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Аветисян А.С., Унанян А.А.  

Амплитудно-фазовые искажения высокочастотной нормальной сдвиговой волны в однородном 
упругом волноводе с слабо-неоднородными поверхностями 

 
Исследуется влияние слабой неоднородности поверхностей упругого слоя-волновода на распростране-

ние нормальной сдвиговой волны при механически свободных слабо-неоднородных поверхностях 
волновода. В приповерхностных зонах волновода виртуально выделяются тонкие прослойки переменной 
толщины. В выделенных упругих прослойках вводятся функции распределения упругих сдвигов (гипотезы 
MELS). Ввод гипотез MELS позволяет более подробно исследовать процесс искажения нормальной волны. 
Оно сделает более удобным исследования волновых процессов в волноводах с усложнёнными свойствами 
и сложными характерными неоднородностями материала волновода и его поверхностей. Показывается, что 
в отличие от идеально гладких поверхностей, слабая неоднородность механически свободных поверхностей 
приводит к искажению распространяющейся нормальной волны. Происходит частичная локализация 
волновой энергии в приповерхностных прослойках волновода. Появляются частотные зоны умолчания (а 
также зоны частотного пропускания) вновь формированной волны.  
 

Ավետիսյան Ա.Ս., Հունանյան Ա.Ա.  
Բարձր հաճախակայինության սահքի նորմալ ալիքի լայնույթա-փուլային աղավաղումը, 

մակերևութային թույլ անհամասեռությամբ, համասեռ առաձգական ալիքատարում 
 
Դիտարկվում է մեխանիկորեն ազատ մակերևույթներով առաձգական ալիքատարի 

մակերևույթների թույլ անահարթության ազդեցությունը սահքի նորմալ ալիքի տարածման վրա: 
Վիրտուլ ընտրվում են փոփոխական հաստությամբ բարակ շերտեր մերձ-մակերևույթային 
շերտերում: Առաձգական սահքի բաշխման ֆունկցիաներ են ներմուծվում ընտրված առաձգական 
շերտերում (MELS վարկածներ): MELS վարկածների ներմուծումը ավելի կհեշտացնի բարդ 
հատկություններով նյութերց կազմված և անահարթ մակերևույթներով ալիքատարներում ալիքային 
պրոցեսների ուսումնասիրությունը: Ցույց է տրված, որ ի հակադրություն իդեալական հարթ 
մակերևույթների՝ մեխանիկորեն ազատ մակերևույթների թույլ անահարթությունը տանում է 
տարածվող նորմալ ալիքի աղավաղման: Տեղի է ունենում ալիքային էներգիայի մասնակի 
տեղայնացում ալիքատարի մերձ-մակերևույթային շերտերում: Հայտնվում են նոր ձևավորվող 
ալիքների հաճախականության լռության գոտիներ (ինչպես նաև հաճախականության 
թողունակության գոտիներ): 

 
The influence of weak roughness of mechanically free elastic waveguide surfaces on propagation of normal shear 
wave is investigated. Thin layers of variable thickness are virtually separated in near-surface areas. Distribution 
functions of elastic shears are introduced in separated elastic layers (hypotheses MELS). Introduction of hypotheses 
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MELS will make the study of wave processes in waveguides with complicated properties and sophisticated 
characteristic roughness of the material of the waveguide and its surfaces more convenient. It is shown that in 
contrast to perfectly smooth surfaces, weak roughness of the mechanically free surfaces leads to distortion of 
propagating normal waves. Partial localization of wave energy occurs in near-surface layers of the waveguide. 
Frequency zones of silence of newly formed waves (as well as zones of frequency bandwidth) appear as well. 

