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INTRODUCTION

The Danish Deep Sea Expedition round the World in
1950-1952 worked in the deepest part of the Philip-
pine Trench from July 12th to August 15th, 1951, in~
terrupted only by four very short visits ashore. Al-
though the principal object of the expedition was to
investigate animal life on the bottom of the sea and
in the deepest strata of water, it was necessary be-
fore each haul or sampling of the bottom to make a
thorough examination of the topography of the sea-
bed, not least because the actual bottom of a trench
may be quite narrow and the jagged sides are abso-
lutely destructive to the fishing gear. It was there-
fore necessary to crisscross the area to be examined,
often for many hours, before the biological and
hydrographical investigations could start, and in
this manner an exceedingly great quantity of obser-
vations was collected, distributed over several hun-
dred echo sections in all directions.

The manuscript was translated from the Danish
by Mr P. Prom.

ECHO SOUNDINGS

The Echo Sounder

The echo sounder especially constructed for the
“GALATHEA” was delivered by Kelvin-Hughes Ltd,
of London, (MS-21, Type J & K with scale up to
9,000 m uncorrected). As the absorption of the
sound waves in water increases with increasing os-
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cillation, the frequency of 15 kc or upwards as used
in most other ships would be inappropriate at these
great depths, although high frequencies do give the
best possibilities for a determination of the direc-
tions of the sound waves. The “GALATHEA”s echo
sounder was therefore designed for 10 ke, which
combines good penetration through the water with
an adequate determination of the direction of the
beam.

The transmitter was of extra large type consisting
of a 13,35 cm core of nickel rings in front of an air-
filled reflector in a 58,40 cm tank (Fig. 1). It was
located one-third of the length of the ship from the
stem, about 2 m below the surface (draught of the
ship 3 m), and the iron plating of the bottom was
at this place replaced by a 6 mm thick, unpainted
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Fig. 1. Transmitter of echo sounder.
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Fig. 2.
Recorder of echo sounder.

plate of stainless steel. The sound waves from the
- core of the transmitter are focused by the reflector
into a beam which through the stainless steelplate
passes vertically down into the water. Sounds of
two different volumes may be transmitted, the minor
volume combined with a short impulse, the major
one with a long impulse. It appeared, however, that
the minor volume was sufficient at all times and even
to be preferred.

The receiver is exactly similar to the transmitter
and located in the other side of the ship’s bottom.

The echo received, and thus the depth, was re-
corded on the bridge by means of the apparatus
shown in Fig. 2. As a rule the echo sounder was
adjusted to transmit sound impulses 5 times a mi-
nute, and the recording arm would then rotate at a
constant speed of 5 times a minute. By this adjust-
ment the depth will be recorded on the paper sliding
slowly past the scale by one mark every 12 seconds,
which at a cruising speed of 8 knots corresponds to
one recorded sounding for each 50 m. On passages
between working areas a speed of 8 knots was
frequently maintained, but during sounding opera-
tions the speed of the ship was generally lower, often
only 3-4 knots.

When work was done in shallow water or it was
desired to make a detailed examination of the bot-
tom, the sounder was adjusted to 50 impulses per
minute, but at that rate the scale, of course, ranges
over only one-tenth of the usual depth interval.

At the ‘normal’ rate of transmission = 5 times a
minute, the width of the paper corresponds to a
depth of 1,500 m, but the transmission of sound
may be moved ahead outside the paper, so that
zero on the scale at the lefthand edge of the paper
will correspond to the reception of echoes from
depths of 1,000, 2,000, 3,000 m etc. up to 9,000 m,
in which last case the adjustment will be equal
to the first zero adjustment. When soundings are
taken at adjustments 0-1,500 m and 9,000-10,500
m, the hand will at the instant of transmission

make a small mark abreast of zero on the scale,
but at high-power transmission the arm may, due
to overshoot in the apparatus draw a short line
extending to a depth of up to 200 m, and the re-
cording of echoes from depths of 0-200 m and
9,000-9,200 m (uncorrected) may thus be more or
less concealed by the next transmission mark. In
case of the interval between 9,000 and 9,200 m this
difficulty may, however, be overcome, if for every
second transmission the adjustment is set in such a
manner that the transmission mark will fall outside
the paper and thereby be prevented from spoiling
the reception of the echo of the preceding transmis-
sion. At depths of 0-200 m this difficulty may be
obviated by the use of 50 transmissions per minute.

