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Abstract: There are not only theory but also 
the empirical formula to deal with the problem 
of sound propagation in ocean  As such the 
Normal mode and Francois-Garrison are typ-
ical methods  Optimum sound propagation in 
ocean is the way we unify these two methods  
In this paper, we investigate the transmis-
sion losses of both Normal mode and Fran-
cois-Garrison at some frequencies (170Hz, 
800Hz, 100 KHz) at shallow water conditions 
(Tonkin gulf)  The calculated and simulation 
results show that the optimum is achieved 
when the Normal mode is used at low fre-
quencies whereas the Francois-Garrison is 
used at high frequencies 

1. Introduction

The problem of underwater sound propaga-
tion take an important role to SONAR tech-
nique  The applications of SONAR are but not 
limited to submarine, floating boat detection 
and localization in military section or fish find-
ing, sea bed supervision, drill surveillance in 
civil industry  

In term of the theory of underwater sound 
propagation, the Normal mode is considered 
as a worldwide acoustic community [1-5]  In 
this theory, the ocean environment likes an 
oceanic wave guide which is limited by sea 
surface and sea bed  The received acoustic 
pressure is sum of propagation modes in the 
oceanic wave guide with horizontal propaga-
tion constant Krm or is called the eigenvalue  
The transmission loss is due to evanescent 
modes (leakage) in the sea bed layers and ge-
ometric spreading loss (cylindrical or spheri-
cal spreading) 

In term of empirical ocean measurements, 
regarding geometric spreading loss, the un-
derwater sound absorption caused by the 
three main factors, i e , Boric acid, Magnesium 

sulfate and pure water  It is the Francois-Gar-
rison empirical formula [6-10]  This result is 
come from many measurements from differ-
ent atlantics, temperature, depth and pH 

This paper is a comparison between the trans-
mission loss of Normal mode theory and that 
of  the Francois-Garrison empirical formula 
for low frequencies less than 1000 Hz (170 Hz, 
800 Hz)  and 100 KHz for high frequency 

The comparison shows that there is a con-
sistent between transmission losses of Fran-
cois-Garrison and the Normal mode at low 
frequencies (170 Hz, 800 Hz<1000 Hz)  How-
ever, at high frequency the transmission loss 
of Francois-Garrison is much higher than that 
of Normal mode  The reason for this non-con-
sistent may be in Normal mode theory one 
considered that the water column is homo-
geneous for all acoustic vibrations, it is not 
true in reality  This finding is very important 
for the precisely calculation of underwater 
sound propagation  We may conclude that for 
optimum underwater sound propagation at 
low frequencies the Normal mode is preferred 
and at high frequencies the empirical formula 
of Francois-Garrison is used 

The rest of the paper is organized as follows  
In Part 2 the Normal mode theory is presented  
Part 3 describes the empirical sound absorp-
tion of Francois-Garrison  The comparisons 
of the transmission losses between Normal 
mode and the empirical approach are given in 
Part 4  Finally, we concludes the paper in Part 
5  

 2. Transmission loss of Normal mode

Staring from Helmholtz equation in two di-
mensions with sound speed c and density ρ 
depending only on depth z [1-5]
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               (1)

where sz is source depth, z is depth and r is 
distance 

Using separation of variables , we obtain the 
modal equation

 
2

2
2

( )1( ) [ ] [ ] ( ) 0
( ) ( )

m
rm m

dV zdz k V z
dz z dz c z

wr
r

+ - =
 

                                                  (2) 
     

with the boundary conditions such as 
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The former condition implies a pressure re-
lease surface and the latter condition is from a 
perfect rigid bottom  The modal equation that 
is the center of the NM, has an infinite number 
of modes  Each mode represents by a mode 
amplitude ( )mV z  and a horizontal propagation 
constant rmk   ( )mV z and rmk  are also called ei-
genfunction and eigenvalue respectively

Noting that the modes are orthonormal, i e ,
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Since the modes forms a complete set, the 
pressure can represents as a sum of the nor-
mal modes
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After some manipulations, we obtain
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where 1
0H  is the Hankel function of the first 

kind 

Substitute (6) back to (5) we have
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Finally, using the asymptotic approximation of 
the Hankel function, the pressure can be writ-
ten as

