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Abstract 1. Calculation of Scholte wave displacement at 
air-solid interface  The displacement of Scholte wave at the air-solid 

interface generated by a disk-like laser pulse source is 
calculated with contours integration and Cagniard 
de-Hoop method. The Scholte waves at the air-metal 
interface are detected and its velocity is measured by laser 
ultrasonic technique. It shows that the pulse width of 
Scholte wave is mainly dependent on the acoustic time 
delay on the diameter of thermoelastic source and its 
velocity is close to the sound velocity in the air. 

 
 When a pulse laser impacts onto the air-metal 
interface, a temperature increment is produced near 
metal interface by the absorbed light energy. Because 
the optical penetration depth in metal and the thermal 
diffusion lengths in air and metal are very smaller than 
acoustic wavelength and diameter of laser beam, the 
temperature increment generated by laser pulse can be 
simply considered as a surface source:  
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 The Scholte wave is an interface wave at 
fluid-solid boundary. The Scholte wave at liquid-solid 
interface(1-3) is widely studied since 1939. In 1949 
Scholte pointed out that there were two waves at 
liquid-solid interface, one is Leaky Rayleigh wave near 
solid surface, another is near liquid boundary and its 
velocity is little smaller than that in liquid.  

in which a is the equivalent radius of the pulse laser 
beam (Fig.1). 
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  The interface wave at gas-solid boundary had 

been predicted theoretically by Brekhovskikh and 
discussed in its velocity(4). Godinez-Azcuaga and 
L.Adler showed that there were three surface waves 
propagating on the interface between air and 
fluid-saturated porous material(5). They are called 
Rayleigh, slow Rayleigh and airborne wave, in which 
the airborne wave is the Scholte wave at air-solid 
interface, but they did not verified it in their 
experiments with PZT transducer. 

 
 

Fig.1  Laser-sample system 
 

 The double Laplace and zero-order Hankel 
transforms of Eq.(1a) is 

 )sin()(),(* 2 apapspT −=  (1b). 

where s and p are Laplace and Hankel transform 
variables, respectively.  Laser ultrasonic method is a non-contact and very 

effective detecting technique for study of the Scholte 
wave at air-solid interface(6,7) expeimentally. The 
Scholte wave at fluid-solid interface generated with a 
line pulse laser source has been discussed by Gusev et 
al(7). In this paper the Scholte wave at air-solid interface 
generated with a disk-like laser pulse source is 
discussed theoretically and some experimental results 
are introduced.  

 Using the field potential notion φ and H(0,-ψr,0), 
the thermo-elastic stress and displacement in the axial 
symmetry case for a homogeneous and isotropic 
medium can be expressed: 
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 Using formula 
where cL, cT are the longitudinal and the transversal 
wave velocity respectively and G = αTBT/ρ, BT and αT 
are the volume and thermal expansion coefficient of 
the medium, respectively.  
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becomes  The wave motion of φ and ψ satisfy: 

  (5) ),,(),,(22 tzrtzrcL φφ &&=∇ (u )],(),([2),0, 212 srMsrMac
Gisr

L
zf −=π  (12) 

 ),,(),,(22 tzrtzrcT ψψ &&=∇  (6) where 

dxex
c
sacxmdsrM xch

c
sri

T
T∫ ∫

∞ ∞
±=

0 0
2,1 )(sin)(),( θθ   (13)  Applying Laplace-Hankel transformations to 

Eqs.(2) to (6), the transformed solutions in solid and air 
have the forms and 

)(
)(

)(
)(

)1()(4)21(

)(
)(

2/122

2/122
2/122/122222

2/122

xD
xN

x
x

xxxx

x
xm

f

=

+

+
+++−+

+
=

γρ
βρ

β

β

  (14) 

 ,),,( 1* zk zAeszp −=φ  ,),,( 2* zk zBeszp −=ψ  (z>0) (7) 

 ,),,(* zkff fzeAszp =φ  ,0),,(* =szpfψ          (z<0) (8) 

where , 222
LLz kpk += 222

TTz kpk += ,  and 222
ffz kpk +=

2

2
2

L
L c

s
k = , 2

2
2

T
T c

s
=k , 2

2

f

2
f c

s
k =   

 

Γ2 

Γ1 

-iα 

iα 
.
.

