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PEBBLES OF REGULAR SHAPE, 
AND THEIR REPRODUCTION IN 

EXPERIMENT* 
By the RIGHT HoN. LoRD RAYLEIGH, F.R.S. 

M OST pebbles are of irregular shape; for ex
. ample, in the glacial beds of flint pebbles near 

my home in Essex, at the most two per cent have 
any symmetry, and the presumption is that the large 
majority have not been worn down long enough or 
far enough to acquire it. We shall leave the irregular 
tnajority aside and deal only with those that have 
symmetry. 

A pebble may fairly be called regular if it has three 
planes of symmetry at right angles to one another, 
but in fact most of the points of interest are ex
emplified by the more limited class that have circular 
symmetry. Such a. pebble can be described by a 
familiar terminology, using the terms axis, poles, 
equator, latitude, as we use them for the earth. 

As I have said, my own home is in a district where 
gravel beds of flint, washed out from the chalk, are 
abundant. A collection of .such flint pebbles range 
from prolate to oblate forms. If a good sphere could 
be found, it would fill up the series very satisfactorily, 
but no sphere of · the right size has been found. 
Spheres are occasionally met with, but they are much 
too large to fit into this series. I shall return to them 
presently. 

From a geometrical point of view, the simplest 
generalization of a sphere is the spheroid, with the 
meridional section an ellipse, and it is natural . to 
regard that as the typical form for a circular pebble. 
So long as the pebble is not too much elongated or 
shortened in the axial direction, we may be sure on 

• Substance of a discourse at the Royal Institution delivered on 
March 3. 

general geometrical grounds that we shall not be far 
in describing it as a spheroid. This hypothesis 

Is. not put a severe test unless the polar dimensions 
differ considerably from the equatorial ; but in such 
cases we find that the description as a spheroid is 
altogether wide of the mark. The more extreme 
forms are very far from being elliptical in outline. 
The prolate form is rather a cylinder with rounded 
ends, and the oblate a disk with rounded edges. 
That is what we find in natural pebbles. 

. It not .always possible to Nature's opera
tiOns m the laboratory-somet1roes the scale is too 
la rge, and sometimes the time required would· be 
prohibitive. This case, however, is comparatively 
favourable. It would take a long time to produce 
rounded pebbles of so hard a material as flint, but 
one gets on very much faster with marble which is 
homogeneous and in other respects In 
Natm:e, flint is usually by flint, but in my 
exper1menta,l work marble IS hot abraded with 
marble, but with hard steel-fragments of old files 
broken up for the purpose. In this way we get on 
still quicker, an?- result is the same. What shape 
should we begm Wlth ? If we begin with pieces 
a ltogether irregular, a great deal of material has to 
be removed before .a symmetrical shape is attained. 
This process is tedious and not particularly instructive. 
I have therefore begun with square prisms elongated 
or flattened according to whether it was desired to 
produce a prolate or an oblate pebble. The marble 
prism is put in a metal. container with pieces of hard 
steel, and a little water as a lubricant further to 
imitate conditions. The whole is kept in 
slow rotat10n for a few days, when the marble is 
found to be quite rounded, . the series of shapes 
corresponding very closely to that of the natural 
pebbles.; The flattened disk and the round-ended 
cylinder appear as before, the intermediate shapes 
being nearer the spheroidal. A cubical block does not 
give. a very good sphere when abraded in this way • 
and 1t has been found that there is little or no tendency 
for a pebble of nearly spherical form to get nearer 
to the sphere, so long as the process of abrasion is 
by churning up with other fragments-as, for example, 
when gravel 1s rolled along in water-courses. 

Nevertheless, .there are spherical flints found in 
Nature, particularly in the 'Cannon Shot Gravels' 
of Norfolk, which afford spherical balls two or three 
inches in diameter. These, I understand, are iii com

demand for use in ball mills. Such spherical 
. are not. tJ;tought to be shaped in Nature · by 

attnt.10n, for Sllllllar balls are sometimes found in situ 
in the chalk, under conditions which make it obvious 
that tl).e mass as formed by chemical precipitation was 
spherical from . the first. 

Although the flattened pebbles which have bren 
mentioned are typically found in most deposits whir.h 
contain any pebbles of symmetrical shape, yet pebbles 
of much better approximation to a spheroid are not 
unknown. One or two, that I owe to Sir D'Arcy 
Thompson, are. unfortunately of uncertain origin, 
but they are behaved to come from mountain torrents 

tJ;is raises the whether we can find any 
process WhiCh will yield pebbles exactly 

spheroidal. I have JUade a number of experiments to 
imitate the kin?- of which may be supposed 
to take place m mountam water-courses, . in which 
the pebbles are whirled and tossed on a rocky bed 
A cylindrical metal vessel full of water has on 
bottom an abrasive bed, made of Portland cement 
mixed with carborundum grit. The block of marble 
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is placed on this and a violent vortex motion is main
tained by a paddle driven by an electric motor (Fig. 1 ). 
The block of marble turns and rolls and skips on the 
abrasive bed, and in the course of three or four days 
it is reduced to a smooth pebble of a shape very 
nearly spheroidal. It differs from the spheroid in 
this, that instead of bulging out at intermediate 
latitudes like the ordinary circular pebbles, it slightly 
shrinks in, and may be described as lying inside the 
spheroid instead of outside. Clearly then, a combina
tion of the two processes might give a very close 
approximation to the spheroid, and naturally 
occurring spheroidal pebbles may thus be accounted 
for. 