Introduction 
The interaction of ultrasound wave with rough surface of waveguides currently is actively 
investigated from both theoretical and experimental points of view (see e.g. [1-3]). It is 
related to applications of elastic wave phenomena in modern technology: 
telecommunications (signal processing), medicine (ultrasound measurement), metallurgy 
(nondestructive control), etc. 
In studies of propagation of high-frequency wave signals (high frequency, short waves) in 
layered waveguides it is especially important to take into account the real roughness (non-
smoothness) of surfaces of the waveguide. It is especially important in cases where the length 
of the wave signal is of the same order with the amplitude or average step of the surface 
roughness. There is a huge body of references about wave propagation in layered waveguide 
with perfectly smooth surfaces of attachment of the layers. However, smooth surface is an 
idealized model for which it is not always possible to rigorously determine or estimate the 
characteristics of the wave field more accurately, especially in near-surface zones of the 
waveguide. The roughness of the waveguide layers definitely complicates the mathematical 
model, but provides opportunity to identify near-surface wave effects and more accurately 
calculate the quantitative characteristics of the formed wave field in the near-surface area. 
There are different theoretical approaches and practical tools for investigating surface waves 
propagation on rough surfaces (see, for instance, [4-7]). Many papers (see e.g. [8-11]) are 
dedicated to different cases of normal high-frequency short monochromatic waves stability 
loses, such as localization of wave energy, internal resonance, occurrence of forbidden zones 
of frequency, etc. 
Possible distortion of the amplitude and phase functions for normal distribution of the wave 
signal in a weakly rough elastic waveguide are investigated in [12-14]. The occurrence of 
internal resonance is studied, and conditions for existence of forbidden zones of frequency 
are revealed using the hypotheses of magneto-electro-elastic layered systems (MELS 
hypotheses).  
In [15], wave propagation in inhomogeneous media with self-similar structure is studied 
using fractional calculus, along with the space-time discontinuous Galerkin methods. One 
and two dimensional problems are studied to demonstrate the capability of the proposed 
model in modeling inhomogeneous media.  
In this paper, we propose a new approach for studying the influence of roughness of the 
surface of the layer-waveguide on the propagation of elastic, normal shear wave by so-called 
MELS hypotheses. 
1. Problem Statement 
Let us assume that pure shear normal wave signal  

 0 0 0( , , ) ( ) exp ( - )w x y t W y i k x t   ,   (1.1) 
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( , , ) 0u x y t  , ( , , ) 0v x y t  , (1.2) 
is propagating in elastic, isotropic waveguide 

 : ;  ( ) ( );  x h x y h x z          with rough surfaces ( )y h x  and 

( )y h x . Here 0  is the frequency of the source of wave signal,  0 02k    is the 

wave number and 0  is the length of wave signal. Then, the equation of motion of the 

medium has the following form 
2 2 2

2
02 2 2

( , , ) ( , , ) ( , , )w x y t w x y t w x y tc
x y t

  
 

  
, (1.3) 

where 2
0 0 0c G   is the speed of the shear normal wave in the waveguide, 0G  is the shear 

modulus and 0  is the density of the waveguide material. 

It is assumed, that the roughness of the waveguide surfaces ( )y h x  are represented by 

the following harmonic functions 

 
 

0

0

( ) 1 sin( ) cos( ) ,

( ) 1 sin( ) cos( ) ,

h x h k x k x

h x h k x k x
    

    

         


         
 (1.4) 

where 0h  is the half-thickness of basic layer of the waveguide,   and   are the relative 

amplitude coefficients of the heights of roughness profiles with  ;  1    , because the 

heights of the protrusions of roughness 0h    and 0h    are always much less than the 

basic layer thickness:  0 0 0;  h h h    , 2k    is the number of the waviness 

of roughness profile and   is the step (wavelength) of the roughness profiles. 

