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INDIAN FOSSILS.' 
THE Geological Survey of India has done good service 

to stratigraphical geology and to palmontology by 
entrustmg to Messrs. Cossmann and Pissarro its collection 
of Mollusca from the Ranikot beds of Sind. These are the 
only undoubted Lower Eocene strata hitherto discovered in 
India, and an authoritative comparison of their fossils with 

of the Europe_an formations is of great 
m.erest and tmportancc. Most of the specimens described 
are from the zone of Nummulites planulatus and a large 
proportion of them were collected by Mr. E: W. Vreden
burg, who contributes some preliminary stratigraphical 
notes to Messrs. Cossmann and Pissarro's memoir. The 
corals of the same formation were determined many years 
ago by Prof. Martin Duncan, while the Echinoids were 
described by Duncan and Sladen. 

The general geological results obtained from the new 
study of the Mollusca accord closely with those reached 
by these earlier authors from their examination of the other 

T?ere are numerous specimens of Velates, a genus 
whtch characterises the Lower Eocene of Europe. 
Some spectes of Calyptrophorus are closelv similar to those 
!rom Eocene of America, and there are many 
mterestmg forms of Volutththes, Ampullina, and Rimella. 
There are also several specimens of Styracoteuthis 
orientalis, a curious dibranchiate cephalopod previously 
known only by a single example from the Eocene of Arabia. 

The second part of the late Prof. Victor Uhlig's memoir 
on the. Ammonites of the Spiti Shales {Upper Jurassic) of 
the Htmalaya consists mainly of technical descriptions of 
species, illustrated by a fine series of lithographed plates. 
There are, however, interesting discussions of possible lines 
of development among the genera, subgenera, and species 
of the Hoplites group and the Macrocephalites group. 
Many genera of Ammonites found in the Spiti Shales exhibit 
no very relationship to thqse of Europe, but among 
the spectes of the genus Hoplites it seems possible to 

a series of well-known European types. More
over, tt is remarkable that these species in Europe are 
partly Lower Neocomian, and even range upwards to the 
lowest zone of the Middle Neocomian. In the Macro
cephalites group Prof. Uhlig identifies species of Simbirs
kites, which is also a Lower Cretaceous genus in Russia, 
North Germany, and England. The large majority of the 
so-called new species are represented only by a single 
imperfect specimen, and the differences between many of 
them are so difficult to appreciate that the wisdom of 
multiplying names in such cases may be doubted. The 
study of Ammonites is obviously making great progress, 
but much of it is obscured by injudicious nomenclature. 

JUVENILE EMPLOYMENT AND CON
TINUATION EDUCATION. 

DURING recent years the efforts of reformers of our 
national system of education have been concentrated 

to a considerable extent upon two great problems, namely, 
the early age at which education ceases for most boys and 
girls, and the entry of so many boys into " blind alley " 
industries, resulting a few years later in their being thrown, 
unqualified and unskilled, upon the labour market. With 
regard to continuing elementary education to a later date, 
but little progress has been made of recent years. Un
fortunately, Mr. Runciman's Bill of rgn, dealing with 
questions such as the raising of the " leaving age," the 
abolition of " half-time," and compulsory attendance at 
continuation schools, was not pressed through, and no 
intimation has yet been given that the Government intends 
to bring into operation, if possible, even one of the reforms 
covered by the Bill of 19 II. 

Considerable progress is being made, however, in the 
direction of attempting to lessen the evils of the " blind 
alley " industry. It is obvious this can best be done by 

1 "Paleoniologia Indica, being Figures and Descriptions of the Organic 
Remains procured during the Progress of the Geological Survey of India." 
Ne:w series, Vol. iii., Memoir No. z., The Mollu5ca of the RanikotSeries. 
·Part I., Cephalopoda and Gastropoda, by Cossmann and G. Pissarro; 
Introductory ·Note on the of the Ranikot Series, by E. W. 
Vredenburg. Pp. iv+xix+83+vtii plates. Price Rs. 2 or 2s. Sd. Series 
xv., Himalayan Fossils, Vol. iv., The Fauna of the Spiti Shales. Fasciculus 
2, by Prof. Dr. V. Uhlig. Pp. I33-3o6+plates xix-xlviiia, and lxxvii- xci. 
Frice Rs. Y2.4 or t6s. 4d. (Calcutta: Geological Suryey Office, 1909 and 
I9IO.) 
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acquainting parents with the future prospects offered by 
the various tr.ades or callings into which the boy may 
enter on leavmg school, by personal advice as to the 
necessity of attending continuation classes and the educa
tional . course is best for the boy or girl to pursue when 
at!endmg evenmg The first public recognition of 
th1s was the EducatiOn Act of rgoS for Scotland, authoris
ing the School Boards of Scotland to maintain voluntary 
agencies which should advise boys and girls upon the 

employments open to them on leaving school. 
Later m the same year clauses were inserted in the Labour 
Exchanges Bill authorising the Board of Trade to establish 
Juvenile Labour Exchanges. Somewhat later, the Educa
tion (Choice of Employment) Bill gave powers to the 
English and Welsh education authorities " to give boys 
and girls information, advice, and assistance with respect 
to the choice of employment.". This duplication of powers 
to the Board of Trade and the education authorities, re
spectively, gave rise to some friction at first ; but this has 
now been smoothed away, the Board of Trade only 
exerctsmg its powers independently if the education 
authority decides not to put the Act in operation. 

Already a number of local education authorities have 
prepared schemes for the exercise of their powers under 
the Act. The schemes provide for the cooperation of the 
Labour Exchanges of the Board of Trade with local com
mittees nominated by the education authority. The Board' 
of Education has formally approved of the schemes pro
posed by the Liverpool and Birmingham Education 
Authorities respectively. It is understood that about 
twenty other authorities have submitted schemes for 
approval, and that a number of other authorities are pre
paring schemes at the present time. 