This leads, by a natural sequence of ideas, to the 
consideration of pebbles worn down .in potholes. Pot
holes, as is generally known, are cylindrical holes 
which are formed in the rocky beds of water-courses. 
They are bored out by pebbles which are carried 
round and round by the swirling water. They are 
often a foot or so in diameter and of comparable 
depth, but may be very much larger. I have only 
had limited opportunities of examining them. The 
pebbles found in such holes are often quite irregular. 
There are, however, some pretty accurately spherical 
pebbles preserved in the Dunn Collection, in the 
Mineral Department of the British Museum (Natural 
History), which have probably been formed in 
potholes, and I have been led to a laboratory 
study of this process. A hollow cylinder of 
carborundum cement was used, instead of the 
fiat disk above-mentioned, and in this case, 
to save time, a lump of marble roughly spherical 
was used to start with. The vortex was maintained 
as before by a. revolving paddle. The marble lump 
went ro'und and round on the bottom, pressing later
ally against the abrasive wall. 

Let us now digress for a short time to consider 
how a somewhat elongated body, pivoted about its 
centre, will behave in a current of water. The natural 
man is generally inclined to say that it will set itself 
along the current. It is difficult' to see why this 
Mnclusion seems the most natural. No doubt, if the 
elongated l:)ody were pivoted near one end, it would 
point with the longer length down-st;ream; but that 

does not help us to say what it will do if pivoted at 
the middle. The stream impinging on the solid body 
must divide and go partly to one side and partly to 
the'other. In the case of an oblique lamina, the 
place of division will be somewhat upstream of the 
pivot. The pressure is greatest where the velocity 
is least, namely, at the point of division, and the 
pressure there will have a moment tending to set 
the lamina across the stream. Fig. 2, showing stream 
lines drawn according to theoretical hydrodynamics, 
will illustrate this point, though it must not be taken 
to represent what really happens on the down-stream 
side of the lamina. Moreover, it is not enough to 
consider only the point of maximwn pressure, 
tbough this gives some insight into the matter, 
enough perhaps for our present purpose. 

Let us now return to the lump of marble going 
round and round in the vortex on the bottom of the 
cylindrical vessel. Obviously, the stone will to some 
extent be retarded by friction on the bottom, and 
the stream of water may be regarded as passing over 
it, though not with the full velocity. There will 
then be a tendency for the stone to set itself across 
the (circwnferential) stream, that is, radially to the 
vessel. Thus the longest dimension of the stone will 
set itself radially in the vessel, and the centrifugal 
force will press it against the vertical abrasive wall. 
The longest dimension will be continually worn down. 
Clearly, the stone should continually approach the· 
spherical form ; and this is what does, in fact, happen. 
Fairly good spheres can be made in this way. As the 
exact spherical form is approached, the directive 
couple becomes continually less. "When the maximum 
diameter is only about three per cent in excess of 
the minimum, ·there is not much further improve
ment, accidental disturbances preswnably being tOQ 
great for the directive action to overcome. · However, 
spherical pebbles of this degree of accuracy are equal 
to the very best natural spherical pebbles that I 
have seen, which are probably of pothole origin. 
Nothing so good seems to OCCW' in any gravel de
posits, though owing to present conditions there 
is no access to the beaches on the south coast. 

Some attention has been devoted to concave 
pebbles. These sometimes originate in a concave 
fracture of flint, but it is as a rule fairly easy to 
distinguish such cases. There are concave pebbles 
which do not appear to originate in this way, and 
they have been imitated experimentally in marble. 
The same general method of experimenting was used 
as in the experiments first described ; that is, by 
placing the specimen, in this case a flat parallel piece, 
in a metal container with the abrasive and keeping 
it in slow rotation, with a little water as a 
lubricant. 

A powdered abrasive like carborundum grit or sand 

FIG. 2. 
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never develops a concave surface on the stone. For 
that, it is necessary to use an abrasive of large pieces 
comparable with the marble specimen itaelf (3 em.). 
Broken flints serve very well and are easy to get. 
If we put a dozen such in a box with a square slab 
of marble, the edges and corner of the marble are, 
of course, rounded, but the large faces become con
cave. 

Another instructive experiment on this subject is 
to use instead of marble a square of plate glass. If 
this is abraded in the rotating container with car
borundum powder, the edges alone are pitted. 
This is the initial stage of the ordinary process of 
forming a rounded pebble. If, on the other hand, we 
put the glass in the revolving box with a number 
of sharp flints of size comparable with its own, the 
sharp edges have chips broken off them, which pro
cess represents the first stage of rounding the edge. 
In addition, we find pitting on the fiat polished sur
face, and these pittings are more concentrated at 
the middle than at the edges ; clearly showing the 
early stages of the development of a concavity. 