The boundary conditions on mechanically free non-smooth surfaces of the waveguide 

( , ) ( ) 0ij jx y n x    are written respectively in this form: 

( ) ( )

( , ) ( , )( ) 0
y h x y h x

w x y w x yh x
x y

 


 

    
 

. (1.5) 

It is evident from (1.3)-(1.5), that its solution must explicitly depend on the roughness of the 

surfaces. Since the roughness is weak  0 0 0;  h h h    , the interaction of roughness 

will mainly be available in case of high-frequency (shortwave) wave signals, for which 

0 0h   , or equivalently 0 0 0 1k h k h  . Then, one might be interested in 

investigation of the influence of surfaces roughness of the waveguide on the propagation of 
normal high-frequency shear waves. 
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2. Problem Solution 
There are two methods to solve the problem: the method of successive approximations and 
the method of introduced hypotheses. Later in this article we will compare wave 
characteristics of the received wave fields. 
2.1. First Approach 
When high-frequency, normal shear signal (1.1) is propagated in elastic waveguide, 
interaction of the wave signal with the roughness of the surfaces in the near-surface areas 
occurs, which consequently leads to amplitude and phase distortion of the primary signal. 
New harmonics appear and a new amplitude-phase interaction is formed. 
We use Fourier method of variables separation, and the solution of the boundary value 
problem (1.3)-(1.5) is represented in the following form: 

0
1

( , , ) ( ) ( ) exp( )n n n
n

w x y t W y X x i t




     . (2.1) 

Then the conditions of mechanically free surfaces of the waveguide, on rough surfaces 
( )y h x  respectively, for each harmonic of propagating wave will have the following 

form 

 0

( )
( ( )) cos( ) sin( ) ( ( ))

( )
n

n n
n

X x
W h x h k k x k x W h x

X x      


           . (2.2) 

It is suggested, that the equations for determining the desired functions ( )nX x  and ( )nW y
are shown in the form 

2 2

2

( ) 1 ( ) 0,

( ) ( ) 0,
n n n n

n n n

W y k W y

X x k X x

        


  
 (2.3) 

where the following assignment for appropriate harmonics 2 2 2 2
0n n nk c    has been taken 

into account, nk  is the wave number (formation coefficient through the thickness of the 

waveguide), corresponding to the generated n-th harmonic. 
From surface conditions (2.2) it follows that the undamped solutions of (2.3) in the directions 

of the propagation Ox  (for  Im 0nk  ) are shown in the following form 

   
 

1 2( ) exp exp
( ) exp

,
,

n n n n n n n

n n

W y C ik y C ik y

X x C ik x

    


 
 (2.4) 

which, for slow waves, i.e. when 2 2 1 0n n    , corresponds to the damped harmonics 

from the surface up to the depth of the waveguide, and for fast waves, i.e. when 
2 2 1 0n n    , corresponds to harmonic forms over the thickness of the waveguide. 

From (2.3) it also follows that fast damped waves occur in the directions of wave propagation 
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Ox  in the case of  Re 0nk  : 

2 2

2

( ) 1 ( ) 0

( ) ( ) 0
n n n n

n n n

W y k W y

X x k X x

        
  

. 

For slow wave, i.e. when 2 2 1 0n n    , the solution corresponds to harmonic forms over 

the thickness of the waveguide, and for fast wave, i.e. when 2 2 1 0n n    , it corresponds 

to damped harmonics from the surface up to the depth of the waveguide. 
Taking into account that the roughness of the surface of the waveguide is weak and its impact 
on the propagating wave is described by boundary conditions (2.2), the solution of system 
(2.3) is represented in this form 

 *
0

( ) expm
n mn m

m
X x A ik x





   . (2.5) 

 
Fig.2.1. The model of elastic waveguide as a multilayer waveguide 

 

Moreover, the value 0m   corresponds to the case of homogeneous waveguide. Here, the 
introduced wave number *mk  should be formed by the impact of normal wave signal and 

roughness of the surfaces of the waveguide.  
The roughness of the surfaces, in its turn, is characterized by the greatest common divisor of 

wave numbers  * *min ; 2k k p k q      is the smallest common wave number 

of roughness on the surfaces corresponding to the generated m -th harmonic waves, and 

 2 2max 1       is a small parameter characterizing the weak roughness of the 

surfaces of the waveguide. 
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     1 2 *
0

exp ( ) exp ( ) expm
n n n n n n mnn n m

m
k C ik h x C ik h x A ik x



 


