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to a close spiral (Fig, 4). and from a lower temperature a coarser
spiral. A tem%eraturu gradient along the tube, made by touching one
end of the tube to the hot plite and raising the other end slightly,
results in a tapered spiral (Fig. B). Too low temperature of heating
before gquenching gives a straight line or a wavy line fracture, while a
too high temperature may cause short segments of the tube to be
broken off. Left- and right-handed spirals are equally prevalent, even
in sections of, the same tube.

As a result of this heating and guenching, one may gualitatively
describe the cracking of the glass as follows, Well-annealed glass is
strain-free when uniformly heated. When such hot glass is suddenly
plunged for a moment into water, the outside of the glass in contact
with the water is chilled and undergoes tensional stress while the hot
interior is compressed. Under the tensional stress, any minute flssure
in the surface of the glass (usually at the end) may open and start
a crack which travels over the surface of the glass and relieves the
tensional gtrain. Prolonged cooling deepens the crack and causes a
secondary crack to form which -8 continuous with the first and com-
pletes the spital rupture. The spiral pattern is apparently the one that
gives most strain release in the circumstances.

The simplicity of this form of fracture would indicate that the
related mathematical problem in heat transfer and stress-strain rela-
tions might have a relatively simple solution.

Applied Physics Laboratory,
Johns Hopkins University,
Silver Spring, Maryland.
Sept. 22.

* Contribution No. 4 from the Applied Physics Laboratory of The
Johns Hopkins University ; the work described here was done in
8)11]113.\:1011 with Contract NOrd 7386 with the U.8. Naval Bureau of
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Electron Accelerator of Synchrotron Type

WHILE accelerators of the cyclotron type have facilitated the
produetion of energetic particles, they are, as yet, beyond the financial
means of a great many laboratories. Moreover, the attainment of
energies nearing the range of a thousand million electron-volts is
associated with considerable difficulty and expense if attempted by
current methods, It is suggested that, by using the synchrotron
principie! together with a magnet of unusual design, these objections
might be overcome, ’

It can be shown that the energy and radius of an equilibrium orbit
in the synchrotron are determined by

E = V{(Bcer)! + B, P om e
Vo = B

(1
(2)

where £ is equilibrium energy (total); E, is rest mass energy ; r is
radius of equilibrium orbit; B is magnetic flux density at orbit;
@ is angular velocity of ‘dee’ voltage; eis charge on particle; ¢ is
velocity of light.

Equation (1) shows that the equilibrium energy may be increased
by increasing B—as observed by McMillan. REquation (2) indicates
that the equilibrium radius may be mainfained constant by causing
a suitable increase in o as the value of B is raised.

Rendering the equilibrium radius constant in this way allows the
use of a magnet of simplified design. The most convenient form of
magnet is a laminated steel bobbin, the depth and width of which
are small compared with its diameter. The vacuum chamber and
energizing coil lie between the cheeks of the bobbin, the coil having
the smaller diameter. Ring-shaped pole pieces are fastened to the
checks in the region of the vacuum chamber so that the distribution
of the field may be controlled. The usual magnet yoke is eliminated
in this way and, since it is unnecessary to increase the depth and
width of the bobbin in direct proportion te the diameter, the saving
in material and the efficiency are greater for larger accelerators.
The magnet of the small (13 Mev.) electron accelerator which is being
built a$ this University weighs less than 200 1b.

Mhile some difficulty is associated with the required change in o,
no insuperable difficulty is anticipated., 1t is certainly possible to
produce a change large enough to accelerate electrons to high energy
from a reasonable injection emergy. It is thought that, where the
final velocity of an accelerated particle is several times the initial
value, the difficulty of producing a correspondingly large frequency
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change might be circumvented by .he use of ‘harmonic orbits’. The
fact that a particle can be accelerated when its period is an integral
multiple of the period of the ‘dee’ voltage suggests that a large change
in velocity may be accommodated by repeatedly changing o over a
2:1 range. The frequency is increased slowly and decreased very
rapidly, several such cveles occurring as the magnetic field increases
to its maximum. We hope to verify this when our accelerator is placed
in operation.

A. 1. ARCHER
University of the Witwatersrand,

Johannesburg.
Sept. 10.

1 McMillan, E. M., Phys. Rev., 68, 143 (1945).

Reaction Velocity at Phase Limits and its Dependence on
the Frequency of the Vibration of the Lattice

Ir studying reactions between two solid phases, it is found that the
reaction velocity in systems such as MgO/Ag,80,%, MgO/Ag,P0,?,
MgO/Mg.P,0,* and MgO/MgS8i0;* is not determined by the
diffusion process through the reaction prodeets, but by reactions
at one of the phase limits. The reaction velocity is independent of
the thickness of the layer of reaction product and changes with
temperature according to the exponential equation

dinfdt = C.exp (— gq/RT).

