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ABSTRACT  ARTICLE INFO 

Simulation of acoustic wave propagation in the surface layer area is 
carried out by taking a positive value acoustic velocity gradient so that 
in this simulation there will be a wave phenomenon trapped in the 
surface layer area. In this study, acoustic beam emission was conducted 
by varying the angle of incidence and length of the beam used, and the 
determination of the acoustic velocity gradient was carried out using the 
Runge-Kutta order of order 2. The results showed that at depths of 0 to 
40 meters with an acoustic velocity of 1405 m/s, for a length of 1 meter 
and a gradient pattern of +2.5 obtained a minimum angle of incidence of 
0.09 radians with a wave propagation of 250 meters. Comparison 
between analytical and computational results on wave propagation in 
the surface layer area is a 4.51% error. 
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1. INTRODUCTION 

Waves are vibrational energy propagations that propagate through a medium or without a 

medium [1, 2]. Acoustics is the science that deals with all mechanical waves in gases, liquids, and 

solids. Underwater acoustics is a marine field that detects targets in water areas and the bottom of the 

water using sound as a median [3-6]. 

The development of underwater acoustics has really helped humans as a tool for fishermen and 

the navy. Underwater acoustic waves are useful for detecting the presence of life in the sea. These 

waves are used to listen for underwater explosions (seismic), earthquakes, volcanic eruptions, sounds 

produced by fish and other animals, ship activity, or as equipment to detect underwater conditions [7-

9]. These waves are also used to measure the distance from the detected object and its size, such as 

detecting submarines, fish species, fish size, number of fish, plankton, and other marine living 

creatures as well as measuring the travel time of the wave [10-14]. 

The surface area of the sea contains aquatic living creatures that are active, so with the presence 

of underwater acoustic rays, their presence can be known. With the Runge-Kutta method, acoustic rays 

that travel across this surface area will be reflected and refracted if they pass through a different 

medium. The explanation above can highlight research related to the Matlab program to simulate the 

propagation of acoustic rays in the surface layer area. 

2. LITERATURE REVIEW 

Sound waves are longitudinal waves that occur due to compression and stretching in a gas, 

liquid, or solid medium. Cases such as waves on a string are simply propagated disturbances, while the 

molecules themselves simply vibrate back and forth around the equilibrium position. Sound waves are 
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divided into three categories, namely infrasonic waves with a frequency < 20 Hz, audio sonic waves 

with a frequency of 20 – 20,000 Hz, and ultrasonic waves with a frequency > 20,000 Hz [15]. 

Basic acoustic theory uses several assumptions to facilitate the derivation of basic acoustic 

equations. The assumption used is that the fluid is inviscid or there is no frictional force between the 

particles. The calculations are carried out on a small scale or the changes that occur are very small 

when compared with the ambient value and the fluid velocity is assumed to be zero (U0 = 0). The 

easiest way to understand the physics and dynamics of acoustic wave sound devices is through 

impulse response models [16]. 

The governing equations used in deriving the basic acoustic equations are the law of 

conservation of mass, the law of conservation of momentum, and the equation of state. The increase in 

the speed of sound under the sea is directly proportional to the increase in temperature, salinity, and 

depth. Salinity has little effect on the speed of sound in deep water [17]. The sound speed profile is 

shown in Figure 1. 

 

 
Figure 1. Sound speed profile [18] 

 

Acoustic propagation is the transmission of acoustic energy through the intermediary medium of 

water. Sound waves propagate through refraction, reflection, and transmission. Trigonometry is used 

to see that the ratio of the cosine of an angle to the speed of sound remains constant across a boundary. 

This observation is called Snell's Law, resulting in the Equation: 
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Figure 2. Speed of sound in a layered medium [19] 

 

The speed of sound as a function of depth can be described by a simple linear equation. These 

results can be used to find functions for the radius of sound rays as well as other quantities. 

