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THE LIFE OF A SPLASH. 
BY PERCY COLLINS. 

Probably many people have at times watched the 
splashes caused by rain drops falling upon the smooth 
surface of a pool or river. Some, too, may have gone 
so far as to differentiate between the splashes formed 
by the big drops of a thunder shower and those pro
duced by the smaller drops of a gentle rain. In the 
former case a conspicuous bubble floats for a moment, 
and then vanishes; in the latter a crystalline foun
tain seems to start from a surrounding coronet of 
lesser jets-though this is in part an illusion, for it 
is known that in reality the coronet has vanished be
fore the jet appears. The image of the coronet has 
not had time to fade from the eye ere that of the jet 
is superposed upon it. Moreover, it may have chanced 
to the reader to note the different effects, both of 
sound and of splash, produced by a stone dropped into 
the water-these differences apparently depending 
upon the height from which the stone descends, and 
upon the condition of its surface; i. e., whether it is 
smooth or rough, wet or dry. But if the reader has 
at one time or another made such naked-eye observa
tions of splashes, it must be clear to him that while 
he has seen something, he must also have missed see
ing very much more. For a splash, no matter in what 
way it may be produced, consists in the progress of a 
multitude of events, compressed within the limits of 
a few hundredths of a second, but none the less or
derly and inevitable, and of which the sequence is in 
part easy to anticipate and understand, while in part 
it taxes the highest mathematical powers to elucidate. 

Some fifteen years ago, Prof. A. M. Worthington, 
C.B., F.R.S. ( Head Master of the Royal Naval Engi
neering College, Devonport, England) ,  commenced a 
systematic study of splashes, and in order fully to 
appreciate the disturbance of the liquids with which 
hf: experimented, and their relations, he invoked the 
aid of photography. In these days of kinematographs 
and rapid snap-shot cameras, it might seem an easy 
matter to follow, by means of photography, even a 
splashing drop. But if the reader harbors this thought, 
he has failed to grasp the extraordinary rapidity of 
the movements which take place. As Prof. Worthing
ton reminds us, the problem of how to photograph a 
splash is by no means a simple one, for the changes 
of form that take place are far too rapid to come 
within reach of any ordinary kinematograph, while the 
quickest photographic shutter is also much too slow. 

Scientific American 
Thus, it became necessary to have recourse to the far 
shorter exposure of an electric spark. It was found 
that the bright spark given by breaking the primary 
circuit of an induction coil at the surface of mercury 
was of much too long duration to be useful for the 
purpose of flash photography; so that the originals 
of the photographs reproduced on this page (for 
which we are indebted to the courtesy of Prof. Worth
ington ) were taken by means of a spark the duration 
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of which was certainly less than three-millionths of a 
second-a period of time which bears to the whole 
second about the same proportion as a day to a thou
sand years. 

This flash is obtained by charging two Leyden jars 
by an electrical machine on their inner coats, one po!!i
tively and one negatively. Stout wires lead from the 
outer coats to the dark room (where the splash is to 
be photographed ) and terminate in a spark-gap be
tween magnesium terminals and close over the surface 
of water contained in a bowl. The inner coats of the 
Leyden jars being now connected together, the posi
tive and negative charges unite in a dazzling flash, 
and a simultaneous discharge and flash take place be
tween the two outer coats across the spark-gap in the 
dark room. This latter is the illuminating spark, by 
means of which the photographic exposure is to be 
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made. The exact timing of this spark is obviously of 
the greatest importance. This is effected by means of 
a falling metal sphere which passes ( o utside the dark 
room, of course) between two terminals connected one 
with the inside of one Leyden jar and one with the 
inside of the other. These terminals are just too far 
apart for a spark to jump across till the timing sphere 
passes between them. But when this occurs the dis
charge takes place, with t�e accompanying flash in 
the dark room. By means of an ingenious arrange
ment of magnets and springs, for full details of which 
the reader is referred to Prof. Worthington's work ( "A 
Study of· Splashes" ) ,  the timing sphere can be made 
to fall either simultaneously with the drop or sphere 
destined to cause the splash to be photographed, or 
slightly earlier or later. In this way it is possible 
brilliantly to illuminate the splash for one three-mill
ionth part of a second at any desired period of its 
progress. For example, if a particular stage of the 
splash is photographed when the timing sphere falls 
just four feet to the gap between the terminals, then 
by raising its releasing-lever about two-fifths of an 
inch, the law of falling bodies insures that the flash 
will be postponed by just one-thousandth of a second, 
and the next photograph accordingly reveals a stage 
just so much later. 

