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THE GIBBERELLINS
NEW PLANT GROWTH SUBSTANCES

A.M. MAYER

IN Japan, and other Far Eastern countries, there has long been
known a fungus disease of rice that causes unduly elongated
plants. This disease is caused by the fungus Fusarium monili-
forme and allied species. ‘Bakanae’ disease, as it is called, has
beenl known for at least fifty years, and as long as thirty years
ago it was suspected that it is caused by some substance pro-
_duced by the fungus. Shortly before the second world war
Japanese scientists began to work intensively on this fungal pro-
duct. They isolated a substance which they termed gibberellin,
after one of the stages in the development of the fungus.* The
Japanese work continued throughout the war, but went un-
noticed in America and Europe. After the war, however, scien-
tists in America and England began to rediscover the Japanese
work. They isolated the substance produced by Fusarium moni-
liforme and began to study its biological properties. But it took
some time before real interest in the gibberellins was aroused.
Plant physiologists began taking notice only in 1955-6. A fashion
for research into the gibberellins suddenly began. Why this sud-
den interest? What are they chemically, and why should they so
suddenly and so intensely interest the plant physiologist?

First, what are the gibberellins? The work of American,
Japanese, and English workers has shown the existence of at
least three compounds, termed gibberellic acid, gibberellin Al,
and gibberellin A2. The structure of the last two is not yet clear
although they are apparently closely related to gibberellic acid.
A structure has been proposed for gibberellic acid by Grove and

+ Before the classification of the fungus was clear one stage was
termed Gibberella. '
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his co-workers in England. This shows gibberellic acid to be 2
derivative of fluorene. It is a hydrogenated, substituted fluoren®
having two additional rings, one of which is a lactone, the point
of attachment of which is not entirely clear. The proposed struc-
ture is shown in Figure 1. Gibberellic acid has a molecular

. — CH,
Fig. 1. Proposed structure for Gibberellic Acid
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whole field was thus open for something new that might explain

some of the undiscovered, unexplained processes.

It was into this opening that the gibberellins entered. Early
work had shown that the gibberellins greatly resembled IAA in
its action, particularly in the tremendous stimulation of growth
in length of plant stems. Plants treated with a few micrograms
of gibberellin became much longer, although they were some-
what thinner than untreated plants. However, while gibberellin
acts on whole plants, IAA causes elongation chiefly in isolated
plant parts. Further comparisons showed that in many of the
biological tests that are used to prove the presence of IAA, the
gibberellins are also active. This was enough to arouse imme-
diate interest, and this interest has lately become even greater.

Formerly it was thought, as stated above, that the gibberellins
are products of the fungus Fusarium. It has however emerged
recently that higher plants produce substances very similar to,
if not identical with, the fungal gibberellins. This at once in-
creased the importance of these substances. Previously it was
possible to dismiss them as curiosities produced by fungi and
having some rather startling effect on plants, without consider-
ing them as natural plant metabolites. The new findings make
this view untenable. Apparently we must include the gibberellins
in the family of normal natural plant products. Not only this.
We must also include them in the increasing number of com-
pounds known to modify the behaviour and growth of plants.

What is known today about the effect of gibberellins? Con-
sidering the very short time that work has been under way the
number of facts is enormous. As is to be expected there is a cer-
tain amount of discrepancy in the results already obtained. The
first outstanding fact is their stimulation of growth. In one case
at least this has recently been shown to be due to increased cell
division in the sub-apical region of the plant, a species of hen-
bane, Hyoscyamus. (Inset 9a, b, and c.)

Early hopes were directed to the possibility of increasing crop
vields by using gibberellin. Although plants treated with gib-
berellin grow more rapidly, and get larger more quickly, the dry
weight per plant is very nearly unchanged, and so, apparently, is
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its effect on flowering. It has long been postulated that whether
a plant flowers or not is determined by the presence of a sub-
stance called ‘florigen’. Some plants flower if illuminated for
more than eight hours per day — long-day plants. Others only
flower if kept in darkness continuously for at least eight hours
per day - short-day plants. Other plants, again, are indifferent to
the day length in which they are kept. This phenomenon has
been termed photoperiodism. The photoperiodic behaviour of
plants is modified by temperature.

At various times various theories have been suggested in order
to explain the experimentally observed facts. As already stated
fhey all involve the existence of a growth substance called
florigen’, and its formation or destructjon in light or darkness.
Yet ‘florigen’ has never been extracted or isolated. So confused
was the picture that some workers rejected its existence, and
assumed that flowering was controlied by the balance between
TAA and some antagonist to it. Others proposed the interaction
of ‘florigen’ (of nature unknown) with IAA, Certainly in some
experiments IAA did in fact change the flowering behaviour of
plants in certain day-lengths. The first observations on gibberel-
lin suggested that it could induce flowering in long-day plants
not given the correct photoperiod for normal flowering. As more
plants were tested this proved not to be general. Short-day plants
did not respond at all to the gibberelilins. Further observations
uncovered other aspects of the problem. Some plants if given an
unsuitable photoperiod remain in rosette form. If given treat-
ment with a suitable temperature (vernilization) they become
normal in growth but do not flower. If in addition they are given
the correct photoperiod, they flower. It was found that the gib-
berellins could substitute in many cases for vernilization. It
emerges, therefore, that although the gibberellins are un-
doubtedly involved in flowering they are not the long looked
for ‘florigen’. As to the latter it begins to become more and more
likely that there is no one single florigen. Apparently the inter-
action of a number of growth substances is involved.

In its effect on flowering, as well as in its effect on germination,
gibberellin again differs entirely from IAA. Similarly the effect
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of gibberellin on tissue cultures differs from that of IAA and i8

somewhat confused. While the most marked JAA effects are

obsexjved by application to isolated plant parts, this, as already
mentioned, is not the case for gibberellin. The latter has been
reported to promote root growth in maize. In other species inhi-
bition of stem tissue growth has been noted. Here it is worth
remarking that stem elongation, at least, by gibberellin is caused
only in the presence of IAA. It is possible, therefore, that the

contradictory results obtained are due to different interactions

of TAA and gibberellin in the tissues cultured.

If we try to summarize the present situation we are forced to
a number of conclusions. The growth and flowering behaviour
of plants are determined not by one single substance but by 2
large number of them. One of these is gibberellic acid or one of
fts derivatives. This substance, relatively complex in structure,
is taken up by plants through leaves, stems, roots, and seeds,

- either in its original form or after some structural change.

Gibberellin-like substances appear to be in the nature of
normal plant constituents, and not merely curiositjes produced
by fungi. Gibberellic acid has already been shown to effect a
large number of physiological processes in plants. Undoubtedly
many others will be discovered as research continues, The pros-
pects for future work are exciting. The specific mechanism of
action of gibberellic acid remains to be determined. It seems
likely that what will be found is not some single ree;.ction but
rather a large number of interactions of gibberellic acid with
other naturally occurring substances, JAA appears to be one of
these, but almost certainly is not the only one.

Finally, it will be of great interest to determine the structural
requirements for activity in the molecule of gibberellic acid
This alone opens up a fascinating study in the relationship be:
tween chemical structure and biological activity.

ELECTROLUMINESCENCE

H.K. HENISCH

FEw subjects can have a longer and more fascinating history
t.han the art of making light. Allowing our imagination only a
little free play, we may guess that light first came to the inventor
as a bonus, as a highly desirable by-product of the quest for
warmth and as an added reward for his skill in keeping fire
under control. This association of light and warmth has re-
mained strong to the present day, in as much that most sources
of artificial light are still hot (incandescent) bodies. We have
every reason to deplore this, considering how much more con-
venient and economical it would be to control lighting and heat-
ing independently. With this end in view, engineers devised the
now familiar fluorescent lamp which derives its light indirectly
from an electrical gas discharge through the intermediate action
of a luminescent coating. The coating serves to convert ultra-
violet radiation impinging on it into visible light. While such a
lamp does not remain entirely cold when energized, no part of
it even approaches the temperature range of incandescence, as
the emitted light might otherwise suggest. Fluorescent lamps
are, therefore, efficient and economical in operation, but they
are no less fragile than conventional filament lamps and have
disadvantages of their own — nor are they the only cold light
sources.