With the view of analysing this effect, the experi
ment was repeated using a single flint only instead 
of many, and for a longer period, so that the aggre
gate number of pittings might be comparable. In 
contrast, these pittings were now found to be uni
formly distributed, so that in this case no cOiicave 
curvature is produced. It can scarcely be doubted 
that the stones other than the one which is actually 
operative act as a shield, and are more likely to 
screen the outside than the middle of the glass. In 
this way concavity is produced, 

WATER SUPPLIES IN 
GREAT BRITAIN AND THEIR 

UTILIZATION 

A JOINT meeting of the Geological Society and 
the Institution of Water Engineers was held on 

April 19, under the chairmanship of Prof. W. G. 
Fearnsides, to discuss "Water in Relation to Town and 
Country Pla:p.ning''. As proposed by the chairman in his 
introduction, the meeting was mainly confined to a 
consideration of sources of water and their relation to 
development in Great Britain. The meeting attracted 
a notable attendance and produced a. vigorous 
discussion. In addition to Prof. Fearnsides and Mr. 
S. R. Raffety, chairman of the Institution of Water 
Engineers, who briefly introduced the discussion on 
behalf of the water engineers, there were fifteen 
other speakers. They covered a wide range of topics 
which will be considered in order, though it may ce 
noted at the outset that many of the outstanding 
aspects were indicated by Prof. P. G. H. Boswell 
in a well-considered opening on J:;_ehalf of the 
geologists. 

The vital dependence of populations and industry 
alike on water supply was inevitably by many 
speakers. In earlier times no centre of habitation 
could develop unless water was obviously at hand, 
but now that it appears from pipes and taps the 
relation is overlooked with amazing frequency. Apart 
from their head waters, nearly all streams in Great 
Britain are polluted beyond any possibility of direct 
use for domestic and for most industrial purposes. 
Yet the inC'reasing population must spread, and in 

certain cases industries must move, largely to 
areas where local surface supplies are quite unavail
able. Hence underground water becomes increasingly 
important. Prof. Fearnsides gave an apt illustration 
from the Yorkshire coalfield. The growing exhaustion 
of the coals in the western part of the field compels 
the industry and population to move increasingly 
eastward to the coals buried under the Trias plain. 
The underground Trias water has been excellent, but 
growing demand has led to over-pumping; mining 
fractures the overlying ;rocks, and the combined result 
in some cases is the drawing in of water from the 
underlying Permian or even from the Coal Measures, 
with great deterioration in quality, as well as actual 
or threatened insufficiency. 

Prof. Boswell particularly stressed the point that 
industrial requirements continue to increase to such a 
degree that a single large works may use as much 
water as a fair-sized town. Many instances of conse
quent serious difficulty have occurred, and he indic
ated that industrialists are very grateful for early 
information regarding the actual condition in areas 
under consideration. While the geologist may be 
able to give a fair assessment of a 'virgin' area, great 
uncertainty may be attached to some already 
indusjzrialized areas where, though underground water 
is certainly prolific, there is complete absence of any 
systematic record of the heavy draughts already 
made. Mr. H. P. Hill, besides supporting the general 
theme by reference to the dependence of the older 
industrial areas of Lancashire and Yorkshire on the 
head waters of the Pennine rivers, added the valuable 
point that a substantial proportion of those head 
waters have long been impounded for the supply ,of 
canals which are now disused or decadent. Some of 
this water could now be for supply. 

Much of the discussion naturally ranged around the 
question of alternatives when adequate supplies of 
pure water are not available in the neighbourhood. 
For the really great centres of population t.he ultimate 
solution (with the notable exception of London) has 
almost inevitably been the use qf r-emote upland 
waters. But for any smaller ce,ntres the cost of 
such lengthy aqueducts is forbidding. London's 
great contribution to the problem has been the 
demonstration that even highly polluted river-water 
may be rendered particularly pure and'distributed by 
pumping at reasonable economic rates. It certainly 
points the way to one possible line of advance in 
certain cases. In his opening comments on the 
growing south-east Yorkshire towns, Prof. Fearnsides 
made the interesting suggestion that they may have 
to resort to constructing reservoirs on the middle 
courses of. the Ouse tributaries, while Prof. W. S. 
Boulton (in the course of a written contribution) 
referred to the very considerable areas of the eastern 
and southern Midlands with little underground water 
and very variable sluggish rivers. He 
suggested a substantial development of low-level 
reservoirs in such areas. 

Mr. R. C. S. Walters particularly emphasized the 
point :made by several speakers that great quantities 
of pure .and relatively costly water are wasted, quot
ing the extreme of its use for quenching gas
works coke. Like others, he commented on the 
danger and difficulties of 'dual' supplies of water, 
but hoped that the engineer might overcome it. In 
this connexion the use of mine water was 
debated. Prof. Boulton referred to its extensive use 
for the supply of canals in the Midlands, and he had 
investigated its possibility for the many million 
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