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PREFACE 

For a long time, the echosounder has been an indispensable aid to navigators. Its ability to 
supply depth measurements in practically all weather conditions without impeding the 
crew 's activities gives it a distinct advantage over the earlier lead·line sounding 
technique. This particular feature has made it invaluable for finding the ship 's position, thus 
reducing the risk involved in maneuvering near coastal and shoal waters. With echosoun· 
ders, trawlers can lish along shelving coasts and banks once considered too dangerous to 
operate near. Due to improvements and innovations in the equipment, echosounders now 
are able to find fish . The advantages this brings to the fishing trade are obvious. Nets need 
no longer be shot haphazard because the new method makes it possible to detect lish more 
rapidly and with less trouble than by test catches. In ground net trawling, these modern fish· 
finding sounders are further useful in that they enable the skipper to steer clear 01 wrecks or 
rocks wh ich would tear his net. They also facilitate estimating during trawling how full a net 
may be. Economically speaking, mid·water trawling has been made possible lor the lirst 
time through the invention of fish·finding sounders. Without them, nets could not be lowered 
with any degree of certainty to the level above the seabed where a shoal of fish is located. 
Reading echosounders which indicate only water depth is comparatively easy, and the 
values obtained are usually accurate. To operate instruments of this type, the user merely 
has to follow simple instructions. This is different with equipment employed to locate fish . 
These sounders are provided with special indicating systems adapted to the new tasks they 
are to lullill. Operating the instrument and reading depth is not any more difficult with these 
new instruments, but obtaining clear indications 01 fish, and , more so, interpreting these in· 
dications correctly, is not as easy. A skipper must use an intelligent approach if he wants to 
derive full benelit from the apparatus. Common sense alone, however, is not enough. He will 
have to acquire a certain amount of expert knowledge and some experience. Experience will 
co me by itsell in the course of time, but this booklet will help you acquire the necessary 
technical know·how without enlarging on a lot 01 unnecessary details. Modern echosounders, 
particularly those serving to find fish, have attained a high degree of technical per/ection. 
Research is constantly underway to achieve still better results . The effective use of these in· 
struments, however, does not depend on the perlection of the apparatus alone. The user 
must decide whether he wants to obtain the best results, or if he will be satisfied with less 
than the very best. By fully, and intelligently exploiting all possibilities, he can achieve the 
best results. Many scientists and engineers have been and are still working on the problem 
of locating objects by sound. There are many points that have not been cleared up as yet, 
and new problems arise as the development 01 echosounders proceeds. This booklet will tell 
you of the results obtained in this field to date. Information of this kind is also found in 
shipping and lishing periodicals. Seamen and fishermen alike are invited to study these 
publications. 



SOUND 

The echosounders reviewed here and those designed for horizontal sounding such as ASDIC 
or SONAR, operate on sound waves. In this way, they differ from RADAR, which serves to 
locate objects above water by using electric waves. These devices should not be confused 
with each other, as is frequently done. It is not without good reason that sound is used in 
water and electromagnetic waves in air. The selection is based on the peculiar properties of 
the two types of oscillations. Though the object is identical, sound waves are better suited 
for transmission through water, and electric waves through air. So, for reasons that need not 
be explained here, one would not try to find fish with radar, nor spot planes with an echo­
sounder or ASDIC. Since we are dealing with echosounders, we will confine our discussion 
to sound and neglect the phenomena of electric oscillations. 

WHAT IS SOUND? 

Sound is not a thing, nor is it matter. It is a process of oscillation or vibration. It is produced 
by a sound generator such as a steam whistle, the horn of a car, a musical instrument or an 
audio-oscillator and the like, which puts adjoining particles of the ambient medium (gases, 
fluids or solid bodies) into vibration . One might imagine that the particles which make up the 
medium are similar to each other and elastically connected. 