Another well-known cold source is, of course, the firefly.

Indeed, it is even ‘colder’ than the fluorescent lamp, but, as

much as we may regret it, its role in illumination engineering
must remain modest. Its light comes from a chemical process,
namely, the oxidation of luciferin which the firefly secretes at
well-chosen intervals. When substances react with one another
and energy is released, it usually appears in the form of heat,
but many instances are known in which the energy, or, at any
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Tate, a very large part of it, appears as light, This phenomenol
is called chemiluminescence or, if biologically controlled, as it
in the ﬁrf:ﬂy, bioluminescence. Both phenomena can be demon
strated simply in the laboratory but, varied and beautiful &
some of tl}ese brocesses are, they have not so far proved suitabl¢
as the basis of a practical lamp,
. Tlll)e search for an cfﬁcient_ and preferably robust cold source
as been greatly stimulated in recent years by the development
qf mfiterxals Falled electroluminescent phosphors. Théir func-
tion is t9 emit light when an electric current is passed through
them, without, ?t the same time, becoming incandescent. This
mode of operation is thus very different from that of a ﬁle;mel!lt
lamp.' In electroluminescence, we are evfdently concerned with
the direct conversion of electrical energy into visible radiation
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excitation. The light emission processes are believed to be the
Same or, at any rate, very similar.

Apart from zinc sulphide, there are many other substances
that exhibit light emission under electrical excitation, for in-
stance, silicon, silicon carbide, cadmium sulphide, zinc oxide,
gallium phosphide, boron nitride, calcium tungstate, and even
a variety of organic compounds. All these materials can be made
electroluminescent, though the mechanism of the energy con-
version need not be the same in detail. The first observations
of electroluminescence itself were probably those made by
Lossew in 1923* and, in a different context, those of Destriau®
in 1936. It has since been the subject of numerous investigations,
some in the field of illumination technology and some in the
course of attempts to analyse the fundamental processes in-
volved, important as they obviously are for our understanding
of matter in the solid state.®

ELECTROLUMINESCENCE OF POWDER AGGREGATES

To demonstrate electroluminescence, the activated phosphor in
powder form is spread as a thin layer between two conducting
electrodes, at least one of which must be transparent. A simple
arrangement of this kind is shown in Figure 1. Techniques for
the preparation of conducting layers on glass, e.g., by means of
tin oxide, are well known, and the phosphor powder can con-
veniently be applied as a suspension in a nitrocellulose lacquer.
A typical thickness would be 0-005 cm. It does not matter very
much how finely divided the phosphor is, except that too coarse
material makes it difficult to achieve a uniform layer. It is not
essential for the operation of this ‘cell’ that the individual pow-
der grains should be in contact with one another. In general they
are separated by a thin film of lacquer, and the current pass-
ing is thus partly capacitive, On the same grounds the cell
still functions if insulating layers are interposed between the
electrodes and the phosphor suspension. It is reasonable to
expect that the properties of the lacquer should have some influ- |
ence on the performance of the cell. The ideal substance for thixi
purpose should obviously be transparent andy ;
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Fig. 2. Electroluminescent brightness as a function of applied volt-
age. Typical results obtained on powder specimens for low fre-
quency excitation.

is exceeded. Also, whereas conventional light sources are largely
independent of the frequency of electrical excitation, the bright-
ness of an electroluminescent cell may depend on this parameter
quite sensitively. Indeed, not only the brightness (for a given
voltage) but also the colour of the emitted light depends on
frequency. The cobour range is determined largely by the activa-
tor present, and it can be controlled within wide limits. As the
frequency is varied, the colour changes. A zinc sulphide phos-
phor, which emits mostly green light under low frequency ex-
citation (e.g., 500 cycles per second), emits light with a much
more prominent blue component at higher frequencies (e.g.,
2,000 cycles per second).
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wa'i‘hr;le response c?f these cells is rapid and there is no appreciable
ing-up period. When the instantaneous light emission i8
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normal continuous operation, a working life of 25-40,000 hours
I8 a reasonable expectation. The practical efficiencies now
Obtainable are in the neighbourhood of 5-10 lumens per watt,
as compared with 10~15 lumens per watt for conventional fila-
ment lamps. For a given light output present electroluminescent
lamps thus dissipate more power but, in view of their large sur-
face area, their operating temperature is much lower.

To remedy the shortcoming of relatively low surface bright-
ness is perhaps the most important aim of present research and
development. However, there are existing and potential applica-
tions for which high brightness is not essential and sometimes
not even desirable. In such situations electroluminescent panels
have some attractive features to offer. The panels can be made
to luminesce in many different colours, depending on the phos-
phor used. Colour control on a given panel by the adjustment of
frequency is hardly practicable, since the frequency is rarely
variable in power Systems, and also because frequency and
brightness are not independent. On the other hand, it may be
possible to superimpose two or more transtucent panels based
on different phosphors and to produce resultant colour varia-
tions by energizing the component layers to different relative
intensities. Electroluminescent lamps can now be made with a
high degree of reliability and they are mechanically more robust -
than traditional light sources. In special applications, substantial
advantages are associated with the fact that these Jamps are
almost two-dimensional and can be produced in any size or
shape. Lamps from a quarter square inch to 18 square feet have
been made. As the area increases one would expect jt to become
increasingly difficult to ensure uniformity of the phosphor layer.
For some applications, it is of particular interest that the elec-
trodes on a given panel can be shaped more or less arbitrarily.
This makes it possible to display several alternative sets of in-
formation on the same panel when the device is used as a
luminous indicator rather than as a lamp.

LIGHT AMPLIFIERS AND OPTRONS
There is every reason to believe that in future the exceptional
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advantages of electroluminescent lamps will be exploited further
and will lead to the large-scale introduction of these devices into
our everyday environment. Moreover, if artificial light origin-
ally had the status of a ‘bonus’, the development of electro-
luminescent panels illustrates that the bonus system i research
is as important as ever, because, apart from their functions as
lamps and indicators, electroluminescent panels have several
other applications of potentially great technical significance.

Most of these employ the panels in conjunction with certain

other substances, known as photoconductors, Normally these

materials are poor conductors of electricity, but when illumin-
ated become more or less highly conducting. They can thus
serve as light detectors and their numerouys applications in other
contexts are well known. For present purposes the photo-
conductor can be used either as g separate unit or as an integral
part of an electroluminescent displ
stance, the arrangement shown on Figure 3a. In darkness, the
photoconductor, which is connecte -
luminescent paunel, has a high resistance, and the voltage across
the pangl is therefore low ~ too low to stimulate light emission.
When light from some other source falls upon the photoconduc-
tor (Figure 35), its resistance ‘collapses’ and a much larger share
of the total applied voltage appears across the panel - sufficient
tc_n cause elect}'OIuminescence of high intensity. By suitable de-
sign and choice of materials it is possible to make the light
radiated by the pagel greater than that incident upon the photo-
conductor by a factor of more than 100, We thus have an
arrangement which is capable not only of transmitting a light
signal but of amplifying it.”