The success of the Act will depend mainly, of course, 
upon the local committees appointed to carry. out the duties 
imposed upon them by the Act. Apparently these com
mittees will contain a fair sprinkling of representative local 
employers, social workers, elementary teachers, and the 
like. It is important that due representation should be 
given, if possible, to those with firsthand knowledge of 
continuation and technical school work, in order that the 
best possible advice be given respecting attendance and 
courses of work at evening continuation and technical 
schools. 

In further support of the agitation to limit the evils of 
the •· blind alley " occupation, a long letter appeared in 
the daily Press on Thursday, February r, signed, among 
others, by the Bishop of Hereford, Mr. Cyril Jackson, 
Mr. Ramsay Macdonald, M.P., Mr. J. L. Paton, and Dr. 
M. E. Sadler. In this letter attention is directed to such 
facts as that van boys work, on an average, from 96 to 
roo hours per week, and that only about 36 per cent. of 
these boys secure positions later as carmen. About 53·7 
per cent. of recruits from London for the Army began life 
as van boys and errand boys. It is clear from the long 
hours worked by van boys and the like that attendance at 
continuation schools is impossible. The signators of the 
letter recommended that boys engaged in such callings as 
those just mentioned should, between fourteen and eighteen 
years of age, be permitted to work only for thirty hours 
per week, and be compelled to attend continuation schools 
for another twenty hours. 

Incidentally, it may perhaps be suggested that sometimes 
educational institutions such as university colleges, 
medical schools, and technical schools, are not entirely 
guiltless on these questions of " blind alley industries " 
and the lack of facilities for continued education given to 
the boys passing direct from the elementary schools to the 
position of assistants in the laboratories or workshops of 
the colleges or schools. J. WILSON. 

THE PRESSURE OF A BLOW.' 
THE scientific analysis of a blow requires, first, the 

determination of the actual pressures or forces set up 
between the colliding bodies, and, secondly, an investigation 
of the distribution of these pressures and of their physical 
effects. The pressure produced by a blow does not differ 
in kind from that produced by any other agency, such as 

1 Di,course delivered at the Royal Institution on Friday, January 26, 
hy Prof. Bertram Hopkinson, F.R.S. 
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an hydraulic press, but it differs in degree because of its 
great intensity and of its extremely short duration, and 
these characteristics, as we shall see, have a marked 
influence on the effects which it produces. 

The first part of the problem, that is, the calculation of 
the pressure in tons or pounds, is based on the familiar 
principles of mechanics which were first precisely stated in 
!"ewton :s laws of motion. The cause of the pressure is 
the raprd change of motion of the colliding bodies which 
occurs when they come into contact, and, according to 
Newton's second law, the force is simply proportional to 
the rate at which this change is effected. The rate of 
change may be measured in terms of energy and distance 
or in terms of momentum and time. Thus a hammer 

moving at a rate of r6 feet per second, and weigh
rng r lb., possesses 4 foot-lbs. of energy, because its 
velocity could have been acquired by falling freely through 
4 feet. If it strikes a nail and drives it one-eighth of an 
inch, the energy which was generated by the weight of 
I lb. through 4 feet is destroyed in r/400 part of 
that drstance, and the force necessarv to effect this change 
of motion is 400 times as great-say, 400 lbs. The same 
effect would be produced by a 4-lb. hammer striking with 
the velocity which would be acquired by falling through 
I foot, namely, 8 feet per second. Regarding the same 
instance from the point of view of momentum, the r-Ib. 
hammer would take half a second to fall 4 feet, and the 
quantity of motion or "momentum," reckoned as the 
product of the force acting into the time required to 
generate it, would be one-half of a pound-second unit. 
While driving the nail in, the hammer covers a distance 
<>f i inch with a velocity which starts at r6 feet per second 
and drops to zero. To cover the distance of k inch with 
the average velocity of 8 feet per second takes I / Soo of a 
second, which is I/4oo of the time (! second) which it 
takes the weight of the hammer head (a force of I lb.) 
to generate its motion. Thus the pressure required for the 
rapid stoppage is, as before, 400 lbs. 

We may t:o>l;:e another instance essentially similar to the 
hammer and nail, but differing greatly as regards scale. 
A 14-inch armour-piercing shell weighs about 1400 lbs., 
and when moving at 18oo feet per second possesses about 
Jr,ooo foot-tons of energy, or about I5,ooo,ooo times as 
much as our hammer head. Such a shell would just pierce 
a plate ?f wrought iron feet thick, and the average 

'':hrch must be exerted to pull it up in that distance, 
whtch IS, of course, the pressure which it exerts on the 
plate, is 30,ooo divided by 2!, or about r2,ooo tons. This 
is equivalent to some So tons on the square inch. 

