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peaks. Apparently what Krishnan and Ramanathan meant was the 
centre of the side of the band with peak at 1285 em.-•. But this is an 
equally untenable position. All the arguments in iny earlier letter 
st!ll hold if one replaces "minimum of absorption" by "cehtre of the 
long-wave side of the absorption maximum". Even their much 
milder statement in the above letter that "the absorption associated 
with the 1332 em.-• frequency is an Integral part of the 8 p. band" 
Is open to question, as it depends on (a) the resolving power of the 
spectrometer used, and (b) the temperature at which the measure
ments are made. 

It is quite possible that at very low temperatures these bands may 
sharpen so much that the 1332 em.-• frequency cannot even be said 
to l!e on the side of a band. 

Laboratory of Colloid Science, 
Cambridge. 
March 29. 
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Topography of the Face of a Diamond Crystal 
WE have applied the multiple-beam Interference technique described 

earlier' to the study of the topography of a natural octahedron face of 
a diamond, thus revealing considerable Information about growth, etch, 
face curvature, etc. We have settled a ftfty-year-old controversy 
concerning the origin of t,he beautifully regular shallow-pit triangular 
markings shown by such faces. Miers' cautiously stated that these are 
supposed to be due to etching and shows them pointing to the octa
hedron edge. Fersmann and Goldsmidt' asserted that etch or solution 
can be responsible both for the triangles and the curved faces. Williams' 
proposed on rather slender grounds that the triangular pits and curved 
faces arise from growth and not from solution. 

We have now proved that a typical characteristic triangular pit 
Is due to g1owth. 

During the progress of the work, a novel interference method has 
been developed which will be described as a 'crossed fringe' technique. 
This simplifies and speeds up the analysis. 

The optical fiat is first set as near parallel as possible to the diamond 
face, giving maximum fringe dispersion and maximum sensitivity. 
All the visible mercury radiations are used

1 
the result being the pro

duction of multiple-beam interference frmges which reveal in a 
striking manner much suh-miC'I'oscopic topographical detail. It is not 
possible from such a picture to obtain much numerical information 
about the heights (depths) of features, However, an area of uniform 
tint means that such an area is of uniform height (depth) to within 
a very small fraction of a light wave. A change of only l./200 can 
produce a tint alteration. The fiat is then slightly tilted relative to the 
crystal, leading to the formation of sharp, widely spaced multiple
beam fringes'. These are photographed superposed on the high dis
persion fringes. 

A' A 

The accompanying reproduction illustrates the technique, which 
permits of a rapid exact evaluation of the structure. The area repres
ented is about 1 sq. mm. Attention is directed to the extreme fringe 
sharpness, AA' being successive orders for the green line of mercury, 
with the yellow doublet between. 

Among other features, the reproduction shows a clearly marked 
triangle in the lower half. (Fringe displacement to the right here 
means an elevation.) The fringe from A continues unbroken until 
reaching the ridge XY at which it is displaced to the right. But the 
fringe through the triangle is quite clearly a linear continuation of A , 
hence the triangle base is at the same level as the large uniform area 
above XY. The depth of this particular triangle is only 44-0 A. Other 
triangles, of different depths, show the same effect. It is completelv 
unreasonable to postulate a hypothetical etching that takes place 
down to the somewhat removed outside level. Nor can one suppose 

that simultaneous etch continues down to hypotl 'tical a.bnormallr 
resisting layers (at different levels for different feat res). This would 
be a highly Improbable state of affairs indeed, 

It Is certain therefore that the area below XY 1as grown in the 
form of three plane waves inclined at 60° to each otl 'r. The arresting 
of such growth can lead to the formation of e<,_,ailateral triangles 
(which may be and are occasionally truncated to hexagons). The 
triangle shown thus arises entirely through failure of the completion 
of the growth sheets, below XY, and etching haa nothing to do with 
it. This particular triangle points to the octahedron edge. 

A number of these triangular growth-pits have been measured, 
and depths ranging from some 60 to 600 A. found, that is, some 
30-300 atom layers. 

We have also found in addition distinct evidence of the existence 
of etching or solution, leading to the formation of irregul- r shallow 
hollows of atbitrary orientation. This will be discussed el lwhere. 

Successive stepped growth-sheets are also clearly visible, and it is 
of considerable interest that these frequently grow in a stepped 
pyramid leading effectively to a curvature of the vicinal face, at times 
considerable. We believe that the well-known curvature of diamond 
faces and edges is also probably a growth effect. 

We note that a previous attempt has been made to examine diamond 
topography by interference, but this' was effectively only a two
beam interference method and as such was completely inadequate 
for the purpose, showing only the coarsest of features and revealing 
little not already shown by the microscope. 