. The siml?le light amplifier here described could have many
direct applications and it is also the basis of a ‘bi-stable device’
known as. an oprron.® In the optron, the photoconductor is
arranged in such a way that part of the light (if any) emitted by
the electroluminescent panel falls upon it (Figure 3¢). The resis-
tance of the photoconductor then remains low even after th
original light stimulus has been withdrawn, According] .
the device has been stimulated by an external source (whiZix ?::;

'

ay panel. Consider, for in-

d in series with the electro-

Electroluminescence 21

PHOTOCONDUCTOR IN

() DARKNESS: RESISTANCE
HIGH

NGO EMISSION l

oJ
APPLIED VOLTAGE

INCIDENT LIGHT
b by

PHOTOCONDUCTOR
UNDER JLLUMINATION;
RESISTANCE LOW

¥ U AR S A Sl A Y S Vg S R R VR
LLLTLLIH I LTS QLA 2121 IS IRS 211 03 1112/

{b)

ELECTROLUMINESCENT‘ -
EMISSION APPLIED YOLTAGE

INCIDENT LIGHT

b

(9 :

-
ST AP LIED VOLTAGE

ELECTROLUMINESCENT
EMISSION

Fig. 3. Electroluminescent cells operating in conjunction with photo-
conductors. g and b light amplifier, ¢ ‘bi-stable’ device, the optron.

or may not be electroluminescent), the panel wiil remain per-
manently energized, irrespective of the ambient illumination.
The device thus has a stable ‘on’ and, obviously, a stable ‘off’
position. In that sense it has certain important similarities to a
switch, except that it has no moving parts and that it is activated
optically instead of mechanically. No doubt, practical applica-
tions will be found for devices of this kind, operating alone or
in conjunction with other solid state circuit elements.

Picture Display Panels and Image Converters

The light amplifier described above is a rather inarticu.late
detector of light, since the final display is characterized by light



22 Science News 47

intensity alone. It would obviously be of greater interest to con-
struct a device that would not only amplify a simple light signal,
but a whole picture of wide tone range. This can, in fact, be done
along the same principles.” What is needed is a two-dimensional
array of minute light amplifiers so that each small area of the
incident picture is handled by its own amplifier. For this purpose
it is best to combine the photoconductor and the electrolumines-
c§nt gell into one integral unit. The simplest assembly of this
kind is shown on Figure 44. The regions in which the electro-
luminescent emission is bright will be those on which primary
light of high intensity is incident, Conversely, the regions on
which no primary light is incident will not luminesce. A picture
projected on to the top surface is thus reproduced in intensified
form on the bottom surface. Since the photoconductor is imme-
diately adjacent to the electroluminescent layer (compare Figure
3c), the luminescent display remaing stable even after removal
of the incident light. This is no more than an instance of the
familiar principle of ‘positive feedback’, For many purposes this
feedback is a disadvantage and this relatively simple device has
" a variety of other shortcomings as well, Mos
the thickness of the photoconductor that i
the electroluminescent layer. The photocon
opaque, since light cannot interact with'a m
absorbed by it. The illumination of a th
layer is thus bound to be inefficient since only the immediate
surface regions can be affected by the light. More complicated
forms of display have therefore had to be devised. One of these
is shown on Figure 45. The photoconductor is now applied as a
grooved layer and is situated upon a semi-conducting film which
serves to diffuse the currents and prevents the appearance of
striations on the picture display. The top electrode takes the
form of a thin layer of silver which covers only the apex of each
ridge. A further opaque and thin insulating layer (lampblack in
a thermo-setting resin) is interposed to protect the photocon-
ductor from the electroluminescent emission and thus to pre-
vent the uncontrolled stabilization of the image referred to
above. As one would expect, the device is difficult to produce

s needed to control
ductor is necessarily
aterial without being
ick photoconductive

t of these arise from |
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Fig. 4»' Electroluminescent display panels: a with positive feedback,
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but satisfactory plates of 12 x 12 inches area have in fact been
Made. Photoconductors are known which respond to radiation
In the X-ray and infra-red regions of the spectrum. By using
Such materials in display panels, these devices become image
converters with many potential applications, e.g., in medical
l'adiograp},y. .

Display panels of the kind illustrated on Figure 4 can serve
t‘? Teproduce an amplified picture and even a moving one, pro-
Vided, of course, that a less intense picture is already available.
In this respect their operation differs profoundly from that of
a televisi0n~type cathode ray tube, in which the picture is pro-
d'“ced by periodic scanning and intensity modulation. The ques-
tion arises whether an electroluminescent display panel can be
adapted for the same purposes, i.e., to compose a picture from a
series of electrical signals. There are hopes that this will even-
tually be done. For this purpose it is necessary to envisage a dis-
Play panel which consists of two sets of parallel strip electx:odes
aligned at right angles, one on each side of the phosphor (Figure
5). By means of a suitable switching system, voltages would be
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Fig. 5. Scanned electroluminescent displ

: ; ay device: i -
sentation of simplest case. (Thickness Snematic repre

€s not to scale,)

applied to the strips Sequentially,
over, at which electroluminescenc
picture area. In addition, the volt
modulated in accordance with a
the various tones of the picture.
relatively simple, but very seriou
tice from the stringent require
intensity, and tone contrast, It

in §uch a way that the cross-
¢ will appear, scans the whole
ages applied would have to be
video signal so as to reproduce
In principle al] this would be

» We could look forward to havin
o . g
a television screen in the form of 3 flat picture surface in a frame

wnh?ut bulky apparatus behind it, and connected to its elec.
tronic master only by a thin set of wires in a cord.

EXPERIMENTS ON SINGLE CRYSTALS

To improve the efficiency of the above devices, a good deal
prob.ably be done by design and empirical development lcan
but., in the last resort, it will be necessary to gain a much da e
insight into the fundamental mechanism of the electrolu e‘eper
cent process. In this context, display panels based on owder
aggregates are unsuitable from the experimental point pfov_/der
since the results are too complicated to permit unam%ig‘::w’
us
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Interpretation. The general rule is, therefore (as, indeed, it is in
other branches of solid state physics), to avoid powders and to
€Xperiment on single crystals. It is in this field that the scientific
nterest of the subject is mostly concentrated. It is possible to
&row single crystals in the laboratory, either directly from the
vapour of the material concerned, or by allowing vapours of the
constituent elements to react in a controlled environment.
Efforts are always being made to increase the size of the crystals
8rown in this way, and to achieve control over their degree of
Structural perfection and impurity content. The linear dimen-
sions of the crystals now at our disposal range from several
millimetres for zinc sulphide to several centimetres for silicon.

" Even at the lower end of this scale the crystals are large enough

to permit the application of electrodes and to give scope for
optical and electrical observations by delicate techniques. Un-
fortunately the crystals are hardly ever perfect; most of them
have structural defects, known as ‘stacking faults’, which may
affect their electroluminescent behaviour.

The experimental results obtained on single crystals are also
complex, but not as hopelessly entangled as those obtained from
powders. In contrast to powders, single crystals luminesce even
when the current passing is uni-directional and constant. A point
of immediate interest is the location of the light within the
crystal, and although the problem appears simple, different con-
clusions have been reached by different experimenters. On
superficial inspection, the light generally seems to be concen-
trated in the neighbourhood of the electrodes, but it is now
appreciated that these appearances may be highly misleading, at
any rate in small crystals of materials like zinc sulphide which
have high refractive indices. A high refractive index gives rise
to multiple internal reflections, and when these are suppressed
by observing the luminescent crystal while immersed in a
medium of similar refractive index, the light is seen to be uni-
formly (but not always continuously) distributed throughout the
volume.!® Thus, electroluminescence can be distributed in this
way, but this may not always be so, and there are instances in
which the emission is genuinely localized.
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Electroluminescence under direct constant current excitation
presents an important aspect of the problem, but, as an experi-
ent, it is not by itself highly informative. In nearly all experi-
ents, therefore, the applied electrical stimulus is made to vary
ith time. From the theoretical point of view, the next simplest
rocedure would be to apply a pulsed uni-directional field so
1at the inherent delays of the luminescent response and sub-
:quent decay can be studied. However, for various practical
sasons this does not yet appear to have been done on any exten-
ive scale, and most of the results so far available have been
btained under sinusoidal excitation, either in its simplest form
i as a rectified half-wave. This last method was chosen in a
eries of experiments by Frankl'® in order to take advantage of
he ‘rest period’ provided during the suppressed half-cycle
Figure 6). During this balf-cycle no field is applied, and the
jpecimen can thus return to something like its normal guiescent
tate before the new excitation begins. When such a rest period
s not provided, e.g., when a-continuous sinusoidal excitation is
ipplied, it is found that the electroluminescence does not at any
iime decay to zero. Conditions are then evidently more compli-
sated and thus less susceptible to interpretation.