 
          

0 cos( ) sin( )h k k x k x                (2.6) 

     1 2 * *
0

 exp ( ) exp ( ) expm
n n n n mnn n m m

m
C ik h x C ik h x k A ik x



 


 
       

Considering that the right hand sides of boundary conditions (2.6) are in small 1m  order 
in the 0n   approximation, for non-trivial solutions of (2.6) we obtain the dispersion equation 
with the following solution 

0 0
0 0 0

0 0

2
n n

n

c nck c
h

 
   


. (2.7) 

Consequently, interaction of the normal wave (1.1) with surface roughness ( )h x  is not 
occur in the 0n   approximation, and the propagating wave is still normal as in 0n   
approximation of longitudinally weakly rough waveguide with mechanically free surfaces [13] 

0 0 0
1 0

( , , ) exp ( )n n
n

nxw x y t A i t
h





 
   

 
 . (2.8) 

From the conditions of synchronization of the surface distortions at the mid-plane of the 
waveguide 0y  , we get 

   
 

cos( ) sin( )
exp

cos( ) sin( )m m

k k x k x
i k k x

k k x k x
    

 
    

       
            

. (2.9) 

Considering that the wave number is formed as 1 ( ) n nnk x k k    and 

 * *min ;  2 /k pk qk     , it is easy to get the allowed wavelengths from (2.9) for 

the first approximation: 

 
 

1
* 0

cos( ) sin( )
( ) 2 arccos

cos( ) sin( )
k k x k x

x
k k x k x
    

    

                      
. (2.10) 

Then from the boundary equations (2.6) for the first approximation we will have 

     0 0exp ( ) ( ) exp ( ) ( ) 0n n n nik h x h x ik h x h x          , 

therefore formation coefficient of generated distortions of waves is obtained as 

0 1 ( ) ( )n n
nk

h x h x 


 


. (2.11) 

The wave number of the first generated harmonic depends on the surfaces of the non-smooth 
waveguide 
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   
1 222

1 0
0

( ) ( ) ( ) ( ) ( )n
nk x h x h x h h x h x

h


   

          
. (2.12) 

In the first approximation, the interaction of the normal wave with surface non-smoothness 
affects to the propagating wave: 

1 1 1 0
1

( , , ) ( ) ( ) exp( )n n n
n

w x y t W y X x i t




     , (2.13) 

where 

   
 

0 1 0 1
1 1 2

1 0 1

( ) ( )
( ) exp exp

( ) ( ) ( ) ( )

( ) exp ( )

,
.

n n
n n n

n n n

h k x y h k x y
W y C i C i

h x h x h x h x

X x A ik x x
   

 
  

 

  

   
    
    


 (2.14) 

Note that if the rough surfaces are “symmetric” with respect to the mid-plane of the 
waveguide, i.e. 

 0( ) ( ) ( ) 1 sin( ) cos( )h x h x h x h k x k x         , (2.15) 

then from relations (2.11) and (2.12) for the wave number over the thickness of the 
waveguide and the coefficient of formation, respectively, are obtained as follows 

1 22
0

1 2
0

( ) 1
4 ( )

s
n

hnk x
h h x


      

; (2.16) 

1 22
0

1 1 2 4( ) ( )
( ) ( )

s s
n n

hnk x x
h x h x




       

. (2.17) 

The solution (2.14) will be correspondingly transformed into 

 

0 1 0 1
1 1 2

1 0 1

( ) ( )( ) exp exp ,
( ) ( )

( ) exp ( ) .

s s
s s sn n
n n n

s s
n n n

h k x h k xW y C i y C i y
h x h x

X x A ik x x

        
         

      
   

 (2.18) 

In the case of “synchronous” (parallel to each other) roughness on the surfaces of the 
waveguide, will have the following representations: 

 
 

0

0

( ) 1 sin( ) cos( ) ,

( ) 1 sin( ) cos( ) .

