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Systems of Echo Sounding 

T HE recent revival in shipbuilding has re
awakened interest in various items of ship 

equipment. One of the most important of these 
developments has taken place in the methods of 
sounding, and it has recently been stated, by a 
high authority in these matters, that no modern 
ship could be considered properly equipped with
out the fitting of echo sounding. It is the purpose 
of this article to review briefly the principal 
systems at present in use, and to attempt to draw 
a fair comparison between them. 

The first suggestion that submarine depths 
could be measured by determining the time 
interval between the moment of transmission and 
the return of the echo, appears to have been made 
by Arago in 1807. In 1855, Lieut. M. F. Maury, of 
the U .S. Navy, who devoted particular attention 
to navigation and meteorology, made unsuccessful 
experiments designed to realise the method in 
practice. 

The loss of the Titanic in 1912 prompted Richard
son to formulate a similar suggestion in more 
explicit form. This, together with the general 
growth of shipping, stimulated workers in various 
countries. It is undoubtedly a fact that work on 
submarine listening during the War did much to 
lay the basis for the technique required to develop 
a genuine aid to navigation. Although it is reported 
that Behm succeeded in measuring depths in Lake 
Ploen in 1912, it was not until January 1923 that 
the first public report made by the Director of the 

FIG. 1. Indicator employed with Admiralty High Frequency Gear. 

French Hydrographic Service showed that this 
new and indirect method of measurement was 
well adapted to practical needs. This report was 
to the effect that a line of soundings had been run 
across the Mediterranean in April 1922 in con
nexion with a projected submarine cable. In 
June 1922, the U.S.S. Stewart obtained a line of 
echo soundings across the Atlantic from the 
American coast to Gibraltar, and continued the 

line of soundings from Gibraltar to Port Said in 
July 1922. This apparatus was designed by Dr. 
H. C. Hayes, of the U.S. Navy. Within a year or 
two, every important maritime country in the 
world had announced the completion of success
ful trials of echo sounding apparatus of one sort 
or another. 

FIG. 2. Fathometer indicator, Universal 
Type, 432. 

The method of initiating the pulse of a sound 
and receiving the echo and measuring the time 
interval between the two events may be considered 
broadly under two distinct headings :-

(A). THE SoNIC SYSTEM : In this case, (1) a. 
steel hammer strikes a steel plate in the bottom 
of the ship and sends out a highly damped com
pressional wave. (This method has been used by 
the British Admiralty, and 'Fathometer'.) (2) A 
Fessenden, or similar oscillator, sends out a short 
pulse of sound at a frequency of a few thousand 
cycles per second. (This method is also used by 
'Fathometer'.) (3) Detonation of an explosive; for 
moderate depths a gun may be fired at the surface 
of the water, or for greater depths, the charge may 
be exploded beneath the surface (Behm). 

(B). THE SUPER-SONIC SYSTEM: In this system 
a high-frequency oscillator is employed giving a 
beam of sound waves up to as much as 30,000 or 
40,000 cycles per second. This sound wave is of 
such high frequency that it is inaudible to the 
human ear. There are two principal systems which 
employ this method : 

(1) The Langevan-Chilowsky system. This em
ploys a quartz mosaic between two steel plates 
of such thickness that the fundamental frequency 
of vibration is of the order of 30,000 or 40,000 
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cycles per second. A suitably cut quartz plate 
possesses the property of expanding when an 
electric field is applied in one direction and con
tracting when the field is reversed. The application 
of an oscillatory condenser discharge to the quartz 
plates produces an oscillatory mechanical move
ment of the steel plates. As the radiating surface 
is several wave-lengths in diameter, a sound-beam 
is produced. 

FIG. 3. Contour being drawn by 'straight line' recording gear. 

(2) The British Admiralty high-frequency 
system. This employs a laminated structure of 
nickel with a resonant frequency of approximately 
16,000 cycles per second. Nickel possesses the 
property of contracting in an increasing magnetic 
field and increasing in length in a diminishing 
field. The laminated structure constitutes a closed 
magnetic circuit provided with a toroidal winding, 
so that an oscillatory condenser discharge 
through the windings sets up an oscilla
tory magnetic field in the nickel, and 
produces corresponding mechanical vibra
tions. The vibrations are concentrated 
into a beam of about 45° angle. 

conditions makes possible readings to within a 
foot or so of the keel, at least in the case of the 
Admiralty magneto-striction system. 