Results of the kind obtained by Frankl are illustrated in
Figure 6. It will be seen that during every half-period of excita-
tion there are two instances of light emission. It is found that the
two peaks depend on the applied voltage in different ways.
There is disagreement among observers as to whether the two
peaks are of the same colour or mnot. A further important
observation (though not shown in Figure 6) is that there is no
trace of any reverse (depolarizing) current during the quiescent
half-period.

Theory of Electroluminescence in Single ZnS Crystals

As already mentioned, the aspects that are peculiar to electro-
luminescence are those that concern the process by which elec-
trons are accelerated to high energies. It is also n ecessary to
formulate a mechanism whereby a luminescent centre in which
light emission has just taken place is reconditioned for the next
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for the second light peak in each

half-cycle, one must envisage a delaying process betweenaclz;;:;tti.
tion and the return of some of the elec'tro?s to the nor?l 1 rin:
We refer to this phenomenon as ‘trapping’. The theore 1cae :s -
ciples that govern all these processes by themselw_/est ;m: 1rnot "
ably well understood. The remaining problem is. lu ; oot %0
much how electroluminescence can arise, bu.t precisely o
mechanisms that are known to be theoretically poss

emission. Moreover, to account
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function (and perhaps interact) in particular crystal environ-
ments and lead to the observed experimental results. On this
subject there is still a good deal of controversy.

Before a luminescent centre can emit radiation it must be
excited and this can be done in several ways, In principle, it
could be done by an electric field alone, provided it is sufficiently
powerful to allow an electron to escape from the centre (field
%onization). Alternatively, excitation could be achieved by the
impact of some high energy electron with the centre and this
may or may not result in the physica] removal of an electron
from the centre itself (impact ionization), This demands not OﬁIY
a high field, but a field that remains high over an appreciable
dis:tance S0 that the electrons concerned can acquire the mini-
mum energy required to jonize g centre.

including some connected with considerations of efficiency, im-
s

e the process responsible,

immediate neighbourhood, Experi
electroluminescence at contacts hav
depend on the high electric field
ciated with a contact ‘barrier’,

menters who observe their
e thus favoured theories that
known to be normally asso-

' On the other hand whe
; ‘ . , nelectro-
luminescence is observed uniformly distributed throughout the

bulk_materlal, it is necessary to assume that the crystal contains
a series of closely spaced internal barriers between highly local
ized regions of different impurity content. A good deal isyknowx;
about the properties of such barriers from experience with other
semiconductors, particularly germanium and silicon. It js pos-
sible that such barriers are in some way associated with the
stacking faults already mentioned, though this has not vet been
reliably confirmed.

Given a high electric field, luminescent centres would be ey.

For various reasons,
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cited by impact with high energy conduction electrons and some
of the centres would return to their normal state immediately,
emitting radiation which we observe as the main (in-phase)
peak. Others, apparently, return only after a delay. In principle,
Such a delay could come about if the excited electrons were
Separated in space from their centres and needed time to return.
This has indeed been postulated, but difficulties arise from the
fact that no depolarization currents are observed corresponding
to such a return movement. Alternatively, the excited elecirons
,may be temporarily trapped in suitable neighbouring localities
and the probability of release may be governed by the field
itself.’® These problems and many detailed aspects of the subject
are still unresolved, It has been said that some years ago electro-
luminescence was a complex subject that we did not know how
to take apart, whereas it is now a series of relatively simple sub-
jects that we do not know how to put together. Progress can thus
take peculiar forms, and there may be surprises in store for us
yet. In any case, a transitional stage of this kind offers great
scope for imaginative experiment and judicious interpretation.
There is every reason to believe that this field of research,
which combines practical, theoretical, and, not least, aesthetic
merits in such ample measure, is entering a phase of rapid and
highly promising advance.

* * *

This paper has appeared in Hebrewin Mada (Science), The
Weizmann Science Press of Israel, Jerusalem.
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PSYCHOPHARMACOLOGY

D.S, TROUTON

PSYCHOPHARMACOLOGY is not a2 new science, but it is a con-
venient term under which to describe recent advances in control-
ling, by means of drugs, psychological functions such as mood
and behaviour. Of course, agents such as alcohol, opium, and a
large number of naturally occurring substances, especially alka-
loids, have been used from time immemorial on account of their
effects on the mind. Their use has, however, been largely em-
pirical, and there has been little understanding of their mode of
action. Recently the advances have been such as to have encour-
aged the hope that a new era in psychiatry has begun which may
eventually justify the belief, rather surprisingly held by Freud,
that drug therapy will eventually oust all other forms of treat-
ment of psychiatric disorders.

The two groups of drugs on which most attention has been
focused recently have been:
(@) those that tend to make normal people appear to be psycho-
tic (hallucinogens, psychotomimetic drugs or phantastica), and
(b) those that are mostly intended to have the opposite effect,
ie, to make disturbed psychotic (or sometimes neurotic)
patients more normal (tranquillizers or ataractic drugs).
The practical importance of the second group is obvious (and
even drugs in the first group have been claimed to have some
therapeutic value), but it is chiefly with their theoretical signi-
ficance that we are concerned here.

HALLUCINOGENS
Mescaline

Mescaline is one of the alkaloids that can be obt‘ained from
a cactus, Lophophorus (Anhalonium), which grows in th.e north
of Mexico and on either side of the Rio Grande. The sliced off
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;gfsaoti the cactus are called mescal buttons or peyote, and havé
Indiansogf tttxlmte .be'en consumed by certain of the Americal
rituals have a r':)glon as part of their religious rituals. Thesé
o now cecome blended with some of the features @
S r};,s and members of this cult believe that the Holy
lly Thz ; Nent‘ in the mesFal,* which is consumed sacramet
dath;g adt ailgonal American Church of the United States’s
S 1886c. N 70, attaches much importance to peyotism. .
the alkaloid n:‘;senlt-he German pharmacologist, Lewin, isolated
its offots, Ay caline, there have been innumerable reports of
Havelock‘ o ng the first to describe their experiences Wer®
States. Serts ;‘ » In England, and Weir Mitchell, in the United
himself ‘delics ours after taking the drug, Weir Mitchell found
room wherel‘ r;_(;]usb{ at langU}d ease’. He later went into a dark
lowed wa on he display which for an enchanted two hours fol-
s as Coc{:1 ] as I find it hopeless to describe in languageé
I saw." He gene ey to Othe'rs the bgauty and splendour of what
meseal buron I'ObUSlY prOVldec.l William James with a supply of
lently sich ¢ s, but after taking one William James was vio-
chief chara c:r twenty-four h‘o.urs. Havelock Ellis wrote that the
was thats “C ;nstx.c of the visions he observed under mescaliné
mas indescribableness’, but this has not prevented a large
er of people from attempting to describe them. During the
next half century reports on its effects continued to appear and
It was sometimes claimed that the drug was a valuable tool for
the psychiatrist. However, the minute self-descriptions and
other data that were accumulated, mostly by Continental
psychiatrists, only yielded a meagre contribution to science
This failure may be partly attributable to the fact that rr}an
of. the earlier studies were largely descriptive, being co ?jl
with an attempt to collect factst; the need for teftabl:C;;;i)-

* ‘Mescal’ is rather a confusing n it i A
distilled liquor which is drunk ingM:;?:o?;tlEsligisge:?: c;‘ =;me o
cactus but from Agave americana or Century plant (Whi:‘:h o ibe
as long as sixty years before flowering — hence its name) may ke
T E.ven the ‘facts’ are open to certain criticisms. If m scaline i
vairs judgement, this may affect the ability to repc;rt exp?:izgz: IT_
s. In
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theses tended to be overlooked. There was thus an excessive,
though implicit, reliance on the Baconian method; the chief
disadvantage of this was succinctly expressed by the logician
Susan Stebbing,* when she wrote of Francis Bacon: ‘He com-
pletely failed to see that experimental observation must be
guided and controlled by hypothesis’, and it appears that Bacon
was not the last to exhibit this failure.

