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The Origin and Growth of Ripple-mark. 

By Mrs. Hertha Ayrton. 

To any one who, for the first time, sees a great stretch of sandy shore covered with innumerable ridges 
and furrows, as if combed with a giant comb, a dozen questions must immediately present themselves. 
How do these ripples form? Are they made and wiped out with every tide, or do they take a long time to 
grow, and last for many tides? What is the relation between the ripple and the waves to which they owe 
their existence? And a host of others too numerous to mention. 

The questions to which I particularly directed my attention at first were the following:—(1) How do the 
ripples first start? (2) What is the relation between the water waves and the ripples?  

During the course of this investigation certain fresh facts have come to light, showing how the principles 
involved in the formation of ripplemark apply to other phenomena of apparently widely different origin. 
Some of these are included in the present communication, but the discussion of others, less 
immediately connected with ripples, I have deferred to a future occasion. 

1. Starting of the First Ripple.—To the first question as to the origin of ripplemark - fundamental as it is - 
I could, for some time, find no satisfactory answer, either in nature or in books. Even the deeply 
interesting paperb in which Prof. George Darwin described the vortices he had discovered in the water 
oscillating over ripplemark touched but lightly on this point. Prof. Darwin said: "When a small quantity of 
sand is sprinkled [in a glass trough] and the rocking begins, the sand dances backwards and forwards on 
the bottom, the grain rolling as they go. 

"Very shortly the sand begins to aggregate into irregular little flocculent masses, the appearance being 
something like that of curdling milk. The position of the masses is, I believe, solely determined by the 
friction of the sand on the bottom."  

And again: "We now revert to the initiation of ripplemark.  

"If the surface be very even, as when sand is sprinkled on glass, when a uniform oscillation of 
considerable amplitude be established, the sand is carried backwards and forwards and some of 
the particles stick in places of greater friction. A soon as there is any superficial inequality, it is probable 
that a vortex is set up in the lee of the inequality which tend to establish a dune there." [The italics are 
mine.] 

http://rspa.royalsocietypublishing.org/content/royprsa/84/571/285.full.pdf
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With all the respect I felt for so eminent an observer-one, also, who had thrown so much light on the 
subject - I could not concur in this opinion. It seemed to me impossible that chance inequalities, having 
no relation with one another, but scattered here and there entirely without order, should develop into 
such ripples as are commonly seen on the sea shore - straight as if ruled, all of the same shape, and all at 
equal distances apart, or at distance varying according to some definite law. I cast about, therefore, for 
some other solution to the problem - some way of connecting the ripples with one another from the 
beginning, without the intervention of chance irregularities in the sand. I may say at once that I have 
been successful in finding such a solution, and that I am about to show how oscillating water can 
produce ripple-mark on sand which is perfectly smooth and level to start with, and free from irregularity 
of every sort. 

My first experiments were carried out at Margate, with the rather coarse brown sand found there. I 
tried oscillating water of variou depths, over different thicknesses of sand, in vessels of all sorts of 
shapes and sizes, from a soap dish some 4" x 3" x 2" to a tank 44" x 18" x 18". 'The oscillations were 
produced by giving the vessel either slight instantaneous horizontal pushes, or a very small rocking 
motion, in time with the natural swing of the water,c and by putting either rollers or cushions under the 
vessel to ease the jerks. The sand was made quite level at the beginning of each experiment, by being 
violently stirred up first, and then gently and irregularly shaken while it was settling. 

In every vessel ripples appeared in times varying from a few second to a few minutes; and in all those in 
which the water was simply made to rise and fall alternately at each end of the vessel, without the 
formation of intermediate waves, two things invariably happened:—(1) Ripples formed first across 
the middle of the vessel, a fact first observed by C. de Candolle,d and (2) after prolonged oscillation most 
of the sand had collected there also in a long ripple-marked heap, as shown in fig. 1 (Plate 3). 

 

Since ripples formed first across the middle of the vessel, and as, also, the sand was gradually removed 
from near the ends to the middle, by prolonged oscillation, it seemed clear that it was the formation of 
a small ridgee across the middle, during the first few oscillations, that caused the ripples to start there 
first. 