From these brief particulars the reader will be able 
to form an idea of the way in which Prof. Worthing
ton's photographic studies of splashes are obtained. 
The camera being previously focused and arranged in 
the dark room, the timing sphere is minutely adjusted 
and released, and a record of any desired period of 
the splash is obtained upon the sensitized plate. Yet 
despite the rapidity of the plates employed, and the 
brilliancy of the flash, the duration of the illumina
tion is so short that the negatives are always "under
exposed." Hence tedious precautions have to be taken 
in their development. 

We may now glance rapidly at a few of the many 
interesting facts which have been established by Prof. 
Worthington's study of splashes. It will probably sur
prise the reader to learn what a lengthy series of 
events follows the contact of a small drop of water, 
falling from a height of about 16 inches, into a mix� 
ture of milk and water-the milk being added to ren
der the photographs more intelligible. First, as the 
drops strikes and penetrates the surface, there arises 
a crater, which rapidly increases in size until, upon 

(Oontinued on page 47.f.) 
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attaining its greatest proportion, its walls 
begin to thicken, and gradually subside 
to form a mere ring of lobes on the sur· 
face, surrounding a central hollow. 

Then comes a rebound, manifested in 
the rising of a central column which, 
after attaining its full height and subsid· 
ing, is followed by a secondary column 
ere the series of events which we term 
"the splash" is complete. Prof, Worth' 
ington shows that the separation in the 
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sults in a series of events markedly dif· 
ferent from that which ensues when no 
separation takes place. Moreover, the 
manifestation of outspreading ripples is 
affected by the condition of the surface; 
IJ,nd in order to secure the most favorable 
conditions by cleaning the surface, a con· 
tinous slow stream of fresh water is 
maintained. The contamination of the 
surface liquid, by the way, originates in 
lamp black brought down by each drop; 
for in order to prevent the drop from ad· 
hering to the watch glass in which it 
rests prior to its fall, it is found neces· 
sary carefully to smoke the glass in the 
flame of a candle. But the atoms of lamp 
black which adhere to and are brought 
down with each drop serve to make clear 
some important points connected with 
the formation of the splash. They prove 
by their presence that the interior of the 
crater is lined by the original liquid 
which formed the drop, and thus afford 
useful information as to the nature of 
its fiow. When the primary column com· 
mences its ascent, the atoms of lamp 
black are carried upward at its summit, 
proving that the liquid of the original 
drop emerges at the head of the central 
column. This is confirmed by allowing 
a drop of milk to fall into pure water, 
when the photograph shows that the up· 
per part of the column contains' nearly 
all of the milk. This fact may be easily 
verified by naked·eye observation, as in· 
dicated by Prof. Worthington. Let the 
reader drop from a spoon into a cup of 
tea or coffee, from a height of fifteen or 
sixteen inches, a single drop of milk. 
He will have no difficulty in observing 
that the column which emerges carries 
with it the white milk·drop at the top 
only slightly stained by the liquid into 
which it has fallen. 