The reaction velocity of the systems magnesium oxide/silver salt
is at a certain temperature about a millicn times as great as in the
system MgO/Mg;P;0y, and in the latter is considerably greater than
in the system MgO/MgSiO, ; but this difference is dependent only on
the great differences in energy of activation. On the other hand, the
constant ¢! for all the four systems is practically the same.

Hystem ¢ keal. € gm.-mol. MgQ cm.™ sec.™
Mg0/Ag,50, 81 20 X 108
MgO/AgsPO 61 yoE 20 x 10%
Mg0/MgaPyO; 82 21 % 108
MgO/MgS8i0, 112 1-0 x 10®

Since the specific gravity of magnesium oxide iz about 3-2, the
constant C corresponds to a yield of 5 x 10*-1-0 x 10** molecule
layers per second : the linear reaction velocity in em. sec.”? is in the
systems investigated proportional to the product of atom frequency
and lattice spacing of the oxide®. .

When investigafing the thermal decomposition of zine oxide we
have arrived at an analogous result®:

dzfdt = 1:2 x 10* exp (— 94,000/RT).

ROBERT JAGITSCH
Department of Chemical Technology,
Chalmers College of Technology,
Gothenburg,
Sept. 2.
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t Jagitsch, R., and Perlstrom, G., 4rk. kemd., min. o. geol. (Stockholm),
22 A, No. 4 (1946).
3 Unpublished results.
¢ of, Polanyi, M., and Wigner, E., Z. phys. Chem., A, 189, 439 (1928).
s Bengtson, B., and Jagitsch, R., Ark. kemd., min. 0. geol. (Stockholm),
in the press.

An Extension of the Lens-Mirror System of Maksutov

THE lens-mirror aystem described by D. D. Maksutov?, in which
the aberrations of a spherical mirror are corrected by a single spherical-
surfaced meniscus kens, while eminently suitable for telescope objectives
of moderate relative aperture, combining the eoma correction of the
refractor with & virtual absence of secondary spectrum, suffers from
two sets of limitations which restrict its possible application in other
flelds. In the first place, the higher order spherical aberration is too
great to yield the highest resolving power at very great relative
apertures (except at very small focal lengths). Secondly, since the
system has only three variables apart from meniscus thickuess, the
obligque aberrations other than coma cannot be corrected simultaneously
with spherical aberration and axial achromatism, thus restricting its
uge over large angular flelds. The former limitation may be reduced
by inereaged thickmess of the meniscus, but this necessarily involves
larger uncorrected oblique aberrations. .

D. G. Hawkins and E. H, Linfoot® recently deseribed in Nature a
combination of a concentric Maksutov meniscus and a doublet Schmidt
aspheric plate which overcomes these limitations. Similar results may,
be obtained without the use of non-spherical curves by the use of
two spherical-surfaced meniscus lenses, one concave and one convex to
the mirror. In such a system, conserving the secondary-spectrum
correction of the Maksutov system, the higher order spherical aberra-
tion is very considerably reduced, the first order oblique aberratiens
may be completely corrected, and the meniscus thicknesses may be
increased with further considerable gain in axial correction, without
detriment to the oblique imagery. Moreover, the variables of the
system being more than are required to fulfil the Seidel conditions,
a form of lens may be chosen reducing the higher order obllque aberra-
tions to negligible size ; this is possible in these two-meniscus systems
by adopting a form in which the effective atop lies between the centrea
of curvature of the two surfaces. of each meniscus (which are close
together), thus reducing the angles of ineidence of a principal ray
to very small values. - This is not possible in the Maksutov systems,
since in these coma correction requires that the stop should be rela-
tively far removed from the meniscus centres of curvature.
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In the F/1-0 lens shown ir Fig. 1, the oblique aberrations are thus
reduced. to a level where the unvignetted oblique imagery over 24° of
fleld is identical with the axial to six-figure ray tracing accuracy, the
axial spherical aberration producing a departure of the emergent
wave-front from sphericity of a quarter of a wave-length per 25 mm.
of focal length. The thicker meniscus form shown in Fig, 2, which
has similar oblique corrections, reduces the axial aberration to half
this value for an aperfure of F/1-0 and, for an aperture of Ff0-7
the wave-front aberration Is abeut one wave-lengt.E per 25 mm. of
focal length. :

It is hoped that a fuller report of the actual designs, and further
modifications, will be published elsewhere,

Wray (Optical Works), Ltd.,
Ashgrove Road,
Bromley, Kent.

! Maksutov, D. D., J. Opt. Soc. Amer., 34, 270 (1944),

(
* Hawkins, D. G., and Linfoot, E. H., Nafure, 157, 445 (1046): Mon.
Not. Roy. Astro. Sve., 105, 334 (1945).

