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solving the problem of heating a semi-infinite target induced by surface absorption of a 
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1  Introduction 

The advantage of the laser as a light source 

with a very high power density and 

extremely small focus areas have a 

considerable interest in material processing 

such as cutting, drilling, surface hardening 

in engineering, medicine, etc. [1-9]. Due to 

this, the theoretical study of the thermal 

effects induced by a laser in solid target is 

very interest. This is because the 

information of how to control the heating, 

melting or evaporation processes or how to 

avoid it can be obtained. 

Several authors have considered different 

aspects of these problems [10-27].In the 

previous works [ 9,13,17-19 ],  only the 

effect of the temporal laser pulse on a semi-

infinite target in one direction was studied. 

Also it is considered that the temperature 

distribution on the surface is homogenous.  

The analysis of such problems of  heating 

targets by a laser pulse are need to further 

studies to obtain formula which describe the 

thermal behavior for  laser material 

interactions.  

This study aims to solving the problem of 

the heating a semi-infinite target irradiated 

with a spatial Gaussian and temporal Ready 

[3] laser pulse profile in a spherical 

coordinates, considering surface absorption 

and cooling effect. This is accomplished 

through the mathematical expression for the 

temperature distribution in the target using 

the two dimensional Laplace integral 

transform technique for solving the heat 

transfer equation.  

2  Computations 

Assuming a laser pulse of arbitrary temporal and 

spatial distribution g(r,t) to be incident 

perpendicular to a semi-infinite target. The laser 

pulse should be has an enough energy to heating 

the target. It is assumed that the surface of the 

target is subjected to stream of air to cooling it. 

Neglecting the temperature dependence of the 

material of the target on the material parameters 

except, the absorption coefficient, which is 

assumed to be linearly dependent on the surface 

temperature. The relations governing the 

temperature distribution in a semi-infinite target 

in spherical coordinate with angle independent 

are given by: 

1) Heat transfer equation in spherical polar 

coordinates if the heat transfer into the radial 

direction (r) of a semi-infinite target  
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2) The integrated heat balance equation
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3)The initial condition     T(r,0)=0            (3) 

4) The vanishing temperature as r goes to 

infinity 





r

0t)T(r,   lim
                                      (3-a) 

Where   ),( trg =g(t) δ(
2

r )  and δ(
2

r ) is 

the Dirac delta function. 

Where: 

T(r,t) is the temperature distribution above 

ambient in the radial direction of a semi-

infinite target, r is the vector which 

represents the distance between the point at 

which the temperature is calculated and the  

point at which the laser beam is incident, t is 

the time at which the temp. is calculated 

after initiating the heating process, ρ, cp , α  

 

are the density, specific heat and the thermal 

diffusivity of the target respectively, qo is the 

maximum laser intensity, A0 and A1 are the 

surface temperature independent and 

dependent constants of the target 

respectively, h is the heat transfer 

coefficient, g(r,t) is the relative temporal and 

spatial profile of the laser pulse of maximum 

value one, T(0,t) is the surface temperature 

above ambient of the irradiated target, where 

zrr


 '  

r' is the vector which represents the distance 

from the incident point of the laser to any 

point on the surface which goes to  , z


 is 

the perpendicular distance originating from 

the surface (z=0) to infinity and 

222
rzr 


. 

The Laplace transform technique with 

respect to time is applied on the eqn.(1) 

gives:- 
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By using the condition (3) in the above eqn 

and applying the Laplace transform 

technique with respect to r on the both sides 

of eqn. (4) one gets:   
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By using the inverse Laplace transform with 

respect to r to eqn. (5) one gets: 
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Equation (6) can be written as 
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Applying the condition in eqn.(3-a) on the 

above equation when r the term  

 r  /exp s  will goes to zero, so the 

solution does not give the appropriate 

solution, so we considered the second  

solution which can be written as: 
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By differentiating eqn. (8) twice with respect 

to r and substituting into eqn. (4) one gets: 
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By solving the above equations and 

substitute by the C value into equation 8, 

we obtain the total solution as follows: 
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Applying the Laplace transform with respect 

to t on eqn. (2) one get: 
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By substituting from eqn. (9) into eqn. (10) 
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Solving the above equation gives the value            of  ),0(
~

sT  as follows:    
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 Where ha 2 and 
2

3

2 
p

cb   

By substitution from eqn. (11) into (9) and  

applying the inverse Laplace transform with  

respect to s one gets: 
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Eqn.(12) gives the temperature distribution 

in a spherical coordinates for angle 

independent, when the heat source is a 

Dirac-pulse. For any spatial distribution of 

the laser pulse g(r'), Equation (12) should be 

convoluted with this profile as follows: 
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To obtained the T(0, r ,t) firstly we  put in 

eqn.(14) z=0, t→ τ and τ → u , so one gets 

the Voltera integral equation. By using 

Neumann iteration method on the obtained 

Voltera integral equation, one gets the final 

form of T(0, r ,t) [21]. 

