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Abstract: In this paper it will be analyzed the influence of initial conditions on the evolution of the pressure wave using the linear and 
homogeneous wave equation (hyperbolic type) and MathCAD software.  
 

1. D’Alembert solution 
Linear and homogeneous equation of second order with constant coefficients,  
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hyperbolic type, called wave equation into space [1, 2], can be written as: 
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 The functions: 
1 1

1 r
u (x,y,z, t) (t )

r a
   ,  

2 2

1 r
u (x,y,z, t) (t )

r a
   ,     (2) 

where,      
2 2 22r x y z      , are the solutions of the equation (1), whatever functions 1  and 2 , having the first 

and second order derivatives. 
 Solutions of the form (2) of equation (1) is called spherical wave and the solution as: 

 

1 1
u(x,y,z, t) (r a t) (r a t)

r r
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is named D’Alembert solution. 
 

1.1 One-dimensional propagation 

 The wave equation [1, 2, 4] has the form: 
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to which are attached the initial conditions:  u(x,0) (x) , '

tu (x,0) (x)     (5) 

where 
(x)

 has to be twice differentiable and 
(x)

once. 
 The solution of the Cauchy problem is: 
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1.2 Case study 
We will analyze one dimensional propagation of the pressure which is given by the equation: 
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with boundary conditions: p(x,0) (x) , p
(x,0) (x)

t


 



       (CS. 2) 

where: 8
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      (CS.3) 
 

 x : 0            (CS.4) 

The solution of the equation (CS.1), with conditions (SC.2) and (SC.3) is: 
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 If x 5 x0 5 x0 x0 5 x0 , result: 
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 Using the (CS.5) solution we obtain graphical representation as is shown in figure 1. 
 

 
Figure 1 One-dimensional propagation of the pressure wave 

 

 To highlight the influence of initial condition 
 x

 we consider the options: 

 1 x 0   

  32 x 10   

  63 x 10   

It will be obtained the following numerical values: 
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The wave equation in space (1) with initial conditions of the Cauchy [3, 4]: 

u(x,y,z,0) f (x,y,z) , 
'

tu (x,y,z,0) g(x,y,z) ,       (7) 

has the solution:  
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where: X x a t cos( ) sin( )       , Y y a t sin( ) sin( )       , Z z a t cos( )     . 
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1.2 Case of spherical symmetry 

  In the case of spherical symmetry, the solution of the equation (1) with initial conditions: 

 p(r,0) f (r) , '

rp (R, t) 0 , '

tp (r,o) F(r) ,        (11) 

has the form [2, 3, 4]: 
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where: a =2, 
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and n  are positive roots of the equation tg( )  .  

 

2. Calculation of roots n  

To determine the roots n  we use the graphical representation from figure 2 and MathCAD software [4, 5]: 

- insert function 
f (x) tan(x) x 

; 
- choose an approximate value of the solution x; 
- the solution is inferred using the function root 

jx root(f (x),x) , j 1,2,...  

 

 
Figure 2 Graphical representation of functions tan(x), x 

 

The first ten positive roots of the equation 
tan(x) x 0 

 are shown in the second column of the Sol 1 matrix: 
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3. Analytical solution analysis  

We consider R 2 , a 5  , with conditions (8) as: 

 
 
and its representation is shown in figure 3 [4, 5]: 
 

 

Figure 3 Graphical representation of the initial condition, ( ,0) ( )p r f r  

 

We chose:   3F r 10 ,  a 2  , then we calculate the value of na
 and nb

, for 
n 1,...,10

, using relations (13) and (14): 

 
From formula (12) resulting numerical values of the pressure drop across the radius r, 
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with graphic as shown in figure 4 [3, 4, 5]: 
 

 
Figure 4 Graphical representation of the solution p(r, t) for three values of time t 

 
4. Conclusion 
To highlight the influence of initial conditions on the evolution of the pressure wave we analyze two types of conditions: 

1.   3F r 10   

2.   6F1 r1 10  ,  

with graphic as in shown in figure 5 [3, 5]: 
 

 
Fig. 5 Representation of initial conditions 
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Variations in time of pressure wave, corresponding to the two initial conditions are: 
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