump beam incident in radial direction and an amplified laser radiation
incident in axial direction was analytically determined. The mathematical
derivation accounts for the effect of self-focusing generated from the laser
beam. As an example computation was carried out on Ruby rod subjected to
different pump configurations and laser cross-sections.

1. Introduction:

After the invention of high power lasers a lot of nonlinear effects was
discovered as frequency doubling, bistability, three and four wave mixing,
parametric amplification etc. One of these effects is the effect of self-focusing
which may affect the temperature distribution in the irradiated target and it does
significantly modify the prediction of theoretical analysis that leaves out self-
focusing. Different authors [1-14] have studded the temperature distribution
neglecting the effect of self-focusing generated in an irradiated target. This
work is devoted to study the time dependent temperature distribution in two
dimensions generated from the pump process and the absorption of the
amplified radiation incident in axial direction in a rod placed in the focal axis of
a cylinder having an elliptical cross-section. The pump source was mounted in
the other focal axis. The radiation of the laser beam was considered to initiate
self-focusing during its propagation in the rod. The incident laser radiation was
considered to have different radii. The pump configuration was assumed to
allow for different radial profile of the inverted atoms. This capability plays an
important role in:

1- The energy consumption of the pump source.
2- The life time of the pump source.

3- The pump efficiency.

4- The heat generated from the pump source.
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5- The radial amplification of the incident laser beam after being
amplified.

6- The heat generated from the laser beam into the radial and the axial
direction of the rod.

2. Theory

Assuming that a homogeneous isotropic cylindrical shaped target with
circular cross-section was illuminated in axial direction with a laser beam and
that the target can amplify the laser radiation. Due to this assumption the target
was pumped radially with a radiation originating from a gas discharge tube
located in the focal axis of a cylinder with elliptical cross-section having
reflecting surface. The target was placed in the other focal axis where the pump
radiation was differently focused. The laser beam, which has a maximum
temporally coinciding with that of the pump pulse, was considered to have the
same temporal profile but with different pulse duration. Its spatial distribution
was considered to have either a Gaussian shape of different constant or
increasing cross-section along the propagation direction (Gaussian beam).
Moreover it is assumed that a part of the pump radiation and that of the
amplified laser were absorbed during their propagation within the target which
was cooled radially at the outer cylinder surface.

Considering no plasma formation at the irradiated surface, and negligible
multiphoton absorption the equations governing the temperature distribution are
given by:

1) The heat generation equations in cylindrical coordinates
i- Originating from the pump beam

T _(r,t oT (r,t oT (r,t
p(2 ) +1 p( )+£gp(r,t) zl L (1)
or r or k a ot
ii- Originating from the laser radiation
o (r,z,t) 1 0T (r,z,t) T (r,z,t) 1 1 0T, (r,z,t

2) The boundary condition describing the cooling at the outer radius of the rod.

oT, (r,zt
—k %L—R =hT, (r,z,t)|,:R @

With Ty(r,z,t) = T_(r,z,t) + Tp(r,t) 4)
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where

Tp (r,t) is the temperature distribution generated from the absorbed pump
radiation;

T. (r,z,t) is the temperature distribution generated form the absorbed part of the
amplified laser beam;

k is the thermal conductivity of the material; o = K is the thermal diffusivity

P
of the material, p is the mass density of the material; Cp is the specific heat of
the medium by constant pressure; g, (r,t) is the rate of energy generated from
the absorbed part of the pump beam per unit volume; g.(r,z,t) is the rate of
energy generated from the absorbed part of the amplified laser beam per unit
volume and h is the heat transfer coefficient.