Another factor that may have contributed to the delay in

formulating the hypothesis discussed below was the lack of
liaison between different sciences. Eventually a hypothesis was
put forward, based on the following:
(1) Certain of the symptoms of mescaline intoxication have
long been known to resemble those found in schizophrenia,
although the differences have, perhaps, received more emphasis.
(2) The chemical structure of mescaline is similar to that of
adrenaline (a hormone which is widespread in the body and is
liberated from the medulla of the suprarenal gland when the
defences of the body are mobilized in ‘“fright or flight”).

c‘)H
H CH
/C\ /c N //C\ PR
CH,0-C C CH, Ho-cl: ﬁ' CH,
1 0 | |
CH,0-C C NH HO—C C NH
3 2
Mescaline Adrenaline

any case, the objective recording of behaviour has usually proved
to be more conducive to the advance of psychology than the attempt
to derive laws from subjective reports. Moreover, many of those who
were investigated under mescaline were physicians who already knew
what to expect. There was no attempt to obtain a random sample.

% Stebbing, Susan: A Modern Introduction 10 Logic (Londor,

N:ethuen), Third edition, 1942, p. 491.
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th ::::;ii ;Z{‘ign ;::»1; b(?fore ¢))] and.(Z) were related but, givest
in the bod, b ation that a toxic substance produced with*
Shrenie th: . ; often been postulated as a cause of schizo®
about‘tl’le ss?bler may well be. able to formulate a hypothesis
oo v ::)(:~dl efcause of .schlzophrenia; namely, that owing
pounds 4 erl? mgtabohsm of adrenaline or its related com-
e 1;1ays : :allr{e-lxke substance is produced within the body
It is surpriein ‘:: In producing the symptoms of schizophrenia.
tines ant abog ﬁat no one had attempted to work along thesé
cerning mese ‘;t Ve years ago, but, as Osmond pointed out con-
oF its bk aline, ‘Psychiatrists appear to have been unaware
nterestot emical Structure, biochemists to have been uf-
" esFo in its production of an artificial psychosis.’
animslls nde:g ;g the pFOdUC_tlon of experimental psychoses int
doses of, meso 1_8’ I'eportef.i in 1?30 that by administering large
oo s a :ine to various different kinds of animal he had
those of subt ;n :Ce s.ympt‘oms having a marked similarity to
e scientiﬁl ophrenia. His report appears to have attracted
the causativec' attention. Ten years later, Stockings argued that
all varionss ;gehm of the stchoses (which he considered to be
ot simﬂo the same.dlsease process) was probably a sub-
ot . ar to mescaline. He was awarded a medal for his
g its 1mphc'at10ns were not pursued. It was not until 1952
at two psychiatrists, Osmond and Smythies, working in Lon-
don, put forward their hypothesis that a mescaline-like sub-
s.tance Wwas responsible for the genesis of schizophrenia. This
time the suggestion was not ignored. Interest in hallucin.o ens
‘ hf\d recently been revived by the discovery of lysergic . id
diethylamide (which will be described later), Moreover f) ac1d
and Smythies made a strong case for the existence ofa esealin
like (‘M) substance in schizophrenia. mescaline-
They argued that mescaline intoxicati
p?red with chronic schizophrenia (as tht;:: :?12“::111“1? tsl?e T
, dlﬁFrences between the two conditions had done) bfl’t :’.:ied the
sch_xzophrenia. Table I (which is a much simpli,ﬁed vl .acufe
'tPexrs) shows some of the similarities between the t o con o‘f'
tions. Both may be associated with very diverse symp:i)omcso: d;
na, |
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TABLE 1. A Comparison between the Psychological Effects of
Mescaline and the Symptoms of Acute Schizophrenia*

Mescaline

Acute
Schizophrenia

Sensory Disorders
Vision
Hearing
Synaesthesia

Motor Disorders
Catatonia

Behaviour Disorders
Negativism
Withdrawal

Thought Disorders
Pressure
Disturbed association
Blocking
Conceptual thought re-
placed by visual images
Neologisms

Disorders of Interpretation
Ideas of influence
Paranoid ideas
Heightened significacce
of objects

Delusions

Depersonalization

Mood Disorders
Fear and tegror
Depression

Indifference and apathy
Manic symptoms

Insight

Iiusions Hallucinations
+ + -+ + +
+ +
+ + + -

++

+ +
++

+ o+
++
++

+ 4+
+
++
+

Sometimes absent

Hlusions Haliucinations
+ + + +
+ + + +
? —

+++

+++
++ +

T+ o+
++ o+

+ o+
+
++

++ +
+
4
+
Sometimes present

+ =occurs: + + =marked when it occurs: +++ =marked and
frequent: — =not relevant. * From Osmond, H., and Smythies, J.:

J. ment. Sci., 1952 98 309.
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of course, no one could show all the symptoms at once. There

2;"[:’1::;:;;513/ nge_dlﬁerenges; for example, under the influence
Spond: x;le, caring a noise may be accompanied by corre-
ViSionxr’}gh ::S alx]lges n one of .the‘other senses, most commonly

- 1118 phenomenon, which is termed synaesthesia,does not

a ; .
Ppear to occur in acute schizophrenia. But the seemingly |

E;(helll;s:;c lfeogigfx Vl;;v of those who stress the differences is less
Bypothesin o thersai mglto' t‘he growth of science than is basir}g a
eventually confirmed tarities. W}?ether or not the hypothesis 15
Wiat 3 €d or rejected is comparatively unimportant.
Is Important is that a vast field of research has been
openeq up, with numerous other hypotheses to test.
sta\r:'acl:(::]sd wgrkers have joined .in the search for the ‘M’ sub-
adronal the etfect§ of a variety of compounds related to
renaline have been Investigated. Adrenochrome, adrenoxine,
and ‘adrgnolutin are among the compounds for which psycho-
tomimetic properties have been claimed. Numerous other lines
of research have been followed. For example, Lea argued that
fhere should be abnormalities of pigmentation in schizophrenics
if there is an abnormality in the metabolism of adrenaline be-
Cause the substance melanin, the pigment in hair and skin, is,
like adrenaline, derived from tyrosine. Over a thousand cases
of schizophrenia and two controlled series were studied and it
- was ‘found that there was a highly significant excess of dark hair
in the schizophrenics’, but this was limited to the age-group
15-19 years. Other lines of research that are being followed in-
clude the search for substances that antagonize the ha
genic drugs, and the investigation of thejr effects in
naturally occurring psychoses.
It is indisputable that biochemica] abnormalities ¢ I
occur in schizophrenic patients. In fact the trouble j ?}rlnmon 4
"varied abnormalities have been observed i > that such

Ilucino-
cases of
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Interdependent it is difficult, if not futile, to attempt a general ~
::mSWer to the question whether biochemical or psychological
Influences initiate the process.* Both could form part of the
Vicious spiral leading towards the disorder. Hallucinations can
be produced experimentally in man by psychological methods,
which involve depriving the volunteer of sensory stimulation
for a prolonged period. How this is related to the pharmaco-
logical method of producing hallucinations is still unknown, but
the knowledge that hallucinations can be produced by psycho-
logical means does help to prevent an undue bias being placed
on physical factors. Nevertheless it must be admitted that it is
Tare to encounter the conditions that appear to be needed to in-
duce hallucinations psychologically. Moreover, naturally occur-
ring hallucinations are more susceptible to the effects of certain
drugs than to psychotherapy.