The recording of the hand on the paper is caused
by an electric current which at the moment of re-
ception will pass from the hand through the paper,
which is constantly kept moist, to the base on which
it rests, and as the paper is impregnated with so-
dium iodide a dot of free iodine will be deposited at
each impulse. On a scale fastened to the apparatus
the uncorrected depth may be read direct and noted
at suitable intervals on the paper by means of an
electric pencil. Supplementary readings during the
subsequent compilation of the data may be made
by means of a loose scale shortened in length
corresponding to the normal contraction of the
paper after drying. As, however, paper of different
brands cannot be expected to contract equally, and
as furthermore the amount of contraction will vary
with the rate of drying, the original readings must
always be regarded as the correct ones and subse-
quent readings be corrected accordingly. On board
the “GALATHEA” the paper contracted somewhat
more than had been calculated when the ‘dry” scale
was manufactured; so all subsequent readings have
been corrected accordingly.

The principle of having the electric current release
a dot of iodine possesses the great advantage that
the rotating indicator arm will not have to make
any movement to and from the paper at the mo-
ment of recording. The iodine deposited will, how-
ever, gradually evaporate so that the marks become
weaker. If the paper is kept tightly rolled up on a
central rod and stored in tight cases, the marks may,
however, be kept fresh for several years. To be on
the safe side, we did, however, immediately at the
first cursory preparation of the observation data
draw up all curves with a fine pencil line and at the
same time photographed all important parts of the
curves.
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Accuracy of the Soundings

The “GALATHEA”’s echo sounder functioned to our
full satisfaction. It was frequently inspected by the
ship’s Chief Electrical Artificer and its rate of rota-
tion was checked several times a day and adjusted
as required. The apparatus was so designed that the
rate of revolution might be so accurately adjusted as
to give an error of maximum 0,2 7, and as the error
in readings did not exceed 10 m, the total error of
the uncorrected soundings might even at the great-
est depth be kept at less than - 30 m. To this must
be added possible errors in the correction for devia-
tions in the velocity of the sound due to changes in
temperature, salinity and pressure at great depths.
The apparatus was tuned to a speed of sound
through the water of 1,500 m/sec. (820 fms./sec.),
and the calculation of the correction mentioned was
made according to D. J. Matthew’s tables, 2nd ed.,
1939, but for the purpose of control we ourselves
tried to calculate the correction on the basis of our
own hydrographic observations in the Philippine
Trench and found our calculations to be in close
conformity with the values given in the tables. As
in this area temperature and salinity vary but little
with the seasons, the error in the correction can
only be a small one, so the total error in the deepest
soundings in the areas worked will be less than
+ 45 m, and outside the working areas, when the
rate of rotation was controlled less frequently, at
most + 75 m. :

By way of comparison it may be stated that
Maurer (1937) estimates the inaccuracy in the
soundings taken by the “EMDEN" in the Philippine
Trench in 1927 at 4 140 m, whereas van Huystee
(1944) gives 4- 100 m as the probable inaccuracy of
the “SNELLIUS™ soundings in 1930, while according
to Hess and Buell (1950) the inaccuracy of the
“CAPE JOHNSON”’s observations in 1945 is 4 91 m.
The three research vessels here mentioned used low
frequency tones and the echo was picked up by ear-
phone and not as in the “GALATHEA” automatically
recorded. When in October, 1951, the “CHALLEN-
GER” measured the great depths in the Marianas
Deep — 10,863 m — an echo sounder of the same
type as that of the “GALATHEA” was used, but ne-
vertheless as far as the greatest depths were con-
cerned an earphone was used, and by reckoning on
a listening-in error of up to 37 m (Carruthers and
Lawford, 1952), the total inaccuracy was fixed at
4 110 m (Wist, 1952).

1

Spread of the Sound Beam

In most freighters and passengerships equipped
with echo sounders for navigational purposes fre-
quencies of 15-40 kc are used, and as it is practical
to have the sounder register not only the vertical
depths directly below the ship but also irregularities
at some distance, it is so constructed that the apex
of the conical beam transmitted has an angle of
spread of up to 20° with the perpendicular. In sur-
vey work the beam should, however, be as narrow
as possible, and the “GALATHEA”s sounder was
therefore designed to give a spread of only 8° with
the perpendicular, or rather in such a way that the
energy emitted which is greatest along the axis of
the cone already at an angular distance of 8° from
the axis decreases to such extent (up to 50 %) that
echoes from more remote positions will not be re-
gistered.

