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CURRENT MEASURING IN SHALLOW WATERS 
BY TOWED ELECTRODES 

DAVID VAUX 
Fisheries Laboratory, Lowestoft 

ABSTRACT 

The e.m.f. produced in the sea by water movement has been measured over two 
tidal periods in shallow water. Simultaneous measurements of the drift of the ship 
towing the electrodes provide a means of calibrating the apparatus. The results 
are compared with existing tidal stream data. 

The determination of currents in the sea by measurement of the 
electromotive forces induced in water as it .moves through the earth's 
magnetic field has been described by von Arx (1950). In England, 
simple equipment developed by the National Institute of Oceanog-
raphy was used in 1952 in deep water off the southwestern edge of 
the continental shelf of the British Isles. Bowden (1953) has described 
the results and has related the surface current measured in this 
way to the local wind. Through the kindness of Dr. G. E. R. Deacon, 
this equipment was lent to the Fisheries Laboratory whose personnel 
used it in the autumn of 1953 in the comparatively shallow water 
of the southern North Sea. When the method of towed electrodes 
is used in shallow tidal waters, the appreciable resistivity of the sea 
bed introduces a factor which must be calculated before the electro-
magnetic method can take its place alongside other conventional 
methods of current measuring. 

Application of the Method to Shallow Water. Von Arx has noted 
that, for the same current speed, the electrode signal would be smaller 
in shallow water than in deep water. Especially would this be so 
where tidal streams extend from surface to bottom and where the 
return circuit would then be restricted to the sediments of the sea 
bed. He has shown some degree of correlation between the depth 
of water and the strength of the signal. Two suggestions have 
been made which indicate how the signal strength deficiency might 
be estimated. One suggests that the electrodes be allowed to sink 
to the bottom; this has not been tried in British waters for fear-of 
damaging the borrowed apparatus. It is obviously desirable to 
make observations of this sort as a further check on results. The 
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other suggests that the apparatus be calibrated against another method 
of measurement; this has been done in the present series of recordings 
in which the electrode voltages have been correlated with the in-
dependently measured water movement. 

Description of the Apparatus. The equipment used has been de-
scribed by Bowden, but a few additional comments seem necessary. 
The leads from the electrodes were connected to a D.C. amplifier which 
in turn operated a recording milliammeter. The amplifier and 
recorder, carefully insulated from the ship by sponge rubber pads, 
were operated from an accumulator. At first, the amplifier was 
run from the ship's supply; this was found to be unsuitable as the 
ship's supply is earthed to the hull. The amplifier in use permitted 
four scales of sensitivity: the least sensitive arrangement proved 
most satisfactory; in this position the recording milliammeter was 
used as a voltmeter that read from -10 to + 10 millivolts on a chart 
3½ inches wide which moved at a paper speed of ½ inch per minute. 
The recorder was calibrated at intervals by applying known voltages 
to the amplifier input. 

Method of Calibration of the Apparatus. It has been pointed out 
already that it is necessary to measure the surface water movement 
by some method that permits comparison with the recorded electrode 
voltage. This was done by calculating the drift of the ship towing 
the electrodes by means of the Decca Navigator System. Since 
the wind did not exceed Beaufort force 1 during the experiments, 
its effect on the ship has been ignored. The experiments were carried 
out in the sea some 10 miles off the English coast between Lowestoft 
and Southwold (see Fig. 1), where the water is about 30m deep 
and where the bottom is fairly level and consists of fine sand and 
shingle. The tidal streams are almost rectilinear in the directions 
012° (ebb) and 192° (flood), and it was decided to tow the electrodes 
at right angles to these directions to get the maximum signal. Near 
slack water the tidal stream direction varies from the principal direc-
tion, hence the results are not quite so trustworthy at this particular 
time. The towing speed was restricted to 1 ½ knots to minimize 
strain on the cable, and each drift lasted for about half an hour. 

The Decca Navigator System. The Decca Navigator system has 
been described on several occasions in the International Hydro-
graphic Review since 1946. The underlying principle of the system 
consists of the transmission of a set of stable standing-wave patterns 
from fixed land stations. On board ship, a receiver gives continuous 
indication of its position relative to the Decca system co-ordinates 
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which are overprinted on the normal navigational chart. The 
accuracy of position-fixing depends on the distance from the fixed 
transmitting stations; also there are uncertainties resulting from 
small instabilities in the Decca pattern. The question of stability 
has been investigated through the kindness of the Decca Navigator 
Company and it is obvious that under favorable Decca conditions 
(e.g. June daylight) this method of calculating drift over even short 
periods is not only feasible but permits quite a high degree of ac-
curacy. In October, however, when these experiments were made, 
the Decca conditions are known to be comparatively poor, especially 
in the hours of early morning. 