PROPAGATION OF SOUND 

When a particle is induced to oscillate, it pushes or pulls its neighbours and transmits the 
oscillating energy to them. In this way, the oscillation spreads from particle to particle, in 
every direction, without the particles changing their location very much. Thus, in sound 
propagation, it is energy that is transported, not mass, as in a jet of water. 

SOUND WAVES 

Since this passing of energy from particle to particle is a progressive process, adjacent 
particles are not in the same state of oscillation. The particle imparting energy is ahead, in 
this respect, of the one that receives energy. The result is that the propagation takes the 
form of waves. In gases and fluids, the par-
ticles oscillate elastically in the direction of 
propagation, producing compressions and 
decompressions (longitudinal waves) in the 
medium. The process can also be presented 
symbolically in the form shown opposite (as 
transverse waves), the upper portion 
signifying a compression and the lower 
portion a decompression, while the straight 
line represents the position of rest, around 
which the excited particles oscillate. The 
compression and decompression constitute 
asound wave. This process can be demon­
strated by throwing a stone into a lake. The 
stone takes the place of the source of 
sound, and circular trains of waves move 
away from the spot where the stone is 
dropped. But waves so produced are not 
sound waves. Also, particles of water 
oscillate too slowly. 
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NUMBER OF OSCILLATIONS 

What we understand as sound is only that 
process of oscillation which the human ear 
perceives as noise, tone, etc. Therefore, 
what is of importance as a criterion, is the 
number of oscillations, or the number of 
waves produced in one second. This is 
termed FREQUENCY. One cycle signifies 
one oscillation per second. One thousand 
oscillations or cycles are called one 
kilocycle (Kc.). The human ear senses 
oscillations between about 16 and 20000 
cycles per second. 

TONE, PITCH, ULTRASOUND 

Sound, such as noise, music , etc. is 
composed of tones. A tone is an oscillation 
of adefinite and constant frequency (pitch). 
Thus, the concert pitch a, important in 
music, has a frequency of exactly 435 cis. 
A tone of lower frequency, down to about 
16 cis, is feit as a tone of lower pitch , and 
a tone of higher frequency, up to about 
20000 cis, as a tone of higher pitch. 
Oscillations that have a frequency of more 
than 20000 cis , which the human ear does 
not hear, are termed ULTRASOUND. In echo­
sounding, we are chiefly concerned with 
ultrasound. 

STRENGTH OF TONE 

Tones mayaiso differ in strength. A strong 
tone is produced by a strong generator of 
sound, and is distinguished by strang 
oscillations. Its waves have higher crests 
and deeper troughs, and the width of their 
oscillation is greater than that of softer 
tones. This width of oscil lat ion, which 
denotes the strength of the tone, is called 
AMPLITUDE. 

PROPAGATION OF SOUND 

high tone 
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low tone 

strong tone 
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weak tone 

As stated above, sound is propagated - a fact which we know from experience. No conver­
sation, for instance, would be possible without sound propagation. It was also pointed out 
that the propagation of sound is bound up with a medium such as gas, fluid or asolid body. 
Where there is no medium, as in a vacuum, there is no sound . A frequently used laboratory 
test apparatus illustrates and proves this fact. In an air-tight glass container, a bell is hung 
which can be set in motion by a switch. Asound can then be distinctly heard. By throwing 
another switch, an air pump is set in motion, evacuating the air from the container. The 
longer the pump works, the softer is the sound of the bell. Finally, when practically all air has 

2 



been removed , no ringing can be heard, although the gong is seen striking the dome with the 
same lorce as when the sound was heard . This interesting test leads us to another important 
point in sound propagation: VELOCITY. 

VELOCITY OF SOUND 

The test cited above shows that the manner 
01 propagation 01 sound must depend on the 
medium (gas, Iluid, solid). Since no sound is 
propagated in a vacuum, the velocity there 
is equal to zero. It may be presumed that the 
velocity is different in each medium, owing 
to its different nature. A great number 01 
tests and measurements made 01 the veloci-
ty 01 sound in different materials have 
shown that this is true. In water (Iluid) sound 
is propagated laster than in air (a mi xture 01 
gases). In steel (solid) it is propagated more 
quickly than in water. Echosounding takes 
place in water, but water varies as lar as 
sound propagation is concerned. Accurate 

~ Air 330 m/sec 

Water ca. 1500 m/sec. 

