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evidence poin,ing toward a general flotation of the 
crust near to equilibrium Le reconciled with this other 
evidence of great rigidity and strength? It has been 
supposed that a mobile zone may explain the apparent 
contradiction, but the necessity of postulating such a 
zone becomes greater as the accumulated evidence of 
weakness on one hand, of strength on the other, 
diverges more and more. By means of a study of the 
areas of the surface loads and their degree of depar
ture from isostatic equilibrium this zone is located far 
deeper than other estimates have placed it, the level 
of minimum strength being thought to lie as much 
as 150 to 200 miles deep. The maximum strength is 
probably at a depth of ten to twenty miles, and falls 
off rapidly below. 

"The Geologic and Biologic Results of a Study 
of the Tertiary Floras of South-eastern North 
America" were presented by Prof. E. W. Berry, of 
Johns Hopkins University. The results of many years of 
study of the rich Tertiary floras of south-eastern North 
America were announced for the first time. Their 
botanical relationships and their bearing on the evolu
tion of types and upon geographical distribution were 
summarised. The studies have afforded for the first 
time fossil floras of fixed stratigraphic position for 
comparison with the floras of the Rocky Mountain 
province on the border between the Cretaceous and 
Tertiary, the age of which has caused much con
troversy. They also afford means for correlation with 
the type of section of the Paris basin. 

During the afternoon of April 24 a portrait of the 
late Dr. S. P. Langley, who was a former vice
president, was presented to the society by Dr. C. Adler 
on behalf of a number of members. On April 25 the 
following new members were elected as the result of 
balloting,-Mr. C. G. Abbot, Washington; Dr. J. W. 
Bright, Baltimore; Dr. B. M. Davis, Philadelphia; 
Dr. T. McCrae, Philadelphia; Dr. W. D. Matthew, 
New York; Dr. A. G. Mayer, Washington; Dr .. 
S. ]. Meltzer, New York; Dr. ]. C. Merriam, 
Berkeley, Cal. ; Prof. R. A. Millikan, Chicago; Prof. 
W. A. Noyes, Urbana, Ill.; Dr. Stewart Paton, 
Princeton; Dr. R. M. Pearce, jun., Philadelphia; Dr. 
P. C. Ricketts, Troy; Dr. Harold A. Wilson, F.R.S., 
Houston; Dr. F. E. Wright. Dr. 
Shibasaburo Kitasato, Tokvo; Prof. H. Kamerlingh 
Onnes, Leyden; and Dr. Vito Volterra, Rome. 

At the concluding session of the meeting· a medallion 
portrait of the late Sir Joseph D. Hooker was un
veiled by Prof. ,V. G. Farlow, of Harvard University. 

X-RAYS AND CRYSTALLINE 
STRUCTURE .1 

TWO years have gone by since Dr. Laue made his 
surprising discovery of the interference effects 

accompanying the passage of through crystals. 
The pioneer experiment has opened the way for many 
others, and a very large amount of work, theoretical 
and practical, has now been done. As the preliminary 
exploration of the new country has proceeded our 
first estimate of its resources has grown continuously; 
we have learnt many things which help us to a better 
understanding of phenomena already familiar, and 
we have seen avenues of inquiry open out before us 
which as yet there has been little time to follow. 
The work is full of opportunities for exact quantita
tive measurement, where precision is sure to bring its 
due reward. There is enough work in sight to absorb 
the energies of many experimenters, and there is sure 
to be far more than we can see. When we consider 
the wideness of the new field, the quality and quan
tity of the work to be done in it, and the importance 

1 Di..;;conrse dell\··ered at the Royal Institution on June 5 by Pror. \V. H. 
Bragg, I' R.S. 
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of the issues, we are scarcely guilty of over-statement 
if we say that Laue's experiment has led to the 
development of a new science. 