CHARLES G. WYNNE

Effect of Pressure on Crystal Growth

I NOTE, in the account of Mr. F. R. Himsworth’s paper before the
Roads and Building Materials Group of the Society of Chemical
Industry, a comment? that “there are theoretical difficulties in the
assumption that growth of a erystal in a not completely confined
space can exert a pressure, and more direct experimental proof of
such a process is still required”’.

It i3 well known to crystallographers that when a crystal grows at
rest on the bottom of a vessel, growth on the contact face is slowed
but not totally inhibited—and growth on the contact face involves a
force lifting the crystal against its own weight. Attention should
also be directed to a paper by G. A. Russell® on crystal growth and
‘solution under localstress, and to the preliminary quantitative measure-
ments of A. Shubnikov®. Shubnikov found a growing crystal of alum
exerted a force of 0-89 gm./om.?,

M. H. HEY

British Muscum (Natural History),
London, S.W.7.

! Nature, 158, 13 (1946).

'Amef.. Min., 20, 733 (1935).

® Z. KErist., 88, 466 (1934). Trav. Inst. Lomonosoff Acad. Sci. URSS.,
No. 6 (Sér. eryst.), 17 (1935),

_ THE comment $o which Dr. Hey refers was intended to question
if any appreciable pressure could be exerted by a growing crystal
under the conditions cited. The forces quoted by Dr. Hey are small,
though sufficient to raise a crystal against its own weight. The general
problem of the effect of uni-directional stress on solubility has been
discussed by various authors, and reference may be made in particular
to the work of R. W. Goranson!. Under a compressive stress the solu-
-bility of the stressed face is increased more than that of the unstressed
face, and continued growth of the stressed face must depend on some
degree of supersaturation of the liquid. There does not appear to be
any experimental proof of the exertion of appreciable pressures by
growth of a crystal in a not completely confined space.
F.M. L.

1J. Chem. Phys., 8, (4), 323 (1940).
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Effect of the Solvent on Hydrogen Overpotential

THE recent work of Hickling and Salt! in proposing a new version
of the atomic hydrogen theory of overpotential has served to increase
interest in experiments which offer eritical evidence differentiatifig
between the thepries concerning the various processes regarded as the
slow stage in overpotential. Little work has been done on the influence
of the solvent on overpotential?, and knowledge of this latter aspect
would seem of use in the connexion mentioned above. Thus, alteration
of the solvent medium at once affects the entities discharged at the
cathode, the interfacial tensions at the metal — solution and solution —
gag interfaces and adsorption on the cathode. Each of these factors
bas been regarded as having considerable importance in hydrogen
overpotential theory?,
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HYDROGEN OVERPOTENTIAL IN ACETIC ACID — WATER MIXTURES :
VARIATION WITH COMPOSITION OF SOLUTION. A, LEAD CATHODE ;
©, COPPER CATHODE; X, NICKEL CATHODE

Measurements of hydrogen overpotential have been made, mostly
at high current densities (10-®* — 10~ amp./sq. cm.) on lead, copper
and nickel cathodes in a number of normal solutions of hydrogen
chloride in methyl and ethyl alcohols and glycol, formic and acetic
acids, diethyl ether and dioxane, and, where practicable, in the corre-
sponding aqueous ~ non-agueous mixtures containing these solvents.
Typical results are shown in the accompanying figure. The solvent
effect was found to be marked in some systems, amounting to a decrease
of 0-5 volt for overpotential on lead in 100 per cent ethyl aleoholic
solution. The overpotential on lead is generally less in non-agueous
than in agueous solutions, and sometimes has a tendency to pass
g!u‘ough well-defined maxima and minima at intermediate composi-
ions.

On nickel cathodes there is usually a less marked solvent effect
of a different type, and more complex variations tend to occur. The
behaviour of copper cathodes resembles that of lead.

Gurney’s expression* for the interface potential Ve at a working
cathode contains a solvation energy term, but it would seem that the
theory indicates an independence of the overpotential on the solvation
energy, and therefore the influence of the solvent, because this term
is eliminated when the expression for the reversible hydrogen electrode
potential is subtracted from Ve. Eyring, Glasstone and Laidler’s
theory® accords with the lowering observed in some solvent - water
mixtures, but is in disagreement with experiment when compared
with the increased "value of the overpotential on lead observed
in some methyl and ethyl alcohol ~ water mixtures, and it is
difficult to understand upon its basis why the solvent effect is a function
of cathode material. (This latter objection appears to apply also to
all versions of the slow discharge theories.) It seems that a treatmentg
of the solvent effect on overpotential from an atomic hydrogen view-
poiut, in which account is taken of the influence of the properties of
the cathode upon its power for adsorption of the solvent, might prove
to be a possible basis of the interpretation of the results. A detailed
report of this work will be published elsewhere.

J. O’M. BOCERIS
Imperial College,
London, S.W.7.
Sept. 14.
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