Iron ca. 1500 m/sec. 

measurements have shown that sound is propagated more rapidly in salt water than in Iresh 
water. In warm water, it pro pagates more rapidly than in cold water. As we shall see lurther 
down, in echosounding it is necessary to know the precise veloc ity 01 sound. Echosounders 
lor navigation and lishing are preset at the lactory lor normally prevailing conditions. But 
since abnormal conditions 01 temperature and salinity are bound to occur, errors in measure­
me nt up to ± 4% can result il the sounder is set lor normal velocity. These errors do not, as a 
rule, affect navigation or lishing, but will affect hydrographie operations requiring greater 
accuracy. To correct these errors, the equipment must be reset according to recommendations 
on charts which give the correct velocity 01 sound lor exceptional temperature and salinity 
conditions. 

WAVE LENGTH 

The Irequency 01 a tone and velocity 01 its propagation determine the length 01 its wave. 
Sound in water, lor instance, covers about 1500 m/sec. (about 4920 It.isec.). In one second, a 
tone 011000 cis. perlorms 1000 oscillations while covering the distance 01 1500 m (4920 11). 
Therelore, 1000 waves added up have a length 01 1500 m (4920 11). One wave, being 1/1000 
part 01 this, has a length 01 1.5 m (4.92 11). The general equation lor this relationship is: 

Ve locity 01 Propagation 
Wavelength 

Frequency 

An ultrasonic oscillation 01 30 Kcs, as used with many types 01 echosounders, ELAC 
Fischlupe and Echograph among them, has a wavelength in water 01 5 cm, while 50 Kcs, 
which is also very suitable lor echosounding, has a wavelength in water 01 only 3 cm. 

REFLECTION 

When sound , traveling through a medium, reaches the border separating it Irom another 
medium (in which it would have a different wavelength and speed) - as in water at the surlace 
and at the bottom 01 the sea, - two things happen. A portion 01 the sound will enter the other 
medium, and a portion will be rellected. The proportion 01 sound penetrating and that being 
rellected depends on the nature 01 the two media. At the border between water and air, lor 
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instance, practically all sound is reflected because the media are very different from each 
other. The portion of sound that penetrates the other medium is virtually nil. The greater the 
difference between two adjacent media, the greater is the reflected portion of the sound. 
Except for size, objects such as fish (composed of bones, scales, bladder and meat) in a 
medium of water will have the same reflection characteristics as the border area between 
two different media. Broadly speaking, border areas between different media represent 
obstacles standing in the way of the propagation of sound. The amount of sound which is 
reflected from border areas is determined by the difference between the adjoining media. In 
simple terms, we might say that sound is rather unwilling to leave the medium in wh ich it 
was generated. Because it is this characteristic of sound reflection that makes echosoun· 
ding possible, we must learn more about the laws that govern it. The following paragraphs 
illustrate the principles involved. u~ .( 

ECHO -~~ 
The echo principle is very simple and anybody who has ever taken walks in mountainous 
areas knows about it. If you stand away from the mountain and shout out , then, after a few 
moments, the shout will return as an echo. It is always weaker and sometimes distorted. The 
rock as a medium is quite different in its material composition from the air in which the 
sound was propagated. Therefore, very liltle is lost through penetration into the rock when 
sound is reflected from it. Why then is the echo weaker than the original shout? Principally 
for two reasons. The first is based on the laws of sound propagation, while the second lies in 
the manner in wh ich sound is reflected from obstacles. 