The experiment itself-to put it very briefly-con
stitutes a proof that X-rays consist of extremely short 
<ether waves. In order to appreciate the value of this 
demonstration, we must bear in mind the presen. 
conditions of our knowledge of the laws of radiation 
in general. Let us consider very shortly how the 
whole matter stood when the new work was begun. 

vVhen X-rays were first discovered eighteen years 
ago it was soon pointed out that they might consist 
of electromagnetic disturbance of the <ether analogous 
to those sup.posed to constitute light. It was tr)le 
that the new rays seemed to be incapable of reflec
tion, refraction, diffraction and interference which 
were familiar optical phenomena. But it was pointed 
out by Schuster (NATURE, January 23, 18g6) 
that these defects could be explained as natural 
consequences of an extremely small wave-length. 
The positive evidence consisted mainly in the 
knowledge that the impact of the electrons on the 
antikathode of the X-ray bulb ought to be the occasion 
of electromagnetic waves of some sort, and in the 
discovery by Barkla that the X-rays could be polarised, 
which last is a property also of light. 

As experimental evidence accumulated, a number of 
results were found which the electromagnetic theory 
was unable to explain, at least in a direct and simple 
manner. They were mainly concerned with the trans
ference of energy from place to place. In some way 
or other the swiftly moving electron of the X-ray 
bulb transfers its energy to the X-ray, and the X-ray 
in its turn communicates approximately the same 
quantity of energy to the electron which originates 
from matter lying in the track of the X-ray, and 
which is apparently the direct cause of all X-ray 
effects. Experiment seemed to indicate that X-ray 
energy travelled as a stream of separate entities or 
quanta, the energy of the quantum differing accord
ing to the quality of the X-ray. It looked at one 
time as if it might be the simplest plan to deny the 
identity in nature of X-rays and light, to describe the 
former as a corpuscular radiation, and the latter as 
a wave motion. Otherwise it seemed that the electro
magnetic hypothesis would be torn to pieces in the 
effort to hold all the facts together. 

But it appeared on a close examination of light 
phenomena also, though in much less obvious fashion, 
that the very same effects occurred which in X-rays 
were so difficult to explain from an orthodox point of 
view. In the end it became less difficult to deny the 
completeness of the orthodox theory, than the identity 
in nature of light ::md X-rays. Modern work on the 
distribution of energy in the spectrum, and the de
pendence of specific heat upon temperature have also led 
independently to the same point of view. It has been. 
urged with great force by Planck, Einstein, and others 
that radiated energy is actually transferred in definite 
units or quanta, and not continuously : as if we had 
to conceive of atoms of energy as well as of atoms of 
matter. Let it be admitted at once that the quantum 
theory and the orthodox theory appear to stand in 
irreconcilable opposition. Each by itself correlates 
g-reat series of facts; but they do not correlate the 
same series. In some way or other the greater theory 
must be found, of which each is a partial expression. 

The new discovery does not solve our difficulty at 
once, but it does two very important things. In the 
first place, it shows that the X-rays and light are 
identical in nature; in fact, it removes every differ
ence except in respect to wave-length. The question 
as to the exact place where the difficulty lies is 
decided for us ; we are set the task of discovering 
how a continuous wave motion, in a continuous 
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medium can be reconciltd with discontinuous trans
ferences of radiation energy. Some solution there 
must be to this problem. The second important t1ling 
is that the new methods will surely help us on the 
way to find that solution. We can now examine 
X-rays as critically as WE. have been able to study 
light by means of the spectrometer. The 
of the X-ray has emerged as a measurable quantity. 
The complete range of electromagnetic radiations 
now lies before us. At one end are the long waves 
of wireless telegraphy, in the middle are, first, the 
waves of the infra-red detected by their heating 
effects, then the light waves and then the short waves 
of the ultra-violet. At the other end are the extremely 
short waves that belong to X-radiation. In the com
parative study of the properties of radiation over this 
very wide range we must surely find the answer to 
the greatest question of modern physics. 

So much for the general question. Let us now 
consider the procedure of the new investigations, and 
afterwards one or two applications to special lines of 
inquiry. 