When a hammer strikes a nail, the force acting during 
the blow is practically constant, and the average value 
·obtained as above by dividing the energy by the distance 
moved, or the momentum by the time taken, is equal to 
the actual force exerted throughout the impact. In many 
cases, however, this force is not constant, and it is then 
necessary to divide the course of the impact into short 
intervals either of space or of time, calculate the change 
.of energy or momentum in each, and add the result. A 
familiar instance is that of two billiard balls. We may 
suppose one ball to strike the other full with a velocity 
of r6 feet per second, which corresponds to a fairly hard 
stroke. It simplifies the consideration of the problem if 
instead of one ball moving and the other at rest we sup
pose them to be travelling in opposite directions with equal 
velocities of 8 feet per second. At the instant when the 
balls first touch there is no pressure between them, but as 
they continue to approach each flattens the other at the 
point of contact. The balls no longer touch at a point, 
but over a circular area which rapidly increases in 
diameter. Corresponding to any given amount of flatten
ing or distance of approach, there is, of course, a definite 
pressure, which might be measured by actually squeezing 
the ba lls together under known forces and measuring the 
corresponding amount of approach. Or the relation 
·between pressure and distance could be calculated, as was 
done by Hertz. The area of the curve connecting pressure 
and distance up to any point gives the number of foot
pounds of energy destroyed. \Vhen this is just equal to 
the original energy of the balls they will have been re
duced to rest, and in the case supposed the distance of 
approach is then 14/rooo of an inch , and the total pressure 
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between them 1300 lbs. This pressure is distributed over 
the circle of contact, which is one-sixth· of an inch in 
diameter, and the average intensity of the pressure is 27 
tons per square inch. The distribution, however, is not 
uniform, the pressure at the centre being r! times the 
average. The balls are then like compressed springs, their 
original energy of motion having been completely trans
formed into strain energy in their substance. The reason 
of the high intensity of pressure developed is that this 
strain energy is concentrated into a very small volume of 
ivory near to the point of contact. The balls then begin 
to separate, and the whole process of compression is gone 
through in reverse order, the strain energy being trans
formed back into energy of motion by the pressure. 
Finally, the balls rebound unstrained, with nearly the 
velocity with which they approached. 

If for the ivory balls we substituted hollow balls of steel 
having the same mass, the pressure produced by the blow 
would be greater, because the steel is much more rigid 
than ivory, and gives less under a given force. Thus the 
distance of approach is less, the circle of contact smaller, 
and the maximum intensity of pressure much greater. It 
reaches 280 tons per square inch averaged over the surface 
of con tact. Such a pressure could only be sustained with
out permanent effect by a very hard steel. Ordinary mild 
steel would begin to flow when the pressure passed about 
roo tons, a permanent flat would be left by the blow, and 
the balls would rebound with less velocity than that of 
approach. The theory the results of which I have given 
does not, of course, apply to such a case, as it depends 
on the assumption of perfect elasticity. 

It is rather remarkable that materials can sustain with
out injury such large pressures as are produced by these 
blows. Mild steel balls are not crushed perceptibly until 
the pressure reaches roo tons per square inch, yet a short 
column of the same steel would be crushed by a pressure 
of 30 tons per square inch. One reason is the extremely 
short duration of the pressure-it has no time to produce 
much effect. The other is the fact that in the blow it is 
accompanied by large lateral pressures exerted by the 
metal surrounding the area of contact. Pressure equal in 
all directions, such as is exerted by the water at the bottom 
of a deep ocean, produces generally no permanent effect 
on solids or liquids. To produce breakage or permanent 
deformation there must be difference of pressure in different 
directions , and the most important, if not the only, factor 
determining whether such breakage or deformation shall 
occur is the amount of the difference. If, for example, 
our column of mild steel, which in the absence of lateral 
support begins to crush at 30 tons, were surrounded by a 
jacket exerting a radial pressure of 30 tons, it is probable 
that the end pressure might be increased to 6o tons without 
any movement occurring. In the impact of balls the 
metal surrounding the point of contact, by resisting the 
lateral expansion of the compressed part, sets up radial 
pressure of this kind. It can be shown, in fact, that the 
lateral pressure at the centre of the circle of contact, 
corresponding to a maximum normal pressure of 100 tons 
per square inch, is 75 tons per square inch, leaving 25 tons 
effective for producing deformation or breakage. 

These calculations of pressure are based on theory, and 
it may be asked what direct experimental evidence we have 
that the theory is correct. It is not, of course, possible 
actually to measure the pressures over the minute circle 
of contact between the balls, nor is it possible accurately 
to measure the amount of the flattening. We can, how
ever, pursue the calculation a little further, and determine 
the time during which the balls are in contact from the 
moment when they first touch to the moment at which 
they separate on the rebound. In the case of billiard balls 
moving with a relative velocity of r6 feet per second, this 
time is I /4000 of a second. A precisely similar calcula
tion can be made for balls of steel or other metal, and it is 
not difficult to measure in the laboratory the time during 
which such balls remain in contact. The method is of 
consiilerable use in connection with impact problems, and 
it consists in making the two balls, by their contact, close 
a galvanometer circuit in which there is also a battery and 
resistance. A certain quantity of electricity, which is 
simply proportional to the time of contact, then passes 
through the galvanometer produces a proportionate 
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deflection in it. It has been found that the time of contact 
measured in this way for steel balls is exactly that pre
dicted by theory, and it may be inferred that the theory 
is correct in all its details, and that the pressure calcu
lated by its aid corresponds with the facts. This method 
was first used by Pouillet in 1845, and has recently been 
brought to great perfection by Mr. J. E. Sears, who 
showed, among other things, that the relation between 
pressure and deformation of steel is almost exactly the 
same when the pressure is applied for an excessively short 
time, as in the case of impact, as it is when applied 
steadily, as in a testing machine. The assumption that 
this is the case lies, of course, at the root of the calcula
tions, and its verification was therefore a matter of con
siderable importance. 