h x h k x k x

h x h k x k x




         


         
 (2.19) 

Then from relations (2.11) and (2.12) for the wave number over the thickness of the 
waveguide and the coefficient of formation, respectively, are obtained as follows: 

*
1

0

5( ) ;
10n

nk x
h


 
 

* *
1 1

0

5( ) ( ) .
20n n

nk x x
h


  
 (2.20) 

The solution (2.14) changes accordingly 
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* * *

1 1 2

0 0

1 0

0

5 5
( ) exp exp

20 20

5
( ) exp

10

,

.

n n n

n n

n n
W y C i y C i y

h h

n
X x A i x

h

 
    


   

    
   

    


 
   

 (2.21) 

2.2. Second Approach 
To analyze the propagation of the normal, pure shear wave signal (1.1) and (1.2), taking into 

account that in the isotropic waveguide  : ;  ( ) ( );  x h x y h x z          

roughness of surfaces ( )y h x  and ( )y h x  are described by the functions (1.4), the 

near-surface thin layers with variable thickness (the waveguide is presented as three-layer, 
see Fig.2) are virtually selected 0      , where 

 
 
 

0

0 0 0

0

;  ( ) ;  ,

;  ;  ,

;  ( );  .

x h x y h z

x h y h z

x h y h x z

  

 

  

         
           

        






 (2.22) 

We intend to solve the equation of medium motion (1.3) for all three layers separately with 
boundary conditions (1.5) on mechanically free, non-smooth surfaces ( )y h x  and 

( )y h x  for elastic displacements ( , , )w x y t  (respectively for layers  ), and the 

conditions of continuity on virtual cross-sections 0y h      and 0y h      

0 00 ( , , ) ( , , )
y h y h

w x y t w x y t
 

   


, 

0 00 ( , , ) ( , , )
y h y h

w x y t w x y t
 

   


, (2.23) 

0 0

0 ( , , ) ( , , )

y h y h

w x y t w x y t
y y

 



   

 


 
, 

0 0

0 ( , , ) ( , , )

y h y h

w x y t w x y t
y y

 



   

 


 
. (2.24) 

Considering the thinness of the surface layers  , the solution in them are represented with 

the hypotheses of MELS [11, 13] taking into account the nature of the changes arising from 
surface roughness ( )y h x  and ( )y h x  
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  
      

 

0
0 0

0

0 0

sh
( , ) , ( ) ,

sh ( )

, ;

y h
w x y w x h x w x h

h x h

w x h

 
   

  



   
          

     (2.25) 

  
      

 

0
0 0

0

0 0

sh
( , ) , ( ) ,

sh ( )

, ,

y h
w x y w x h x w x h

h x h

w x h

 
   

  



   
           

     (2.26) 

where the values  , ( )w x h x   and  , ( )w x h x   
are determined from the conditions 

on mechanically free surface (1.5) as follows: 

 
    

    
 

2
0

0 02
0

cth ( ) 1 ( )
, ( ) , ;

cth ( ) 1 ( ) ( )

h x h h x
w x h x w x h

h x h h x h x

    

  

     

            
          

 (2.27) 

 
    

    
 

2

0

0 02

0

cth ( ) 1 ( )
, ( ) ,

cth ( ) 1 ( ) ( )

h x h h x
w x h x w x h

h x h h x h x

    

  

     

            
           

. (2.28) 

Substituting (2.27) and (2.28) into (2.25) and (2.26), we reach the solution in the near-surface 
thin layers of the waveguide formed by the propagation of the normal wave 

 0 0 0 0( , , ) ( ) exp ( )w x y t W y i k x t  
 
in the basic layer 0 : 

  
  

    

 

0

0

0 0

2
0

sh
1

sh ( )
( , ) ,

( )
cth ( ) 1 ( ) ( )

y h
h x h

w x y w x h
h x

h x h h x h x

 

  

 



     

   
  

                    

; (2.29) 

  
  

  

 