The experiment due to Laue a nd his collaborators 
Friedrich and Knipping has a lready been described 
in this lecture-room, and is now well known. A fine 
pencil of X-rays passes through a thin crystal slip 
and impresses itself on a photographic plate. Round 
the central spot are found a large number of other 
spots, arranged in a symmetrical fashion, their 
arrangment clearly depending on the crystal struc
ture. Laue had anticipated some such effect as the 
result of diffraction by the atoms of the crystal. His 
mathematical analysis is too complicated to describe 
now, and indeed it is not in any circumstances easy 
to handle. It will be better to pass on at once to a 
very simple method of apprehending the effect which 
was put forward soon after the publication of Laue's 
first results. I must run the risk of seeming to be 
partial if I point out the importance of this advance 
which was made by my son, W. L. Bragg. All 
recent investigations of X-ray spectra and the exam
ination of crystal structure and of molecular motions 
which have been carried out since then have been 
rendered possible by the easy grasp of the subject 
which resulted from the simpler conception. 

Let us imagine that a succession of waves con
stituting X-radiation falls upon a plane containing 
atoms, and that each atom is the cause of a secondary 
wavelet. In a well-known manner, the secondary 
wavelets link themselves together and form a reflected 
wave. Just so a sound wave may be reflected by :t 
row of palings, and very short sound waves by the 
fibres of a sheet of muslin. 

Suppose a second plane of atoms to lie behind the 
first and to be parallel to it. The primary wave, 
weakened somewhat by passing through the first 
plane, is again par_tially reflected by the second. When 
the two reflected pencils join it will be of great im
portance whether they fit crest to crest and hollow 
to hollow, or whether they tend to destrqy each other's 
effect. If more reflecting planes are supposed, the 
importance of a good fit becomes greater and greater. 
If the number is very large, then, as happens in many 
parallel cases in optics, the reflected waves practically 
annul each other unless the fit is perfect. 

It is easily seen that the question of fit depends on 
how much distance a wave reflected at one plane 
loses in comparison with the wave which was reflected 
at the preceding plane; the fit will be perfect if the 
loss amounts to one, two, three, or more wave-lengths 
exactly. In its turn the distance lost depends on the 
spacing of the planes-that is to say, the distance 
from plane to plane-on the wave-length and on the 
angle at \vhich the rays meet the set of planes. 
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The question is formally not a new Many 
years ago Lord Rayleigh discussed it in th_is room, 
illustrating his point by aid of a set of mushn sheets 
stretched on parallel frames. The short sound waves 
of a high-pitched bird-call were x:e.flected from the set 
of frames and affected a sens1ttve flame; and he 
showed how the spacing of the planes must be care
fully adjusted to the proper value in relation to the 
length of wave and the angfe of incidence. Rayleigh 
used the illustration to explain the beautiful colours 
of chlorate of potash crystals. He ascribed them to 
the reflection of light by a series of parallel and regu
larly spaced twinning planes within the crystal, the 
distance between successive planes bearing roughly tht! 
same proportion to the length of the wave 
of light as the distance between the mushn sheets 
to the length of the wave of sound. . 

Our present phenomenon is the same thmg 
on a minute scale; thousands of tlm.es. smaller 
in the case of light, and many m1lhons of ttmes 
smaller than in the case of sound. 

By the kindness of Prof. R. W. Wood I am able 
to show you some fine examples of the chlorate of 
potash crystals. If white light is allowed to fall 
upon one of them, the whole of it is not .reflected. 
Only that part is reflected which has a defimte wave
length or something very near to it, and 
ray is therefore highly coloured. The wave-length IS 

defined by the relation already referred to. If 
angle of incidence is altered, the wave-length winch 
can be reflected is altereu, and so the colour changes. 

It is not difficult to see the analogy between these 
cases and the reflection of X-rays by a crystal. Sup
pose, for example, that a pencil of homogeneous 
X-rays meets the cube face of such a crystal as 
rock-salt. The atoms of the crystal can be taken to 
be arranged in planes parallel to that face, and regu
larly spaced. If the rays meet the face at the pr?per 
angle, and only a.t the proper a ngle, there JS a 
reflected pencil. It 1s to b_e that re
flection is caused by the JOint actwn of a senes <?f 
planes, which _in this case parallel to the face; 1t 
is 09t a reflectiOn by the face 1tself. The face need not 
even be cut truly; it may be unpolished or deliberately 
roughened. The reflection takes place in the body of 
the crystal and the condition of the surface is of little 
account. 