RANGE AND DISPERSION OF SOUND 

Normally, as we have learned, sound emanating from a central source will spread uniformly 
in all directions. One might compare it with a set of spherical shells placed one inside the 
other. As sound spreads, it is dispersed and 'diluted' increasingly as it moves away from the 
spot where it originated. Since the surface of the sphere grows in proportion to the square of 
the radius, it is four times larger when the radius is doubled, nine times as large with three 
times the radius , and so forth. Thus, only one quarter of the sound intensity will impinge on a 
certain surface (ear drum, microphone membrane, echosounding transducer) at twice the 
distance, and one ninth of the intensity at three times the distance from the source. This 
means that the sound intensity per unit of surface decreases in proportion to the square of 
the distance covered when the sound is propagated in all directions (undirected sound). 

ABSORPTION 

Apart from this , sounu is also weakened by absorption while passing through a medium of 
propagation . To what degree it weakens by absorption depends on the nature of the medium 
and also on the frequency of sound. We shall see farther down how important this is to soun· 
ding technique. Since the phenomena of dispersion and absorption of sound are universally 
applicable, they weaken both the emitted sound and the reflected echo. In general , their 
influence determines the range of sound and , to a great extent, the range of the echo, whose 
strength is dependent sUbstantiallyon the conditions of reflection. 

GENERAL ECHO 

The fact that sound is reflected has al ready been established, but it must also be understood 
why and how. We cannot be satisfied with the fact that an echo is produced by reflection. As 
we are studying this matter with relation to echosounding, we must distinguish between a 
'general echo' and a 'useful echo'. 
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USEFUL ECHO 

When a man shouts, his mouth is the sound source and his ears, located close to his mouth, 
are the sound receivers wh ich pick up the echo thrown back. Similarly, in echosounders lor 
navigating and lishing, the sound transmitter and sound receiver are closely positioned in 
order to pick up as much 01 the echo as possible. That portion 01 the echo wh ich returns to 
the sound receiver is known as the uselul echo. The strength 01 the uselul echo, however, 
does not depend solely upon the proximity between the transmitting and receiving source. 
Aside lrom the effects 01 dispersion and absorption , the shape, position and nature 01 the 
surlace 01 the rellecting object (wall 01 rock , seabed , etc.) determine the strength 01 the 
uselul echo. 

LAW OF REFLECTION 

Rellected sound behaves much the same as light. 
Just as a beam can be made by letting sunlight 
into a dark room through a narrow hole, we can, 
theoretically, pick out a beam 01 sound Irom the 
total amount produced by so me source, and put it 
down on paper in the shape 01 a straight line. 
When that beam strikes a rellecting surlace at 
right angles, the echo will return along exactly the 
same path to its point 01 origin. But il it strikes the 
rellecting surlace at another angle, its rellection 
will deviate in a delinite way. II we draw a perpen· 
dicular to the rellecting surlace (axis 01 
incidence), the angle between the be am 01 sound 
and that perpendicular axis (angle 01 incidence) is 
equal to the angle between the echo beam and the 
perpendicular (angle 01 rellection), with the sound 
beam, the perpendicular and the echo Iying in one 
and the same plane. From this we derive the 10110' 
wing law which is valid throughout the theory 01 
oscillation: In rellected oscillation (01 sound, 
light , etc.), the angle 01 rellection is equal to the 
angle 01 incidence. We now understand that the 
first case described 01 asound beam hitting the 
rellecting surlace at right angles and being 
thrown back into itsell is only one 01 the many 
cases possible. But lor our consideration it is the 
most important case. From the law 01 rellection 
we can inler that it is only in this particular case 
that echoes will return to the place where the 
sound emanated (i.e. to the ear 01 the man who 
waited lor the echo to return lrom the rock lace, or 
to the receiver mounted close to the transmitter 01 
an echosounder). The beam 01 sound, the axis 01 
incidence, and the beam 01 the echo coincide 
because they are all at right angles, at the same 
point , to the surface 01 rellection. 