Calculation of the Drift. The Decca red and green lines can be 
regarded as oblique axes. The main complicating factor is that this 
angle as well as the width of the lanes change from place to place. 
However, this change is not great and can be assumed negligible 
over each half hour drift; the mean angle and the mean width of 
lane in mile,s have been used for each particular drift. 

TABLE I. 
V ewcity deduced 

Drift Time Vewcity by Electrode from electrode voll,age 
N o. (centre) Decca Volf,ages = millivolt& X 0.678 

(knots) (millivolt&) (knots) 

0 0047 3.1 2.10 
1 0126 2.36 3.4 2.31 
2 0229 2.04 3.55 2.41 
3 0328 1.29 2.3 1.56 
41 0410 0 .30 0.7 0.47 
4, 0432 0 .69 0.6 0.41 
5 0518 1.52 2.3 1.56 
6 0602 2.48 3.6 2.44 
7 0655 2.67 3.9 2.64 
8 0803 2.42 3.6 2.44 
9 0850 2.00 2.9 1.97 

10 0938 1.33 2.0 1.36 
lit 1030 0 .43 0.54 0.37 
11, 1052 0.13 ,0 .52 0.35 
12 1138 1.34 2.0 1.36 
13 1235 2.15 3.15 2.14 
14 1319 2.55 3.8 2.58 

The Decometers were read every two minutes during each drift 
so that a check could be made on the stability of readings. The 
differences between starting and end positions were converted into 
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miles, and trigonometrical methods were used to compute the drift 
of the ship. Dividing by time gave the average velocities shown in 
Table I. 

Use of Admiralty Tidal Stream Data.-Admiralty tidal stream data 
are available for two positions not far from the area in which the 
electrode tests were made; the actual positions are shown in Fig. 1. 
A weighted average of these figures was calculated, and by referring 
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Figure 1. Recton covered by towed electrode experiments. Current measurements 

were made in the abaded area; positions for which Admiralty Tidal Stream data are available 
are shown (diamonda) together wtth the direction of the flood and ebb tidal streams. 
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TABLE II. Tidal Currents deduced from Admiralty Data. High Water at 
Harwich on 21 October 1953 predicted as 22 38 hrs. On 22 October 1953 predicted 
as 10 50 hrs. 

Times, ref erred to A43 A28 Weighted M ean 
High Water at Spring rate, Spring rate, adjusted for 

Harwich knots knots spring-neap effect 
HW+2 0038 2 .5 1.5 2 .08 

+3 0138 2 .5 2 .0 2 .24 
+4 0238 2 .1 2 .1 2 .02 
+5 0338 1.3 1.4 1.28 
+6 0438 0.1 0 .4 0 .19 

HW-6 0450 0.4 0.1 0 .29 
-5 0550 1.9 1.3 1.63 
-4 0650 2 .6 1.9 2 .27 
-3 0750 2.7 2 .1 2.40 
-2 0850 2 .1 1.8 1.92 
- 1 0950 1.3 1.0 1.15 

HW 1050 0 .1 0 .1 0.10 
HW +1 1150 1. 7 0 .8 1.34 

+2 1250 2 .5 1.5 2 .08 
+3 1350 2.5 2.0 2.24 

The weighted mean is obtained by adding twice the tidal velocity at A43 to the 
value at A28, and dividing by 3. The result is multiplied by 0.96 to bring the 
"spring" rate down to an appropriate level. 

to the time of high water at Harwich and by allowing for spring and 
neap effect, an estimate of the stream strength has been made for 
comparison with the electrode measurements. Table II shows these 
computations, and Fig. 4 compares these results with those of other 
methods. 

Treatment of Electrode Records. Fig. 2 is a reproduction of the 
electrode records. If the velocity of the water did not change at 
all, towing the electrodes in two opposite directions across the main 
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Figure 2. Reproduction of the electrode voltage record. Odd numbered drifts were 

made towing to the east, even numbered drifts were made towing to the west. 