In order both to reduce surface friction, and to render observation easy, I repeated the experiment, 
scattering a mere pinch of sand as evenly as possible over the smooth bottom of a pie dish, some 8 
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inches long, containing about an inch of water. In this way, each grain, being isolated from the next, 
could be easily moved by the water, and as readily observed. The result was very striking. After 
oscillation of the water for less than half a minute, the whole of the sand was collected in a straight line 
across the middle of the dish at right angles to the line of motion. 

Scattering the sand again, and watching carefully how the water moved it, I saw that each swingf of the 
water pushed every grain that was being swept towards the middle farther than the next swing carried 
it away again from the middle. If a, for instance (fig. 2), 

 
were the position of a grain at the beginning, and b its position at the end of a swing of the water from A 

to B, then when the water was going back from B to A, in the next swing, the grain would be swept 
to c only, so that the net result of one complete oscillation would be the removal of the grain 

from a to c, i.e.,towards the middle. 

On the other side, during the same complete oscillation, a grain at d would have been swept by the first 
swing to e, and by the second, past d to f, so that this grain also would have been moved towards the 
middle. Finally, therefore one complete oscillation would have altered the distance between the grains 
from a d to c f. In this way all the grains very soon reached the middle line of the dish, and remained 
oscillating over it as long as the motion of the water was kept up. 

It is clear that the formation first of the middle ripples, and the collecting of a mound across the middle 
of the vessel after prolonged oscillation could only be extensions of the operation just described. This, 
then, is the way in which the first ridge can form without the aid of any chance excrescence to start it.  

When water is kept oscillating over sand, then, the dance of the grains described by Prof. Darwin is not, 
as he conjectured, a simple swaying to and fro, which would leave each grain where it found it, but for 
chance inequalities of the surface. It is, on the contrary, a steady periodic advance from places where 
the horizontal velocity of the water is least to places where it is greatest, each oscillation leaving the 
grain nearer to their goal than it found them. 

Since water which rises and falls alternately at each end of a vessel, while its level remains nearly 
constant at the middle, is really oscillating in a stationary wave, of which the middle of the vessel is a 
loop, as regards horizontal motion, and the ends are nodes, it is interesting to note that the sand, in 
gathering across the middle of a vessel, is really collecting at a loop of the stationary wave generated by 
the oscillation of the water.g  
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2. The Formation of Fresh Ripples beside an Existing One.—Having established the primary ridge, and 
found the conditions necessary for its formation from smooth and level sand, the next question that 
arose was, how are all the other ripples started? Do they depend for their initiation simply on 
unevennesses of the surface, or are they also subject to some definite law? M. Forelh noted that a 
foreign body in the sand set up, in some way or other, a series of ripples in the sand on either side of it; 
but how these ripples start - whether all at one instant or each separately - and what is the process of 
initiation, has not, I think, hitherto been elucidated. 

The solution of the problem cost me several weeks of observation and experiment, yet it was absurdly 
simple when it came. It wa that a single ripple, existing alone, in otherwise smooth sand, initiates a 
ripple on either side of it, that each of these ripple produces another on its farther side—these in their 
turn originate other ripples on their farther sides, and so on, till the whole sand is ripple-marked. This 
suggestion having occurred to me, I tried in many ways to make sure that it was correct. For instance, I 
formed a fairly high ridge at some distance from the middle of the vessel, and watched to see if others 
followed from that, before the primary ridge in the middle became visible; or, again, I made a ridge of 
some peculiar shape, such as this in plan, >, and noted whether the succeeding ridges took the same, or 
nearly the same shape; and they did, the angle in each one being more obtuse than in that formed 
before it. Thus I felt sure of the fact; it only remained to see how it was accomplished.  

For this purpose I abandoned my brown sand in favour of silver sand, which I had found to be so mobile 
that it spun in delicate fairy-like vortices in the lees of some of the ridges. These vortices, which differed 
widely from those discovered and described by Prof. Darwin, were, as I afterward found, the true ripple-
forming vortices, and I therefore call them ripple vortices. 