Lysergic Acid Diethylamide (LSD)

The discovery that lysergic acid diethylamide (LSD), a semi-
synthetic derivative of ergot, was a potent”hallucinogen did
much to revive interest in this type of drug. Its psychological
effects were accidentally discovered in 1943, by Hoffmann, a
chemist working on the derivatives of ergot. He must have ab-
sorbed some of the drug, possibly by inhalation, without being
aware of it, and feeling unable to work he went home to bed,
and when he drew the curtains he fell into a peculiar state of
drunkenness characterized by an exaggerated imagination.
When he closed his eyes, fantastic pictures of extraordinary
Plasticity and intense kaleidoscopic colourfulness seemed to
surge towards him. Subsequently he took 0-25 milligrams of

* In the case of phenylketonuria, a rare form of mental deficiency
due to an inherited inability to break down phenylalanine, the cause
is biochemical. However, it is now possible to prevent mental defici-
ency from developing, provided that a special diet is rigifily adhered
to, otherwise symptoms of intoxication occur; if the forbidden foods
are eaten the patient may experience effects similar to those caused
by alcohol in normal people. Thus, psychological factors cannot be
1gnored even in this disorder. :
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LSD to investigate its effects; he experienced visual disturb-
ances, restlessness, a suffocating sensation, and an occasional
feeling that he was outside his body.

The effects of LSD have since been studied by numerous

wog‘kers and found to be rather similar to those caused by mes-
caline. LSD is effective in minutely small doses of about 50
micrograms, in contrast to mescaline which must be given in a
vgry much larger dose. The two compounds are chemically
dlfferept: LSD contains an indole nucleus as do various other
alkalofds such as yohimbine and harmine which may also cause
hallucinations. Both adrenolutin ang adrenochrome have an

C
o=é c‘ T é-c CH-CHy

CH C ==’
3 C/ \
C
c” \C—c’

l o

C \N/

Adrenochrome

Lysergic acid diethylamide (LSD)

indole nucleus. However it is possible that the side chain of

mescaline may be converted into an indole nucleus.* It , b
suggested by Fischer that mescaline is transformed i Ry
like substance before exerting its action, ntoan LSD-
{s great dFal of work has been done on lysergic acid diethyl-
amide to discover its mode of action, and theo e t;e yd
Apropos of these, Sourkes writes ; ‘Om:. is struck Ees Z ou?d'
area of research they cover ang by the large amou}rlxtt oef \:l,;t:

* The formula of mescalj
. . - 1ne was . ..
larity with an indoje nucleus. arranged to bring out the simi-
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which is being amassed and collated in reference to them.’
Ofle theory, according to Rinkel, is that LSD acts by interfering
With adrenaline metabolism. Another important theory is that
1t acts by antagonizing a substance known as serotonin (5
hydroxytryptamine or 5SHT). This also has an indole-nucleus.
C
/7 \
-’ c— c—cHrcHpn,
Lo
C\ C\ /C

Serotonin

HO

Its role in the brain is by no means clear, but there is evidence
that the other substances containing indole nuclei such as LSD
are antagonistic to it, at least, peripherally. Thus it has been
suggested that a psychosis may arise from a deficiency of sero-
tonin in the brain. This provides a hypothetical link* with one
of the tranquillizers, reserpine (to be discussed later), because it
has been shown that it releases serotonin from the brain; this
may help to explain both the effect of reserpine in psychiatric
disorders and also the fact that it counteracts the effects of LSD.

TRANQUILLIZERS

The two main drugs in this group are chlorpromazine and reser-
pine, but the drug houses have recently introduced over twenty-
five drugs that they describe as tranquillizers. As yet there has
been little opportunity even to discover whether the drugs have
the alleged properties. A tranquillizer differs from a sedative or
hypnotic, such as a barbiturate, in that it is supposed to calm
without causing confusion and it neither causes sleep directly
nor the characteristic changes in electrical activity of the brain

* The relationships of these substances are probably more com-
plex than this; for example, chlorpromazine has a reserpine-like
effect but apparently does not liberate SHT; a compound related to
LSD, usually referred to as BOL, inhibits SHT as markedly as does
LSD but has no mental effects, etc.



40 Science News 47

asspciated with barbiturate hypnosis and with sleep. Great
claims have been made for them in the United States but they
¥1ave not generally proved so effective in Britain. Their chief use
is ff)r reducing the overactivity of severely disturbed psychotic
patients.

It is uncertain how much the numerous tranquillizers have in

common, For example meprobamate, ‘Miltown’, which is now
‘ sa.ud to be the fourth most widely prescribed drug in America,
differs from the others in that it is used chiefly in neurotics
rather than psychotics; there is evidence that it reduces symp-
tt?ms due to tension. Some of the tranquillizers probably only
differ from sedatives and hypnotics in degree and not in kind.
Both chlorpromazine and reserpine have numerous side-effects.
In the past multiple remedies were given but this is now dis-
credited: instead, many actions tend to be combined in one
drug. As yet it is impossible to predict which of the drugs will
continue to be used and what their ultimate position will be.

OTHER ASPECTS OF PSYCHOPHARMACOLOGY

Although the térm ‘psychopharmacology’ is used chiefly in con-
nexion with the two groups of drugs that have been described,
there is no sound reason why other psychological research on
the effects of drugs should not be included. Psychologists have
not yet contributed much to the study of hallucinogens and
tranquillizers, but they have done a great deal of work on other
drugs; this is largely ignored by textbooks on both pharmaco-
logy and psychology, presumably because it concerns what
was formerly regarded as a no-man’s land, but now, labelled as
psychopharmacology, it has become a meeting place for a
variety of scientists. So far, no onk covering this field has
appeared.

The first systematic studies on the psychological effects of
drugs were carried out by the great psychiatrist, Kraepelin
wh_ose centenary in 1956 was overshadowed by that of Frcudj
Many drugs, and especially alcohol, were intensively studjed
by means of the somewhat rudimentary techniques provided
by experimental psychology, which was then in its infancy. And
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Statistics, which loom so large now, had not even been born.
Nevertheless many of his conclusions still appear to be valid,
Which is perhaps not so surprising when it is recalled that the
vast majority of scientific discoveries have been made without
the aid of statistics.

The psychological effects of alcohol were also investigated by
many other psychologists, but a great number of them performed
the experiments on themselves, so caution is needed in inter-
preting and generalizing their findings. On the whole, alcohol
has been found to impair almost all types of performance,
although it may temporarily improve muscular work on an
ergograph, and it has also been shown to improve the perform-
ance of ‘neurotic’ cats.

More recently the amphetamines (‘Benzedrine’ and ‘Dexe-
drine’) have received the attention formerly devoted to alcohol.
These drugs can delay the onset of deterioration of performance
in prolonged monotonous tasks, but their effects are too com-
plex and variable to be summarized here. Their dangers have
only recently been realized, with the result that in Britain they
are now on Schedule IV and can only be obtained by means of
a doctor’s prescription. Perhaps it is paradoxical that alcoholic
beverages, which have proved so much more dangerous, have
not been placed on Schedute IV.

The enormous number of new drugs constantly being intro-
duced has necessitated the use of more sophisticated techniques
to assess them, both clinically and psychologically; and the
importance of the design of the experiments and their statisticz.il
evaluation is increasingly recognized. One effect of the emphasns
on the use of adequate controls has been to draw attention to
the importance of placebos.

Placebos

The term placebo (Latin for ‘I shall please’) was originally
applied to the sometimes impressive but nonetheless pharmaco-
1‘3Bically inactive ‘medicines’ that doctors have been known to
prescribe from time to time. It has now been extended to ap?ly
to the ‘dummy’ treatments, usually by inert tablets or saline
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injections, that are used in controlled studies of drugs. The inert’

preparation should be as similar as possible to the drug under

investigation. For example, the tastes should be similar; it is
futile to use a tasteless placebo tablet if the drug itself is very
bitter, but until this was very recently pointed out to them, two
well-known pharmaceutical firms were providing tasteless inert
tablets to compare with bitter drugs. This is just one of the many
errors that contribute to the delay which usually elapses between
the introduction of a drug and the final assessment of its value.