3   Results and discussions 

   Eqn. (14) has been calculated for a semi-

infinite aluminum target subjected to both , 

a relative distributions of the Ready laser 

pulse profile [ 5 ] fitted by the following 

relation [ 3], 
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maximum value one. 

Where g(t) is temporal laser pulse profile at 

a time t with maximum value (1) and n is 

equal to 3, t    is laser pulse duration time 

and ∆r' is the spectral half width of the 

Gaussian laser pulse profile. Table 1 gives 

the thermal and optical parameters for 

aluminum target as an example. 
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Table 1. Gives the thermal and optical parameters for aluminum [28]. 

 

A1 ( K
-1)       Tm  (K) 

 

 

 

Cp ( j/kg.K)      A   (W m-1K-1)    ( kg /m3)          Element 

 

 

 

  633 

 

3.05x10
-5

 

 

238              2707               896       0.056 

 

Al-Slab 

 

Table 2. Show the three variations of the surface absorption coefficient A1 and the 

cooling coefficient h. 

h  W m
-2

 k
-1 

 

A1    (k
-1

) 

 

Case 

 

0 

0 

10
5
 

3.05 10
-5 

0 

0 

1 

2 

3 

 

Figures. 1,2 and 3 represent the surface 

temperature distribution as a function of 

time t calculated for ( r=3.3×10
-4 

m, qo=2× 

10
11

 W/m
2
). Considering temperature 

dependent absorption coefficient and 

cooling. These calculations are carried out 

for different pulse durations  t   (1.5, 2, 

2.5×10
-5

 sec.) respectively. From the Figures 

we show that, the temperature increases with 

increasing t up to maximum value and then 

decreases with the further increase of the 

time. This is because the absorbed laser 

power in the starting time is greater than the 

losses and the conducting heat power inside 

the target. As this phenomena is inverted at 

the end of the laser pulse, the surface 

temperature begins to decreases. The 

Figures show also that the effect of the 

cooling is very small this is because of the 

pulse duration times which are very small 

and leads to a small effect of the cooling 

process. Also we show that, the surface 

temperature is greater in case of A1 ≠0 than 

the other two cases. This behavior is due to 

the increased absorbed power by 

approximately 20 %  than that in the case of 

A1=0 . 
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      The Figures also show that, the greater 

the pulse duration time, the greater is the 

surface temperature distribution and vice 

versa. This is because the absorbed energy 

under the incident pulse profile increases 

with increasing the pulse duration time. 
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Fig.1. The time dependence of the surface 

temperature calculated during the   

irradiation of a semi-infinite Al-target with a 

spatial Gaussian distribution and  with 

Ready laser pulse profiles  g(t) with 

maximum value one , pulse duration t=1.5 

 10
-5

sec, intensity q0=2.0E11 W /m2,  z=0 m 

and r  =3.3E-4 m  for the cases listed in 

Table 2. 
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         Fig.2. The time dependence of the 

surface temperature  calculated during the  

irradiation of a semi-infinite Al-target with 

a spatial Gaussian distribution and  with 

Ready laser pulse profiles  g(t) with 

maximum value one , pulse duration  t=2 

10
-5

sec, intensity  q0=2.0E11 W /m2, z=0 m 

and r =3.3E-4 m  for the cases listed in 

Table 2. 
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Fig.3. The time dependence of the surface 

temperature  calculated during the  irradiation of 

a semi-infinite Al-target with a spatial Gaussian 

distribution and  with Ready laser pulse profiles   

g(t) with maximum value one , pulse duration 

t=2.5  10
-5

 sec., intensity q0=2.0E11 W /m
2
, 

z=0 m and r  =3.3E-4 m  for the cases listed in 

Table 2. 