A full report of the analysis of the mass of detail revealed by the 
precision multiple-beam 'crossed fringes' will be communicated else
where. Particular attention is directed to the very considerable saving 
in labour due to this technique. 

We thank Mr. P. Grodzinski of the Diamond Trading Company for 
the loan of the diamond and for mounting it for us. 
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Loss Due to Magnetic Hysteresis in Silicon-Steel Sheets 
WE have determined magnetic hysteresis loops by the ring-ballistic 

method for three different sheets of silicon-steel In an extensive range 
of values of magnetic flux-density Bmax. (Bmax. is the flux-density 
corresponding to the cusp of the loop). From these loops we have 
derived the energy loss W, in ergs per cubic centimetre per cycle for 
different values of Bmax., and by plotting those values against the 
correspoa;tding values of Bmax. we obtained the accompanying curves 
for three sheets of steel. 
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If Steinmetz's empirical Jaw (W = ,.,(Bmax.)k (k = l ·6) Is applic
able to our experimental data, then there must exist a linear relation 
between log W and Jog Bm&x. ; we find such a linear variation, with 
the approximate error of 1 per cent, between the fiux-densities of 
1,000 and 12,000 gauss, with the following values for the constants 
,., and k: 

,., 
k 

Sheet 1 
0·00076 
1·66 

Sheet 2 
0·0010 
1·65 

Sheet 3 
0·0011 
1·59 

It was found that Steinmetz's law Is not applicable at high and 
low fiux-densities. We have observed, like Brailsford\ that for sheets 
1 and 3, and very high values of Bmax., the hysteresis loss increases 
with Bm&X. according to a linear law. 

Moreover, it has been shown experimentally that, in accordance 
with theory, the influence of a superimposed steady unidirectional 
tlux on the hysteresis loss is nil. The measurements were carried out 
with steel sheet 1 and for three different values of steady tlux : 1 ,500, 
4,100 and 11,300 gauss. 4,100 gauss Is the value of the fiux-density 
for which magnetic permeability of the material is a maximum. As 
an ex.a.mple, the experimental data for two loops of very different 
shape are: loop with steady tlux nil: Bmax. - 13,360 gauss; 
W - 6 ·47 x 10' erg.cm.·•; loop with steady tlux - 11,300 gauss: 
Bmax. = 13,320 gauss; W = 6·31 x 10' erg.cm.-•. 

S. VELAYOS. 
V. SANCHEZ-GIRON. 
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Biological Action of Radiations 
JT has been shown previously' that when radla.tlon (for example, 

X-rays a-particles, neutrons) is absorbed in aqueous solutions, an 
Indirect, chemical effect is produced due to the formation of free radicals 
and atoms: 

H 20 + radiation = H + OH (1) 

In general, this is followed by the recombination : 

H + OH = H.O (2) 

and by interactions of these radicals with other acceptor substances 
(S, S., S,, ••. ) present, for example : 

S + OH E 1 

S, + OH E. 

Sn-t + OH 

(3) 

(3·1) 

(3·n) 

This scheme of reactions must exist also in the aqueous systems of 
biological subjects. From the point of view of the older 'hit' theory', 
reaction (3) corresponds to a single 'hit', while If, for example, 

E 1 = S, , E 2 = S 2 , ••• E,._, = Sn-1 (4) 

one gets a successive change of the (starting) substrate (S) by 1,2 .•. n 
Interactions with, for example, OH radicals, which Is equivalent to 
1,2 •.. n 'hits'. It can be shown that-under certain conditions
there Is a complete formal analogy between the 'hit' theory, which is 
described by Poisson's formula, and the mathematical expression for 
the above system of equations (3, 3·1, ... 3·n). 

If the biologically active substance is represented by the moleculeS, 
the usential interaction corresponds to equation 3 and the theory 
suggests two important cases : 

Case A. The recombination process (2) can he neglected (if the 
Interaction with the acceptor molecules Is relatively fast). From the 
above scheme of reactions, it follows that In this case the action of 
the radla.tlon (for example, the half 'lethal' dose D,1, ) depends ouly 
on the total number of ions (radicals) produced, independent of the 
nature and wave-length of the radiation. This case is represented, 
for example, by the mutations Induced by X-rays. Under the assump
tion-which is almost certainly fulftlled-that apart from the S mole
cnles there are also some other (biologically non-active) molecules 
present which react with the OR -radicals (thereby exerting a 'pro· 
tectlon effect') the chemical theory leads to the equation : 

S = S 0 exp. (-x.D) (5) 

where S and S, represent the numbers of these molecules at times t 
and zero respectively ; D, the total dose of radiation and : 

(6) 

where q. represents .he (kinetic) cross-section of the S molecules and 
the term In brackets can be interpteted as the mean linear region 
available per one molecule of the (protecting) substrate molecules (S,.). 