Upon increasing the height of the fall 
of a drop to about 40 inches, a new phe· 
nomenon is registered in the photo· 
graphs. The crater rises to a greater 
height; but instead of subsiding in the 
form of a ring, its mouth closes to form 
a bubble on the surface of the liquid. If 
the height be not too great, the closing 
is either incomplete or at any rate only 
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temporary, and the bubble reopens at the 
top to make way for the column which 
rises as before from the base, but is now 
much thicker and hardly so high as be
fore. With a very high fall, however, 
the bubble becomes too firmly closed to 
reopen, and its summit is struck from 
within by the rising column, which be· 
comes entangled in the liquid of the bub· 
ble when the latter bursts. Thanks, how· 
ever, to the infiuence of surface tension, 
regularity of form is soon regained, so 
that the concluding events of a splash 
after a high fall agree in essentials with 
those which follow a row fall. 
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interest and importance. Prof. Worthing· 
ton suggests that those who wish fully 
to grasp the significance of his photo· 
graphs and deductions should experiment 
for themselves by dropping marbles from 
a height of about a foot into a deep bowl 
of water, the bottom of which should be 
protected from the possibility of break· 
age by a few folds of fine copper gauze. 
A perfectly clean and highly polished 
marble sp dropped will enter the water 
almost noiselessly with very little dis· 
turbance of the surface. In a word, the 
splash is singularly insignificant. Photo· I (Oontinued on page 476.) L::===============================:;;;;;;==================;:::=========:J 
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(Continued from page .f/.i.) 
graphic records show that the liquid, in
stead of being driven away from the sur
face in the form of a crater (as is the 
case when a drop or a rough sphere 
strikes the surface) now rises in a thin, 
closely-fitting sheath which completely 
envelops the sphere even before its sum
mit has reached the water level. A com
paratively insignificant column consti
tutes the subsequent splash. Moreover, 
and as a result of the rapidly closing 
sheath, practically no air is carried into 
the water by the smooth sphere. This 
point, as well as many others of great 
importance, was shown photographically 
by means of illumination behind a thin 
glass vessel with parallel sides-an 
arrangement which rendered it possible 
to photograph the splash both above and 
below the surface of the fluid. Most of 
the photographs reproduced were taken 
in this way. 

So much for the splash caused by a 
smooth sphere. If the reader will now 
fish out the marble with which he is con
ducting his simple experiments, roughen 
its surface with sandpaper, and again 
drop it from a height of a foot or so into 
the water, he will find that a totally di
ferent splash results. There is now a 
great noise of bubbles, which may be 
seen rising through the liquid, while a 
tall jet is seen to be tossed into the air. 
Photographi� records of the surface dis
turbance closely resemble those which 
have already been described, caused by 
the fall of a drop. A crater is formed, 
and subsides, and a graceful jet rises 
from its depths, gathers volume from be
low, and rises ultimately as a tall col
umn whose height may be even greater 
than that from which the sphere fell. 
Photographs of the descent of the sphere 
below the surface show us how this col
umn originates. The sphere as it de
scends drags with it the surface film of 
the liquid in the form of a gradually 
deepening pocket or bag which ultimately 
forms a long cylindrical hollow. This 
eventually divides, and the lower part is 
dragged down by the sphere to the bot
tom (no matter what the depth), whence 
it rises to the surface as a bubble. Mean
while, the upper ha,f of the cylinder rap
idly fills up; and this running together 
of the liquid is responsible for the great 
velocity of the upward-spurting jet or 
column. 

On increasing the height of the fall of 
a rough sphere, a higher crater which 
closes and forms a bubble is obtained, 
just as when the height of fall of a liquid 
drop is increased. With a fall of two 
feet, this bubble is almost immediately 
destroyed by an upward jet. But if the 
height of fall be increased to four or five 
feet, no rebounding jet will be projected 
into the air, notwithstanding the fact 
that much air is still carried down by 
the roughened sphere. To the naked eye, 
a curious "seething" appearance at the 
surface is apparent; and Prof. Worthing
ton admits that he was at first disposed 
to regard this as evidence of the entangle
ment of the jet with the bubble-an en
tanglement likely to produce confused 
motions which could not be profitably 
studied. However, the persistence with 
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Diary," etc. graphs which was subsequently taken 
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(Concluded from page 476.) I ( Continued from page 473.) 
by much splashing and turbulent vorti- THE DYNATAK Pencil sharpener, A. Rydquist . . . . . . . . . . . . . .  942,107 
cal motion resulting apparently from the II Perforating and binding machines, assembly box for, C. F. McBee . . . . . . . . . . . . . . . . . . .  942,180 
streams that converge from all sides of i An absolutely new mstrument for Automobiles and �����ta!�J' ���al:ie�d�::�lt':�ki';g"th� 942,553 
the axis of the air tube at its upper end, Motor Boats. Locates and shows up missing cylinders same, condensation product of, L. H. 