      Figures. 4 and 5 show the effect of the 

incident power density q(t) on the surface 

temperature distribution calculated for 

qo=(1.4, 1.6×10
11

 W/m
2
) respectively. The 

calculations carried out at r=3.3×10
-4

m, t  

=2.5×10
-5

 sec for all Ao, A1, h values 

considered in Figs. (1,2,3). The Figures 

International Journal of Scientific & Engineering Research, Volume 6, Issue 4, April-2015 
ISSN 2229-5518 1398

IJSER © 2015 
http://www.ijser.org

IJSER



 

 

show the same behavior as shown in the 

Figs. (1,2,3). The Figures show as expected, 

an increase of the surface temperature with 

the increasing the power. Also in this case 

the cooling is found to have negligible effect 

on the surface temperature.  
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           Fig.4. The time dependence of the surface 

temperature distribution calculated during the  

irradiation of a semi-infinite Al-target with 

Ready laser pulse profiles  g(t) with maximum 

value one and pulse duration t=2.5 10
-5

 sec., 

intensity   q0=1.4E11 W /m
2
 ,z=0 m and 

r =3.3E-4 m  for the cases listed in Table 2. 

0.0 5.0x10
-6

1.0x10
-5

1.5x10
-5

2.0x10
-5

2.5x10
-50.0 5.0x10

-6
1.0x10

-5
1.5x10

-5
2.0x10

-5
2.5x10

-5

0

100

200

300

400

500

600

700

0.0 5.0x10
-6

1.0x10
-5

1.5x10
-5

2.0x10
-5

2.5x10
-5

0

100

200

300

400

500

600

700

0.0 5.0x10
-6

1.0x10
-5

1.5x10
-5

2.0x10
-5

2.5x10
-5

0

100

200

300

400

500

600

700

 g(t)

0.0

0.2

0.4

0.6

0.8

1.0

 

 A
1
=3.05E-5,h=0

t sec.

g(t) w/m
2

 A
1
=0,h=1.0E5

 A
1
=0,h=0

T
(0

,r
',
t)

 K

 

Fig.5. The time dependence of the surface 

temperature distribution calculated during the   

irradiation of a semi-infinite Al-target with 

Ready laser pulse profiles  g(t) with maximum 

value one and pulse duration t=2.5 10
-

5
sec.,intensity q0=1.6E11 W /m

2
, z=0    m  and  

r  = 3.3E-4  m. for the cases listed in Table 2. 

      Figures. 6,7 and 8 show the spatial 

temperature distribution calculated for 

different z-values at a distance r=3.3×10
-4

 

m from the maximum of the spatial 

Gaussian distribution of the laser radiation. 

The calculations are carried out for t=2 t  

/10 sec, qo=2×10
11 

W/m
2
 and pulse durations 

(1.5× 10
-5

, 2×10
-5

, 2.5×10
-5

 sec.) and all 

considered cases of Figs. (1,2,3) 

respectively. 

      The figures show that, the greater the 

pulse duration, the greater is the thermal 

penetration depth. This is because by 

increasing the pulse duration the absorbed 

energy increases and so the surface 

temperature which allows enough energy to 

be diffused in the target. The figures show 

that while the existence of A1 play a role in 

the absolute value of the temperature but not 

in the penetration depth, the cooling has 

practically no effect. The effect of A1 can be  

attributed to the greater slope of the 

temperature which allows more heat to 

penetration in smaller  region and so the 

slope reduces over small distances. 
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Fig.6. The temperature distribution in the  z  

direction of a semi-infinite  Al-target 

irradiated with a spatial Gaussian 

distribution calculated at   t =310
-6

 sec with 

Ready laser pulse profile g(t) considering  

t=1.5 10
-5

 sec. , intensity q0=2.0E11 W 

/m
2
 and r  =3.3E-4m,  for the cases listed in 

Table 2.  
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Fig.7. The temperature distribution in the  z  

direction of a semi-infinite  Al-target irradiated 

with a spatial Gaussian distribution calculated at 

t =310
-6

 sec with  Ready laser pulse profile g(t) 

considering  t=2 10
-5

 sec. , intensity 

q0=2.0E11 W /m
2
 and r =3.3E-4m. for the cases 

listed in Table 2. 
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Fig.8. The temperature distribution in the  z  

direction of a semi-infinite  Al-target   

irradiated with a spatial Gaussian 

distribution calculated at t =310
-6

 sec with  

Ready laser pulse profile g(t) considering  

t=2.5 10
-5

 sec. , intensity q0=2.0E11 W 

/m
2
 and   r  =3.3E-4 m, for the cases listed 

in Table 2. 

      Figures 9 and 10 show the temperature 

distribution in the target as a function of z. 

the calculations are carried out at t=2 t  /10 

, r=3.3×10
-4

 m,   t  =2.5×10
-5

 sec and 

different values of qo (1.4×10
11

, 1.6×10
11

 

W/m
2
). The Figures show the same  

behavior as in the previous cases of Figs.  