A further advantage of the use of a supersonic 
frequency is that the tuned receiver is less subject 
to disturbance from water-noise and general ship's 
noises than is the case at lower frequencies. 

On the other hand, low-frequency sounds are 
less subject to attenuation in passing through the 
hull of the ship and also in passing through great 
depths. In the case of the Langevan-Florisson 
system (30,000-40,000 cycles per second) it is 
necessary to cut a hole in the bottom of the ship 
and transmit through a thin diaphragm, and even 
then it is not considered practical to apply this 
system to depths greater than 750 fathoms. In 
contrast to this, sonic systems have been employed 
to sound the greatest ocean depths. The Admiralty 
high-frequency magneto-striction system (about 
16,000 cycles per second) combines to a great 
extent the advantages of both sonic and super
sonic systems and is employed without the 
necessity for cutting the ship. Depths of more 
than 1,000 fathoms have been sounded by this 
system, transmitting and receiving through a 
i in. thick steel hull, and the echo was then of 
such an intensity as to hold every promise of 
taking soundings in the greatest ocean depths. 
The following comments upon this system are 
made in a paper on "The Fiord Region of East 
Greenland", by Louise A. Boyd, published recently 
by the American Geographical Society :-

"This installation represented the very latest 
development in ultra sonic depth-measuring 

It must not be judged from the fore
going description that all of the devices 
enumerated are equally well-adapted to 
every purpose. For example, the non
directional properties of the sonic system 
necessitates that the hydrophone or re
ceiver be comparatively remote from the 
transmitter in order that the latter part of 
the transmission may not interfere with 
the front part of the returning wave train, 
especially in moderate depths of say lO 

FIG. 4. Record on Admiralty "Challenger" magneto-striction recorder. 

fathoms. This separation has the effect of com
pressing the scale at its lower end, rendering 
precise readings more difficult just where precision 
is sometimes most needed. The short wave train 
and the directional properties of supersonic 
systems both enable the transmitter and receiver 
to be placed close together, and under favourable 

Minute time scale along water line. Speed of ship, 22 knots. 

technique, and the trial showed that its efficiency 
was greater than that of any previous apparatus 
of the same size and type. In the tests off the 
Lofoten-Vesteraalen islands not only were the 
desired 1800 meters obtained, but approximately 
2200 metres (1200 fathoms). Reaching that depth, 
the ocean bottom leveled off, and the instrument 
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was still recording vigorously when we turned 
back toward shore." 

The question of accurately recording the time 
interval between transmission and reception of a 
sound pulse raises difficulties of considerable 
magnitude ; when the speed of sound in water is 
approximately 4,800 ft. per second, this means 
that a depth of 400 fathoms (allowing for the 
double effect of the reflected sounds) corresponds 

,. 

" ... 

FIG. 5. Shallow water record. 

to one echo-second. In other words, on whatever 
scale may be selected for recording the depth, 
changes of one foot must be made by the recording 
agent in a 2400th of a second. It is easy to see 
that to do this with precision involves immense 
care and thought in design. 

Many devices have been brought out to achieve 
this result. The earliest method was to make a 
scale of feet or fathoms with the full limit 
of the depth required marked on it in the 
smallest readable markings. The original 
scale of the British Admiralty listening 
gear was a circular drum I2 in. in dia
meter, on which I30 fathoms was scaled 
to feet markings or half fathoms. The 
light flashing scales of the Fathometer and 
Langevan gear can also be scaled to t 
fathoms. 

The latest form of indicator employed 
with the Admiralty High Frequency 
System is normally scaled to half fathoms, 
but a recent installation had a scale of 50 
fathoms on which I foot = O·I in., 

position. Recently, the interest taken by the ship
owner has greatly enlarged its usefulness in the 
direction of lesser depths, with the view of pre
venting grounding or straining the ship when 
passing through channels or mouths of rivers 
where mud and silt have made the depth of the 
fairway uncertain to a few feet. The demand 
for shallow depths has become so acute that 
the reading of 3 feet under the bottom 

will become an essential of echo sound
ing. 

The Fathometer light-flashing scale 
gives deep and shallow readings within 
coarse limits by employing two speeds 
for the flash as it travels round a circular 
dial (Fig. 2), but the light-flashing method 
cannot be read to sufficient accuracy to 
ensure a ship passing over a bar within 
an accuracy of one foot. 

The best method of reading very 
shallow depths is by large-scale record
ing, and a method has been recently 
introduced in which I ft. = ! in. This 

machine would enable a ship to pass over a bar 
within I foot ofthe bottom with absolute accuracy. 
A 2-speed gear would enable the scale to be 
decreased ten times, thus enabling the gear to be 
used either for shallow or deep echo sounding. 