3. Structure and Functions of the Ripple Vortex.—The vortice I saw had horizontal axes and were spiral in 
shape, and they seemed to scoop sand out from the bases of the ridges, and to push some of it up the 
ridges while they carried the remainder whirling round with them. In watching them it occurred to me 
that since each vortex (A, fig. 3) 

 

raised sand up the ridge against which it revolved, while the water that flowed over the vortex BC (fig. 3) 
swept sand away from that ridge, there must be some neutral line parallel to the ridge at about D (fig. 
3), on one side of which sand was being swept in one direction and on the other side in the other; and 
that, if that were so, a hollow must be formed parallel to the ridge, and reaching to some little distance 
on either side of the neutral line. Such a hollow must, it seemed to me, form a new furrow, while the 
wall of it on the side remote from the ridge must ultimately become a new ridge. 
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In order to see if my surmise was correct, it was necessary to simplify and magnify the action of the 
water, and also to see its stream lines. To simplify it I used only enough sand to cover the bottom of my 
glass trough (36" x 6" x 8"), and I got rid of sand on the ridge by making an artificial ridge of two china 
tiles sewn up in calico. To magnify the action, thi ridge was made 2 inches high, and, so that no water 
should get round it or under it, it fitted tightly across the trough, and was jammed down on to the 
bottom. 

Prof. Darwin employed ink squirted on to the sand to show him the stream lines of the water; but, as I 
found that this was impracticable with the violent motion necessary to raise sand vortices, I cast about 
to find an insoluble powder that had only a slightly greater specific gravity than water, so that it should 
move with the water in all its twists and turns. I found that well-soaked ground black pepper, after all 
the finest particles had been washed away, answered my purpose perfectly. With this I was soon able to 
follow the exact course of the water under every kind of condition, and fig. 4 shows what happened 
during a swing from left to right when the artificial ridge was in position, and when about a 
dessertspoonful of pepper was in the water. 

Soon after the water began to flow over the ridge a small vortex appeared on its right-hand side. As 
water continued to pour over the ridge the vortex enlarged, so that its centre moved farther away from 
the ridge; finally there was a large vortex as at A (fig 4), 

 

 
with water flowing down outside it, some of which, when it reached the bottom, struck the sand 
there towards the ridge, as at B, while the outer portion swept sand away from the ridge, as at D and E, 
leaving a bare space, which wa what I have called the neutral line, between C and E, with it centre at D. 
With the return swing in the opposite direction, the vortex, with its whirling sand, was carried bodily 
over to some 3 inches on the other side of the ridge, the left side, where it dropped all the sand that had 
not fallen by the way. Then a similar vortex, a clear space, and a thickening of the sand to the left of it, 
appeared on the left-hand side of the ridge. These clear spaces were, of course, new furrows, and the 
sand wall farthest from the ridge were new ridges. After a few more oscillation not only did these grow 
into very decided ridges, but each of them had, in its turn, originated fresh furrows and ridges, and soon 
the whole of the space between the original ridge and both ends of the trough was covered with ripple-
mark. 
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Since the water that strikes obliquely into the sand (DEF, fig. 4), after flowing over the vortex, clears a 
new furrow and sweep up a new ridge exactly as a brush clears the floor and sweep the dust up into a 
ridge, I shall call this water the" brush.'' The pepper, then, showed that the vortices and brushes cleared 
out new furrows and swept up fresh ridges exactly as I had imagined they did. 

There are thus three ways in which sand ripples are originated, viz., the "uneven surface" method, the 
"differential motion" method, and the "brush" method. The first, which was the one described by Prof. 
Darwin, could, unaided, give rise to irregular ripple-mark only, since it consists in piling up sand in places 
where the surface chances to be uneven. The second is the method by which single ridges arise at the 
loop of stationary waves. The third is that by which the brush of the vortex in the lee of any existing 
dune or obstacle sweeps up a new ridge beside it, leaving a hollow along the neutral line of the vortex. 
The last two methods are evidently capable, unaided, of originating and then extendingregular ripple-
mark wherever water is oscillating over sand, whether its surface be smooth or uneven to start with. 
These last two, therefore, are clearly the essential methods, while accidental unevennesse of surface 
merely delay uniformity in the results. 

 