but (when) the turbulence has i at once. Indicates Correct Carburretor Adjustment, Phe!�e���antor';'�id�hYd�: ' ;;'�ki';g' 'i;'''�i�j,i� 942,700 

I P and Mil d deli products of, L. H. Baekeland . . . . . . . . . .  942,699 
cleared away from the upper part, and ower eage an i. in a ·tion a precision Phonic apparatus, T. H. Macdonald . . . . . . . . . 942,089 
from this stage onward the J'et is well SPEEDOMETER without a flexible .haft. If Phonograph, P. Weber . . . . . . . . . . . . . . . . . . . . .  942,475 

Picture mount, movable, H. O. Sauer . . . . . .  942,565 
seen in all the figures, and it persists your dealer cannot supply you, write us direct. Hand. Pile, W. N. Louque . . . . . . . . . . . . . . . . . . . . . . . . . 942,653 

enti6 Book full d Pipe and rod threader, H. Gautschi. . . . . . . .  942,200 
long after the segmentation of the air some Sci . c let y escriptive sent upon request. m� �:t�� c'!:'i�e�' J.' :,�r.�� : :  : : :  : : : : :  : : :  :!�:m 
column has taken place. The reader DEPARTMENT liS "  Pipeil:.skw.' ��ii�� . ������:�.S . .  

f��"l���:��,
. 942,176 

must not suppose that this jet is a mere The Electrl"c Speedometer and Dynamometer Manufacturl"ng Co Pipes, air vessel for water supply, K. Rom- . 
falling of the water under the action of • Pipe��are,ting: 'i.' '0: ':p��;";';s: : : : : : : : : : : : : : : :  :!�:��� 
gravity, for the rapidity with which it �317.1319 New York Avenue, Washington, D. C. PiP�.wb�h ��:,,�.�������.��r . . �I.I���.����I: 942,355 
advances is far greater than could be ac- ���������������������������������������� Piston for hot-air engines, F. B. Hubbard . .  942,261 

I I Planter, Trammell & Hammack . . . . . . . . . . . . . 942,760 
counted for in this way. • • . The . Planter and fertilizer distributer, combined 
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Planter, see, Fowler & Daly . . . . . . . . . . . . . . . .  942,495 

I Plastic material, machine for forming, G. s. 
after the bubble has closed, thus the Plat: .fiShf!g. �l��!iu',g: ;';��hi��,"c: 'G�j,: 

942,238 
sphere acts as a sort of piston, which bY

I 
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in the bubble, which is driven down by 

EVERY practical mechanic, whether amateur or professional, Pole sleeve, C. B. Voynow . . . . . . . . . . . . . . . . . .  942.761 
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mouth of the air tube cannot, of course, successfully seldom, if ever, is averse to making public his Press for expressing lIuids from solids, F. 

methods of procedure. After all he has little to gain by keeping G Wiselogel 942301 
produce the downward-directed jet with- the matter to himself and, appreciating the advice 0" other Pressure generating"':';ci '�j,j,iyi';g'8j,p;;r�t;'�: ' 

t I d 't ti f practical men in the same line of work, he is only too glad to hydraullc. J'. W. Nelson . . . . . . . .. . . . . 942,736 ou an equa an OppOSI e genera on 0 contribute his own suggestions to the general fund of information. Pressure regulator, G. W. Collin . . . . . . . . . . . .  942,546 
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pended, not in producing a similar up· man. There was an almost immediate response. Hundreds of Printing machinery, J. A. J'. Hayes, reissue. 13,051 
h valuable suggestions poured in from every part of this country Printing press paper feed mechanism, J'. E. 