The temperature distribution Tp (r,t) resulting from the pump beam was
found through the determination of the Green function G 0 (r,t \r " 7)

Tp(r,t)zgﬁod r_[R r'G, (r,t|r,z)g,(r'z) dr’ )
with

1 _ S —ap?(t-) 1 i
Gp(r!t|rir)_mz:le N(ﬂm)‘]o(ﬂmr)‘]o(ﬂmr) (6)

[, are the positive roots of the equation S,.J,(S8,R)+HJ, (8,R)=0

T2 283,° 1
N(B,)=|r° (B, r)ydr= 5 > 5 7
(o) = [ o = e e ), "

_ 't R, +R _awi-r)
g,(r,t)=X Ujla(u)ep(t)lopu(u) Roar e do (8)
and

(n+1)

Gp(t)=(n+1) L a--1y n=3 ostzat,  ps16 (9

n
n" At At
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with H=h/k, J,(B,r) and J,(B,R) are the Bessel functions of zero order
and first order respectivly, G (t) is the time profile of the pump beam, At is

the pulse duration of the pump beam.
The temperature distribution resulting from the laser radiation is given by

a2 Rt & 2 1 e
e S YRR il
J, (B,r)J, (ﬂmr)LLGL (z ,t|z Y7).g (r'z',7)dr'dz'dr (10)
with

G, (z t\z'r):; exp— 2L-2-27) 1 +exp— (Z +Z'j21 +
et JaNr -+ oda ) t-r oo ) t-1

exD— 2L-2"'+z ’ 1 XD z—z'2 1 exp— 2L+z—z'2 1 N
P 2Ja t—r P 2Ja ) t-1 P 2Ja t—r

O 2 U A /0 O O N TR S 2 W S G
O LR~ e s | RPN e L o | B i Jrg

9. (r,2,1)=[1,, (0.1,0,), exp(~(a, (v,1,) =4 L.r.)z) dv  (12)

L, 0,1,0,t) = 1,9, (0,0,)9, (NG, (t) (13)
and

G, )= +?n+ ( ;tAto) (L—(t —AL)/AL)"  [15.16] (14)
where

I, (u,r,0,t) is the spectral intensity distribution of the laser beam incident

in axial direction on the pumped laser rod at z=0, ¢, is the coefficient
responsible for the heating process it has according to [7] the value 20 1/m,
a, (v,r,t) and p (v ,r,t) are the linear attenuation and amplification
coefficient of the pumped rod in the frequency region of the incident laser
radiation respectively, I~0 is the maximum of the incident laser intensity,
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g, (v,u, ) is the spatial line profile of the laser beam with the central
frequency v, , G (t) is the temporal profile of the laser beam, At is the time
retardation for coinciding the maximum of the pump beam with the laser beam, At is

the pulse duration of the laser beam, g, (r) is the radial distribution of the laser

radiation given for the case of Gaussian distribution when self-focusing is not
considered by :

r2

g (r)=e " (15)

g, (r,z) is the radial distribution of the laser radiation given for the Gaussian
distribution ~and  Gaussian  beam  considering  self-focusing by

2
2 _ZI’

g W@y (16)

Wo

w (z)?

gL(r!Z):

where W is the width of the laser beam at the irradiated surface of the rod at

z=0 and w(z) is the width at any location z within the rod, w , and w(z) in the

cases of Gaussian distribution and Gaussian beam have to be determined as
follows.

Self focusing is a focusing of a beam, caused by the beam itself through a
nonlinear process. In this situation, the higher intensities on the beam axis, as
compared to the wings of the spatial intensity distribution, cause an effectively
increased refractive index for the inner part of the beam. This modified
refractive index distribution then acts like a focusing lens. As the beam radius is
reduced, the optical intensities become even higher, leading to further increase
of the self-focusing. This mechanism can lead to very high optical intensities
which can easily destroy the optical medium.