.

.

.

.

.

.
γ

iγ 

-i

-iβ
O

iβ 

-i 

i 

y
 
 
 

and the coefficients A, B and Af are determined by 
applying the boundary conditions  

 
 x
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  Then the transformed solution of ),0,(* spzfu  is 

found to be 
 

Fig.2  Contours of integration for  ),(2,1 srM
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),0,( −=  (9)  To do the integration in  with respect to x, 

we extend the integral variable x into the complex 

plane 
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iyxw +=  and use the integral contours Γ1,2 as 

shown in Fig.2. The integrand of w has three pairs of 
branch points at βiw ±= , , i±=w γiw ±= . To obtain the 
Scholte wave contribution, one pairs of poles at 
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is  the  “Scholte-wave denominator”. 

 Substituting *T of Eq.(1b) into Eq.(9) and making 

inverse Hankel transformation first, we get 
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wave roots of  are taken into consideration. We 

can write 
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where Res (±iα) are the residues at w  and is 

calculated by 

αisch ±=

    )( Res))( Res αα
α

θ ie
k

wki
iw

wrchik

T

T T −−==+
=

 

Therefore the Laplace transformed displacement of the 
Scholte wave is found from Eq. (12) 

Fig.3 Calculated results of ufz (r,0,t) for an observation 
distance from the source point r=7mm with laser 
impact radius (a) a=0.1mm, (b) a=0.2mm. 
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2. Experimental results 

 Based on the properties of the Laplace 
transformation, the particle velocity of Scholte wave is 

 
 The Scholte waves at air-steel interface detected 
by laser ultrasonic system is shown in Fig.4. The flight 
time tR of Rayleigh wave and tsch of Scholte wave are 
2.50 µS and 20.60 µS, respectively. For comparison, in 
the theoretical calculation, the Rayleigh singularity  
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particle velocity in time domain can be obtained using 
Cagniard de-Hoop method: 
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 Finally, we get the time domain displacement of 
Scholte wave by integrating Eq.(15):  
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 To give an example, the calculated results of 
displacement ufz at air-Fe interface are shown in Fig.3 
where different laser impact radius a are used. It is 
shown that the Scholte wave pulse width depends on 
the acoustic time delay 2a/csch.  

Fig.4  The experimental (top) and calculated (bottom) 
results of interface waves at air-steel interface. The 
distance between the source and the receiver r = 7mm, 
laser power E=4mJ, λ = 0.533µm, the signal is 
averaged 1024 shots. 
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References contribution is also taken into consideration and the 
temporal distribution of the laser pulse line source is 
taken as (t/t0)exp(-t/t0). It is in good agreement between 
the experimental and the theoretical results. 
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Fig.5  The interface waves on the air-Al interface at 
r=10, 15, 20, 22, 24, and 26mm between a line laser 
pulse source and receiver. The sound speed is 
0.3475mm/µS at 26.5 oC. 
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 The Scholte waves at air-Aluminum interface at 
different ri between the source and the receiver has 
been measured and shown in Fig.5. The Scholte wave 
velocity at 26.5 oC has been determined by a linear 
interpolation method: 

7. V. Gusev, C. Desmet, W. Lauriks, “Theory of 
Scholte, Leaky Rayleigh and Lateral wave excitation 
via the laser-induced thermoelastic effect”, J. Acoust. 
Soc. Am., 100 (3) 1514, (1996).  

                      ri = r0 + ti csch 
and we get csch  = 0.3475 mm/µS. It is proved that the 
Scholte wave velocity is close to the sound velocity in the 
air. 
 
3. Conclusions 
  
 The displacement of Scholte wave at air-solid 
interface generated by a disk like pulse laser source is 
calculated with contours integration and Cagniard de 
Hoop methods. The Scholte wave at air-metal interface 
is generated and detected by laser ultrasonic technique. 
It is shown that its velocity is very close to the sound 
velocity in the air. Its pulse width is dependent on its 
acoustic delay time 2a/csch at the diameter of generating 
source mainly. The experimental and theoretical results 
are in good agreement.  
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