ward jet, but in balancing t e ex!)ess of and from abroad as well. Not only amateur mechanics, but Prin���k�e';s '�';��Y' f�id�;"W '  ii":6"ii 'sh :!�'i�� 
atmospheric pressure. The reaction, in professional men as well were eager to recount their �peri- Printing press, throw-otr m'ech�nism lor �he ' 
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walks of life-resourceful men, who showed their aptness at 
slowly raises the roof of the long air doing.things about the house, in the garden, on the farm. The Sauerwein et aI. . . . . . . . . . . . . . . . . . . . . . . .  942,669 
shaft." The rising of the roof is well electrician and the man in the physics and chemical laboratory �����jU!�S
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the formation of a downward jet is not, we have collected the worthier suggestions, which we present in the present volume. Punchi ngmachine, hand, H. Siegrist . . . . . . . 942,291 
They have all been classified and arranged in eight chapters, under the following Pulllh hg machine, multiple, C. E. Macbeth. \11272 

in a sense, a new phenomenon, but one headings : Puzzle, W. F. Bartsch . . . . . . . . . . . . . . . . . . . . . 942,536 
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Rail joint, W. P. Perkins . . . . . . . . . . . . . . . . . .  942,662 
change in the phenomena coincident to �n�!� ��rc,!fa:�g':J���£ ��ii!:',;c�' f�;s:��: 942,255 
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ter, Prof. Worthington draws attention to 
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the fact that photographs of the splash 
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of a projectile on striking the steel armor rlcan---------
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plate of a battleship bear a close resem- �:U:�� g:: :�t.:r r=�;��d; 'j: 'F: 'i,,;h��t: 

942,745 
blance to photographs of splashes caused 942,267,942,268 
by a sphere falling into liquId. There is 
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the same slight upheaval of the neighbor-

Huntl-ng Tn-p 
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ing surface, the same crater, with the �:ll::;s�rac"a�e�';,fr'iy s:';'ek';si�n F�y�f:�
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same curled lip, leading to the inference the trolley wires of electric, K. von Kando . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  942,143 
that under the immense and suddenly ap- Razor case, W. L. Clark . . . . . . . . . . . . . . . . . . . .  942.484 Reamer, adjustable, R. W. Bailey . . . . . . . . . .  942,533 
plied pressure the steel has behaved like Receptacle closure, lIuid, A. & T. A. De Vil-
a liquid. The professor suggests that NOW RUNNING IN 
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liquid in an analogous case, it may be n DJ. Y Ln Refrigerating apparatus, J. Heinrich, 
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possible to deduce information about the A A 

Refrigerating machine, R. N. Dyer . . . . . .. . . .  942,367 

M G ZINE Refrigerating package, A. W. Folsom . . . . . .  942.318 
distribution of internal stress, which Registering device. R. Hunter, reissue. . . . . .  13,052 
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October number and the entire first edition of that number was Rolling mill transfer table. C. L. Hustou . . .  942,644 
In conclusion it should be said that 
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Roof ventilator, W. W. Birnstock . . . . . . . . . .  942,707 
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utmost to supply the demand. The articles are fascinating, full of t:�g �����' � wuxWh��I��" ' " ' ' ' ' ' ' ' '  ::�,!�: graph here reproduced gives the time in 
adventure, and reflect the wonderful personality of Mr. Roosevelt. Rotary motor ;lDd'pu�p, J'. R. KI;''r;e'y: : : : : :  942:080 

decimal parts of a second which has �g��g ��:::: ��:t��: {v.� �::���:: :: : : : :  :!g�g 
elapsed since the first instant of contact. Rule, J'ewell & Westcott; . . . . . . . . . . . . . . . . . .  942,327 