The sound speed gradient g, shown as a dotted line, the magnitude of the sound speed in the i + 1 

layer is shown by the following iteration equation: 

 

 𝑐𝑖+1 = 𝑐𝑖 + 𝑔𝑖∆𝑧𝑖  (5) 

 

where 𝑔 is the gradient, 𝑔 =
∆𝑐

∆𝑧
, from Snell's law and plugging in the equation for 𝑐, we get: 
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 𝑔𝑧 cos𝜃1 = 𝑐1(cos𝜃 − cos 𝜃1)   (8) 

 

 𝑧 = 𝑅(cos𝜃 − cos𝜃1)  (9) 

 

where 𝑹 =
𝑐1

𝑔 cos 𝜃1
, 𝑹 is the radius of curvature of the sound ray [20]. 

For this case, if the surface layer has a positive gradient and the layer is deep enough, then the 

sound can be deflected back to the surface and then reflected back into the layer. After being reflected 

back down, it bends back towards the surface only to be reflected back up to the surface, as seen in 

Figure 3. 

 

 
Figure 3. Propagation of positive gradient waves [17] 
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The surface layer contains a mixed layer that occurs during the day. In this layer, the potential 

temperature, humidity, and wind speed tend to remain constant with increasing height [21]. 

In the event that the gradient g is positive but not constant, the value of c in the i + 1 layer is 

approximated using the 2nd order Runge-Kutta method, so that Equation (5) becomes: 

 

 𝑐𝑖+1 = 𝑐𝑖 + 1/2(𝑘1 + 𝑘2) (10) 

 

where 𝑘1 = 𝑔𝑖∆𝑧𝑖  and 𝑘2 = 𝑔𝑖+1∆𝑧𝑖 .  

3. RESEARCH METHODS 

This research is modeling and computing research. This research only simulates the propagation 

of acoustic waves in the surface layer area. The tools used in this research were laptops and Matlab 

software. The shape in this propagation model is 2-dimensional regarding the x and y axes. The 

research was carried out in several stages, namely determining the object from the acoustic source to 

be modeled, creating an iterative equation for Snell's law and the Runge-Kutta method, determining 

secondary data to be processed, creating a Runge-Kutta method program to determine the propagation, 

testing the program and carrying out analytical comparisons with computing. 

4. RESULTS AND DISCUSSIONS 

Results of research to simulate the propagation of sound waves in the surface layer area. This 

wave propagation simulation uses the Runge-Kutta method with the iterative equation of Snell's Law 

in a 2-dimensional computational manner on the positive x and y axes. The Runge-Kutta method 

functions for the iterative derivation of Snellius' law. This simulation of wave propagation uses 

gradient parameters, beam radius, sound speed, and depth. Analytical and computational solutions are 

compared to find error values. If the error value is acceptable, the discussion continues with data on 

sound speed versus depth [22, 23]. The sound speed profile data versus depth is shown in Figure 4. 

 

 
Figure 4. Sound speed profile  

 

This sound speed profile was created based on sound speed versus depth data obtained from the 

Naval Research Laboratory, Washington DC [24]. The speed of sound increases with depth, having an 

initial speed of 1405.44 m.s
-1

 at a depth of 1 m to a depth of 101 m with a speed of 1421.36 m.s
-1

. This 

increase in the speed of sound occurs in a homogeneous layer which has a constant temperature and 
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the effect of increasing pressure, so that the surface layer area has a positive gradient. The state of 

sound underwater has many changes, but some components are constant. Refraction occurs not only 

when light travels from water to air, but whenever the speed of light changes. Likewise, sound waves 

that cross the ocean each time experience a change in the speed of sound. Because the speed of sound 

changes with changes in temperature, salinity, and pressure, sound waves will refract as they move 

through the ocean medium. 

The Runge-Kutta method and the Snellius law iteration equation are used as the initial wave 

propagation program. After the initial simulation is displayed, it is continued to determine the initial 

program conditions. The speed of sound increases with depth in the surface layer area so that this area 

has a positive gradient. The image is the solution of wave propagation on the x and y axes. The x-axis 

is for distance and the y-axis is for depth. 

The solution to the circular equation for surface layer wave propagation is entered into the 

program to compare analytical and computational calculations. The analytical and computational 

comparison display can be seen in Figure 5. 