Another complication is provided by the remarkable fre-
quency of reactions to placebos. In a review of fifteen drug
studies, Beecher found that the incidence of relief by placebos
ranged from 15 to 58 per cent, with an average of 35 per cent.
Asthma, hayfever, cough, symptoms of tension, insomnia, and
headaches were among the conditions that have been reported to
have been relieved. Even objectively observable changes may
occur. In some studies when neither doctor nor patient knew
whether the placebo or the drug was being given, the reactions
were 5o severe that the code had to be broken; sometimes the
reactions were due to the placebo. Nearly forty ‘toxic’ effects of
placebos have been described.

Placebo reactions may either add to or subtract from the drug
effect. Whichever occurs will tend to make the assessment of
drugs more difficult. In order to eliminate placebo reactors from

such studies and also to enable this capacity to be made use of .

in treatment, attempts are now being made to find out what kind
of personality these placebo reactors have, and how their re-
actions can be explained. Probably both suggestibility and
learning are involved, and there is some evidence that neurotic
introverts may be the most susceptible to placebo reactions.
Incidentally, it has been found that an undue proportion of
. neurotic introverts volunteer for drug experiments,

THE MUTUAL CONTRIBUTIONS OF PSYCHOLOGY
AND PHARMACOLOGY

The explanation of placebo reactions (which should be within
the domain of the psychologist) is not the only contribution that
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Psychology can make to pharmacology. It has been increasingly
Tealized that drugs may act differently according to the per-
Sonality and mental state of the patient. For example, it is now
Possible to predict accurately on the basis of height, weight,
?8e, Sex, etc., the dose of a barbiturate (given intravenously) that
IS necessary to produce a particular effect. Recently good evi-
dence has been produced by Shagass indicating that, among
Neurotic patients, less barbiturate is needed to produce a given
effect (in the electro-encephalographic record) in hysterics
(neurotic extraverts) than in anxiety states (neurotic introverts).
These findings are, incidentally, in accordance with McDougall’s
theory of introversion-extraversion which has recently been
extended by Eysenck. If this relationship between personality
and required dosage is confirmed, ‘type of personality’ will
eventually find its way into the formulae for predicting dosages
that are to be found in works on pharmacology. .
Pharmacology could also contribute to psychology. For ex-
ample, a theory has been put forward that suggestibility and
hypnosis are due to conditioning. As conditioned reflexes can
be suppressed by certain drugs (e.g., certain tranquillizers and
also arecoline) this provides a method by which the theory could
be tested. If suggestibility (which is closely related to the ability
to be hypnotized) were unaffected or decreased under the influ-
ence of these drugs, this would make the theory appear less
likely. (It appears rather unlikely anyhow, which i§ the main
reason why such an experiment has not yet been carried out.)

PROSPECTS

In a short account it is only possible to mention some of the
many aspects of the rapidly expanding science of psyct.lo-
pharmacology, whose literature increases at an e.ver-acce‘leratmg
rate. Unsystematic and poorly controlled clinical studies, cul-
minating in results that are quite inconclusive, are not yet obsq—
lete, but they may be expected to grow fewer as t.he mult(;-
disciplinary approach to the subject becomes more widespread.
The long delay before the implications of the chemical sm‘;;
larity between mescaline and adrenaline were explored wou
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probably not have occurred if there had been closer collabora:
tion between biochemists and psychiatrists. And there may wel
be other, equally significant (and, once they have been pointed
out, equally obvious) relationships that may be brought to light
by the combined work of pharmacologists, bio-chemists, psycho-
logists, electrophysiologists, and psychiatrists, all of whom have
their contribution to make to psychopharmacology.

Although it is unnecessary to stress the importance of co-
ordination in scientific work, it may be in place to draw attention
to the lamentable lack of coordination that has been customary
in what should really be a single subject, namely the science
dealing with behaviour and its disorders, In the past, far from
carrying out combined operations, there has usually been a wide
gulf between psychologists and psychiatrists who are, in their
turn, separated from the psychoanalysts — themselves divided
into different camps. Psychopharmacology may well prove to be
of the greatest value in helping to bridge these traditional gaps,
as well as in leading to closer liaison with other sciences, It so
often happens that advances occur on the borderlines between
sciences that there is every reason to believe that progress will
be rapid and of far-reaching importance. Even now, great claims
are being made for psychopharmacology. Whether or not these
are justified at present, there can be little doubt that, as it
develops, it will help to resolve some of the baffling problems of
mental disorders and contribute much to their treatment,

FURTHER READING

Most works on psychopharmacology are only to be found in special-
ist periodicals: a few are listed below. These contain numerous
further references. Apart from some recent symposia on psycho-
pharmacology which have been published i book form, the relevant
books are mostly out of print, not in English, or literary rather than
scientific (or all three).
. Abramson, H. A. (ed): Neuropharmacol,

8y. (Transactions of the
second conference sponsored b

Y the Josiah Macey Jr Foundation.)

Eysenck, H.J.: The Dynamics of

Anxiet d i
Routledge and Kegan Paul, 1957). Y and Hysteria (London,
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Himwich, 4. E. - ‘Prospects of Psychopharmacology’, Journal of ner-
vous and mental Disease, 122 413-23.

Kliver, H. . Mescal: the ‘Divine’ Plant (London, Kegan Paul, 1928).

Lasagna, .. ‘Placebos’, Scientific American 193 68-71. (A simple
account of placebos. A more detailcd treatment of the same subject
may be found in the Journal of Mental Science, 1957 103 344-54,
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cake, C. D.: ‘Drugs affecting mood and behaviour’, Texas Reports
oh Biology and Medicine, 1955 13 793-818.

McKellar, p.: Imagination and Thinking : A Psychological Analysis
(London, Cohen and West, 1957).

Marrazzi, A. S., Hart, E. R., and Cohn, V. H.: ‘Pharmacology of the
Nervous System’ (Chapter 35, pp. 565-94, in Spiegel, E. A. (ed.):
Progress in Neurology and Psychiatry (N.Y. and London, Grune
and Stratton, 1956).

Osmond, H., and Smythies, J.: ‘Schizophrenia: a new approach’,
Journal of Mental Science, 1952 98 309-15. (Subsequent work may
be found in later issues of this journal, e.g., 1954.)

Sourkes, T.L.: ‘Some current biochemical theories of psychosis’,
Canadian Psychiatric Association Journal, 1956 1 73-81.



THE INTERIOR OF THE EARTH}

W, H. MARSHALL

It is probably true to say that we know as much about the deep

- interiot of the Sun as we do about that of the Earth, although the
» Sum’® 93 million miles away and the Earth is just under our feet.

Thestudy of each has to proceed by observation of effects pro-

. -duced at the surface by events inside. True, in the case 0

f the

‘Earth, we can bore down below the surface and examine the
material brought up in the greatest possible detail. But the
deepest terrestrial borings penetrate only two or three miles, and
the rest is like deducing the structure of a golf ball from samples
of the skin only a few thousandths of an inch in thickness. There

is, nevertheless, a very considerable body of knowledge of the

inside of the Earth, and some of the work done recently is of

‘considerable importance. o '
All aspects of Earth science are of special interest during the

International Geophysical Year, and, altl_xough studies of the
interior form a relatively small part of its programme, it is
hoped to provide here a backgrc.)und for some of the new know-
ledge that will come from this great piece of international

co-operation. '
The Earth is an oblate spheroid of equatorial diameter

12,7568 kilometres, and polar diameter 12,713-8 kilometres; it
has a volume of about I-1x 10" cubic centimetres. Since its
mass is 6 x 10°” gm, its mean density is approximately 5-5 gm per

_* cx, This density is substantially higher than that of surface
" 'rocks, for which the average value is 2-8 gm per c.c., the maxi-

mum being 3-3. Clearly the material inside the Earth is of con-
siderably higher density than that at the surface,

This conclusion is confirmed by the Earth’s moment of inertia,
the value of which can be derived from observations of the pre-
cession of the equinoxes, and of the variation of gravity over
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;?];angh: surface. As is well known, the moment of inertia of
With itsy epends on the distribution of the body’s mass. A body
Mome mass concentrated towa;ds the centre bhas a smaller
throg r;lt of Inertia than one with its mass uniformly ‘distributed
c ghout its volume; while one (like a flywheel) with its mass
_ODCf.ntrated towards its periphery has a larger moment of
Inertia. Now the value of 7 for the Earth is found to be 0-334
M{(’, where M and R are its mass and radius, while that of a
Uniform sphere is 0-4 mr*. So the mass of the Earth is concen<
‘trated towards its centre, and this can only mean that the density
of the material in the interior is greater than at the surface. The
$mall inaccuracy involved in treating the Earth as a sphere has
Do effect on this conclusion.

