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 Boundary Effect Of Shock Driver To Produce 
Longitudinal Wave For Effective Shock Wave  

 
R. Hemel, M. S. Alam, M. T. Azam 

  
Abstract: The present paper deals with laser induced longitudinal wave through the shock driver. Flat glass coated with thin metal is considered as 
shock driver. Three different thickness of metal is used as boundary of shock driver. This boundary is very important for producing efficient shock wave 
for many bio-engineering applications. In low irradiation laser intensity, the absorbed laser energy is converted to the thermal energy and consequently, 
local thermal expansion occur near the impact point. This paper shows that the significant temperature rise generates the longitudinal wave with very 
high amplitude in order of 10

7
 inside the shock driver due to the thermo-elastic phenomena. It was found that lowest nano-meter thickness of metal can 

generate high amplitude longitudinal wave. The rise time comes from the lowest nano-meter thickness of metal is very shorter than others. The 
longitudinal wave response, from the lowest thickness of metal, is found very promptly, in the order of about 20 ps.  From this phenomenon it can be 
understand that the longitudinal wave which comes from lowest boundary of shock driver can transfers momentum to generate effective shock wave. 
 
Index Terms: Beer-Lambert law, longitudinal wave, laser irradiation, momentum and energy, Shock wave, shock driver and thermo-elastic wave. 

——————————      —————————— 

1 INTRODUCTION                                                                     

Nowadays the application of shock wave has led to 
considerable research in many different areas such as bio-
engineering, microbiology, medicine, physics, and molecular 
biology [1], [2], [3]. The use of laser induced shock wave in 
bio-engineering and medical science is increased rapidly due 
to its successful outcomes. Its application is very common in 
many treatment such as neurosurgery, drug delivery, 
orthopedics, traumatology, cardiology, rehabilitation, aesthetic 
therapy and also to break the different types of stones without 
surgery such as urinary calculi, gallbladder stones, pancreatic 
calculi etc. [4], [5]. The purpose of this basic research plays an 
important role for developing an efficient shock driver to 
produce converging shock wave to deliver drug or nano-
particles into a targeted cell or gene.  In this research, laser 
induced micro shock wave have been considered. The micro 
shock wave can be produced by the thermo-elastic effect of a 
metal thin plate. Here, relatively low irradiation is used for 
thermo-elastic process. When laser impact on the material 
surface, metal does not melt but many wave modes generates 
in the metal due to thermal non-equilibrium. The temperature 
discontinuity and successive large gradient causes lateral 
wave propagation and a strain in the body. At first, a 
longitudinal wave propagates through the metal, and this wave 
has a peak intensity and velocity compared with the other 
waves such as shear waves, Rayleigh waves, head waves 
etc.  Finally this longitudinal wave introduced shock wave 
away from the laser irradiated area [6], [7], [8].   In the present 
work, a shock driver is used to generate converging shock 
wave for delivering nano-particles to the targeted area. To 
produce shock driver a flat glass is used of which the terminal 
surface coated with titanium metal thin plate as shock driver. 
However the thickness of metal plate is very significant 
parameter to produce converging shock wave for bio-medical 
applications. Therefore, in this paper, analysis of thickness of 
the metal has been discussed which is used as boundary of 
the shock driver. The aim of the basic investigation is a 
compulsory step towards a physical understanding of which 

thickness as boundary leads the characteristic of longitudinal 
wave. Here the analysis of metallic response induced by a 
pulsed laser for generating micro shock wave has been 
discussed.  

 
2 MATHEMATICAL MODELING 
An isotropic and homogeneous metal plate is used to irradiate 
by a pulsed laser. Fig. 1 shows the shock driver which is used 
to generate micro shock wave. Here the one side of the glass 
surface is coated with metal and laser is delivered from the 
other side. Therefore metal is used as boundary of the shock 
driver. Photo-physical interaction occur inside the metal after 
the laser irradiation. Because to the low irradiation intensity, 
metal does not melt. But many wave propagate through the 
metal such as Lambs wave, Rayleigh wave, and longitudinal 
wave etc. due of its thermo-elastic effect [9]. In this study one 
dimensional case is considered as irradiation area is 
sufficiently larger than propagation distance. As we considered 
that the flat glass and the metal plate is attached together, 
therefore, assuming that no displacement occurs at x = 0 and 
also assume that there is no thermal effect at infinity distance 
of the metal.  