When one billiard ball strikes another the effect of the 
blow is practically instantaneously transmitted to every 
portion of the colliding balls, or, to speak more precisely, 
the time taken to transmit the pressure is short compared 
with the total time of contact. Except for the minute 
relative displacement near the point of contact, the balls 
move as a whole, every part having the same velocity at 
each instance of time and coming to. rest &t the same 
moment. In many cases of impact, however, and in those 
possessing the most interest from a practical point of view, 
this is by no means the case. We may consider, for 
instance, the impact of an elongated lead rifle bullet against 
a hard steel plate. Under the enormous pressures 
developed lead flows almost like water, and in the absence 
of lateral support it is as little capable of transmitting 
those pressures. Thus, when the nose of the bullet strikes, 
the metal thus brought into contact with the plate immedi
ately flows out laterally, its forward motion being 
destroyed ; but the hind parts of the bullet know nothing 
of what has happened to the nose, because the pressure 
cannot be transmitted to them, and they continue to travel 
on with the original velocity until they in their turn come 
up to the plate and have their momentum destroyed. The 
process of stopping the bullet is complete when its tail 
reaches the plate, and the time required is simply that 
taken by the bullet to travel its own length. Thus a Lee
Metford bullet is I:l inches in length, or, say, one-tenth of 
a foot, and if moving at r8oo feet per second, which 
is about the velocity given with a rifle, it would be 
stopped in I I r8,ooo of a second. The bullet weighs 
approximately 0·03 lb., and possesses with this velocity 
about I·7 lb. second units of momentum. The force re
quired to destroy this in I I r8,ooo of a second is r8,ooo 
multiplied by I·7 lb., or, say, 15 tons. This acts over the 
sectional area of the bullet, which is one-fourteenth of a 
square inch, giving a pressure of about 2 IO tons per sq1.1are 
inch. This is the average pressure throughout the impact, 
but the pressure is probably nearly constant. It is to be 
noted that the pressure per square inch depends only upon 
the velocity (varying as its square), and not upon the 
length or diameter of the bullet. Increase in diameter 
only alters the area over which the pressure is applied, and 
increase in length the time during which it is applied. 

If for the bullet of lead we substitute one of hardened 
steel which will not flow, the problem at once becomes 
much more complicated. In order to reduce it to its 
simplest t erms, and to bring the theory into such a form 
that it can be tested in the laboratory, we may suppose 
that, instead of the bullet, we have a cylindrical steel rod, 
say ! inch in diameter by IO inches long, with flat ends, 
and that it strikes quite fair against an absolutely un
vielding surface. The latter condition could not be fulfilled 
ln practice, because there is no substance more rigid than 
steel. So far as the effects on the rod are concerned, how
ever, it can be fulfilled by making two rods, moving with 
equal velocities in opposite directions, collide end on ; and 
this device has been used in the laboratory for imitating 
the effect of impact against an unyielding surface. We 
have to consider how long it takes to stop the rod under 
such conditions. When the end first strikes it is pulled 
up dead, just as in the case of the lead bullet, only it does 
not now flow out sideways. The pressure, however, setup 
at the end of the rod cannot be instantaneously transmitted 
through it, and consequently the hind parts do not at once 
feel this pressure, but continue to move on as before. The 
transmission of the pressure takes place with the velocity 
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of sound, which for steel is about 17,000 feet per second, 
and it takes, accordingly, rlzo,ooo part of a second before 
the pressure has been transmitted throughout the IO inches 
length of the rod. A wave of pressure is initiated at 
the first contact and travels along the rod. At any instant 
the part of the rod which has already been traversed 
by the wave will be at rest and in compression, while 
the remainder which has not yet been reached by the 
wave, and accordingly as yet knows nothing of the 
impact, wilt still be moving forward with the old 
velocity. Each section continues to move on until the 
wave reaches it, when it is stopped with a jerk, the 
sections thus pulling up successively until the whole rod is 
at rest, which happens when the wave has travelled to the 
free end. From the momentum of the rod, and the time 
taken to stop it, the pressure can be calculated by the use 
of the principles already illustrated. Thus a rod IO inches 
long is stopped, as we have seen, in I I 20,000 second, and 
if it be moving with the moderate velocity of 20 feet per 
second, the pressure required to pull it up in this time is 
IS tons per ·square inch. This pressure is constant 
throughout the impact, and it is obvious that here again 
the intensity of pressure is dependent only upon the 
velocity, and not on the weight of the rod ; for if with 
the same velocity the length is increased, the correspond
ing increase of momentum to be destroyed is cancelled by 
the greater time required for the transmission of the 
pressure wave, and if the area is increased the total 
pressure is merely increased in proportion, the pressure 
per unit area remaining the same. For a hard elastic body 
the pressure is proportional to the velocity, a principle 
which is probably generally applicable in the initial stage 
of all impacts. 

At the instant of greatest compression, when the rod is 
reduced to rest, it is like a compressed spring, and there 
being no pressure acting at its free end to keep it com
pressed, it proceeds to expand again. Starting at the free 
end, a wave of expansion travels down the rod, the several 
portions being successively jerked into motion with 
approximately the original velocity. The whole process of 
restoring to the rod is completed when this wave 
reaches the impinging end, when the rod rebounds as a 
whole with the original velocity. The whole time of con
tact is, then, that taken by a wave of sound to travel twice 
the length of the rod. Here, again, by electrical measure
ment of the time of contact, it is possible to check the 
theory. It is found that the actual time is longer than 
that predicted. This is due to the fact that one cannot in 
practice make the rods hit absolutely true all over the 
ends; they strike at one point first , and the metal near 
that point has to be flattened out before the ends come 
into contact all over and initiate the simple plane pressure 
wave of the theory. The complete analysis of the dis
crepancies between theory and experiment so caused was 
long a puzzle to phvsicists interested in these matters. It 
was finally effected- by Mr. J. E. Sears, who determined 
mathematically the corrections necessary on this account, 
and submitted his theory to experimental test with entirely 
satisfactory results. 