POSITION OF THE REFLECTOR 

~-JE~C-h-O-_-_-_-_-_-:-O .. _UE~_d J Beam 

Knowing this , we understand why we cannot see ourselves in a mirror, except when standing 
directly in Iront 01 it. Or, why, when looking into the mirror Irom the side, we see things that 
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appear at the same angle on the other side 01 
the mirror. Another example 01 a similar condi­
tion is that 01 a billiard ball hitting the cushion 
either at right angles or at a slightly acute angle. 
The ball will either return to the point Irom 
where it was pushed or it will roll away, more or 
less dellected, in a new direction. 

SHAPE OF THE REFLECTOR 

This explains why, in natural surroundings, there 
are so lew really perlect echoes, or producers 01 
echoes. A perlectly smooth wall 01 rock will 
rellect as a uselul echo only the small portion 
that strikes it at right angles. The major portion 
01 sound strikes it obliquely and is dellected 
sideways as shown by the law 01 rellection. There­
lore, a smooth rock wall or a brick wall is not a 
good producer 01 uselul echoes. Their shape 
prevents it. A concave mirror, however, is a good 
producer 01 echoes il it is properly shaped and 
correctly positioned in relation to the observer. 
The concave mirror as an echo transmitter is not 
01 interest to echosoundi ng, and we will not at­
tempt to discuss the problem 01 shaping such a 
rellector. The rellecting surlace most Irequently 
met with in echo sounding technique has the 
pather unsuitable shape 01 a surlace Iying at 
right angles to the sound incidence. This very 
important echo producer is the bottom 01 the 
sea. 

SEA SOnOM 

From whathas been said about cond itions 
governing rellected sound, it might be assumed 
that a horizontal and level seabed wi 11 produce 
more uselul echoes (in the area directly below 
the ship) than an inclined bottom (shelves near 
coasts or banks). Further, the law 01 rellection 
states that no uselul echoes 01 vertically 
emitted sound could return to the ship Irom an 
inclined seabed. Experience has shown, 
however, that this assumption is wrong. This 
can be explained by the lact that even the most 
level seabed has lew 01 the properties 01 an 
ideal mirror. It reacts to sound much like a 
distempered wall does to light. 

INFLUENCE OF SOnOM SURFACE 

Just as a distempered wall is coarse to light, the 
bottom 01 the sea, composed as it is 01 rough 
substances (stones, gravel, sand, mud, etc.) and 
never absolutely level , is coarse to sound. When 
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hitting this rough reflector, sound will not follow 
the basic law of reflection and be deflected as a 
whole, but will be diffused in the same manner 
light is diffused , when reflected from a distem­
pered wall. When sound hits a rough surface, it 
meets with a great number of 'small surfaces' 
pointing in all possible directions relative to the 
direction of incidence. If one were to look at 
such a rough surface with a magnifying glass, 
he would see that part of the surface is perpen­
dicular to the axis of sound incidence. This sur­
face will give a useful echo. On the other hand, 
the majority of small surfaces do not lie at the 
same angle as the axis of incidence, and the 
portion of sound hitting these surfaces will be 
deflected in all directions and be useless for 
sounding. It is obvious furthermore that , in re­
spect to this roughness of the seabed, nature 
has provided a great variety of transitions from 
clay, sand, gravel and pebbles up to broken rock of 
all sizes. As a result , there will be a great many 
changes in the strength of the useful echoes, 
whether on level or shelving ground . 

STRENGTH OF SOTTOM ECHO 

In spite of this roughness, the bottom of the sea, whether vertical or at an angle to the axis of 
incidence, produces more useful echoes than it would if it had the polished surface of a 
mirror. From what we have said about the fundamental laws governing reflection , we know 
that , as a rule, the bollom of the sea will give fewer strong and useful echoes as it inclines 
from the horizontal. 