The allotment of the atoms to a series of planes 
parallel to the surface is not, of course, the. only one 
possible . For example, in the case of a cub1c crystal, 
parallel planes containing all the atoms of the crystal 
may also be drawn perpePdicular to a face diagonal 
of the cube, or to a cube diagonal, or in many other 
ways. We may cut the crystal so as to show a face 
parallel to a ny series and then place crystal 
that reflection occurs, but the angle of JnCJdence w1ll 
be different in each case since the spacings are 
different. It is not necessary to cut the crystal except 
for convenience. If wave-length, spacing, and angle 
between ray and plane are rightly adjusted to each 
other, reflection will take place independently of any 
arrangement of faces. 

This is the " reflection " method of explaining the 
Laue photograph. W. L. Bragg showed in the first 
place that it was legitimate, and in the second that 
it was able to explain the positions of all the spots 
which Laue found upon his photographs. The 
different spots are simply reflections in the different 
series of planes which can be drawn through the 
atoms of the crystal. The simpler conception led at 
once to a simpler procedure. It led to the construc
tion of the X-ra y spectrometer, which resembles an 
ordinary spectrometer in general form, except that the 
grating or prism !s replaced by a crysta l and the 
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telescope by an ionisation chamber and an electroscope. 
In use a fine pencil of X-rays is directed upon the 
crystal which is steadily turned until a reflection leaps 
out· and the angle of reflection is then measured. 
If use different crystals or different faces of the 
same crystal, but keep the rays the same we can 
compare the geometrical spacings of the various sets 
of planes. If we use the same crystal always, but 
vary the source of X-rays we can analyse the latter, 
measuring the relative wave-lengths of the various 
constituents of the radiation. 

We have thus acquired a double power:-
(1) We can compare the intervals of spacing of 

the atoms of a crystal or of different crystals, along 
various directions within the crystal; in this way 
we can arrive at the structure of the crystal. 

(2) \Ve can analyse the radiation of an X-ray bulb; 
in fact, we are in the same position as we should 
have been in respect to light if our only means of 
analysing light had been by the use of col0ured 
glasses, and we had then been presented with a 
spectrometer, or some other means of measuring wave
length exactly. 

We now come to a critical point. If we knew the 
exact spacings of the planes of some one crystal we 
could now by comparison find the spacings of all other 
crystals and measure the wave-lengths of all X-radia
tions. Or if we knew the exact value of some one 
wave-length we could find by comparison the values 
of all other wave-lengths, and determine the spacings 
of all crystals. But as yet we have no absolute value 
either of wave-length or of spacings. 

The difficulty appears to have been overcome by 
W. L. Bragg's comparison of the reflection effects 
in the case of rock-salt or sodium chloride and sylvine 
or potassium chloride. These two crystals are known 
to be "isomorphous" ; they must possess similar 
arrangements of atoms. Yet they display a striking 
difference both in the Laue photograph and on the 
spectrometer. The reflections from the various series 
of planes of the latter crystal show spacings con
sonant with an arrangement in the simplest cubical 
array. The smallest element of pattern is a cube at 
each corner of which is placed the same group, a 
single atom or molecule or group of atoms or mole
cules. In the case of rock salt, the indications are 
that the crystal possesses a structure intermediate 
between the very simple arrangement just described 
and one in which the smallest element is a cube 
having a similar group of atoms or molecules at every 
corner and at the middle point of each face. The 
arrangement is called by crystallographers the face
centred cube. The substitution of the sotiium for the 
potassium atom must transform one arrangement into 
the other. 

This can be done in the following way, if 
we accept various indications that atoms of equal 
weight are to be treated as equivalent. Imagine an 
elementary cube of the crystal pattern to have an atom 
of chlorine at every corner and in the middle of each 
face, and an atom of sodium or potassium as the case 
may be, at the middle point of each edge and at the 
centre of the cube. We have now an arrangement 
which fits the facts exactly. The weights of the 
potassium and chlorine atoms are so nearly the same 
as to be practically equivalent, and when they are 
considered to be so, the arrangement becomes the 
simple cube of sylvine. But when the lighter sodium re
places the potassium, as in rock-salt, the arrangement 
is on its way to be that of the face-centred cube, and 
would actually become so were the weight of the 
sodium atoms negligible in comparison with those of 
chlorine. 