0

0

0 0

2
0

sh
1

sh ( )
( , ) ,

( )

cth ( ) 1 ( ( )) ( )

y h
h x h

w x y w x h
h x

h x h h x h x

 

  

 


     

   
  

         
             

. (2.30) 

Let us represent the normal wave in the basic layer 0  in a common form 

   0 * * * 0( , , ) cos( ) sin( ) exp ( )w x y t A y B y i k x t      , (2.31) 
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here  * *min ;  2k pk qk
 

    is the smallest common wave number of the roughness 

on the surfaces corresponding to the generated harmonic of the wave. 
From the conditions of continuity of mechanical stresses (2.24), we obtain a dispersion 
equation to determine the formation coefficient * : 

      
   

2
* * * 0ctg (2 ( ) ; ( ) ; ( )

; ( ) ; ( ) ,

h f h x f h x

f h x f h x
       

     

            

    
 (2.32) 

in which 

 
  

    

0

2
0

1
sh ( )

; ( ) 1 ( )
cth ( ) 1 ( ) ( )

h x h
f h x

h x
h x h h x h x

  

  

 

     

         
           

 , (2.33) 

 
  

    

0

2
0

1
sh ( )

; ( ) 1 ( )
cth ( ) 1 ( ) ( )

h x h
f h x

h x
h x h h x h x

  

  

 

     

          
            

 . (2.34) 

They characterize the influence of the rough surfaces on the formation coefficient. 
It is obvious, that the solution of the dispersion equation (2.32) significantly depends on the 
surface roughness ( )h x . 

3. Numerical Analysis of Obtained Results 
Considering the surface roughness, in the first approach, the solutions for formation 

coefficient 0 1n nk   and wave number 1 ( )nk x  are obtained in the forms (2.11) and (2.12) 

respectively. As expected, the variable thickness through the waveguide plays the main role 
in these expressions ( ) ( ) ( )x h x h x   , by means of which the wave process can be 

controlled. 

 
Fig. 3.1. The wave number for “synchronous” and “symmetric” surface roughness of the waveguide 
(the first approach) 
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Graphics of the formation coefficient and the wave number for different particular 
characteristic surfaces of roughness are given in Figs. 3.1 and 3.2 using the relations (2.15)-
(2.21), respectively. From the figures of the wave number and formation coefficient it follows 
that for “symmetric” surface roughness of the waveguide (2.15) the changes of these values 
are characteristically different from the case of “synchronous” surface roughness (2.19). 

 
Fig. 3.2. The formation coefficient for “synchronous” and “symmetric” surface roughness of the 
waveguide (the first approach) 
 
From Figs. 3.1 and 3.2 it is obvious that in the case of “symmetric” surface roughness of the 
waveguide (2.15), the wave number and the formation coefficient are periodically changed 
with respect to the half-thickness of the waveguide in the interval  *0;  x  . 

In the case of “synchronous” surface roughness of the waveguide (2.19) the wave number 
and the formation coefficient are only changed by a constant value for each n-th harmonic. 

In the general case of arbitrary surface roughness ( )y h x  and ( )y h x  from (2.9)-

(2.14) it follows that due to the difference of surface roughness in the near-surface areas there 
occur qualitatively identical, but quantitatively different harmonics, a synchronization which 
occurs at the mid-plane 0y  . From (2.11) and (2.12) it is obvious that the wave number 

1 ( )nk x  and the formation coefficient 0 1 ( )n nk x  for the propagation of the waves is always 

positive, since ( ) ( ) 0h x h x   . From relations (2.18) and (2.21) we can easily get the 

nature of the changes of elastic shear through the thickness of the waveguide, according to 
the variable thickness of the waveguide (see Figs. 3.3 and 3.4). The picture of elastic shear 

1 ( )s
nW y  over the thickness of the waveguide for the “symmetric” surface roughness is 

defined by relation (2.18) and is shown in Fig.3.3. Fig. 3.3 shows that over the thickness of 
the waveguide for the “symmetric” surface roughness (2.15), the normal waveform is 
periodically distorted depending on the law of variation of its thickness 

( ) ( ) ( )x h x h x   . Accordingly, the phase velocity of the generated harmonic is also 

changed. The elastic shear *
1 ( )nW y  over the thickness of the waveguide for “synchronous” 

surface roughness is defined by relation (2.21) and is shown in Fig.3.4. From (2.20) it follows 
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that in this case only short waves with lengths * 05 h n    propagate for large numbers 

of harmonics n, such that * 05n h  . 