In the course of our work, we learned, however,
that so long as the ship was in relatively shallow
waters the echo was returned from the entire base

Fig. 3. Diameter of echo field at different depths.
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on the bottom of this cone, so that at depths of,
say, 2,000 m higher parts of the bottom out to
about 600 m from the position of the ship were re-
corded. At greater depths, however, the part of the
cone giving an echo was diminished until at a depth
of 8,500 the apex angle was only 2 X 4.5° and at
10,000 m depth only 2 x 3.5° which corresponds to
radii of the echo base of 750 m and 600 m, respect-
ively. (Fig. 3). This is in close correspondence with
the theoretical exposition by Hodgson and Fridriks-
son (1955) according to which the field that may be
examined with an echo sounder is pear-shaped rather
than conical.

The maximum spread can, however, be observed
only under ideal reception conditions and when the
echoing surfaces are of suitable size. Very frequent-
Iy the echo will be received only with considerably
less spread, mostly because the seabed is not suffi-
ciently regular or because the horizontal surfaces
are too small in extent.

A beam sea or swell may cause the ship to heel
so much that a beam transmitted will strike the bot-
tom at some distance from the side and at such an
angle that the echo will not return to the receiver,
or alternatively, a beam transmitted vertically
towards the bottom may be thrown back just when
the ship is heeling so much that the receiver will be
unable to catch it. These problems were very much
to the fore in the “DisSCOVERY” in 1950 (Herdman,
1955), but we were only little troubled with these
difficulties as the sea was calm during the greater
part of our stay in the Philippine Trench and the
“GALATHEA” was very stable in a seaway.

If the aim is to plot with the greatest possible
exactitude the course of the depth curves parti-
cularly in the Philippine Trench where the deepest
channel at places is exceedingly narrow, a spread of
somewhat less than 600 m would be desirable. The
spread is, however, not so great as to necessitate a
calculation of the correction of the depths due to
the greater distance from the circumference of the
echo field. The difference between the vertical line
to the centre of the field and the oblique line to the
circumference will at depths of 10,000 m amount to
only 0,2 %, or considerably less than the inaccuracy
in measuring technique.

Echoes from Slopes

During the work of the expedition, in connection
with hydrography as well as with sampling of the
bottom or trawling, it happened quite frequently

Fig. 4. Recording of echoes from two levels.

that at the beginning of the work we obtained a
pure echo from the flat bottom of the deep channel
at a depth of about 10,000 m, while during the next
few hours another echo very gradually emerged
from a level situated 100 or 150 m above the
bottom without indication from intermediate depths
(Fig. 4). This was due to the fact that during the
work the ship was by the cutrent carried in over the
western side of the trench, where the bottom rises
stepwise and very frequently has so steep slopes
that they cannot return an echo to the ship, while
at the same time two levels may come within the
echo field (Fig. 5). If, on the other hand, the bot-
tom rises without terraces but with a steep slope
extending over so long a distance that the next
horizontal level will not come within the echo field
(Fig. 6) until the preceding level has disappeared,
the registration of that level will gradually vanish,
the marks spreading slightly beforehand. As this
was often a characteristic of the eastern side of the
trench, while the stepwise rise was more character-

ety

Fig. 5. Echo field distributed on two levels.
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Fig. 6. The echo vanishes between the two horizontal levels.

istic of the western side, the spread of the sound
beam was often an aid to us in keeping the ship in
place over the middle of the trench during the 10-15
hours a series of operations might last.

A plane seabed need only slope very little in or-
der to throw the echo so much to the side that it
cannot be caught by the ship. In the course of our
work we learned that as soon as the gradient ex-
ceeded 1:5 or 1:6 (about 10°) the echoes could
not be recorded as one continuous curve — and as a
rule not at all — even if all other conditions were
ideal. In the U.S. Navy vessel “CAPE JOHNSON”,
which during World War II was stationed in these
waters, they frequently experienced this missing
echo, just as we did. When, however, it is stated on
the part of that ship that in such cases they had to
make up to 10 sound transmissions before receiving
an echo from certain areas of great depth, and they
conclude from this fact that the seabed of the trench
in such places must consist of too soft a material to
reflect the sound, we must say, that according to
our experiences the explanation must rather be that
the ship for a time must have been over too steep a
gradient of the bottom, and only received another
echo when she again encountered a more horizontal
bottom (Hess and Buell, 1950).