Of course, the same result would follow were 
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two or three or any number of atoms of each 
sort to take the place of the single atom, provided 
the same increase was made in the number of the 
atoms of both sorts. We might even imagine two 
sorts ot groups of chlorine and metal atoms, one 
containing a preponderance of the former, the other 
of the latter, but so that two groups one of each kind 
contained between them the same proportion of chlorine 
and metal as the crystal does. We must merely have 
two groups which differ in weight in the case of rock
salt and are approximately equal in weight in the case 
of sylvine. But it was best to take the simplest sup
position at the outset ; and now the evidence that the 
right arrangement has been chosen is growing as 
fresh crystals are measured. For it turns out that in 

I 
all crystals so far investigated, the number of atoms 
at each point must always be the same. Why, then, 

I 
should it be more than one? Or, in other words, 
if atoms are always found in groups of a certain 

I 
number, ought not that group to be called the atom? 

So soon as the structure of a crystal has been found 
we can at once find by simple arithmetic the scale on 

I which it is built. For we know from other sources 

I 
the weight of individual atoms, and we know the 
total weight of the atoms i:1 a cubic centimetre of the 
crystal. In this way we find that the nearest distance 

1 between two atoms in rock-salt is 2·81 x 10-• em., 
I which distance is also the spacing of the planes 

parallel to a cube face. 
From a knowledge of this quantity the length of 

any X-ray wave can be calculated at once so soon as 
the angle of its reflection by the cube face has been 
measured. In other words, the spectrometer has now 
become a means of measuring the length of waves of 
any X-radiation and the actual spacings of the atoms 
of any crystal. 

From this point the work branches out in several 
directions. It will not be possible to give more than 
one or two illustrations of the pngress along each 
branch. 

Let us first take up the most interesting and im
portant question of the "characteristic" X-rays. It 
is known that every substance when bombarded by 
electrons of sufficiently high velocity emits X-rays of 
a quality characteristic of the substance. The interest 
of this comparison lies in the fact that it displays 
the most fundamental properties of the atom. The 
rays which each atom emits are characteristic of its 
very innermost structure. The physical conditions 
of the atoms ot a substance and their chemical asso
ciations are largely matters of the exterior; but the 
X-rays come from the interior of the atom and give 
us information of an intimate kind. vVhat we find is 
marked by all the simplicity we should expect to be 
associated with something so fundamental. 

All the substances of atomic weight between about 
30 and 120 give two strongly defined "lines "; that 
is to say, there are found among the general hetero
geneous radiation two intense,. almost homogeneous, 
sets of waves. For instance, rhodium gives two 
pencils of wave-lengths approximately equal to 
o·61 x 10-• em. and 0·54 x w- 8 em. respectively. More 
exactly the former of these is a close doubtlet having 
wave-lengths o·61gxw- 8 and o·614xi0- 8 • The 
wave-lengths of palladium are nearly o·s8 x w-• and 
o·sr x w-•·; nickel, 1·66 x 10- 8 and 1·50 x w- 8 • Lately 
Moseley has made a comparative study of the spectra 
of the great majority of the known elements, and has 
shown that the two-line spectrum is cha racteristic 
of all the substances the atomic weights of which 
range from that of aluminum, 27, to that of silver, 
108. These X-rays constitute, there is no doubt what
ever, the characteristic rays which Barkla long ago 
showed to be emitted by this series of substances. 
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Now comes a very interesting point. When Moseley 
sets the increasing atomic weights against the corre
spondingly decreasing wave-lengths, the changes do 
not run exactly parallel with each other. But i.f the 
wave-lengths are compared with a series of 
numbers everything runs smoothly. In fact, tt IS 