RECORDING GEAR 

The most effective type of recording gear up to 
the present time has been the British Admiralty 

and on this scale, a change of depth of 
FIG. 6. 

I foot could easily be detected. Fig. I 
illustrates this instrument, which is well adapted 
to use on the bridge, being the 'indicator type' 
in which a pointer moves over a large dial with 
a convenient open scale, and remains steady at 
the depth, only moving as the slight changes of 
echo time impel the needle. 

Record showing mud surface and under surface of rock. 

For navigation the echo sounder was employed 
originally to delineate the IOO fathom line, and it 
was accepted by the ships' officers in the early 
stages for the purpose of getting the check on 

pattern on which the echo depth is marked by a 
pen moving on a straight path by means of a 
cam motion. The record paper is fed over a wet 
wick, and the echo signal marks the paper, which 
is impregnated with starch-iodine. This method, 
which can be called straight line recording, has a 
uniform scale and gives a true picture of the shape 
or contour of the bottom (Fig. 3) : but it must 
be observed that the records cannot be described 
as true to scale, because the rate of movement of 
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the ship is much greater than that of the record 
paper on the scale of depth. For example, a ship 
moving at 15 knots will travel1,500 feet per minute, 
and even if the record paper were fed at the rate 
of 3 inches per minute, the maximum width of 
the paper is only 5 inches for a depth of 100 
fathoms or 600 feet. 

This compression of distance, however, is not 
a disadvantage, as it only tends to exaggerate the 
contour, and a hole or bank will be indicated with 
a steeper rise or fall, say, in the proportion of 3 
or 5 to 1, according to the speed of the ship 
(Fig. 4). 

Fig. '5 is taken from the British Admiralty 
pattern boat gear, which operates on precisely 
the same principle as the Challenger, but is 
specially adapted for shallow water. It will 
be seen from this diagram that a very great 
degree of accuracy in exceedingly shallow water 
can be obtained. 

ADVANTAGES AND DISADVANTAGES OF CERTAIN 

TYPES OF DISTORTION 

The desirability of avoiding the compression of 
the scale near the zero due to the large separation 
entailed by the use of sonic systems has already 

FIG. 7. Example of sounding by phasing. 

been mentioned. Another form of distortion is 
introduced by recorders of the Fathometer type, 
in which the stylus traverses the paper along the 
arc of a circle. A line of soundings obtained over 
a symmetrical bank produces a record on which the 
bank appears to be inclined toward the centre of 
curvature of the stylus path. Soundings taken 
along the same line but in the opposite direction 
wiU incline the bank in the opposite direction with 

reference to neighbouring features on the chart. 
The Admiralty chemical recorder, on the other 
hand, due to the rectilinear path of the stylus 
produces a symmetrical record of a symmetrical 
bank, and gives a faithful record of any irregu
larities in the sea bottom passing along the same 
line in either direction. Fig. 6 illustrates the 
accuracy with which this method can detect the 
nature of the bottom, showing the two echoes that 
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FIG. 8. Scales of light· flash echo. met er. 

can be obtained, (1) from the soft initial surface 
of mud, and (2) from the under surface of rock. 
By an ingenious method of phasing, it is possible, 
in this instrument, to retain an open scale and at 
the same time read up to very considerable 
depths ; for example, in one instrument a scale 
of 90 fathoms to 5 inches or 18 fathoms per inch 
can be retained, while by phasing, soundings up 
to 250 fathoms can be taken. Fig. 7 shows a 
typical example of this. In studying this chart 
and applying the figures written on the chart, it 
will be seen that the sections of slope can be added 
on to one another to give a true representation of 
the formation of the bottom. This is not, of course, 
actually necessary when the 100 fathom phase is 
applied. 

INDICATORS 

In the combined recording and indicating bridge 
instrument supplied by the Submarine Signalling 
Company, a light travels round a dial in eclipse 
and flashes out at the moment the echo is received. 
In the 'Echo-Meter' "Marconi" (Fig. 8) a curved 
scale is employed and a flashing light is given a 
uniform velocity along the scale, and flashes up 
in a small peak at transmission and again when 
echo occurs. Thus it is possible, as these ·flashes 
take place with great frequency, to read roughly 
the echo distance or depth on the scale. From 
the point of view of the bridge officer, the use 
oflight for 'indicating' is open to certain objections; 
in the first place, on a bright day it is difficult to 
see, and conversely at night it is not advisable 
for eyes that have to look out into the darkness 
also to have to watch a small flashing light on the 
bridge. In this respect the Admiralty pattern 
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indicator (Fig. l) seems to have distinct advan
tages, where a simple pointer on a dial is employed, 
which is dimly illuminated at night. 