The nonlinear refractive index of a medium is given by [17]
2 . A .
n=n,+N,E® with E =%(E (w)e ™ +cc) (17)

where E is the electric field amplitude of the light beam n;, is a material constant
and n, is the refractive index when the field is very week. The dependence of
the beam width on the distance covered by the beam in a medium can be
obtained from Maxwell’s equation. The wave equation of the electric field when
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the square of the refractive index given by equation (17) is approximated for ng
>>n, by n? =ng+2n,n,E? can be written as[17]:

n? °E 1 O°E
E___E;;~VﬂE—Egaﬁ+2nJ5Eﬁ?¥;=O (18)

Equation (18) becomes in paraxial approximation after averaging over an
optical period[17]

E + 2ik d—E+

dz

n, \ET E-0 (19)

where V.2 is the transverse Laplacian

Since the dependence of the width w on z is required equation (19) has to
be solved.

Assuming the solution of equation (19) to be given by

E(r)=A(r)e™*® (20)

where A and S are real functions.
Equation (20) and (19) give

2
aA; +V, .(A?V,s)=0 (21)
and
2
+(Vy5) Z: nj]A (22)
0

Assuming A(F) to be represented by a Gaussian beam given by

AW, e—rzlwz(Z)

AN =

(23)

One gets after some mathematical manipulation the following equation[17].
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2
W(z) = wy[1— (-2 1) 2 2 (24)

cr 0

with Py is the incident power

kw?

Z, = . =Ce, A2 18,

It is worth noting that equation (24) tends to that of a Gaussian beam as
P, tends to zero.

Equation (24) is valid for the case where transformation of the beam
parameter resulting from its propagation through different media is not
considered. Considering the transformation of w, [17] after passing a free space
of thickness d and refractive index no; and refracted by a medium of refractive
index ng,, W(z) will be written after replacing w, by w(z=0) given from the

~ ~ 2
linear case (part I) by equation w (z =0) :\/ AL \/1+ (gL +22|?2°2d) (25)

7N gy 02

where L is the resonator length equal to the rod inside it. Thus w(z) can be
written as

W (Z):\/ AL \/ (nOZL +2LnOZd) [1 (po 1) ]1/2 (26)

s nOl 02 cr o

Setting w(z) given by equation (26) in equation (16) one gets the radial
distribution of the Gaussian beam case of self-focusing.

Since a Gaussian distributed laser radiation does not change its width
along its propagation direction z as self-focusing is not considered, thus w(z)
can be given by

W(z)=w,(1-Le é)“z (27),

cr 0

and the radial distribution given by equation (16) will be written as

2
2 ) r

w(z)?
( )?

3. Computation:

g (r.z)=
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Calculation of the temperature resulting from the absorbed laser beam
T (r,z,t):

Since this work deals with medium having (8 -« )=0, the medium

was subdivided into equal spaced intervals Az =L /m . The input power of
each interval was assumed to be

Poe (BL—a )N Az (28)

where N takes values from N=0 to m. w, of the radial distribution given by
equation (16) was considered at the beginning of each interval to be that
calculated from w(z) at the end of the previous interval. The power within the
interval was considered to be constant.

To get T, (r,z,t) equation (10) was calculated after substituting for
GL(Z,t|Z',z'), g, (r',z',z) and G (t)from equations (11),(12) and (14)

respectively. For the case of Gaussian beam the radial intensity distribution of
the laser radiation was considered to be given by equation (16), after replacing
w, and w(z) from equations (25) and (26) respectively. For the case of Gaussian
distributed laser radiation the radial distribution is given by equation (16) but
with w,= constant and w(z) given by equation (27).

The computation was carried out considering w, =10™m for the Gaussian
distribution and w,= 1.77X10*m at z=0 for the Gaussian beam and a maximum

monochromatic laser intensity I, given byl , =10"W /m? at r=0 and
t=At, /4.