Case B. Recombination reaction (2) taken into account (if the 
radicals are present in relatively high concentrations or, for example, 
the acceptor molecules are relatively non-reactive). It follows that 
in this case the local concentration and distribution of the radicals is of 
importance. While for different radla.tions the number of ions (radicals) 
produced Is approximately the same for equal doses, their local dis
tribution may differ widely. In this case, therefore, the action of the 

radiation must depend on the nature of the radiation, as is known 
to he the case, for example, of the lethal effect on unicellular 
organisms. 

The above scheme leads to the following expression (with certain 
simplifying assumptions) : 

S = S 0 exp. (- ksHD ) = S 0 exp. (- ex D) (7) 
k.[ ]l 

where [Hlz represents the local co:tcentration of the radicals in the 
regions where the actual reaction bkes place. As a first a pproxima
tion [HI 1 can be for two Important stages of the reaction. 
(i) In the initial stage, that is, before any appreciable diffusion of the 
radicals (formed in the tracks of the ionizing particles) has set in. 
Here one ma.y assume that : 

[H]1(i) a: number of ions per unit length of track (8) 
This quantity is known experimentally'·' for different radiations. 
More generally, one has approxim'l.tely'·' (if V denotes the energ.; 
of the radiation) : 

[H) 1(i) a: V-1 (for X-rays) 

[H],(iJ a: V-1 ' 2 (for oc-rays) 
•. (9) 

(9a) 

tii) In tM advanced stage (but before any a1 >reelable intermixing of 
(he Individual ionization tracks has occurre 1 : 

[HJ,(ii) a:: v (10) 
Taking into account both these s·,.;ges for the 

X-i-ays, one obtains for a of equation 7, 
action of, say, 

k, 1 cv· ) 0C = OC(j) + OC(ii) OC - - -- + 1 
k 2 V a 

(11) 

where a denotes a proportionality factor. Remembering that V "' ;.-• 
and that for the range (R,) of the (ionizing) fast electrons one has the 
relation• : R. ex V', one obt'l.ins finally from equations 7 and 11 

I 1 a 
D 112 = ln2 oc oc - (R )' 

A e +a 
(12) 

which Is fonnally identical with Glocker's well-known expression. 
It Is now possible to predict that if sufficiently hardy-rays or X-rays 

are usad, the dependence on the wave-length should graduallY diminish 
and finally disappear. This can be illustrated by Wykoff's own figures" 
for BactMium coli, where the mean lethal dose decreases in the series 
of decreasing wave-length as: 8·4, 6·67, 4·65, 4·20 x 10'r, and In 
order to achieve the same effect with a-rays, 24 x lO'r are required. 
On the other hand, while it is known that the doses of radiation for 
the production of mutations are independent of the wave-length in 
the case of y- and X-rays• a much higher dose of neutrons is 
required to produce the same effect••. This follows directly from the 
above theory, as the recoil protons produce a relatively high local 
ion (radical) density leading to increased recombination. 

A full account will he published elsewhere which will include also 
a discussion of 'multiple hit effects', where the situation is some\Vhat 
different". 

King's College, 
University of Durham, 
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Effect of Container Walls on Packing Density of Particles 
IN recent correspondence• in Nature a general theorem on the ordered 

packing of equal spheres is cited as implying that "the overall voidage 
of any one of the four possible ordered arrangements of equal spheres 
packed Into a container is independent of the relative size of the con
tainer provided its size and shape are such that it will contain an 
Integral number of 'unit' cells of the particular ordered arrangement 
and in all other cases an ordered packing cannot be obtained". This 
is due to a misconception of tho 'unit' cell, which in the first three out 
of the four ordered packings, namely, a sphere having 12, 10, 8 or 
6 neighbours, really contains fractions of a sphere totalling to one, 
and it is only in the fourth case that the unit cell, being a simple cube, 
contains a whole sphere. 

Furthermore, the inescapable higher voidage adjacent to the con· 
ta!ner walls as compared to the interior of the container has to be 
taken into account•, and its contribution to the overall voida11e has 
to be allowed for ; unless it happens to be negligible, as with a con· 
tainer of very large size compared to the particle size of the packed 
material. Characteristic voidage for a compacted packing of a sized 
material is then found to depend more on the particle shape•·•·• than 
on the particle size. This increases with increased deviation of the 
irregular particles from a spherical shape, unless conditions exist to 
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