Another simple instance of the propagation of waves 
along rods illustrates a point of importa nce in regard to 
the general effect of blows. Instead of maintaining the 
pressure during the whole passage of the wave up and 
down, as in the end-on impact, a pressure is suddenly 
applied to one end, maintained for a short time, and then 
removed. A corresponding pressure wave travels along 
the rod. Each portion of the rod is only or in 
motion during the passage of the wave over tt, and after 
the passage of the wave it is left with a certain forward 
displacement, but withouCany velocity or stress. Furthe_r
more the whole momentum of the blow is concentrated m 
the short length of the rod covered by the wave. On its 
arrival at the other end the wave is reflected, but the 
reflected wave is a wave of tension. As it comes back 
the head of the tension wave is at first wholly or partially 
neutra lised by the tail of the pressure wave, .but a 
time it clears this, and the rod is then put tnto tensiOn 
of amount equal to the original pressure. I! be a 
crack or weak place in the rod at a suffictent dtstance 
from the free end, the pressure wave will pass over it 
practically unchanged ; but on the arrival of the reflected 
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tension wave the rod will part, because the crack cannot 
sustain the tension, and the forward part will move on, 
having trapped within it the whole momentum of the 
blow. The rest of the rod will remain at rest and un
strained. 

(The propagation of waves in rods was illustrated by 
means of a model, consisting of horizontal wooden bars 
fixed at equal intervals to a vertical wire.) 

The fact that a blow involving only pressure may, by 
the effects of wave action and reflection, give rise to 
tensions equal to or greater than the pressure applied, 
often produces curious effects which may be illustrated in 
many ways. I shall choose by way of illustration some 
observations which I have been making recently, and 
which I think are new. I have here a small cylinder of 
gun-cotton. By the use of a small quantity of fulminate 
in the hole provided for the purpose it is possible to 
detonate the gun-cotton, which means that in an excessively 
short time it is converted into gas at a very high tempera
ture. The time required is probably only three or four 
millionths of a second, and is so excessively short that the 
gas does not during the process expand appreciably into 
the surrounding atmosphere. 

Thus the gas generated, which, when completely ex
panded, will fill a space several thousand times as great, 
is for a minute fraction of time confined within the volume 
of this small fragment of gun-cotton. This confinement 
implies great pressure--how much is at present a matter 
of doubt. I understand that Sir Andrew Noble estimates 
it at 120 tons per square inch. The only thing which 
restrains the expansion of the gas is the inertia of the 
surrounding air, and the pressure accordingly drops with 
very great rapidity. It is probable that the pressure is 
practically gone after 1/2s,ooo of a second. The same 
pressure is, of course, exerted by the gas upon any surface 
with which gun-cotton is in contact, and it will be seen 
tpat the force so produced has the characteristics of a 
blow, namely, great intensity and short duration. If such 
a cylinder of gun-cotton weighing one or two ounces be 
placed in contact with a mild steel plate, the effect, if the 
plate be half an inch thick or less, will be simply to 
punch out a hole of approximately the same diameter as 
the gun-cotton, just as though it had been struck by a 
projectile of that diameter. But if the plate be three
quarters of an inch thick, the curious result which I 
exhibit here is obtained. Instead of a complete hole being 
made, a depression is formed on the gun-cotton side of 
the plate, while on the other a scab of metal of corre
sponding diameter is torn off and projected away with a 
velocity sufficient to enable it to penetrate a thick wooden 
plank, or to kill anyone who stands in its path. The 
velocity, in fact, corresponds to a large fraction of the 
whole momentum of the blow. The scab behaves much in 
the same way as the piece which we saw would be shot 
off the end of a rod struck at the other end if the rod 
were divided or weakened, so as to be unable to sustain 
the reflected tension wave. The separation of the metal 
implies, of course, a very large tension, which can only 
result from some kind of reflection of the original applied 
pressure; but the high velocity shows that this tension 
must have been preceded by pressure over the same 
surface, acting for a time sufficient to give its momentum 
to the scab. 

Wishing to ascertain how and where the separation 
originates, I caused a two-ounce cylinder of gun-cotton to 
be detonated in contact with a somewhat thicker plate . 
In this case no separation of metal was visible, the only 
apparent effects being a dint on one side and a correspond
ing bulge on the other. On sawing the plate in half, how
ever, I was gratified to find an internal crack, obviously 
the beginning of that separation which in the thinner plate 
was completed. 

The pressure exerted by the gun-cotton in the experi
ments which I have just described is practically confined 
to the circular area of contact between it and the metal, 
as is shown by the accurate aj:(reement of the print on the 
plate with tha t circle. The effects of that pressure must, 
however, be largely conditioned by the fact that the metal 
upon which it acts is attached to the surrounding portions 
of the plate, and is by them held back. In order to get 
an idea of the effect of this factor, I have tried the experi
ment of removing this outside metal, leaving the steel 
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cylinder opposed to the gun-cotton. If such a short 
cylinder of steel be placed in contact with a gun-cotton 
cylinder of equal diameter, the result of detonation was at 
first sight merely to flatten it out slightly, and to produce 
a depression on one side with something of a bulge on the 
other. No external crack was visible. But on sawing the 
piece in half a remarkable system of cracks was disclosed; 
the cracks spread in all directions, as though tension had 
been acting in every direction ; in fact, it appeared as 
though the steel cylinder had begun to burst. The tension 
necessary to produce these cracks, which, as you will see, 
must have radial as well as axial components, must 
originate in some kind of wave action which follows the 
blow. The problem is very complicated, and I have not 
yet succeeded in finding a full explanation of the pheno
menon ; but there cannot be much doubt that the longi
tudinal tensions are due to a wave generally similar to· 
that which we have been discussing in connection with the 
rod. To account for the radial tensions which the cracks 
show also to have been present, it is to be observed that 
the shortening of the cylinder in the direction of its axis, 
which is the immediate effect of the blow, must be accom
panied by a corresponding increase in diameter. This 
increase takes place very rapidly, and implies that at first 
the metal is moving out in a radial direction with a high 
velocity. The stoppage of this radial motion requires 
radial tension, and this probably is greater at points near 
the axis, for much the same reason that when a stone is 
dropped into a pond the circular waves which it causes 
have their greatest amplitude at points near the centre oj 
disturbance. In the case of the steel cylinder the radial' 
tension wave travels inwards from the surface, and its 
amplitude increases as it goes in. 