The locations and the times at which the temperature was calculated are
the multiple of the following Az, Ar; and At; values
Az is considered to be given by
Az =L /10
Ar, values are given according to the following table
The radius of the rod R was according to the width of the laser beam and R,
values subdivided into three zones Ar,

Ar, =R, /10 0<r<R,
Ar, =W, -R,)/10 R, <r<w,or w,<r<R,
Ar,=(R -w,)/10 w,=<rs<R

The time was sliced into four different intervals At .
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At, =the time before initiating the laser pulse was divided by 5

t =At, xn, n=0...... 5
At, =the time during the laser pulse duration was divided by 16
t =At, x5+At, /16xn, n,=1...... 16

At, =the time calculated from the equation (the pump pulse duration —
(the time before initiating the laser pulse + pulse duration )) was divided by 5
t =(At, —(At, x5+At ))/5xn, +(At, x5+ At ) n,= 1.5

the time after switching off the pumping process was given by
At, = 2X pulse duration of the pump beam

t=At, +n,xAt, n,=1....7
Since the integration was carried out over z',r'andz, Az,Ar,and At,
were subdivided into 6,6,5 equal intervals respectively.

Table (1): physical and thermal parameter of Ruby:

Symbol | ;3 Co No 21
: . U, v L. v, v, F
kg ions 01 21 22 31 32 1
—5 |w.sec 3
Unit m kg .°k m Hz Hz Hz Hz Hz 1m
7.1E14 | 5.4E14 | 553E14 | 320

Value 4300 43 1.58E25 | 1.5E15 7.3E14
Symbol 31 32 01 22 h
FJ_ F E \ F A Uy k Per

No n

[Ny

\
w m
1/m L —
Unit 1/m 1/m 1/m Hz m°K| m°K| W v
Value 155 285 360 280 0.3298E12 42 10000 5000 1.759 [2E-14

FM” is the absorption coefficient parallel and perpendicular to the C —axis

of the crystal
vy are the corresponding central frequency to FY

p., is the critical power
N, is the Cr*®" concentration

N, is the average refractive index of Jand L radiation at 4 = 6943A
n, is the coefficient of the part of the refractive index depending on square

of the electric field strength.

4. Results and Discussion:
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Figure (1) represents the radial distribution of (g -« ) calculated at
t =At, /4and R, as a parameter. The observation of the curves shows that, for
R,=10"m and 5x10™m (B, —¢, ) in the vicinity of r =0 has a relative minimum

shifted towards smaller r values as R, increases, and that the minimum of the
former R, value is more pronounced than that of the latter one. The curves
calculated for R,=10°m and co m grow monotonically and exhibit specially for
the case R,=com a saturated behavior at r=R. This behavior can be explained in
view of the fact that the behavior (B -« )is dictated from the intensity

R, +R
—e
Ry +r

distribution of the pump beam given by (=R} which exhibits a

minimum atr =+ R, - Since the value of « is about 10°m™ it follows that by
(04

increasing R, values the position of the minimum will shift towards smaller r
values. As R, is given values greater than or equal to 1/a the position of the
minimum will shift to such small or negative r values where the relative
minimum disappears. Since (B, —a,) atr =0 must be 46.05 m™, this is
because an amplification of 100 at z = L is set as a condition, and (g, -, )
depends on the pump energy density elsewhere, thus a minimum laying to the
right of r = 0 can have positive or negative values. In case of strong focusing the
intensity of the pump radiation drops strongly with r leading to negative
(B, —a,) Vvalues. The saturation at r=R for R,= oo m results from the behavior

of (B -« ) which is generally according to part | [18] given by

c R0+Rea(r,m_1

PRy 4
R,+R

c,———¢
Ro+r

(B —a)=c

a(r-R) +1

Figure (2) represents the axial distribution of the laser beam width
calculated for w=10"m of the incident laser radiation at t = Atp /4, r=0. Since

the amplification at r=0 is independent of R,, therefore all the curves of the
different R, values will coincide on each other. The figure shows that the width
exhibits a minimum. The appearance of minimum is due to the dependence of

p @2t "
Pz}

cr o)

P, on z as given by the equation w (z) =w .where P, (z)is

given by equation (28).
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Fig. (1): The radial distribution of the net amplification coefficient of the laser radiation
(BL-ow) calculated at t = At,/4 with R, as a parameter.