 

 

Fig. 1.  Flat glass coated with metal as shock driver 

 
The one dimensional governing equation for laser induced 
thermo-elastic wave in a metal are described by (1), (2) and 
(3) with initial and boundary conditions [10], [11], [12]. A 
general solution of the mentioned equation can be found by 
Laplace and inverse Laplace transformation techniques.  
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Here, T is the temperature, is the density,  is the specific 
heat at constant volume and H is the heat source term, usually 
regarded as the Gaussian profile and is described by the 
Beer-Lambert law.  

I (t) is the laser intensity is given in equation (2) and R,  is 
the reflectance and the absorption coefficient of the metal 
respectively. The boundary condition represents the system 
follows adiabatic approximation and temperature is zero at 
infinity.  

  
.                                                (2) 

 
The equation (3) represents the displacement equation with 

boundary condition as follows.   
  

                                                         (3) 
 

  
 

 

Where u is the displacement, is is the density, B and G are 

the bulk and shear modulus of elasticity and ,   is 
the volumetric thermal expansion coefficient. The Laplace 
transformation of the equation (1) and (2) are as follows,  

  
 
 

 
  

 
 

 
 

 
 

3 METHODOLOGY 
For the better understanding and optimization of shock 
generation mechanism, the study of the thermo-elastic effect 
has attracted great attention from the very begging of the 
experimental applications [13], [14]. Below the ablation 
threshold at low irradiation intensity, the irradiated surface 
absorb the optical energy and as a result, thermal expansion 
occurred. Consequently a shock wave propagates into the 
surroundings. The physical process appeared in the present 
research is shown in Fig. 2 schematically. In the calculation 
our interest is to find a most significant physical parameter, 
thickness of shock driver, to generate shock wave, a pulsed 
laser with wavelength 532 nm and 10 ns pulse duration is 
considered. Here also we have assumed the maximum laser 
energy is 50 mJ/pulse and the focused laser beam diameter is 
3 mm, which can be determined by a formula Gaussian beam 
waist [15]. The laser irradiation intensity, I0 is relatively low for 
avoiding the metal abrasion. For shock generation, a shock 
driver is prepared using a flat glass of which the end side 
coated with titanium metal thin plate as boundary. The laser 
irradiated from the back side of the coated surface of the flat 
glass.  In the present simulation, we have examined that the 

influence of thickness of metallic boundary of shock driver for 
producing an effective shock wave. As boundary, three 
different nano-thickness of titanium metal are considered 
which are 100 nm, 250 nm and 500 nm respectively. 
Moreover, the result provides good information regarding the 
effect of thickness of boundary on the longitudinal wave.  

 

Fig. 2.  Physical process in metal due to laser irradiation 

 
4 RESULT AND DISCUSSION 
Calculations have been carried out to examine the longitudinal 
wave performance induced by laser irradiation for different 
metal thickness, of 100 nm, 250 nm and 500 nm respectively, 
based on the solution of one dimensional thermo-elastic wave 
equations. In shock driver, Titanium (Ti) metal is considered for 
coating of flat glass. To notice the thermo-elastic wave 
performance, we have focused our calculation at the end 
position of the shock driver that is, at 100 nm, 250 nm and 500 
nm and resulting a shock wave propagates to the surrounding. 
Therefore, our interest is at the different position of the driver’s 
boundary to identify the metallic response such as 
displacement, velocity, strain, stress and acceleration etc. The 

computation was performed for titanium metal with the 
following characteristics: Density, ρ = 4580 [kg/m

3
], 

Specific heat at a constant volume, cv = 519 [ J/Kg K] 
Thermal conductivity, κ = 16 [W/ Km], Shear modulus, G = 
10.8e10 [N/m

2
], Bulk modulus, B = 4.4e10 [N/m

2
], Absorption 

coefficient, βT = 7.7e7 [1/m], Reflectance, R (%) = 86 (at 
532nm). The computation have been performed by MATLAB.    
Fig. 3 represents the laser pulse profile, according to 
methodology and above described conditions. The laser 
irradiation intensity is considered 120 GW/m

2
 with 10 ns pulse 

duration. Due to laser irradiation, the temperature of the 
targeted shock driver is increased. The temperature 
distribution at the shock driver boundary as shown in Fig. 4. 
Temperature increased its peak value within 15 ns and then it 
starts to reduce. The peak value are 65 K, 43 K and 23 K for 
100 nm, 250 nm and 500 nm metal boundary respectively. 
Temperature increase very quickly inside the metal.  It is also 
significant that temperature gradient is large enough for 100 
nm than the others, which yield the lateral wave transmission 
through the metal.    
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Fig. 3. Shape of the laser pulse 

 

 

Fig. 4. Temperature variation 

 
Fig. 5 and Fig. 6 reveal the displacement and velocity at 
different position respectively, due to the laser irradiation. 
From this figure we can see very tiny displacement occur and 
velocity also very slow. However the magnitude of these 
parameters reach their maximum value within very short time.   