 /4

1
( , ) ( ) ( )

( ) 8

rmik r
i

m s m
ms rm

i er z e V z V z
z r k

py
r p

¥
-

=

» å  
                                                                                           

                                                                                       (8)

3. Transmission loss of Francois-Garrison

There are some empirical methods to deal 
with the problem of sound propagation in 
ocean such as [6-10]  However, we interested 
in Francois-Garrison since they used many 
measurements from different atlantics, tem-
perature, depth and pH 

According to [6-7] the total sound absorption 
in ocean consists of three main components  
i e , Boric acid, magnesium sulfate and pure 
water 

4Total absorption Boric Acid MgSO Pure Water= + +
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Where f is acoustic frequency, 1 2,f f are relax-
ation frequencies of boric acid and magnesi-
um sulfate, 1 2 3, ,P P P are nondimensional pres-
sure correction factors 
Boric Acid contribution
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C is sound speed, T is temperature in degree, S 
is salinity ( o

oo ), D is the depth (m),  273 Tq = +  
4MgSO  contribution
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Pure water contribution
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4. The comparison of transmission losses 
between Normal mode and Francois-
Garrison

As far as ocean waveguide is concerned, two 
layers are considered, i e , water column and 
sea bed  The water column is bounded by sea 
surface and sea bed whereas the sea bed has 
different structures  It can be made of sand, 
mud or a composite of both of them 

In this paper, the parameters of Tonkin gulf 
are investigated, they are given in the table 1 
as  Follows

Table 1  The parameters of Tonkin gulf

Parameters Value

Depth of water column 120 m

Depth of sea bed (made of sand) 10 m 

Temperature (T) 10 degree

Salinity 35 %o

Theta 273+T

p.H 7.8

Fig 1. The Transmission losses of Normal 
mode and Francois-Garrison at 170 Hz
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Fig 2. The Transmission losses of Normal 
mode and Francois-Garrison at 800 Hz

Fig 3. The Transmission losses of Normal 
mode and Francois-Garrison at 100 KHz

From Fig  1 we can see that at at frequency 
170 Hz <1000 Hz and at distance of 15 km the 
transmission losses of Normal mode is around 
90 dB (50-140) whereas the transmission loss 
of Francois-Garrison is about 90 dB (25-95)  
So there is a consistent between these meth-
ods  

From Fig  2 we can see that at at frequen-
cy 800 Hz<1000 Hz and at distance of 15 km 
the transmission losses of Normal mode is 
around 110 dB (30-140) whereas the transmis-
sion loss of Francois-Garrison is about 90 dB 
(25-95)  So there is also a consistent between 
these methods  

At low frequencies we may conclude that for 
the optimum underwater transmission, the 
Normal mode is preferred 

From Fig  3 we can see that at at frequency 100 
KHz and at distance of 15 km the transmission 
losses of Normal mode is around 85 dB (60-
145) whereas the transmission loss of Fran-
cois-Garrison is about 570 dB (20-590)  There 
is a non-consistent between these methods  
The reason for this non-consistent may be in 
Normal mode theory one considered that the 
water column is homogeneous for all acoustic 
vibrations, it is not true in reality  

At high frequencies, we may conclude that for 
the optimum underwater transmission, the 
Francois-Garrison should be used 

Conclusion

The SONAR applications relies much on the 
problem of underwater sound propagation  
There is not only the theory of underwater 
sound propagation in ocean such as Normal 
mode but also the empirical model such as 
Francois-Garrison formula dealing with the 
problem  In this paper, we investigated the 
optimum sound propagation in ocean, the 
transmission losses of both Normal mode and 
Francois-Garrison are calculated and simu-
lated at a wide range of frequencies (170 Hz, 
800 Hz, 100 KHz)  Under the simulation con-
ditions, the results show that for optimum un-
derwater sound propagation at low frequen-
cies the Normal mode is preferred and at high 
frequencies the empirical formula of Fran-
cois-Garrison should be used  This finding is 
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very important for the precisely calculation of 
underwater sound propagation
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