  
Fig. 3.3. The elastic shear through the thickness of the waveguide for “symmetric” surface roughness 
(the first approach) 

 
Solving the problem with the method of hypotheses MELS, through the thickness of the 
waveguide we obtain the expression of elastic shear in the basic layer 0  in the form of 

(2.31), which is analytically continued in both near-surface zones   and  , accordingly 

(2.30) and (2.29). The image over the thickness of the waveguide is constructed after 
determining the formation coefficient *μ  from the dispersion equation (2.32). From relations 

(2.29)-(2.34) it is obvious that the solutions, received in the near-surface zones   and  ,
are characteristically the same, but numerically different at different surface roughness 

( )h x  and ( )h x . 

Fig. 3.4. The elastic shear through the thickness of the waveguide for “synchronous” surface 
roughness (the first approach) 
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The dispersion equation (2.32) is much simplified in the cases of “symmetric” (2.15) and 
“synchronous”  
(2.19) surface roughness, considering the expressions of the coefficients of the dispersion 

equation  ; ( )f h x    and  ; ( )f h x   , in relations (2.33) and (2.34) respectively. 

Fig. 3.5 shows the graphical dependence of the formation coefficient *  on x . 

 
Fig. 3.5. The formation coefficient for “synchronous” and “symmetric” surface roughness of the 
waveguide (the second approach) 

To each formation coefficient *nμ  naturally corresponds a wave number

2 2 2
* * 0 0 *2n n n nk c     . 

Fig. 3.6. The elastic shear through the thickness of the waveguide for “symmetric” surface roughness 
(the second approach) 

From the dispersion equation (2.32) and the relations (2.33) and (2.34) it is evident that in 
the absence of roughness on the surfaces of the waveguide, i.e. when ( ) ( ) 0h x h x    , 

both introduced multipliers (2.33) and (2.34) become zero and from the dispersion equation 
we obtain the case of homogeneous waveguide * 0 0/n n n h     .  

From the obtained graphs it is also seen how the presence of “symmetric” (2.15) or 
“synchronous” (2.19) surface roughness of relatively homogeneous waveguide leads to 
distortion of forms (formation coefficient *n  and wave number *nk ). 
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Fig. 3.7. The elastic shear through the thickness of the waveguide for “synchronous” surface 
roughness (the second approach) 

From relations (2.32)-(2.34) and the received graphs it is also clear that weak surface 
roughness do not lead to appearance of damped propagating harmonics through the depth of 
the waveguide. Partial localization of the wave energy occurs only in the thin surface rough 
layers, which can be seen in the given figures of elastic shear over the thickness of the 
waveguide. The images of elastic shear throughout the thickness of the waveguide in 
particular “symmetric” (2.15) and “synchronous” (2.19) surface roughness cases are shown 
in Figs. 3.6 and 3.7. 

4. Conclusion 
It is shown that weak surface roughness lead to instability of a normal propagating wave in 
the waveguide. The presence of surface roughness can lead to prohibition of waves of certain 
lengths depending on the characteristic values of the functions of the roughness. Only partial 
localization of wave energy in thin near-surface areas of roughness occurs. The localized 
surface waves do not occur. The introduced method of hypotheses MELS allows to analyze 
the process of distortion of the normal waves, that will make it convenient for studies of wave 
processes in waveguides with complicated properties and sophisticated characteristic 
roughness of the material of the waveguide and its surfaces. 
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