R,= 10“mcurve A R,=5X10"m curve B

R,=10°mcurve C  R,= oo m curve D
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Fig. (2): The variation of the width (w) of a laser beam having a Gaussian spatial
intensity distribution calculated as a function of z. for w, = 10™m.

Case of Gaussian distribution w=10"m:

The temporal temperature distribution calculated at z=0, r=0 and R, as a
parameter, shows that the temperature behaves in relative distribution and
absolute value as the corresponding ones of the linear case (part 1). This
behavior is due to the fact that at z=0, r=0 non of the nonlinear effects has taken
place and the effect of locations other than zero is negligible small.

Figure (3) represents the temperature versus time calculated at z=L, r=0 and
R, as a parameter. The curves show that the maximum of the temperature is not at
t=At, /4 but at greater t value. This behavior is for all R, values due to the fact

that before reaching the temperature its maximum value the accumulation of heat
overcompensates the losses. At the maximum temperature the losses are equal to
the heat generated. For times greater than the time of maximum temperature the
losses are greater than the generated heat. The small slop of the time profile after
switching off the laser radiation seen for R,=10"m is due to the heat transfer from
the maxima surrounding r=0 see Fig. (5) which leads to increase the minimum
around r=0 and decrease the heat transfer. The appearance of a minimum followed
by a maximum for R,= com is due to the heat transfer from r=0 into its
surrounding which as seen from Fig. (5) occurs firstly and leads to the minimum
temperature. As the time increases the heat conduction from the maximum located
at greater r-value will increase the temperature at r=0. This behavior lasts till the
heat transfer into the region around r=0 is equal to the heat transfer out of this
region where a maximum of the temperature occurs. After attaining the



Egypt. J. Solids, Vol. (32), No. (2), (2009) 219

temperature its maximum value, it begins monotonically to decrease with small
slop as t increase. That the maximum of the temperature increases with increasing
R, values is due to the increased width of the laser radiation at z=L which, as seen
from Fig. (5), leads to increase the interval of the radial distribution of (5 4 )

contributing to the heating effect. The maximum of the temperature in this case is
for R,=10"m and R,=5X10"m smaller than the corresponding ones in the linear
case (part I). This behavior is, for both cases, due to the increase of w (L) value
which leads to a smaller intensity and it is for R,=10m due to the negative
behavior of the radial distribution of (g ¢, ). For R,=5X10"m it is due to the

decrease of (g —q )With increasing r values. For the other R, values the

temperature is higher than the linear case. This is because the increase of w (L)
value will cover areas having greater (s —q, ) Vvalues that overcompensate the

decrease of the intensity.
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Fig. (3): The temporal temperature distribution induced by a laser beam having a
Gaussian spatial intensity distribution of width w, = 10™m and pulse duration
At, =10 sec calculated considering self-focusing and amplified power at z =
L, r=0 and R,as a parameter.

R,=10"m curve A R,=5X10"m curveB R,=10°m curveC

Ro,=com curve D
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Figure (4) represents the temperature distribution along the z axis
calculated at t = At /4, r=0 and R, as a parameter. The case of R,=10"m
begins with higher temperature due to the great intensity. With increasing z the
temperature decreases. This behavior is due to the negative value of
(B, — ) in the wings of the laser radiation which is greater than the increase
of the intensity due to the reduced value of w(z) and the magnification within
small r values. As w (z) becomes closer to the minimum the intensity increases

and the temperature becomes maximum. The further increase of z leads to
smaller intensity (greater w (z)) and truncation of the laser radiation due to the

negative (5, — ¢, ) values which can not be compensated from the increased

amplification e 7)) in the small remaining width of the laser radiation and
the temperature decreases. For R,=5X10"m (/. —a, ) decreases slowly with