I have recently been attempting to measure the duration 
of the pressures produced by the detonation of gun-cotton. 
The method depends on the reflection of a tension-wave 
at the free end of the rod. A wave of compression 
travels along the rod, the length of the wave corre
sponding to the time during which the pressure has 
acted ; that is, it is equal to the velocity of sound 
multiplied by that time. We may assume that the time 
was 1/2o,ooo of a second, which would ·give a wave 
just 10 inches long. This wave travels to the end of the 
rod, is there reflected as a wave of tension, and comes 
back. If the rod be cut across, the surfaces of the junc
tion being accurately faced and in firm contact, the pressure 
wave will pass the joint without change, but on the arrival 
of the head of the tension wave at the joint the parts will 
separate and the end piece will fly off. If the tail of the 
pressure wave has then cleared the joint, the separated end
piece will have trapped within it the whole momentum of 
the blow, and the part left behind will remain at rest and 
unstrained. In the case supposed things will happen in 
this way if the end-piece is more than 5 inches long. If 
it be less than 5 inches long, say 4 inches, there will, on 
the arrival of the reflected wave at the joint, be stilt 
2 inches of pressure wave in the other part of the rod, and 
the corresponding quantity of momentum. In this case, 
therefore, only a portion of the whole momentum is trapped 
in the piece, the balance being left in the other part of the 
rod, which mmes forward with the corresponding velocity. 
In order to discover how long the pressure 1asts; it is only 
necessary to try a series of experiments with the joint at 
different distances from the free end. It will be found 
that if that distance exceeds a certain amount, the rod 
which was originally struck remains at rest, the whole 
momentum being transferred to the free end-piece. If the 
distance be less, only a fraction of the momentum is so 
transferred, and the balance remains in the struck rod, 
which accordingly moves forward. By trying a series of 
experiments with end-pieces of different lengths, the rate at 
which the pressure disappears can be determined. In this 
way I have shown that the pressure developed by the 
detonation of o· I ounce of gun-cotton is practically all gone 
in 1f3o,ooo of a second. 

I have on the table some specimens to show the effects 
of detonating larger quantities of gun-cotton. Here is a 
steel plate which has been broken by firing a charge of 
about I lb. in contact with it. It is interesting to note 
the character the . fracture produced. This plate is a good 
quality of mild steel, such as is used for making boilers. 
It would be possible by a steadily applied pressure to bend' 
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it double without fracture, yet as the effect of the blow 
delivered by the gun-cotton it is broken with very little 
bending, almost as though it were cast iron or very hard 
steel. Time will not permit of my going further into the 
interesti ng question-of course a very important one in 
(;Onnection with our subject-of the effect on the character 
<Of the fracture produced of very big stresses lasting for a 
very short time. This case of the fracture of mild steel 
by gun-cotton shows, however, that one result may be that 
the property of ductility largely disappears under the action 
of a sufficiently violent blow. The mild steel, in fact, 
behaves very much like sealing-wax or pitch. The stick 

<Of sealing-wax which I hold in my hand has been bent by 
the continued action of a small force acting for several 
days , and the same force, had it continued to act, would 
ultimately have bent it double without breaking it. Yet 
under the application of a fprce many times as great it 
snaps like a piece of glass. 

The pressures produced by the detonation of gun-cotton 
are of the same order of intensity as those developed in 
<Ordinary blows. We saw that in the impact of billiard 
balls the average pressure over the area of contact may 
reach a value of 27 tons per square inch, and with steel 
balls moving at quite small velocities, such as 2 or 3 feet 
per second, it is easy to get pressures of xoo tons per 
square inch or more. These pressures, however, are very 
local, the area over which they act being a few hundredths 
of an inch in diameter only. By means of gun-cotton 
similar pressures may be applied over any desired area, 
but the intensity is no greater. About 120 tons per square 
inch is probably the limit of simple static gaseous pressures 
produced by known practical explosives. Probably greater 
pressures are produced with fulminate, but that cannot be 
used except on a very small scale. For the production of 
destructive effects on hard steel greater pressures than this 
are required, and in order to develop them on any con
siderable scale we must again have recourse to the dynamic 
action of collision. 

We have already seen that a lead bullet moving at 
x8oo feet per ·second probably generates a pressure of 200 
tons per square inch or more. We went on to consider the 
impact of rods of hard metal, and it appeared that two 
rods of steel colliding end on with a relative velocitv of 
40 feet per second would develop a pressure of about 
15 tons per square inch over the whole section of either. 
The theory on which that conclusion is based has been 
subjected to experimental test-indirect, it is true, but 
sufficiently searching-and is certainly correct for veloci
ties and pressures of that order. According to the theory, 
the pressure is simply proportional to the relative velocity 
of the two rods, so that if they collided at 2ooo feet per 
second, that is, fifty times as fast, .the pressure would be 
7.50 tons per square inch, assuming that the theory con
tmues to hold under these very different conditions. 

One of the fundamental assumptions on which the theory 
is based, however, would certainly break down long before 
such a velocity was reached. That assumption is that the 
pressure leaves no permanent effect on the material. I 
do . not know what is the strongest steel for this purpose 
wh1ch has been produced, but I think it may safely be 
asserted that no known substance would stand an end 
eompression, such as results from the blow of the colliding 
rods, of more than 300 tons per square inch. If it were 
ductile it would flow so rapidly under this pressure that 
there wou ld be appreciable deformation even in the verv 
short time during which the pressure lasts. If it were 
very ha rd it would be instantly shattered. In both cases 
the circumstances of pressure transmission would be com
pletely a ltered. It is, however, fairly certain that in 
neither would the pressure exceed that calculated on the 
hypothesis of perfect elasticity, and that in both it would 
be greater than that calculated (as for the lead rifle bullet) 
on the hypothesis of no elasticity. 