 

 
Figure 5. Comparison of analytics and computing 

 

Figure 5 was obtained with the initial step of determining the value of the sound speed gradient 

per sea depth. The center point of the wave can be determined by assuming the wave propagation is 

circular, so the general solution to the circular Equation is: 

 

 (𝑥 − 𝑥𝑝)2 + (𝑦 − 𝑦𝑝)2 = 𝑅2 (11) 

 

from the circle Equation above we will get: 

 

 (𝑦 − 𝑦𝑝)2 = 𝑅2 − (𝑥 − 𝑥𝑝)2 (12) 

 

 𝑦 − 𝑦𝑝 = ± 𝑅2 − (𝑥 − 𝑥𝑝)2 (13) 

 

 𝑦 = 𝑦𝑝 ±  𝑅2 − (𝑥 − 𝑥𝑝)2 (14) 

 

From Figure 5, an analytical and computational comparison can be obtained, using one 

analytical data, namely gradient 0.42, beam radius of 2, initial speed 1405.44 ms
-1

, and emission angle 

0.1 rad. The circle equation is used to determine the next y value from the analytical data. The iteration 

value obtained from analytical calculations used was 664 data. So the percentage of analytical and 
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computational data error obtained is 0.5718%. This case of sound wave propagation with data-based 

gradients or changing gradients cannot be solved analytically, therefore it is solved by computational 

modeling. 

Wave propagation in the surface layer area with variations in beam length and emission angle 

until transmission loss occurs using sound speed data is shown in Figure 6. The display of the wave 

propagation model varies using sound speed profile data. This modeling describes the propagation in 

the surface layer area. The difference with propagation using sound speed profile data for gradients 

and fixed speeds differs in the distance the beam travels at each given beam length, beam radius, and 

emission angle. Apart from that, wave propagation using velocity data is greatly influenced by the 

gradient at each depth. 

 

 
Figure 6. Wave propagation with a beam length of 1 and varying θ 

 

Waves in the surface layer area will be reflected continuously at angles of 0.02, 0.04, 0.06, 0.08, 

0.10, 0.12 rad while at angles of 0.14 rad the waves no longer reflected but will be forwarded towards 

the deep sound channel axis, this propagation illustrates the occurrence of Transmission Loss. The 

next wave size will remain the same for different beam lengths. Many other things can happen to 

acoustic waves as they propagate. For example, energy can scatter particles. Energy is lost when 

reflected from the surface and bottom. By far the biggest factor of all is changes in propagation due to 

variations in speed, temperature, depth, and salinity. Changes in velocity will tend to take the form of 

a perfect sphere or cylinder of waves. Many conditions tend to concentrate acoustic energy resulting in 

loss of transmission. All these factors are called transmission loss anomalies. When the light reaches 

the surface, it is reflected back down and the same process starts again. Naturally, some energy is 

dissipated and reflected, but the overall effect is to trap the sound in a relatively small layer beneath 

the surface. The sound does not reach deeper areas, so transmission is reduced than expected for a 

cylindrical spread, this effect is called surface duct. 

The angle of emission and radius of the beam have a big influence on wave propagation. The 

difference in each given beam radius is seen from the distance the beam travels. The wave propagation 

distance will increase with increasing beam radius. The larger the radius of the light emitted, the 

further the distance the light travels. Conversely, the shorter the radius of the emitted light, the shorter 

the distance the light will travel. All rays will be bent upwards. 

5. CONCLUSION 

Based on the results of research that has been carried out by modeling wave propagation in the 

surface layer area, it is possible to model wave propagation in the surface layer area quite well using 

the Matlab application program. Modeling is carried out using the mathematical equation of Snell's 
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law which is derived using the Runge-Kutta method. Transmission Loss from sound speed profile data 

below the sea surface was obtained at a depth of more than 101 m at a maximum transmit angle of 

0.245 and a beam radius of 1 to 4 m. The analytical and computational difference values for the 

propagation of acoustic waves in the surface layer area have a beam radius of 2 m, an emission angle 

of 0.1, and an initial speed of 1405.44 ms
-1

 with an analytical solution using the circle equation 

expressed in percent, which is obtained as 0.5718%. 
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