obvious that the steady decrease in the wave-length 
as we pass from atom to atom of the series in the 
periodic table implies that some fundamental element 
oi atomic structure is altering by equal steps. There 
is excellent reason to believe that the change consists 
in successive additions of the unit electric charge to 
the nucleus of the atom. We are led to think of the 
magnitude of. the nucleus of any. as being 
simply proportwnal to the. md1catmg the 
of the element in the penodtc table, hydrog en havmg 
a nuclear cha rge of one unit, helium two, and so on. 
The atomic weights of the successive elements do not 
increase in an orderly way; they mount by steps of 
about two, but not very regularly, and sometimes they 
seem absolutely to get into the wrong urder. For 
example, has an at.omic of 58·7, ":hereas 
certain chem1cal properties, and, still more, Its be
haviour in experiments on radio-activity indicate that 
it should lie between cobalt (59) and copper (63·6). 
But the wave-lengths, which are now our means of 
comparison, diminish with absolute steadiness in th e 
order cobalt, nickel, copper. Plainly, the atomic num
ber is a more fundamental index of quality than the 
atomic weight. 

It is very interesting to find, in the 
In this wav, three, and only three, gaps wh1ch remam 
to be filled by elements yet undiscovered. 

Let us now glance at another an.d rr:ost important 
side of the recent work, the determmat10n of crystal
line structure. We have already referred to the case 
of the rock-salt series, but we may look at it a little 
more closely in order to show the procedure of crystal 
analysis. 

The reflection of a pencil of homogeneous rays by a 
set of crystalline planes occurs, as already said, at a 
series of angles regularly increasing, giving, as we 
say spectra of the first, second, third orders, and so 
on.' When the planes are all exactly alike, and equally 
spaced, the intensities of the spectra decrease rapidly 
as we proceed to higher orders, according to a law 
not yet fully explained. This is, for example, the case 
with the three most important sets of planes of 
sylvine, those perpendicular to the cube edge, the face 
diagonal and the cube diagonal respectively. An 
examination of the arrangement of the atoms in the 
simple cubical array of sylvine shows that for all these 
sets the planes are evenly spaced and similar to each 
other. It is to be remembered that the potassium 
atom and the chlorine atom are so nearly equal in 
weight that they may be effectively equal. 
In the case of rock-salt the same may be said of the 
first two sets of planes, but not of the third. The 
planes perpendicular to the cube diagonal are all 
equally spaced, but they are not all of equal effect. 
They contain alternately, chlorine atoms (atomic 
weight 35·5) only, and sodium atoms (atomic weight 
23) only. The effect of this irregularity on the intensi
ties of the spectra of different orders is to enhance 
the second, fourth, and so on in comparison with the 
first, third, and fifth. The analogous effect in the 
case of light is given by a grating in which the lines 
are alternately light and heavy. A grating specially 
ruled for us at the National Physical Laboratory shows 
this effect very well. This difference between rock
salt and sylvine and its explanation in this way con
stituted an important link in W. L. Bragg's argument 
as to their structure. 

When, therefore, w e are observing the reflections 

NO. 2332, VOL. 93] 

in the different faces of a crystal in order to obtain 
data for the determination of its structure, we have 
more than the values of the angles of reflection to help 
us; we have also variations of the relative intensities 
of the spectra. In the case just described we have an 
example of the effect produced by want of similarity 
li>etween the planes, which are, however, uniformly 
spaced. 

In the diamond, on the other hand, we have an 
example of an effect due to a peculiar arrangement of 
planes which are otherwise similar. The diamond 
crystallises in the form of a tetrahedron. When any 
of the four faces of such a figure are used to reflect 
X-rays, it is found that the secor:d order spectrum 
is missing. The analogous optical effect can be 
obtained by ruling a grating so that, as compared 
with a regular grating of the usual kind, the first and 
second, fifth and sixth, ninth and tenth, alone are 
drawn. To put it another way, two are drawn, two 
left out two drawn, two left out, and so on. The 
Nationai Physical Laboratory has ruled a special grat
ing of this kind also for us, and the effect is o_bvious. 
The corresponding inference in the case of the d1amond 
is that the planes parallel to any. tetrahedral face. are 
spaced in the same as the hnes of. the &"ratmg. 
Every plane is three times as far from 1ts ne1ghbour 
on one side as from its neighbour on the other. There 
is only one way to arrang e the carbon atoms of the 
crystal so that this may be true. Every atom is at 
the centre of a regular tetrahedron composed of its 
four nearest neighbours, an arrangement best realised 
by the aid of a model. It !s beautifully simple a_nd 
uniform arrangement, and 1t ts no matter of surpnse 
that the symmetry of the diamond is of so high an 
order. Perhaps we may see also in the perfect sym
metry and consequent effectiveness of the forces which 
bind each atom to its place an explanation of the hard
ness of the crystal. 