6,7. The Figures show an increase of the 

temperature with increasing the power. 
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Fig.9. The temperature distribution in the 

irradiated semi-infinite  Al-target calculated 

at t =310
-6

 sec for the laser pulse profiles 

given in figure (1)  considering t=2.5 10
-

5
sec.,intensity  q0=1.4E11 W/m

2
 and  r  

=3.3E-4 m for the cases listed in Table 2. 
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       Fig.10. The temperature distribution in the 

irradiated semi-infinite  Al-target calculated at   t 

=310
-6

 sec for the laser pulse profiles given in 

figure (1)  considering    t=2.5 10
-5

 sec., 

intensity  q0=1.6E11 W/m
2
 and  r  =3.3E-4 m 

for the cases listed  in Table 2. 

Figures 11 and 12 show the spatial 

dependence of the surface temperature 

distribution on the distance from the 

maximum of the Gaussian distribution of the 

laser radiation r . The calculations are 

carried out for the considered Ao, A1, and h 

values of Figs. 1,2,3, t=2 t  /10 sec and qo 

equal to ( 1.4, 1.6×10
11

 W/m
2
 ) respectively. 

From the Figures it is evident that the 

temperature tends to zero at practically the 

same distance but the surface temperature 

increases with increasing the laser power.  
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Fig.11. The spatial surface temperature 

distribution calculated during the  irradiation 

of a semi-infinite Al-target with a spatial 

Gaussian distribution  g( r )  and with a 

Ready laser pulse profile g(t) with maximum  

value one , pulse duration   t=2.5 10
-

5
sec.,intensity    q0=1.4E11 W /m

2
, and  z=0    

m   for the cases listed in Table 2. 
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Fig.12. The spatial surface temperature 

distribution calculated during the  irradiation of 

a semi-infinite Al-target with a spatial Gaussian 

distribution  g( r )  and with a Ready laser pulse 

profile g(t) with maximum value one , pulse 

duration t=2.5 10
-5

sec. ,intensity  q0=1.6E11 
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W /m
2
, and  z=0    m   for the cases listed in 

Table 2. 

4  Conclusions 

    The temperature dependence on the 

absorption coefficient at the surface,  plays 

an important role in the temperature 

distribution.  Also the temperature can be 

determined by knowing the laser power of 

the incident pulse and the pulse duration for 

the combinations listed in Table 2.  By 

increasing the pulse duration, the 

temperature increasing monotonically. The 

grater anyone from the pulse duration time 

or the power of the incident laser pulse , or 

the two, the grater the thermal penetration 

depth. For small pulse duration the effect of 

the cooling factor is negligible 

References 

[1] J.F. Ready." Effects of high power laser 

radiation". Academic Press , New York 

1971. 

 [2] F.E. Harper, M.I. Cohen. "Solid –State 

Electronics" 13 ( 1970)1103.  

[3] J.F. Ready." Effects due to absorption of 

laser radiation".  J.Appl. Phys., vol. 

36,pp.462-468, 1965. 

[4] B.P. Faired  , B.A. Wilcox, W.J. 

Gallagher , D.N. Williams." Laser shock- 

induced micro structural and mechanical 

property change in 7075 aluminum". J.Appl, 

Phys., vol. 43 , pp.3893, 1972. 

[5] R.A. Ghez  , R.A. Laff ." Laser heating 

and melting of thin films on low -

conductivity substrates".  J.Appl.Phys., vol. 

46, pp.2103-2110,1975. 

[6] R.E. Warren  , M. Sparks."  Laser 

heating of a slab having temperature 

dependent surface absorptance".  

J.Appl.Phys.,vol. 50, pp.7952-7957 ,1979. 

 [7] A . Bhattacharyya, B.G. Streetman ." 

Theoretical considerations regarding pulsed 

Co2 laser annealing of silicon".  J.Phys.D: 

Appl.Phys., vol. 14, pp.67-72 ,1981. 

[8] M.Von Allmen. "Laser drilling velocity 

in metals".  J.Appl.Phys., vol. 47, pp.5460-

63 ,1976. 

[9] M.M. El-Nicklawy, A.F. Hassan, S.E.-S. 

Abd El-Ghany." On melting a semi-infinite 

target using a pulsed laser". Opt. Laser 

Technol. , vol.32(3), pp.157-164 ,2000. 

[10] D.V. Tran, H.Y. Zheng, Y.C. Lam, 

V.M. Murukeshan, J.C. Chai , D.E. Hardt." 

Femto-second laser-induced damage 

morphologies of crystalline silicon by sub-

threshold pulses". Opt. Laser Technol., vol.  

37, pp. 977 ,2005. 

[11] N. Barakat, T. El Dessouki, F. Sharaf." 