Air Bubbles in the Water

That air bubbles in the water in boisterous weather
or if the ship is moving at high speed in a seaway
will spoil the echo is a fact known in all ships, air

being a substance which is particularly effective in
reflecting sound. In this respect the “GALATHEA”
may have been especially troubled due to her shal-
low draught, more particularly when both oil and
freshwater tanks were almost empty after long
stays at sea, and the ship was extra high in the wa-
ter. Lacunae will therefore be found in our echo-
grams from periods of bad weather and particularly
in connection with the passage of two typhoons
which even for a time compelled us to leave our
working area.

ANALYSIS OF THE ECHOGRAMS
FROM THE PHILIPPINE TRENCH

Echoes from two Levels

In the analysis of the echograms with a view to the
preparation of a bathymetric chart of the Philippine
Trench no difficulties are encountered so long as the
sea bottom is horizontal and uniform so that only
one echo curve will be drawn. When, however, the
abovementioned declivities and slopes intervene, re-
gard will have to be paid to the spread of the sound
beam, as will appear from the following examples
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Fig. 7-A. Echogram showing a sharp transition
from Level I to Level II of the seabed.
Fig. 7-B. Analysis of the echogram in Fig. 7-A.
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in which the ship crossed the deep channel at right
angles and constant speed.

The echogram in Fig. 7-A, which is to be read
from left to right, shows that the echo from Level 1
begins to weaken from time a, while at the same po-
sition the higher level II manifests itself very slight-
ly. At b the two curves are of equal power, corre-
sponding to the fact that equal parts of the two
levels are now within the area covered by the beam.
Thereupon Level I disappears entirely at ¢, whereas
Level II is registered at full force. The time marks
on the paper and the speed of the ship show that
the distance travelled between the positions a and
¢ is 1,200 m over a depth of about 10,000 m, and the
echogram must therefore be read in accordance
with Fig. 7-B, in which, however, the angle of spread
is highly exaggerated.

While the ship is in position a an echo of full
power will be received from Level I, but Level I1 is
just beginning to appear although it is still 600 m
ahead. Having travelled 600 m (b) the ship must be
right above the vertical slope and receives echoes of
equal power from I and II, and only when she is
600 m in over the new level (c) the first level will
disappear entirely from the recording.

sl
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Fig. 8-A. Echogram showing transition from
a horizontal level to a gently sloping level.
Fig. 8-B. Analysis of the echogram in Fig. 8-A.

Echo from a gradually sloping Seabed

In the example shown in Fig. 7 the declivity between
the two levels is vertical, but in most cases the bot-
tom will slope to some extent, and if the gradient
does not exceed 1 : 5 we will have the situation
shown in Fig. 8-A-B.

Just when the ship is 600 m from the place where
the horizontal bottom (I) adjoins the sloping ground
(II), the latter begins to show in the echogram (a)
and, similarly Level I will only disappear entirely
when the ship has got 600 m in over the sloping
bottom. The strongest echo from Level II may not,
however, be received from the place right below the
ship but from a place a little farther ahead, but as
already mentioned this is of very little importance
in the measuring of the depths.

Examples of Echograms from the Philippine Trench

Even if these schematic echograms in actual fact
will frequently be more or less distorted by irregu-
larities in the sides of the trench, clear and unambi-
guous echograms have, however, in many cases
been obtained during the many crossings of the
deepest channel. An example, Section I1I in Plate I,
is given in detail in Fig. 9-A-B.

The middle of the trench was in this case crossed
from NE to SW at a speed of 73 knots. The eastern
side shows a regular gradient of 1:7,5 and could thus
easily be recorded, while the western side over a
horizontal distance of about 240 m rises steeply to a
height of 260 m from the bottom, that is at a gra-
dient of somewhat more than 1 :1, and returns no
echo. In these and other similar analyses of echo-
grams at great depths (6,000-10,000 m) in the Phi-
lippine Trench, a maximum spread from the per-
pendicular of 600 m has been calculated with, a
spread of common occurrence in this area, but in
many cases considerably less in other seas. For the
plotting of the edge C in Fig. 9-B the weak echo
first heard was used, corrected by -25 m for the
oblique course of the sound.

The seabed is more irregular at the place where
Section IT crosses the trench (Fig. 10-A-B). The
western side subsides here at an average gradient of
1 : 4.5, but the decline is irregular with several slop-
ing surfaces or clefts towards the bottom of the
trench, which incidentally here has a deeper chan-
nel along its middle. The eastern side, on the other
hand, rises steeply to a small, isolated plateau or
N-S ridge more than 1,000 m above the bottom.
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