FISH IN DENSE SHOALS 

Let us now consider a large shoal of herring, so 
densely packed that one fish practically 
touches the other, and that the upper surface is 
more or less level. With its position to sound 
incidence and regarding the rough nature of its 
surface, this shoal would be like a seabed 
consisting of large pebbles. If we consider the 
previously mentioned characteristics of shape, 
position and nature of surface, the shoal should 
produce an echo very much like that of a similar 
seabed i.e. an equal amount of useful soundings, 
resp. echoes. Actually, however, the echo from a 
shoal of herring is weaker. This is explained 
by what has been said about the material 
composition of echo producers and the influence 
it has on the strength of echoes. 

ECHO STRENGTH, SEASED, FISH 

The seabed is composed of rat her hard bodies_ In our example these bodies are stones. 
Fish , as we know, consist of much softer elements, such as scales, bones and meat. The 
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difference in substance between stone and water is greater than between lish and water 
since 80% 01 the lish is water. lt is obvious therelore that, even Irom extremely den se shoals 
01 lish, as in our example, we cannot expect an echo as strong as is produced by a similarly 
lormed seabed. More generally it may be said that most 01 the other marine organisms will 
give weaker echoes (because 01 their material composition) than do most 01 the dead 
objects lound in the sea. 

THIN SHOALS OF FISH 

Looking at the case 01 a shoal 01 lish loosely packed and consisting 01 one layer only as 
shown in the sketch, it is evident that we are now considering a new condition. This thin 
shoal 01 herring is a producer 01 echoes 01 a 
different type and is distinguished Irom the 
others we have been considering, in that a 
portion 01 the sound will pass right through 
it. It might be compared to a sieve. The greater 
the clearance between the individual members 
01 the shoal, the wider would be the meshes 
01 the sieve and the greater is the portion 01 
the sound that would pass through it. It is 
clear Irom this that the less den se a shoal 01 
lish is, the less sound it will rellect. It is 
possible, 01 course, that sound passing 
through the openings in the shoal will en­
counter other objects lrom which it will be 
rellected . These objects vary. They may be 
lish 01 the same shoa I swimming at greater 
depth, cr possibly, the bottom 01 the sea. 
Those lamiliar with echosounders know 
that the seabed below a shoal 01 lish is 
almost always shown on the instrument un-
less the water depth exceeds the range 01 
the sounder. They know, too, that the thick­
ness 01 the shoal will also be indicated. (We 
shall see below that there are reservations 
regarding the reliability 01 indications 01 
thickness). Normally, there are virtually no 
shoals so heavily packed that they would 
prevent any sound Irom passing through. 
This lact is particularly uselul in lish 
linding. II the bottom echo could not be 
received, bottom trawling would be hand i-
capped considerably. 

ISOLATED FISH 

As the distance between lish in a shoal is 
increased, eventually the resulting echo will 
be that 01 a single lish. It is ev ident that this 
single lish would give the weakest echo 01 
the lot. Like any other producer 01 echoes, it 
cannot rellect any more sounds than impinges 
on it. Naturally, the amount 01 sound hitting 
one lish is smaller than that hitting a number 
01 lish i.e. a shoal. Consequently, a single 
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fish will produce weaker echoes than a group of fish . By the same token , less sound will hit a 
small fish than a big one. That is why echoes from small fish are different from those coming 
from big f ish. In summation, we might say that the denser a shoal is, the stronger is its echo. 
A shoal of fish gives a stronger echo than does an individual member of the shoal, and a big 
fish gives a stronger echo than a small fish . 

WHY USE ULTRASOUND? 