increasing r value but still remains positive. This behavior lasts up to r=5X10
*m after which it begins to increase. Since w(z) decreases with increasing z
value the temperature increases monotonically. As w(z) takes great value such
that the wings of the laser radiation will be amplified and the amplification
compensates the decrease of the intensity and other losses, such as cooling and
heat conduction, the curve attains a maximum. Further increase of z leads to a
greater decrease of the intensity than the increase through the amplification and
the temperature decreases with increasing z value. For R,=10°m a monotone
increase of the temperature is observed. This is due to the increased intensity
before the minimum width is achieved which overcompensates the reduced

radial amplification of (5, —e¢, )and the strong increase of w(z) after the

minimum which covers greater radial interval from (5, —«, ) and thus leading
to greater amplification than the attenuated intensity. The same behavior is also
observed for R,= o m. Due to the increased value of (3, —¢, ) in the wings of
the laser radiation as R, increases the maximum temperature increases with
increasing R, values. Due to the greater width of the laser radiation at z=L than
the linear case and the behavior of (8, — ¢, ) for R,>10°m the temperature in

this case is greater than that in the linear case (part I)

Figure (5) represents the radial temperature distribution calculated
att = At /4, z=L and R, as a parameter. From the figure it is found that the

temperature at r=0 increases with increasing R, values. This is because of the
accumulation effect of the heat over the time which is greatest for great R,
values (higher temperature of the surrounding parts around r=0) and the smaller
heat conduction in the surrounding. For R, > 10°m there are two maxima
symmetric to the temperature at r=0. This is due to the increased width of the
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laser radiation which allows, due to (£, — ¢, ) behavior, the wings of the laser

radiation to be amplified. Since in the linear case, part[l], the value of the laser
beam width is constant along the z axis no dip was observed.
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Fig. (4): The temperature distribution as a function of z induced by a laser beam having
a Gaussian spatial intensity distribution of width w, = 10*m and pulse
duration At, =10 sec calculated considering self-focusing amplified power at t
= Aty/4,r =0 and R, as a parameter.
R,=10"m curve A R,=5X10*m curve B R,=10°m curve C
Ro=0om curve D
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Fig. (5): The radial temperature distribution induced by a laser beam having a Gaussian
spatial intensity distribution of width w, = 10“m and pulse duration At, =10
sec calculated considering self-focusing amplified power at t = At)/4, z =
L=0.1m and R, as a parameter.

R,=10"m  curve A  R,=5X10"m curve B R,=10°m curve C
R,=oom curve D
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Case of Gaussian Beam:

Figure (6) represents the axial distribution of the laser beam width w(z)
given by equation (24) calculated at t = At /4, r=0. Due to the reasons given

in Fig. (2) the curves of different R, values coincide on each other. This is
because the amplification is a function of the radius of the pumped rod and not a
function of the type of the laser radiation so far saturation effect is not
considered. That the minimum width occurs at greater z value than the case of
W,=10"m is due to the greater w, value which is equal 1.77X10“m at z=0 and
the increasing w(z) with increasing z value when self-focusing is not
considered. Thus due to both effects greater power is needed to get minimum
width and this is achieved through the amplification of the laser radiation at
greater z value than in case of w,=10"m.

w10

D 1 1 1 1 1 1 1 1 1
o 0ot o0z o003 004 005 0068 007 003 009 01
z [m]

Fig. (6): The variation of the width w of a laser having a Gaussian beam intensity
distribution as a function of z calculated considering self-focusing and
amplified power.

The temporal temperature distribution calculated at z=0, r=0 and R, as a
parameter, shows that the temperature behaves in relative distribution and
absolute value as the corresponding ones of the linear case (Part I).
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Figure (7) represents the temporal temperature distribution calculated at
z=L, r=0 and R, as a parameter. Due to the reasons given previously in case of
W,=10"m the maximum of the temperature is shifted towards greater t values

than t = At /4. The increase of the temperature with increasing R, values is

due to the explanation given in Fig. (3). The slow reduction of the temperature
for R;>5X10™m is due to the radial temperature distribution. The appearance of
a maximum followed by a minimum and then followed by a maximum for R,=
com is due to the reasons given in Fig. (3). Due to the great width of the laser
radiation more of the wings will be truncated leading to smaller temperature for
R,=10"m than the linear case of w,=10"*m part[l]. For R,=5X10™m the increase
of the width of the laser radiation reduces the intensity more than the gained
from the increased amplification leading to smaller temperature than the linear
case of w,=10"m. For the other R, values the increase of the width, due to the

behavior of (f, —«, ), leads to a greater temperature than the linear case.