I am afraid, therefore, that at present our theories can 
throw but little light on the interesting question of the 
pressure developed when a hard steel armour-piercing shell 
strikes a hard steel plate with a velocity of 2000 feet per 
second. But a consideration of the visible effects of such 
a bl?w is suggestive in many ways, and by the kindness 
<lf S1r R. Hadfield I am able to describe and show some 
<Of them to you to-night. 
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You see before you specimens of modern armour-piercing 
shot. The shell is made of a special steel of great strength 
and considerable ductility, and after manufacture the point 
is hardened by thermal treatment, the base and most of the 
body of the shell remaining more or less ductile. In 
recent years it has become the practice to fit a cap of soft 
steel over the hardened point. I will speak of the func
tions of this cap later, and for the present we will consider 
the shell without it. 

I first show the effect of firing an uncapped shell at a 
plate of wrought iron or mild steel. In this case the metal 
of the plate is so soft that pressures that are quite without 
effect on the hardened point of the shell are able to make 
it flow very rapidly. The shell simply ploughs its way 
through, pushing out the wrought iron before it, and 
emerges quite unscathed. It will be noticed that on the 
striking side there is a rim or lip of wrought iron which 
has been squeezed out in a direction opposite to the move
ment of the shell. A similar lip is formed if a hole is 
blown in a lead plate by means of a gun-cotton primer, 
and there seems to be a good deal of analogy between the 
two cases. 

Completely to stop a 14-inch shell, such as that which 
you see before you, would require a thickness of at least 
2;} feet of wrought iron, and almost as great a thickness 
of mild steel. I believe that some ships twenty-five years 
ago were fitted with armour of this sort of thickness, but, 
of course, the weight is almost prohibitive. Modern 
improvements in armour, whereby the same effective 
resistance is obtained with less than half the thickness, are 
based on the use of special steel having sufficient ductility 
to enable it to be worked and fixed in place on the ship, 
while possessing greater strength than wrought iron or 
ordinary structural steel. Even such a special steel, how
ever, is handicapped as against the shell by the hard point 
of the latter, which is able to force the softer material 
aside, though itself undamaged. This disability, however, 
has been overcome by hardening the face of the plate, so 
that it now possesses a composite structure, the back being 
tough and ductile, but the face as hard . as it is possible 
to make it. When such a plate is struck by the shell it 
is a case of Greek meeting Greek, and this is the result 
(photograph). Both the shell and the hardened face of the 
plate are shattered by the pressure, sufficient of which is 
transmitted through the substance of the plate to crack it 
right through, though, of course, none of the shell has 
penetrated it. 

It would seem that when it acquired the hard face the 
armour plate more than overtook the shell in the race. 
Though the shell might by sheer energy pierce a somewhat 
thinner plate, I am told that it was apt to be smashed 
to pieces in the process. The balance has of recent years 
been more than restored by the addition to the shell of the 
soft steel cap. I have already shown you the effect of 
firing an uncapped shell; I will now direct your attention 
to that of firing the same shell with cap at the same plate. 
The shell goes through minus its cap, but otherwise so 
completely uninjured that I am told it might in many 
cases be used again. It punches a clean hole in the plate. 
The fate of the cap is interesting. The shell punches a 
hole in it, as of course it must do before it reaches the 
plate, and the cap forms a ring, which is held up by the 
plate, and through which the shell passes. The fragments 
of the cap are found on the front side of the plate, and in 
some instances they have been collected and put together, 
forming a ring. I have one such ring here. Its largest 
diameter is that of the shell, its smallest about an inch 
less, and it looks as though the ring had got intact as far 
as the shoulder of the projectile, but had then burst into 
several pieces. 

The usual explanation of this remarkable effect of a soft 
steel cap is that it supports the point of the projectile. As 
I pointed out in connection with billiard balls, the destruc
tive effect of pressure depends on the difference of pressures 
in different directions, and not on their absolute amounts, 
and it is obvious that by the exercise of a sufficient 
lateral pressure the point might be completely protected. 
The difficulty i.s to see how the comparatively weak 
material of which the cap is made can exert the very 
large pressures which are necessary for effective support. 
It seems hardly possible that such pressures could be 



© 1912 Nature Publishing Group

NATURE [FEBRUARY I 5, 1912 

generated by the mere act of stretching or expanding 
the cap over the end of the shell. If this be so, the 
inertia of the metal in the cap must play an important 
part. At the critical moment when the hard point of 
the shell meets the plate, there is a sudden distortion 
of the shell and plate near the point of contact. This 
distortion is the cause of breakage. One can see that the 
mass of mild steel surrounding the point of the shell, and 
pressed into firm contact with it, might by its inertia 
oppose a powerful resistance to this sudden change of form, 
and so support the shell during the minute fraction of time 
which determines whether it or the plate shall go. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

BIRMINGHAM.-At the last meeting of the City Council 
the recommendation of the Education Committee to allot 
to the University the proceeds of a penny rate was dis
cussed. The amount which would have been raised by 
such a rate is about r6,oool. at present, and would increase 
with the growth of the city. Some opposition to the 
recommendation was made by the supporters of the 
Birmingham and Midland Institute, who wished roool. 
per annum to be granted to that institution. Further 
opposition . came from some of the Socialist members of 
the Council on the ground that the money would be better 
spent in increasing the facilities for secondary education 
to the poorer classes. A letter was read from the Board 
of Education pointing out that the ear-marking of so large 
a sum as that required by the Education Committee for 
additional scholarships would materially lessen the value of 
the grant to the University for the purpose of diminishing 
its present debt, and this would be taken into considera
tion in allotting the Treasury grant, which was to be 
allocated to the various applicants in proportion to the 
amount of local support forthcoming. The result of the 
discussion was the assigning of a sum of rs,oool. per 
annum from April I until further notice. 