Laser induced damage to glass and stainless 

International Journal of Scientific & Engineering Research, Volume 6, Issue 4, April-2015 
ISSN 2229-5518 1402

IJSER © 2015 
http://www.ijser.org

IJSER



 

 

steel targets". J. Opt. Paris , vol.11, pp.123-

126,1980. 

[12] T. El Dessouki, I .Fouda , F. Sharaf, N. 

Khalil." Laser damage to metallic targets of 

different thermal properties". Arab Gulf  J. 

Sci. Res. , vol.3(1), 295-305,1985. 

[13] S.E.-S. Abd El-Ghany.",On the 

evaporation of a semi-infinite target induced 

by a pulsed laser". Opt. Laser Technol. , 

vol.38, pp. 77-86, 2006. 

[14] S.E.-S. Abd El-Ghany, A.F.Hassan ." 

Evaporation of a thin film coated on a 

substrate induced by a pulsed laser".  Opt. 

Laser Technol ., vol. 39 (3), pp.626-

637,2007.  

 [15] M.K. El-Adawi, E.F. El-Shehawey."  

Heating a slab induced by a time dependent 

laser irradiance -An exact solution". 

J.Appl.Phys. , vol.60, pp.2250-55, 1986. 

[16] M.K. El- Adawi  , S.A. Shalaby  , E.F. 

Elshehawey, T. El Dessouki ." Laser heating and 

melting  of thin films with time intervals greater 

than the transit time".  J.Appl.Phys. , vol. 65, 

pp.3781-3785 ,1989. 

[17] A.F. Hassan  , M.M. El-Nicklawy  , M.K. 

El- Adawi  , A.A.   Hemida." A general problem 

of pulse laser heating of a slab". Optics and 

Laser Technology, vol. 25 (3), pp.155-162,1993. 

[18] S.E.-S. Abd El-Ghany." Laser Damage in 

Thin-film on Substrate". Benha University , 

Faculty of Science, Egypt. PHD Thesis 1998. 

[19] A.F. Hassan, M.M. El-Nicklawy  , M.K. El- 

Adawi  , M .Nasr  , A.A.Hemida and O.A. El-

Gaffar."  Heating effects induced by a pulsed 

laser in a semi-infinite target in view of the 

theory of linear system".Optics and Laser 

Technology, vol. 28 (5) ,pp.337-343, 1996. 

[20] H.S. Carslaw  , T.C.Jaeger."Conduction of 

Heat in Solids".  Oxford at the Clarendon Press , 

Second impression ,1948. 

 [21] J.Crank." The Mathematics of Diffusion ". 

Oxford , University Press , Second Edition, 

1975. 

[22] M.M. El-Nicklawy, A.F. Hassan, S.E.-S.  

Abd El-Ghany."ON Melting a Semi-infinite 

target using a Pulsed Laser". Optics and Laser 

Technology, vol. 32, pp.157-164 ,2000. 

[23] S.E.-S. Abd El-Ghany." The Temperature 

Profile in the Molten layer of a Semi-infinite 

Target induced by Irradiation using a Pulsed 

Laser". Optics and Laser Technology, vol.33, pp. 

539-551,2001. 

[24] S.E.-S. Abd El-Ghany." The 

temperature profile in the molten layer of a 

thin-film coated on a substrate induced by 

irradiation with a pulsed laser". Optics and 

Laser Technology, vol.26, pp. 95-106 ,2004. 

[25] M.K .El- Adawi    , H. S. Al-Fanakh."  

Laser heating of a finite silver selenide slab". 

Optics and Laser Technology, vol. 49, pp. 231- 

236,2013. 

International Journal of Scientific & Engineering Research, Volume 6, Issue 4, April-2015 
ISSN 2229-5518 1403

IJSER © 2015 
http://www.ijser.org

IJSER



 

 

[26] S.E.- S. Abd El-Ghany ." A theoretical 

study on the melting of a finite slab with a 

pulsed laser". Optik , vol.120, pp. 890–897, 

2009.  

 [27] S.E.-S. Abd El-Ghany." A theoretical study 

of the evaporation induced by a pulsed laser in a 

finite slab". Optics Communications, vol. 282, 

pp. 284–290,2009. 

[28] R. David, Lide Editor in chief.". Handbook 

of Chemistry and Physics ".CRC press 

Inc.(London),  73 RD edition (1992-1993). 

 

 

 

International Journal of Scientific & Engineering Research, Volume 6, Issue 4, April-2015 
ISSN 2229-5518 1404

IJSER © 2015 
http://www.ijser.org

IJSER