That the temperature in this case is greater than the case of w,=10"*m is due to
the smaller width of the laser radiation after the minimum width compared with
W,=10"m and the location of the minimum width is in this case closer to z=L.

Figure (8) represents the axial temperature distribution calculated at
t= Atp /4, r=0 and R, as a parameter. For R,=10"* m the temperature at z=0

attains a greater value than its neighbors this value continue to decrease till the
vicinity of the minimum width of the laser radiation where the temperature
increases rapidly to reach its maximum value at z=0.06 m. This behavior is
explained in Fig. (4). After reaching the temperature its maximum value it
begins to decrease. This is because of the increased width leading in one hand to
the reduction of the intensity of the laser radiation and on the other hand, due to

the negative value of (#, —¢, ), to cut off its wings. For the other R, values,

the temperature at z=0 is smaller than at greater z values. This is due to the
behavior of (S —¢ )and the effect of self-focusing which leads the

temperature for R,=5X10"m to have a maximum at z=0.07 m. For the other R,
values the maximum is at z=L. This is due to the great radial amplification
which overcompensates the reduction of the intensity resulting from the
increase of the radius as well as accumulation of the heat energy at small times
(linear behavior).
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Fig. (7): The temporal temperature distribution induced by a laser beam having spatial
intensity distribution of increasing width with increasing z — value (Gaussian
beam) originating from a laser oscillator 0.1 m long, laying 0.1m a part from a
laser amplifier. The Gaussian beam has a width of 1.77X10™m at the input of
the laser amplifier. The calculation was carried out considering self-focusing at
z=L,r=0andR,as a parameter. Considering amplified power.
R,=10“m curve A R,=5X10“m curve B R,= 10°m curve C
Ro=com curve D

Figure (9) represents the radial temperature distribution calculated at
t:Atp/4, z=L and R, as a parameter. The curves behave in relative

distribution generally as those given in Fig. (5) except that the temperature in
this case is greater. This is due to the greater cross-section of the laser beam
allover the time except at times during which self-focusing occurs and at at
which laser cross-sections are practically the same. Due to the smaller width of
the laser radiation at z=L and the greater distance over which the width of the
laser radiation in this case is smaller than the case of self-focused Gaussian
distribution having w=10"m and represented in Fig. (5), the temperature in this
case is higher.
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Fig. (8): The temperature distribution as a function of z induced by a laser beam having
spatial intensity distribution of increasing width with increasing z — value
(Gaussian beam) originating from a laser oscillator 0.1 m long, laying 0.1m a
part from a laser amplifier. The Gaussian beam has a width of 1.77X10™m at the
input of the laser amplifier. The calculation was carried out considering self-
focusing at t = At/4 , r =0 and R, as a parameter. Considering amplified power.
R,=10"m curve A R,=5X10"m curve B R,= 10°m  curve C
Ro=com curve D
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Fig. (9): The radial temperature distribution induced by a laser beam having spatial
intensity distribution of increasing width with increasing z — value (Gaussian
beam) originating from a laser oscillator 0.1 m long, laying 0.1m a part from
a laser amplifier. The Gaussian beam has a width of 1.77X10™m at the input
of the laser amplifier. The calculation was carried out considering self-
focusing at t = At,/4 , z =L and R, as a parameter. Considering amplified
power.

R,=10"m curve A R,=5X10“m curve BR,= 10°m curve C
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5. Conclusion:

The location at which the minimum width was observed was found to

move towards greater z values as the width of the laser radiation was increased.
The axial temperature was found to increase with increasing w, value for R, >
5X10™m.
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