 

 

Fig. 5.  Displacement at the different boundary 

 
 

 

Fig. 6.  Variation of velocity at the different boundary 

 
Fig. 7 shows the strain variation at the boundary of the shock 
driver within 50 ns after laser irradiation, due to the thermal 
expansion. In 10 ns, the strain curve goes to its extreme value. 
It characterizes the tensile strain. Moreover, negative strain 
also initiate at the very beginning, which shows in Fig.  8, in 
100 ps. This phenomena represents the thermo-elastic 
behavior of the metal due to laser heating, (by Fig. 7 and 8).  It 
illustrates that the compressive strain propagates firstly, then 
tensile wave. Fig. 8 shows faster compression wave 
propagates at 20 ps through 100nm thin shock driver. On the 
other hand, compression wave starts at 50 ps at the 250 nm of 
the shock driver and it takes 80 ps for 500 nm. Therefore, 
faster compression wave and then the high amplitude tensile 
wave propagates through the 100 nm thick shock driver 
compared to others shock driver. In conclusion, such a 
thermo-elastic behavior is important which is found in 100 nm 
metal coating shock driver and consequently, it may generate 
strong longitudinal wave for efficient shock wave.  

 
 

 

Fig.  7.  Strain at different boundary of shock driver 
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Fig. 8. Strain in 100 ps at different shock driver 

 
Fig. 9 shows the internal stress profile at the boundary of 

shock driver with time. The curve represents the compressive 
stress propagation through the metal thin plate in 50 ns and 
compressive stress reaches its peak value of order 10

6
 

approximately. It shows a monotonic change. 
 

 

Fig.  9. Stress at different boundary of shock driver 

 
Fig. 10 represents acceleration wave propagation for different 
boundary of shock driver due to the laser irradiation in 50 ns. 
Fig. 11 gives the short time evidence regarding acceleration 
wave in 100 ps. From these figures, it can be concluded that a 
high positive and negative spike is found within very short 
time. Associating with the previous graph, it can be confirmed 
that this strong variation of acceleration wave is very 
significant to produce shock wave. From Fig. 11, high 
amplitude wave come faster in 100 nm thick shock driver than 
others it’s approximately in 20 ps.  

 

 

Fig. 10.  Acceleration  at different boundary of shock driver 

 
 

 

Fig.  11. Longitudinal wave in 100 ps due to thermo- elastic 
expansion 

 
Therefore, it can be conclude that acceleration wave 
propagations act as a longitudinal wave through the shock 
driver due the laser irradiation and also this wave carry the 
momentum and energy from the laser irradiation into the water 
for shock generation. Moreover, among the all shock drivers, 
the highest amplitude and rapid response is found using 100 
nm boundary of shock driver. Hence, it can be conclude that 
for effective shock generation 100 nm thick metal boundary is 
appropriate as coating of flat glass, which is mentioned as 
shock driver.  

 
5   CONCLUSION 
In the present research, laser induced longitudinal wave effect 
has been studied for generating effective shock wave using 
different thickness of shock driver. Thermo-elastic wave 
equation has been considered for computing the longitudinal 
wave. It was found that because of large compression wave 
the acceleration wave dominates the longitudinal wave and 
this wave carry the laser energy from laser irradiation to the 
surrounding through the shock driver. Here, flat glass plate 
coated with titanium metal is used as shock driver and nano-
meter thickness metal is used as boundary. From this study, it 
can be said that lowest thickness of boundary can provide 
strong longitudinal wave with highest amplitude. This 
longitudinal wave response very fast in 20 ps for the lowest 
thickness of boundary due to its large compression and tensile 
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wave also. Therefore, it can be conclude that lowest thickness 
boundary is appropriate for coating of flat glass as shock 
driver for generating strong shock wave.  
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