WAVELENGTH AND REFLECTION 

We have seen that in modern echosounders ultrasound (over 20000 cis.) instead of audible 
sound (16 cis. to 20000 cis.) is used almost universally, especially in sounders designed for 
fish finding . One of the reasons for this is that the ratio between the size of the echoproducer 
and the wavelength of the sound in question has an influence on the quality of reflection. 
When a storm beats on a pierhead , the waves are thrown back, but they pass by a single pole 
near the pierhead without any remarkable reflection. While the pierhead is big in comparison 
with the wavelength, the pole is small. The water waves ment ioned here as weil as any sound 
waves are so much the more reflected as the echoproducer is several times bigger than the 
wavelength. From what has already been said, we know that because of its higher frequency 
ultrasound has shorter waves than audible sound. In water, a tone of 1000 cycles has a 
wavelength 01 1.5 m (4.92 ft), and a tone 0130000 cycles, which is used in many echosoun· 
ders, has a wavelength of 5 cm (2'). Therefore, ultrasound will be reflected beller by smaller 
objects, such as fish, than will audible sound. A rule of thumb says that the best conditions 
of reflection exist when the wavelength of sound used for sounding is not much longer than 
the diameter of the fish being sounded. Therefore, an ultrasonic pulse of 30 Kcs with a 
wavelength of 5 cm (2') is particularly weil adapted for bigger fish , and sound of 50 Kcs and 
wavelength of 3 cm is beller for smaller fish , such as anchovies or sardines. 

LENGTH OF PULSE 

In ultrasound, very short sound pulses are emilled which, as is to be shown , are 
indispensable in 'resolving ' echograms, particularly of fish . 

NOISE INTERFERENCE 

Any ship in motion will produce noise, which is apt to be picked up by the receiving 
transducer of the sounding equipment thus interfering with the indication of the actual echo. 
Most of these noises caused by the rush of water, the pounding of engines or the 
propeller are within the range of audible sound. When using a receiving transducer tuned to 
ultrasonic frequencies , these noises will not or barely be received , and indication of 
echosignals will be less affected. Apart from this, sound pulses audible to the human ear, 
such as those fram sonic sounders or impact sounders, may in the long run become a 
nuisance to the crew. 

CONCENTRATION AND RANGE 

Ultrasound has several other advantages over audible sound . We have seen that sound 
ordinarily spreads in all directions, and that as a result, the intensity of sound per unit of 
area decreases in porportion to the square of the distance. It is possible, however, by 
adequate construction of the source of sound , to prevent the sound fram spreading evenly in 
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all directions, i.e. locus most 01 it into one 
delinite direction. One example 01 this is the 
megaphone. Every sailor knows that by means 
01 this instrument the sound is concentrated 
and considerably magnilied within the range 01 
the human voice. In many instances, however, 
the concentration achieved with the megaphone 
does not suffice, and other methods must be 
employed. In sound signalling equipment, lor 
example, a number 01 sound sources are 
arranged on top 01 each other at a certain 
distance. In this way it is possible, lor reasons 
not to be explained here, to obtain sufficient 
concentration and range for signalling stations 
such as ELAC loghorns. One could praceed in 
the same way in underwater sounding il the 
apparatus required to transmit the sound was 
not so bulky and undesirable lor various other 
reasons. With ultrasound, better results are 
obtained, and we shall now explain why. 

CONCENTRATION OF ULTRASOUND 

In the transmission 01 sound, the degree of concentration achieved depends upon the ratio 
01 the wavelength to the diameter 01 the radiating surlace. The lalter must be greater than 
the wavelength . II one were to concentrate audible sound of 1000 cis in water, with 
wavelength 01 1.5 m (4.92 11), the radiating surlace would have to have a diameter 01 at least 
1.5 m (4.92 11). This would certainly involve technical dilliculties. Using a 30 Kcs sound pulse 
and a wavelength of 5 cm (2'), asound transducer with adequate radiating surlace can easily be 
constructed. A TRANSDUCER with a Irequency 01 30 Kos as would be used today has a radiating 
surface of about 8.5 x 14.0 cm. The smaller diameter, therefore, equals approx. 1.7 wavelengths 
and the long diameter 2.8 wavelengths. In order to obtain the same concentration with higher 
Irequencies, the transducers may be correspondingly smaller. It is obvious Irom this that 
ultrasound lavors concentration of radiated sound to an exceptional degree. This concentra­
tion is 01 very great importance lor the efficiency 01 the sounding technique. It enables the 
indication 01 depth to be more accurate when the seabed is 01 a peculiar contour, and it im­
proves the interpretation of the signals fram lish wh ich, in lact, would be impossible without 
concentration. 