Here, then, we have an example of the way in 
which peculiarities of spacing can be detected. There 
are other crystals in which want of uniformity, both 
in the spacings and in the effective of the 
planes, combine to give cases still more comphcated. Of 
these are iron pyrites, calcite, quartz, and many others. 
It would take too long to explain in detail tlte method 
by which the structures of a large number of crystals 
have already been determined. Yet the work_ 
so far is only a fragment of the whole, and 1t Will 

take no doubt many years, even though our methods 
improve as we go on, before stru.ctures of most 
complicated crystals are sattsfactonly 

On this side then we see the begmmng of a new 
crvstallography which, though it draws freely on the 
knowledge of the old, yet builds on a firmer foundation 
since it concerns itself with the actual arrangement 
of the atoms rather than the outward form of the 
crystal itself. We can compare with the internal 
arrangements we have now discovered the external 
forms which crystals assume in growth, and the modes 
in which they tend to come apart under the action of 
solvents and other agents By showing how atoms 
arrange and disarrange themselves under innumerable 
variations of circumstances we must gain knowledge 
of the nature and play of the forces that bind the 
atoms together. 

There is yet a third direction in which inquiry may 
be made, though as yet we are only at the beginning 
of it. In the section just considered we have thought 
of the atoms as at rest. But they are actually in 
motion, and the position of an atom to which we have 
referred so frequently must be an average position 
about which it is in constant movement. Since the 
atoms are never exactly in their places, the precision of 
the joint action on which the reflection effect depends 
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suffers materially. The effect is greater the higher 
the order of the spectrum. When the crystal under 
examination is contained within a suitable electric 
furnace and the atoms vibrate more violently through 
the rise of temperature, the intensities of all orders 
diminish, but those of higher order much more than 
those of lower. The effect was foreseen by the Dutch 
physicist Debije. and the amount of it was actually 
calcttla:ted b.y him on certain assumptions. I have 
found experimental results in general accord with his 
formula. In passing, it may be mentioned that as the 
crystal expands with rise of temperature the spacing 
between the planes increases and the angles of reflec
tion diminish, an effect readily observed in practice. 

This part of the work gives information respecting 
the movements of the atoms from their places, the 
preceding respecting their average positions. It is 
sure, like the other, to be of much assistance in the 
inquiry as to atomic and molecular forces, and as to 
the degree to which thermal energy is locked up in 
the atomic motions. 

This brief sketch of the progress of the new science 
in certain directions is all that is possible in the short 
time of a single lecture; but it may serve to give some 
idea of its fascination and its possibilities. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

BIRMINGHAM.-The death of the Chancellor of the 
University, the Righ Hon. Joseph Chamberlain, cast 
a gloom over the annual Degree Congregation, and 
the festivities which had been arranged in connection 
therewith were all abandoned. 

Mrs. Poynting has presented the scientific library of 
the late Prof. J. H. Poynting to the physics depart
ment of the University. The gift is a valuable one in 
itself and in its associations, and the spirit in which it 
is given is highly appreciated. 

The opposition of the University to the proposal of 
the City Council to run a tram line past the front of 
Mason College has resulted in a compromise whereby 
the line is not to be used for the conveyance of pas
sengers, and cars are only to be run along it during 
vacations or before 9·30 a.m. or after 6 p.m. on 
ordinary days, or on occasions of special pressure or 
emergency to be mutually agreed upon. 

Dr. J. S. Anderson has been appointed assistant 
lecturer and demonstrator in physics for one year in 
succession to Dr. Fournier d'Albe. Mr. W. Hulse 
has been appointed demonstrator in mining in succes
sion to Mr. Clubb. Mr. Gilbert Johnson has been 
appointed a member of the staff of the agricultural 
research section of the zoological department. 

