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institutions be formed in other countries, the Astro
nomical Society (rejecting all views but that of 
benefiting science) would be ready and desirous to 
divide at once the labour and the glory of this Hercu
lean attempt, and to act in concert together in such 
manner as should be judged most conducive to the 
end in view. 

It is largely the Herculean nature of the task before 
us which has led to astronomy being to-day (whether 
for good or ill) the most highly organised of the sciences. 

The accomplishment of these objects has not been 
rapid. A passage in the First Annual Report of the 
Council mentions as one of the greatest desiderata 
a means of determining the apparent magnitudes of 
the stars, and ascertaining " a correct scale whereby 
astronomers may be enabled to express themselves 
in one common language on this subject." The 
lapse of a century has not quite sufficed for the 
completion of this uniform scale ; but the main diffi
culties have been surmounted, and the time is very 

near now when all astronomers will be able to express 
themselves in a common language in regard to stellar 
magnitudes, both visual and photographic. 

The foundation of our Society on January 12, 1820, 

caused a ripple in the aether which has spread out ever 
since in widening circles. To-day that ripple embraces 
about 5000 of the fixed stars. The remaining thousand 
million or so are still outside. Though a good many 
of the best-known stars must by tbis time have received 
the tidings, 90 per cent. of the naked-eye stars are 
still in ignorance. We should like to think that the 
stars of the morning sing together with joy on this our 
Centenary ; but the cold truth must be faced that not 
I in 100,000 can yet·have heard of our birth. But we 
shall look out on the heavens again to-night with re
newed enthusiasm and joy; and if from the majority 
of the stars we can expect no more than an unrecognis
ing stare, there are half-a-dozen old favourites which
we may fairly be persuaded-will give us an answering 
twinkle. 

X-Ray Studies on the Crystal Structure of Iron and Steel. 

AT the annual meeting of the Iron and Steel 
Institute last year, Dr. Westgren presented a 

paper on some X-ray crystallographic investigations 
on iron and steel. At that time the photograms on 
which his conclusions regarding the crystal structure 
of the steel components were based were not very 
dear, and were not published. More-

I. a 
over, owing to spontaneous crystal 
growth at high temperatures, the 
photogram of gamma iron at 1000° C. 
did not show any continuous lines, \ 
but only a few spots. Since then, II. P 
Dr. Westgren has continued his 
investigations and improved the ex
perimental arrangements, and in a 
paper published with Mr. Phragmen 
at the corresponding meeting of the 
Institute on May 5 last, he showed 
photograms of very great interest and 
significance. 

The X-rays were produced in a tube 
of the Seigbahn type. Difficulties had 
previously been experienced in obtain
ing vacuum-tight bronze tubes which 
composed the metal body. A more 
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suitable material has been found in Skefko ball
bearing steel, which is remarkably free from slag 
inclusions and heterogeneities. The anti-cathode 
was cut off perpendicularly to its axis, and in 
order to get the characteristic X-rays of iron, 
which are very convenient for these investigations, an 
iron plate was soldered on to it. Round the radiating 
surface five windows were made. The tube therefore 
gave five beams, and exposures could be made in five 
cameras simultaneously. The tube was evacuated by 
the combination of a mercury vapour jet pump and a 
mercury diffusion pump of the Volmer type. Special 
arrangements were made for maintaining the vacuum 
of the desired quality. The tube was usually charged 
with 45,000-50,000 volts and run with 10-12 milli
amperes. 
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In investigating tlie crystal structure of pure iron 
at different temperatures, a wire (0·3 millimetre 
diameter) of vacuum-melted electrolytic iron contain
ing 99·98 per cent. of the metal was investigated. 
Arrangements were made for rotating this three or 
four times per minute during exposures. Photograms 
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were taken at the ordinary temperatures, and at about 
800°, noo0 and 1425° C., which gave information of 
the structures of the iron in the alpha, beta, gamma and 
delta ranges (Fig. r ). The time of exposure was 2½ hours. 
The lines in the photograms obtained at the ordinary 
temperatures are clear and sharp, but in the higher 
ranges of temperature investigated they appear broad 
and not very distinct. The author explains this as due 
to the fact that the iron wire at temperatures of about 
1400° C. is extremely pliable. Its position, therefore, 
changed somewhat during the exposure. Moreover, 
he found it very difficult to keep the temperature of 
the wire steady in the delta iron range. If the tempera
ture was maintained at 1450° C., i.e. within about 70° 

of the melting point, the wire became so soft that it 
could not stand the torsion. The temperature, there-
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fore, had to be kept not above 1425° C., which is near 
the delta-gamma transformation point. Moreover, it 
was found necessary to counteract the influence of 
grain growth at these very high temperatures. For 
this purpose the temperature was varied every 5 or 
10 minutes so as to bring the iron into the range of 
another modification, e.g. in taking the beta iron 
photogram the temperature was raised from time to 
time to about 1000° C., and when the gamma and delta 
irons were investigated the heating current was 
broken off now and then, so as to let the wire cool 
down into the alpha range. Photograms of delta iron, 
which always contained some gamma iron, show, 
accordingly, lines characteristic both of the delta and 
gamma varieties. 