Echo sounding, as an item of standard equip
ment, has now definitely come into being, and 
there is little doubt that with increased experience 
ships' officers will become more familiar with the 

technique of using this instrument. As a result, 
an immensely increased and much more accurate 
knowledge of the conformation of the bottom of 
the sea, particularly on regular routes, will be 
developed ; and navigators will find more and 
more that they can determine their position 
accurately by this means. 

Fossils as Indicators of Continental Drift* 
By SIR ARTHUR SMITH WooDWARD, F.R.s. 

STUDENTS offossils are interested in Wegener's fossils suggest that the normally fresh-water forms 
theory that the continents are floating on a could also live in the sea, like the existing sturgeons. 

heavier layer of the earth's crust which, sometimes In this case, they could spread along the coasts 
at least, becomes plastic and allows them to move and attain their strangely wide distribution even 
through different longitudes and latitudes. If there if the lands were arranged approximately as they 
has been such movement during geological time, are at the present day. 
this may clearly explain the changes of climate There is also the great difficulty, that many 
in many areas to which fossils bear witness. It fossils which look superficially alike and might be 
affords a possible reason for the occurrence of regarded as nearly identical, are really parallel 
plants and animals of temperate or even sub- developments from common ancestors. This has 
tropical habit among the fossils found in the been recognised for many years by those who have 
present arctic and antarctic regions. It also studied molluscan and brachiopod shells, and it 
perhaps shows why the land and fresh-water life is now becoming familiar to those who investigate 
of the coal period throughout the northern other groups. The principle is perhaps most easily 
hemisphere was so remarkably uniform. understood by reference to discoveries of fossil 

The use of fossils, however, in testing Wegener's mammals in North America. 
theory and in determining former land connexions The early Tertiary ancestors of the camels in 
is not so simple as it might at first appear. For North America were small animals shaped like 
example, some who have noted the remarkable gazelles with pointed hoofs. According to Prof. 
similarity between the graptolites in the earlier W. B. Scott, they divided into two distinct groups, 
Palreozoic rocks on the two sides of the Atlantic one adapted for browsing on shrubs and trees, the 
have concluded that western Europe and eastern other adapted for grazing. Mterwards, the toes 
North America must have been close together in each of these two groups became blunt, and the 
when these graptolites lived in a continuous characteristic cushioned foot of the modern camels 
shallow sea. Others, who have studied also the was developed. The camel foot therefore arose 
associated life, have decided that the two areas independently in at least two separate lines 
in question were already separated in Cambrian derived from the same stock. According to Prof. 
to Silurian times by a great Atlantic Ocean in H. F. Osborn and others, the Tertiary ancestors 
which sargasso seas sent forth both to the east of the horses and rhinoceroses in North America 
and to the west the same floating organisms. also show parallel lines of evolution. The gradual 
There are thus two equally plausible interpreta- approach to the one-toed foot of the horses and 
tions of the facts, one in favour of Wegener's idea to the horned snout of the rhinoceroses occurred 
that during the Palreozoic era the continental in several distinct groups at the same time, though 
lands were continuous, while the other points to sometimes at different rates. Prof. Osborn has 
the immense antiquity and the permanence of at also pointed out, in his recent great work on the 
least one ocean basin. Titanotheres, that these massive horned mammals, 

Again, the extensive and nearly uniform dis- which flourished during the middle of the Tertiary 
tribution of many of the Devonian fishes, which era, evolved on several distinct lines, and inde
must have lived chiefly in fresh-water lakes and pendently acquired horns and other features which 
rivers, seems remarkable if the continental areas were approximately the same. 
in the Devonian period were as widely separated Remembering these facts, it is interesting to 
as they are at present. It must, however, be consider some of the fossil animals which have 
remembered that there were already other fishes actually been regarded as proving former con
in the contemporary seas, and certain sporadic nexions of some kind between lands which are 

• Extended account of a contribution to the discussion on "Wegener"s now well separated. 
Hypothesis of Continental Drift" at the meeting of the Geological The skeletons of certain fossil Sparassodonts 
Society of London on January 23, 1935. 
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