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Solitary wave in a laboratory wave channel.

The wave of translation
In 1834, while conducting experiments to determine the
most efficient design for canal boats, he discovered a
phenomenon that he described as the wave of
translation. In fluid dynamics the wave is now called a
Scott Russell solitary wave or soliton. The discovery is described here in his own words:[1][2]

I was observing the motion of a boat which was rapidly drawn along a narrow channel by a pair of
horses, when the boat suddenly stopped—not so the mass of water in the channel which it had put in
motion; it accumulated round the prow of the vessel in a state of violent agitation, then suddenly leaving
it behind, rolled forward with great velocity, assuming the form of a large solitary elevation, a rounded,
smooth and well-defined heap of water, which continued its course along the channel apparently without
change of form or diminution of speed. I followed it on horseback, and overtook it still rolling on at a
rate of some eight or nine miles an hour [14 km/h], preserving its original figure some thirty feet [9 m]
long and a foot to a foot and a half [300!450 mm] in height. Its height gradually diminished, and after a
chase of one or two miles [2–3 km] I lost it in the windings of the channel. Such, in the month of August
1834, was my first chance interview with that singular and beautiful phenomenon which I have called the
Wave of Translation.

Scott Russell spent some time making practical and theoretical investigations of these waves, he built wave
tanks at his home and noticed some key properties:

The waves are stable, and can travel over very large distances (normal waves would tend to either
flatten out, or steepen and topple over)
The speed depends on the size of the wave, and its width on the depth of water.
Unlike normal waves they will never merge—so a small wave is overtaken by a large one, rather
than the two combining.
If a wave is too big for the depth of water, it splits into two, one big and one small.

Scott Russell's experimental work seemed at contrast
with the Isaac Newton and Daniel Bernoulli's theories
of hydrodynamics. George Biddell Airy and George
Gabriel Stokes had difficulty to accept Scott Russell's
experimental observations because Scott Russell's
observations could not be explained by the existing
water-wave theories. His contemporaries spent some
time attempting to extend the theory but it would take
until the 1870s before an explanation was provided.

Lord Rayleigh published a paper in Philosophical
Magazine in 1876 to support John Scott Russell's experimental observation with his mathematical theory.
In his 1876 paper, Lord Rayleigh mentioned Scott Russell's name and also admitted that the first
theoretical treatment was by Joseph Valentin Boussinesq in 1871. Joseph Boussinesq mentioned Scott
Russell's name in his 1871 paper. Thus Scott Russell's observations on solitons were accepted as true by
some prominent scientists within his own life time.

Korteweg and de Vries did not mention John Scott Russell's name at all in their 1895 paper but they did











The formation of a blast wave by a very intense explosion. 
II. The atomic explosion of 1945 

BY SIR GEOFFREY TAYLOR, F.R.S. 

(Received 10 November 1949) 

[Plates 7 to 9] 

Photographs by J. E. Mack of the first atomic explosion in New Mexico were measured, and the 
radius, R, of the luminous globe or 'ball of fire' which spread out from the centre was deter- 
mined for a large range of values of t, the time measured from the start of the explosion. The 
relationship predicted in part I, namely, that RI would be proportional to t, is surprisingly 
accurately verified over a range from R =20 to 185 m. The value of Rit-1 so found was used 
in conjunction with the formulae of part I to estimate the energy E which was generated in 
the explosion. The amount of this estimate depends on what value is assumed for y, the 
ratio of the specific heats of air. 

Two estimates are given in terms of the number of tons of the chemical explosive T.N.T. 
which would release the same energy. The first is probably the more accurate and is 16,800 
tons. The second, which is 23,700 tons, probably overestimates the energy, but is included 
to show the amount of error which might be expected if the effect of radiation were neglected 
and that of high temperature on the specific heat of air were taken into account. Reasons 
are, given for believing that these two effects neutralize one another. 

After the explosion a hemispherical volume of very hot gas is left behind and Mack's 
photographs were used to measure the velocity of rise of the glowing centre of the heated 
volume. This velocity was found to be 35 m./sec. 

Until the hot air suffers turbulent mixing with the surrounding cold air it may be expected 
to rise like a large bubble in water. The radius of the 'equivalent bubble' is calculated and 
found to be 293 m. The vertical velocity of a bubble of this radius is I J(g 29300) or 35 7 m./sec. 
The agreement with the measured value, 35 m./sec., is better than the nature of the measure- 
ments permits one to expect. 

COMPARISON WITH PHOTOGRAPIIC RECORDS OF 
THE FIRST ATOMIC EXPLOSION 

Two years ago some motion picture records by Mack (I947) of the first atomic 
explosion in New Mexico were declassified. These pictures show not only the shape 
of the luminous globe which rapidly spread out from the detonation centre, but also 
gave the time, t, of each exposure after the instant of initiation. On each series of 
photographs a scale is also "marked so that the rate of expansion of the globe, or 
'ball of fire', can be found. Two series of declassified photographs are shown in 
figure 6, plate 7. 