The degree of D.Sc. has been conferred on H. B. 
Keene and F. vV. Aston, and the degree of M.D. on 
E. W. Assinder and 0. M. Holden. The official 
degree of M.Sc. has been conferred on Prof. F. C. 
Lea and that of M,Com. on G. H. Morley, who has 
been secretary of Mason College and of the University 
since its foundation. 

THE University of Liverpool has conferred on Mr. 
T. F. Wall, D.Sc., the degree of Doctor of Engineer
ing. 

PROF. D. T. GWYNNE-VAUGHAN, professor of botany 
in the Queen's University, Belfast, has been appointed 
to the chair of botany at University College, Reading, 
vacant by the resignation of Prof. F. W. Keeble, who 
has been appointed director of the experiment station 
and gardens of the Royal Horticultural Society at 
Wisley. 
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WE learn from Science that with the close of the 
present term at the Massachusetts Institute of Tech
nonology, Prof. R. H. Richards will retire from the 
active work of teaching which he has followed for 
forty-six years. He has been made professor emeritus 
and receives the benefits of the Carnegie Foundation. 
Prof. Richards has been identified with the institute 
since its beginning. In r87r he was appointed to the 
chair of mineralogy in the department that afterwards 
developed into that of mirling, engineering, and 
metallurgy. 

THE first Aitchison Memorial Scholarship is to be 
awarded next September. The scholarship was estab
lished by his friends and colleagues as a memorial of 
the late Mr. James Aitchison. Its value is 30l., and 
it is tenable in the full-time day courses in technical 
optics at the Northampton Polytechnic Institute. Ap
plications must be received by September r by Mr. 
Henry F. Purser, 35 Charles Street, Hatton Garden, 
London, E.C., from whom full particulars can be 
obtained. 

IT is announced in the issue of Science for June 26 
that at the celebration of the centenary of the founda
tion of the Yale University Medical School, large gifts 
were announced in addition to the roo,oool. from the 
General Education Board of the United States. These 
donations included a provisional gift of roo,oool. for 
the Anthony N. Brady foundation, and r2o,oool. from 
donors not officially named. Our contemporary also 
states that by the will of the late Mr. James Campbell, 
the St. Louis University Medical School will receive 
his entire estate after the death of his heirs, who have 
a life interest in it. The present value of the estate 
is estimated to be from three to eight millions sterling. 
Also that by the will of the late Mr. Thomas W. 
Holmes, of Troy, Rensselaer Polytechnic Institute is 
bequeathed the sum of ro,oool. From the same 
source we learn that Miss Susan Minns has given 
ro,oool. to the department of botany of vVellesley 
College, in memory of Susan M. Hallowell, the former 
head of the department. 

SOCIETIES AND ACADElHIES. 
LONDON. 

Linnean Society, June r8.-Prof. E. B. Poulton, 
president, in the chair.-R. D. Lanrie: Reports on 
the marine biology of the Sudanese Red 
Sea.-On the Brachyura.-G. Matthai : A revisioll' 
of the recent Colonial Astrreidre possessing dis
tinct corallites.-C. F. M. Swynnerton: Short 
cuts to nectaries by blue tits. The author referred to 
his previous account of African ornithophilous flowers, 
read on March 5 last, and showing photographs of 
injured shoots of Ribes on the screen.-W. West: 
Ecological notes, chiefly cryptogamic. This paper 
was the outcome of a suggestion by Prof. Engler, 
that whilslt abundance of observations existed of 
ecological facts regarding phanerogams, the crypto
gams had been neglected. It was intended as the 
first of a series, which has been cut short by the death 
of the author. The observations extend over parts 
of Scotland, Wales, Ireland, and the Lake District.
R. J. Tillyard: Life-histories and descriptions of Aus
tralian .t'Eschninre, with a description of a new form 
of Telephebia by Herbert Campion.-Miss Olga G. M. 
Payne : The life-history and structure of Telephorus 
lituratus.-A. Grouvelle: Cucujidre, Cryptophagidre, 
avec une . description de Ia larve et de Ia nymphe de 
Protominia convexiuscula, Grouvelle.-H. Scott: 
Mallophaga, Aphaniptera, and Diptera Puparia. 
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