ULTRASOUND ABSORPTION 

For the already mentioned reasons, ultrasound is prelerred in echosounding and, lor the same 
reasons, is a must lor fish linding sounders although compared to sound of low (audible) 
Irequency it has one important disadvantage. At equal transmission power the range 01 
sounding is shorter. We have seen that the range 01 sound, apart lram being dispersed in 
space, is limited by gradual absorption of the sound on its way through the medium 01 propa­
gation. The rate 01 absorption, however, is not equal at all Irequencies, but increases greatly 
with higher frequencies . What we are saying is that an ultrasound pulse is more thoroughly 
absorbed and does not, therelore, reach as lar as audible sound. In this respect sounding 
technique is in a dilemma. To make best use 01 the advantages presented by ultrasound, it is 
desirable to use Irequencies that are as high as possible. Nevertheless, sounders are 
expected to have a certain minimum range which may almost impossible to achieve with 
high Irequencies. Today's sounding Irequencies range Irom 20 to 50 Kcs, depending on the 
operations to be perlormed. (In special cases, Irequencies of up to approx. 200 Kcs are 
employed). 
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RANGE 

Ultrasonie sounders whieh are eommonly used in navigation and fishing will sound water 
depths to a maximum of 3000 m (approx . 1660 fathoms). (Usually, the instrument seal es do 
not attain such a value). Fish have been detected with these sounders down to depths of over 
1000 m (approx. 555 fathoms) . 

TRANSMISSION POWER 

This range which is extraordinary for ultrasonie sounders, is obtained by means of a high 
transmiss ion power, good reeeiving amplification, and as mentioned above, the coneentra· 
tion of sound . In ELAC sounders, the electric transmission power is approximately 5 watts 
per em2 (32 watts per square inch) of the radiating surface, which corresponds to apressure 
of approximately 4 b. Higher ratings of power are of no use to sounding because they will give rise 
to the formation of vacuum bubbles in the water near the transducer surfaces (cavitation). 
We have seen that no sound is propagated in a vaeuum. These little bubbles would impede 
the radiation of sound. Amplification and eoneentration of sound which , as we have seen, 
also affect the range, will be diseussed in detail later on. 

SONIC SOUNDERS 

The range of modern ultrasonie sounders meets the requirements of navigation and fishing. 
When greater depths are to be measured, sound of audio frequency must be used instead of 
ultrasound, for reasons explained. With so·called sonie sounders, such as the ELAC Deep 
Sea Sounder, any depth of water up to 11000 m (approx . 6110 fathoms) ean be sounded. In 
such a case, the disadvantages of sonie sound for echosounding have to be taken into 
aecount, espeeially where high aceuracy of measurement is required . 

SOUNDING TECHNIQUE AND SOUNDERS 

PRINCIPLES 

MEASURING DISTANCE BY SOUND 

We have seen that sound is propagated at a eertain velocity wh ich, independent of 
frequeney, wavelength and intensity of sound, is determined exclusively by the nature of the 
medium of propagation. The velocity of propagation has been measured for a great number 
of media (gaseous, fluid , and solid bodies). Proceeding from these facts, the velocity of 
sound ean be used to measure distanees. 

PROCEDURE EMPLOYED 

If we know that so me short sound pulse is generated at a partieular place and moment, all 
we have to do is to measure the time that elapses from that moment until the sound arrives 
at the spot where we stand. If we multiply that time (seconds) by the known velocity 01 sound 
(per second) in the medium eoncerned, the result is the distance Irom the spot where the 
sound pulse was generated, to our place 01 observation. 

DISTANCE OF THUNDERSTORMS 

In this way one can lind out how lar a thunderstorm is Irom a given point. We know that thun· 
der is the product 01 lightning which , among other things, generates a light effeet. Light is 
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