These photographs show that the ball of fire assumes at first the form of a rough 
sphere, but that its surface rapidly becomes smooth. The atomic explosive was 
fired at a height of 100 ft. above the ground and the bottom of the ball of fire reached 
the ground in less than 1 msec. The impact on the ground does not appear to have 
disturbed the conditions in the upper half of the globe which continued to expand as 
a nearly perfect luminous hemisphere bounded by a sharp edge which must be taken 
as a shock wave. This stage of the expansion is shown in figure 7, plate 8 which 
corresponds with t = 15 msec. When the radius R of the ball of fire reached about 
130 m., the intensity of the light was less at the outer surface than in the interior. At 
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FiURE 6. Succession of photographs of the 'ball of fire' from t = 10 msec. to 1*93 msec. 
(Facing p. 182) 
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later times the luminosity spread more slowly and became less sharply defined, but 
a sharp-edged dark sphere can be seen moving ahead of the luminosity. This must be 
regarded as showing the position of the shock wave when it ceases to be luminous. 
This stage is shown in figure 8, plate 9, taken at t = 127 msec. It will be seen that the 
edge of the luminous area is no longer sharp. 

The measurements given in column 3 of table 1 were made partly from photographs 
in Mack (I947), partly from some clearer glossy prints of the same photographs 
kindly sent to me by Dr N. E. Bradbury, Director of Los Alamos Laboratory and 
partly from some declassified photographs lent me by the Ministry of Supply. The 
times given in column 2 of table 1 are taken directly from the photographs. 

TABLE 1. RADIUs R OF BLAST WAVE AT TIME t AFTER THE EXPLOSION 

t B 
authority (msec.) (m.) loglo t logl0 R ? log1o R 

0 10 1141 4-0 3 045 7*613 
0*24 19.9 4*380 3*298 8*244 

strip of small images I0*52 28*8 4*580 34058 8-512 . f . 1~~0*38 25*4 4*580 3*405 8*512 
MEDDC221 0 52 28.8 4 -716 3-458 8.646 

0*66 319 4*820 3*504 8.759 
0.80 34.2 4 903 3.535 8836 

50 94 36*3 4.973 3.560 8*901 
{1.08 38.9 3 033 3*590 8*976 
1*22 41.0 3*086 3*613 9.032 

strip of declassified 1.36 42*8 3-134 3*631 9*079 
photographs lent 1.50 44.4 4-176 3X647 9X119 
by Ministry of Supply 1.65 460 3*217 3X663 9X157 

1.79 46*9 3-257 3.672 9 179 
Ul93 48.7 -3286 3.688 9.220 
3*26 59.0 3*513 3*771 9.427 
3.53 61.1 3.548 3-786 9X466 

strip of small images { 3*80 62.9 X 580 3*798 9X496 
from MDDC221 14.07 64.3 3.610 3.809 9*521 

14 34 65.6 U-637 3X817 9X543 
4*61 67.3 3*688 3*828 9.570 

t 15.0 106*5 2*176 4*027 10*068 
25.0 130-0 2*398 4-114 10 285 large single photo- 34*0 145*0 2-531 4*161 10-403 

graphs MDDC22I 53*0 175*0 2.724 4*243 10*607 
62*0 18550 2.792 4*267 10*668 

To compare these measurements with the analysis given in part I of this paper, 
equation (38) was used. It will be seen that if the ball of fire grows in the way con- 
templated in my theoretical analysis, RI will be found to be proportional to t. To 
find out how far this prediction was verified, the logarithmic plot of 5 log R against 
log t shown in figure 1 was made. The values from which the points were plotted are 
given in table 1. It will be seen that the points lhe close to the 450 line which is drawn 
in figure 1. This line represents the relation 

2 logloR -log10t =ll915. (1) 
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The ball of fire did therefore expand very closely in accordance with the theoretical 
prediction made more than four years before the explosion took place. This is sur- 
prising, because in those calculations it was assumed that air behaves as though y, 
the ratio of the specific heats, is constant at all temperatures, an assumption which 
is certainly not true. 
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FIGupE 1. Logarithmic plot showing that RI is proportional to t. 

At ro'om temperatures y- 140 in air, but at high temperatures y is reduced 
owing to the absorption of energy in the form of vibrations which increases CQ. At 
very high temperatures y may be increased owing to dissociation. On the other 
hand, the existence of very intense radiation from the centre and absorption in the 
outer regions may be expected to raise the apparent value of y. The fact that the 
observed value of R5t-2 is so nearly constant through the whole range of radii 
covered by the photographs of the ball of fire suggests that these effects may 
neutralize one another, leaving the whole system to behave as though y has an 
effective value identical with that which it has when none of them are important, 
namely, 1-40. 

CALC-ULATION OF THE ENERGY RELEASED BY THE EXPLOSION 

The straight line in figure 1 corresponds with 
R5t-2 = 6-67 x 102 (cm.)5 (sec.)-2. (2) 

The energy, E, is then from equation (18) of part I 

E = p0A2(21rhl?jI) 412 (3) 
12-2 











































Lorenz attractor from MATLAB
 (see lorenz.m on myCourses)






