The annual reports of the University Council and Prin
cipal have been published, from which it appears that the 
total number of registered students during the past session 
was IOIJ, as against 958 for the previous session. The 
Principal again emphasised the need for a chair of Greek. 
He also hoped that some further development in facilities 
for agricultural studies would be made during the present 
session. 

Prof. John Joly, F.R.S., has been appointed Huxley 
lecturer for the current session. 

OxFORD.-The following letter has been addre;osed to 
the Vice-Chancellor by Prof. Karl Pearson, F.R.S. :-

" Dear Mr. Vice-Chancellor, 
'' I feel very deeply indeed the honour which has been 

conferred on me by the award of the Weldon Prize. I 
realise fully also the difficulties under which the Electors 
have been placed owing to the terms of the statutes. But 
as one who was partly instrumental in founding the prize, 
and who also had many opportunities of knowing the 
views held with regard to such prizes by the man whose 
work it commemorates, will you allow me to be at once 
very grateful for the award and yet to ask the University 
to pass me over in its selection? 

" I feel strongly that, whatever the formal wording of 
the statutes may be, the intention of the donors and the 
spirit of the late Prof. Weldon, which influenced their 
foundation, was the encouragement of younger men, to 
whom timely recognition may mean an all-important 
indication that their work is appreciated and their chosen 
path a fitting one. 

" KARL PEARSON." 

DR. A. H. FrsoN has been appointed secretary of the 
Cilchrist Educational Trust, in succession to the late Dr. 
R. D. Roberts. 

MR; ALFRE? has resigned the professorship of 
t'lectncal engmeenng m the Manchester University and the 
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School of Technology on his appointment by the Presi
den! of !he Board of Education to a staff inspectorship in 
engmeenng under the Board. The resignation dates from 
March 31. 

THE issue for January of The Technical Journal-the 
organ of the Association of Teachers in Technical Institu
tions-is full of material of interest to the members of the 
association and others engaged in technical education. 

the most noteworthy contributions may be men
the statement of the evidence given by the Associa

tiOn of Teachers in Technical Institutions before the Roval 
Commission on University Education in London and the 
presidential address of Mr. Barker North at the annual 

of the association last November. A portrait is 
mcluded of Mr. J. H. Reynolds, whose retirement from the 
principalship of the Manchester Municipal School of 
Technology will take place shortly. 

IT is announced in Science that the directors of Brvn 
Mawr College have formally accepted the bequest 'of 
r2s,oool. made by the will of the late Emma C. \Voeris
hoffer·, of New York, who was killed in an automobile 
accident last summer. The whole sum has been consti
tuted as a permanent endowment fund. From the same 
source we learn that the sum of ro,oool. has been given 
to Beloit College by Mrs. Rufus H. Sage, of Chicago. 
The total endowment of this college-in interest-beari-ng 
securities-is now increased to 25o,oool., in addition to the 
value of the buildings. A third gift, reported in the same 
issue of our contemporary, is that of Mr. Robert \V. 
Sayles, in charge of the geological section of the Harvard 
University Museum, who has given the sum of wool. to 
the Seismological Society of America, to aid in the publica
tion of the society's Bulletin. 

THE Child Study Society of London announces that a 
conference of combined will be held in the Uni
versity of London on May 9 to I r next under the presi
dency of Sir James Crichton Browne, F.R.S. The sub
ject for discussion at the conference will be '' The Health 
of the Child in relation to its Mental and Physical Develop
ment." Papers will be contributed to introduce dis
cussions on the " Influence of Defects of Hearing, and of 
Vision, in relation to the Mental and Physical Develop
ment of the Child," by Dr. J. Kerr Love and Mr. N. 
Bishop Harman;" The Tuberculous Child," by Dr. Jane 
Walker; " Mental Hygiene in relation to the Development 
of the Child," by Dr. Theo Hyslop; and " Instruction of 
the Young in Sexual Hygiene," by Dr. G. Eric Pritchard. 
A lecture to the conference on " Eugenics and Child
study " will be delivered by Dr. C. W. Saleeby. 

THE council of Bedford College has announced that the 
wo,oool. required to erect the new buildings at Regent's 
Park and to inaugurate an endowment fund has now been 
obtained. As has been recorded in these columns, so,oooi. 
had been raised by the beginning of November last for the· 
building fund, 2o,oool. of it being promised by the London 
County Cuuncil, who also promised ro,oool. more if the 
college could raise a similar sum immediately. By the 
end of last year the college raised the amount named, and 
secured the further grant. We learn from The Times 
that the council has now been informed by Lord Haldane, 
president of the building and endowment fund, that he 
has received from a donor who desires at present to with
hold his name the promise of 3o,oool. towards . the fund. 
Simultaneously with this donation comes the promise from 
another anonymous donor of w,oool. for the erection of 
a hall and common rooms, while the Worshipful Company 
of Goldsmiths has granted soool. towards an endowment 
fund. 

THE International Commission on Mathematical Educa-· 
tion will meet at Cambridge on August 22-28, on the 
occasion of the fifth International Congress of Mathe
maticians. It will be remembered that the commission 
owes its existence to a resolution of the Rome Congress of 
1908. The educational subjects proposed for discussion are 
the following :-(r) intuition and experiment in mathe
matical teaching at secondary schools, in particular, the 
use of drawing, measurement, and calculation (numericaL 
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