Rule, W. L. Neeld. " . . . . . . . . . . . . . . . . . . . . . . 942,583 
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CARNIVOROUS PLANTS OF THE FUTURE. 
(Oontinued from page 469.) 

edge o f  the leaf in certain species is seen 
to curl slowly inward. Now we can im
agine that in the very far-away future 
with which we are dealing the Pingui
cula will develop leaves which will hardly 
be less than five or six feet in length. 
These lying along the surface of the 
ground will make a special appeal to 
grazing animals. Perhaps as with the 
sundew the allurement will be in the form 
of some pleasant-tasting secretion which 
is peculiarly attractive to sheep and 
goats. We can imagine how these ani
mals On first coming across the plants 
woutd start to regale themselves at the 
prepared feast. The strong sticky sub
stances would take a firm hold of the 
hairs surrounding the mouth parts of me 
creatures, and in their endeavor to free 
themselves the animals would become 
more entangled. Gradually, too, the sides 

( Oontinued On page 478.) 
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Scale, ice box and refrigerator, D. G. & A. H. Sansbury . . . . . . . . . . . . . . . . . . . . . . . . . .  942,286 Scarf pin safety attachment, F. S. Reynolds 942,517 Screens, lIy attachment for, E. White . . . . . .  942,120 Screw "utting machine, R. C. Nugent. . . . . .  942,791 
Screw driver, B. Presson . . . . . . . . . . . . . . . . . . .  942,742 
Screw driver and tweezers, combined, Bjorn 

& Cashmore . . . . . . . . . . . . . . . . . . . . . . . . . . .  942.373 Screw driver, spiral, J'. A. Leland . . . . . . . . . .  942,571 Screw, set, A. Levedahl . . . . . . . . . . . . . . . . . . . .  942,506 Seal and spout for cans and other recep-tacles, H. A. Truesdale . . . . . . . . . . . . . . . . 942,847 Seal, metallic, W. E. Elliott . . . . . . . .  942,315, 942,316 Seal, snap, E. J'. Brooks . . . . . .. . . . . . . . . . . . . . .  942,774 Seal, tag attaching, E. J'. Brooks . . . . . . . . . . . 942,435 Seals, packing and registering, W. E. Elliott . . . . . . . . . .  " . . . . . . . . . . . . . . .  " . . .  942.317 .sealing box fasteners, tool for, R. Schleicber 942,67'.1 Seam dampening machine, turn down collar, W. A. Zeidler . . . . . . . . . . . . .  " . . . .  , , ;  . . .  942,233 Seeder, C. W. Stark . . . . . . . . . . . . . . . . . . . . . . . .  942,868 Sewing machine, W. A. Mack . . . . . . . . . . . . . .  942,090 -Sewing machine gage, N. Friedman . . . . . . . . . 942,496 § 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 sew�
gp�:�i��

ne
. �o.l?��: . ���.�i��.t���: . � ����� 942,802 

AN AGENT WANTED IN EVERY TOWN i Semi This Coupon With Your Onler Shade bracket, window, C. W. Brown . . . . . . 942,775 
§ ��:1� ���a��alty �;��!f�d: ':P: 'i"G;�b�i : �!�:&�g &M fer Booller Givillg Ttl'JllS 5 ROOSE VEL T Sharpener for lawn mowers, E. Merritt . . . . .  942,578 
! Sharpener, knife, M. L. Hawks . . . . . . . . . . . . .  942,172 

_ .J S ·_1 on . Hha,.,en\ng deVice, razor, J'. J. Meehan . . . . .  942,731 -- ,tau ,(tTl OFFER No. �30 'ShaVUl&' �I!Uance CIlIIe1 W. L. OIark . . . . . . . 842,483 
.. ____________________________ .. lUontinuea on page 478. ) 
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