192 Journal of Marine Research [14, 2 

flow would allow the zero of the apparatus to be determined-it 
would be merely the mean of the two deflections of the voltage re-
corder. Actually, the current speed is changing continually, rising 
to its maximum, falling to zero, and then changing to a flow in the 
opposite direction. Since successive tows were made in opposite 
directions across the tidal stream, the voltage deflections will also 
be in opposite directions with the mean (i.e., apparatus zero) between 
the traces. In Fig. 2, therefore, a smooth curve has been drawn 
through the half-hour drifts to produce the double curve, the one 
being the image of the other when referred to the zero line of the 
apparatus. The zero apparently changed by about 4 millivolts 
during the experiments, but at a steady rate. This zero shift may 
be due to the previously mentioned fact that the ship's supply was 
first used to run the amplifier and that a voltage may thus have 
been applied between the electrodes and the sea, causing some degree 
of polarization. Further work with the electrode gear should in-
dicate whether this drift resulted from accidental ill-treatment of 
the electrodes and from their subsequent settling, or whether a zero 
drift of this nature is usual. Certainly both von Arx and Bowden 
stress the necessity of frequent checking of the apparatus zero (not 
merely the recorder zero which is quite a diff erent matter). In 
the present treatment, this zero drift is immaterial and the actual 
electrode voltage can be obtained by taking half the distance between 
the two curves and then referring to the millivolt scale shown in 
Fig. 2. The values of the electrode voltages evaluated in this way 
are included in Table I. 

The relation between electrode voltage and current velocity deduced 
from the half-hour drifts has been plotted in Fig. 3, which shows 
also the number of each drift. Ignoring for the moment the special 
case of points 4 and 11, most of the remaining points lie on a straight 
line, the notable exceptions being points 2 and 3. There is no ap-
parent reason for these discrepancies, and it is not easy to see which 
of the two methods of measurement could be in error. If the point 
corresponding to drift 1, lying as it does near the line, has been cor-
rectly recorded by both methods, then according to the position of 
point 2 the electrode voltage shows an increase in velocity from points 
1 to 2 whilst the drift method indicates a decrease. The Admiralty 
tidal stream data support the decrease, so it is suggested that the 
electrodes were probably in error by 15 to 20%. 

Slack water occurred about halfway through numbers 4 and 11, 
and since part of each drift took place in the two major stream direc-
tions, these drifts could not be used in quite the same way as others 
in the calculation of velocity. However, if the first and last 10-
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Figure 3. Relation between electrode voltages and drift velocity computed from Decca 

readings. 

minute periods of these two drifts are studied, some information is 
given relative to the lower stream speeds and some points near the 
origin of the graph shown in Fig. 3 can be obtained. It has already 
been mentioned that, at the time those drifts were made, the tidal 
stream changed from its rectilinear motion into a relatively unstable 
pattern of smaller tidal velocities, so that the method of deducing 
velocity from drift loses accuracy under these conditions. These 
four extra points, then, have not the accuracy associated with the 
others, but they do represent an attempt to check the comparative 
methods of current measuring at velocities lower than one knot. 
Further investigation in this range is obviously needed. 

The equation of the line relating the variables is V = -0.678 X 103 e, 
where V is in knots and e in volts. The values of the velocities 
computed from the electrode voltages by the use of this equation 
are included for comparison in Table I and Fig. 4. 

The constant evaluated in the equation above leads to a "K" 
factor of 1.38 which can be compared with von Arx's figures. So 
far as one can see from his figure (von Arx, 1950: fig . 3), they range 
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Figure 4. Currents deduced from the electrode voltages compared with estimates made 
by other methods. 

from 1.3 to 1.5 for depths of 30 to 50 m. A series of measurements 
on Georges Bank by von Arx showed the rotary tides, and comparison 
with predicted tidal currents showed that K varied between 1.0 and 
2.0 for the depths encountered on and near the Bank (35-80 m). 

At the time of writing, no results are available to show the variation 
of K in British waters, but measurements have been started and 
will be continued in further investigations. The possibility of elimin-
ating zero drift of the apparatus should also be studied with advantage, 
and when more work along these lines has been done, the electro-
magnetic method of measuring currents underway should prove 
useful in even shallow waters such as the fishing grounds of the North 
Sea. 

It is a pleasure to record the generous help given by Dr. Deacon 
and the staff of the British National Institute of Oceanography. 
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