Experiments carried out on the above lines show that 
alpha, beta, and delta irons have a body-centred cubic 
lattice, whereas gamma iron has a face-centred cubic 
lattice. The former lattice contains an atom at each 
corner of the cube and one in the centre, the latter 
has an atom at each corner and also in the centre of 
each face. It follows, therefore, that although there are 
generally considered to be four modifications of iron, 
three of them possess one and the same crystal form. 
For alpha iron at the ordinary temperature ,a has been 
found to be 2·87 A.U.; at 800° C. it has increased to 
2·90 A.u., and at 1425° C. to 2·93 A.u. This agrees 
very well with the known dilatation coefficient of alpha 
iron. The heat expansion of gamma iron also manifests 
itself in the increase of alpha-gamma from 3·63 A.U. 
at uoo° C. to 3·68 A.U. at 1425° C., which agrees well 
with the fact that the coefficient of gamma iron is 
greater than that of alpha iron. 

At first sight it appears rather startling that the 
transformation which takes place at A3 (beta to gamma) 
is reversed at the higher temperature A4 (gamma to 
delta). However, the diagrams of Weiss and Foex 
which the author reproduces, showing the change of 
magnetic susceptibilities of iron, indicate that alpha, 
beta and delta iron probably possess one and the 
same structure. Evidence as to the existence of delta 
iron has gradually been accumulating during recent 
years, and this modification can now be regarded as 
being well established. Henceforth, it must take its 
place in the iron-carbon equilibrium diagram. 

Great interest attaches to the authors' experiments 
on the influence of carbon on the space-lattice of iron 
in hardened steels (Fig. 2). These show that the gamma-
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iron lattice of austenitic steels is enlarged by dissolved 
carbon. A steel with 1·98 per cent. carbon has been 
found to have a somewhat larger lattice when quenched 
from uoo 0 C. than from 1000° C. The investigations 
thus show that carbon has a distorting influence on 
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the lattice, and a further interesting point concerning 
this effect may be noted. The carbon atoms may be 
situated in the cavities of the iron lattice, but the 
author concludes that they are distributed quite 
irregularly in the austenite crystals. If their deform
ing influence were of a local nature, the interference· 
radiation would be diffuse. The lines of the photo
grams of the austenite containing high carbon are, 
however, very distinct and clear, thus proving that 
the iron lattice is uniformly deformed. 

Photograms of martensite, the characteristic con
stituent of hardened steel, show three very faint and 
diffuse lines, but their cloudiness makes it difficult 
exactly to determine the position of their intensity 
maxima. The a-values of the alpha iron in martensite 
are not, therefore, so trustworthy as those of gamma 
iron in austenite, but the various modifications of iron 
in all the four photograms published have given the 
same value, namely, 2·90 A.U., which indicates that the 
alpha iron lattice of martensite is likewise enlarged by 
the carbon atoms present. On the basis of these results, 
the authors discuss the deeply interesting question, 
whether martensite is a two-phase system or a homo
geneous solid atom disperse solution. If the iron 
lattice is uniformly deformed, it seems probable that 
martensite, like austenite, is a true solid solution of 
carbon of iron. If, however, the photogram of 
martensite is identical with that of pure alpha iron, it 
would indicate that the hardened steel contains a mass 
of alpha iron particles, free from carbon. The photo
grams thus far obtained point in the direction of the 
first of these possibilities, and it seems probable that 
martensite is a real atom disperse solution. The diffuse
ness of the line in the photograms.gives very important 
information as to the structure of this constituent. 
As Scherrer shows, the lines of a Debye-Scherrer 
photogram get broader and more diffuse in proportion 
as the crystal powder is more finely divided. No 
quantitative comparisons have yet been made for 
martensite, but from a qualitative comparison, of a 
film of steel (0·80 per cent of carbon), with the photo
gram of an extremely fine-grained gold colloid, the 
authors conclude that the steel is as highly disperse 
as the colloid. The lines of the martensite seem to be 
about as broad as those in the gold photogram. The 
ranges of homogeneous lattice in the steel have accord
ingly, on an average, an extension of about 20 A.U., 
and each of them contains only a few hundred atoms. 

In the concluding section of their 
paper the authors publish photograms 

c, 1.2~ of the iron carbide, cementite, Fe3C. 
This they have found to be identical 
with the well-known crystal plates of 

c,o.o• speigel iron. By means of a Laue 
photogram and investigations of an 

c,o.e orientated rotating crystal of speigel, 
it has been possible to deduce the 
crystal data of cementite. The authors 
conclude that it belongs to the ortho
rhombic system. Its ratio of axes is 

0·670 : 0·7 55 : 1. The dimensions of its elementary 
parallelopiped are 4·53, 5·u, and 6·77 A.u. The 
base group consists of four molecules, Fe3C, which 
corresponds to a specific weight of 7·62 for cementite. 

H.C.H.C. 
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