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In this letter, several works about the solutions of the real scalar field in SdS and RNdS are compared. 
Some previous works gave out that the wave amplitude near the potential peak is harmonic versus the 
radius, some gave out the wave amplitude near the potential peak increases, and others showed 
contrary results. By a simple mathematical calculation, here we unite the aforementioned results and 
denote that the wave amplitude near the potential peak increases in both SdS and RNdS spaces. 
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INTRODUCTION 
 
Recently the solutions of the wave equation for a real 
scalar field in different spaces have been investigated. 
Brevik and Simonsen solved the scalar field equation in 
the Schwarzschild–de Sitter (SdS) space and found that 
the wave amplitude near the horizons in the SdS space is 
close to that of a harmonic wave, even near the potential 
peak (Simonsen and Brevik 2001). Following their work, 
Guo and his co-workers solved the scalar field equation in 
the extreme Reissner Nordstrom de Sitter (RNdS) space 
and obtained the similar result (Guo et al., 2003). 
Worthwhile, Tian and his co-workers re-discussed the 
solution of the scalar field equation in SdS space and 
found that the wave amplitude in SdS space increases 
near the potential peak (Tian et al., 2003). Guo and his 
co-workers discussed again the scalar field in the extreme 
RNdS space and found that the wave amplitude in the 
extreme RNdS space decreases near the potential peak 
(Guo et al., 2005).  

Among the works above, they have such common 
conditions as (although they are the works in two different 
spaces):  
 

(1) The wave equation for a real scalar field reads�� .  
(2) The separate solution of wave equation Φ  with 
spherical harmonic function is investigated. 
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(3) The tortoise coordinate x  versus r  is introduced to 
change the variables in the radial equation ( )l rωΨ  of 

wave equation Φ .  
(4) The potential function ( ) ( )V V r V x= =  has a 
potential peak (the maximum value point).  
(5) The radial equation is solved numerically.  
 
Condition (4) demands that the relation of the radial 
function versus its variable ( ( )l rωΨ  versus r  or 

( )l xωΨ  versus x ) should be identical qualitatively. But 
the previous results do not keep consistent with each 
other (Simonsen and Brevik 2001; Guo et al., 2003;Tian 
et al., 2003;Guo et al., 2005). In this short letter, we judge 
which result is correct by a simple way. The common 
radial equation in both SdS and RNdS spaces is written 
as (Simonsen and Brevik 2001; Guo et al., 2003; Tian et 
al., 2003; Guo et al., 2005). 
 

( ) ( ) ( )
2

2 4 4l l

d
V x x x

dx ω ω
� �
− + Ψ = Ψ� �
� �

            (1)                   

 
Here M  and 2ω  have been chosen to be 1 as 
reported by Simonsen and Brevik (2001), Guo et al. 
(2003), Tian et al. (2003)  and Guo et al. (2005). In order 
to study the behavior of the wave  amplitude  near  the 
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Figure 1. The solution of Equation (1) with constant potential. Solid line: 000 =V ; dotted line: 

4
01 105.7 −×=V ;*- line: 

3
02 105.7 −×=V . 

 
 
 
potential peak, we choose several constant values of 
potential ( )V x  and compare the corresponsive values 

of wave amplitudes. The wave amplitude with constant 
potential is harmonic. Thus the comparison is simple. Now 
let 000 =V , 4

01 105.7 −×=V , 3
02 105.7 −×=V , and the 

boundary condition is 
( ) ( ) 200cos100100 =−=Ψ==Ψ xx  as done by 

(Simonsen and Brevik 2001; Guo et al., 2003;Tian et al., 
2003;Guo et al., 2005). Then the solution of Equation (1) 
can be solved by Matlab software and is now shown in 
Figure 1.  From Figure 1, ones easily obtain the result as 
 

( ) ( ) ( )00 01 02max( | ) max( | ) max( | )l l lx x xω ω ωΨ < Ψ < Ψ   (2)                                               

 
It means that the wave amplitude of ( )l xωΨ  increases 

near the potential peak. This relation will be reflected in 
the curve of ( )l rωΨ  versus r  naturally. Thus we note 
here that the wave amplitude near the potential peak 
increases in both SdS and RNdS spaces. The results 
according to Simonsen and Brevik (2001), Guo et al. 
(2003), Guo et al. (2005) are wrong and the results in Tian 
et al. (2003) are correct. 
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