This result is, of course, no more than might be expected
from the compression that must be caused by the weight of the
overlying material throughout most of the body of the Earth.
1t is interesting to see that information about the Earth’s interior
can be obtained in such a relatively simple way, but to obtain
more significant knowledge we must turn to seismology, the
science of earthquakes.

The outer parts of the Earth are subject to stresses which
cause movements at the surface, sometimes slow and compara-
tively gentle, sometimes rapid and extremely violent. The local
effects of an earthquake have been graphically described by
F. Kingdon-Ward in Science News 22. In this discussion it is the
more distant and less destructive effects that are of importance.
Whenever the Earth’s crust moves, waves are sent out from the
focus of the earthquake; they travel through the body of the
Earth, and can be recorded by means of seismographs at stations
all over the world. Sample records (seismograms) are shown in
Inset 4, which not only shows the nature of the record, but also
indicates that the task of interpreting a seismogram is both diffi-
cult and complicated.

Seismic waves are of two types: longitudinal and transverse.
The longitudinal waves are of the same type as sound waves,
i.e., they consist of a set of compressions and rarefactions,
which displace the particles of the medium along the line in

i
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:::tlich the wave is_ travelling. Since the first waves to arrive atany -
b won are of this type, they are known as primary waves, of
aves. The transverse waves are like those set up in a rope -

when its end is moved up and down. The displacement in this .

case is pe.rpendicular to the direction in which the wave is
moving. Since they arrive after the P-waves, they are known as
§econdary or S-waves. The record may be further complicated,
in the case of near earthquakes, by the presence of surface
waves, but these do not concern us here.

As the seismogram of Inset 4 suggests, the paths of seismic
waves through the Earth are not simple. Not only do they pene-
trate to different depths according to their initial directions, they
are ?lso reflected and refracted at any surface where the pro-
perties of the material change substantially. Nevertheless, it has
beep possible, by comparing records from a large number of
stations, and from many earthquakes, to deduce the velocities
of the waves within the Earth. At depths of less than 35 km,
these are neither simple nor regular : but this relatively thin skin
is only the crust and below the crust the phenomena are much
‘more simple. As Sir Edward Bullard says: ‘It seems that below a
depth of about 35 km the complications of geology are left be-
hind and the Earth is a body in which the properties are very
closely a function of the radius only.’

Figure 1 shows graphically the values given by Sir Harold
Jeffreys for the velocities of both the P-waves and the S-waves
at all depths from the base of the crustal layers down to the
Earth's centre. The curve shows four more or less marked dis-
continuities, where either the velocities or the rates at which they
change increase more rapidly than usual. These discontinuities
must be caused by changes in the properties of the material at
‘ corresponding depths in the Earth, and for this reason it is cus-
‘tomary to speak of discontinuities in the structure of the Earth
itself. The region at the base of the crust, for example, is known
as the Mohorovidi¢ discontinuity, and the one at a dept'h of so
410 km as the 20° discontinuity. The name is, perhaps, so o
what unfortunate, because it suggests a sharp boundaq; in Tt::
Earth, just as in the velocity curve. In fact, however, as K. E.
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Fig. 1. Velocities of P- and S-waves at various depths in the Earth’s
interior.

Bullen says: ... both seismological and petrological sources of
evidence indicate that the layers are probably separated not by
surfaces of discontinuity in the precise mathematical sense, but
by zones within which changes of properties take place relatively
rapidly.’

The five shells indicated by the seismic waves are shown dia-
grammatically in Figure 2, together with the names given to
them, and some of the information we have about them.

The most striking deduction from the curve is that the Earth
has a central core which transmits P-waves at about two-thirds
of their velocity in the layers above it, and S-waves not at all.
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Fig. 2. Regions in the Earth’s interior to correspond with the
velocities of the P-and S-waves at various depths,

These properties immediately suggest that it is liquid, since only
materials of very low rigidity cannot transmit shear waves. It is
~ not inconceivable that it might be a solid with very little rigidity

" But with the power of absorbing and scattering shear waves; but
the liquid nature of the core is suggested in other ways.

The first confirmation comes from the existence of tides in the
body of the Earth, The tides raised by the Moon and the Sun are
most familiar, because most noticeable, in the seas and oceans
that cover more than half of the Earth’s surface. The detailed
study of these tides shows, however, that they cannot be fully
described in terms of a fluid layer on a completely solid rigid
Earth. The description must be modified to take account of a

v The Interior of the Earth st
1 )hdal,yieldiﬂs of the Earth under its liquid covering, and this
Tequires that the Earth’s core be liquid rather than solid.

The fluidity of the core is also suggested by the Earth’s mag-

- Detism. The surface features of the Earth’s magnetic field might

Pmd“Ced either by a dipole at the centre, or by uniform mag-
Retization of the whole Earth. The details of the field, however,
8h°.W no relation to geographical features, so it is difficult to
believe that surface layers play any considerable part in its
de\lelopment. The field, therefore, appears to be primarily a
feature of the Earth's interior, and we have to find a likely origin
for it there.

Now, one of the outstanding features of the field is that it is
constantly changing, and that the time-scale for its changes must

* be measured in centuries rather than in millions of years. These

changes are therefore unlikely to originate in the mantle, which
is certainly solid, and much too rigid to show changes on any
but the geological time-scale. So it seems that, tbough the field
may not originate in the core, movements in the fluid core
required by the other arguments provide the only possible
explanation of the rapid changes in the Earth’s magnetism.

If the earth is not uniformly magnetized, a fluid core also
offers an acceptable explanation of the existence of, as well as of
the variations in, @ magnetic field. A magnetic field normally
indicates the presence either of magnetized material or of an
electric current. Itis thus conceivable that the Ealtth’s field might
be due to the core being magnetized; but there is every reason
to believe, as we shall see later, that the temperatlfre. of the core
is of the order of some thousapds of degre':es, This is far above
the Curie point of irom, and it seems unlikely that iron could
retain any magnetism at such te.mperature.s. There are, on ttt:e
other hand, several ways in which electric cprrents might ;
produced in a core of liquid metal. Each has 1ts‘ adV((Jicat;s 3;1‘
there is no final agreement on any one; but ﬂ?ere is no dou dt :hat
the Earth’s magnetic field can b; pl.'gdclécrzd in the core, and tha
. et ly su gesta ut . . .
“Ssvc? rflaart ’?ﬁ:ﬁ‘ ‘;S: izve ag picture of ghe’Earth‘s interior :{zlfled
broadty ’into a solid mantle, and a liquid core, with sudsidiary
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regions within each, where the velocities of the P- and. S'W;‘.’:;
change. We have now to trace the changes in properties wWh
cause the changes in velocity. )

" Jt is known that in material in hydrostatic equili :
where the internal pressures are balanced as in a liqut
the velocities of elastic waves depend on the density of the
material. So, assuming the necessary equilibrium, we can deduce
this equation:

brium (i.€-

dp ymp

dr a?—4,3

where p is the density at radius r, m the mass within that radius,
v the gravitational constant, « and B the velocities of' the P-
and S-waves respectively. Since the right-hand side of this egua-
tion depends on m and p as well as on « and B, it cannot give &
unique value for the rate of change of density with depth. We
know, however, that the density of the material at the base- of
the crust cannot be very far from 3-3 gm per c.c., and using
this value, together with estimates of the jump in d?nsxty at
each discontinuity, we can derive a value of the density at all
depths. o . _

There is clearly an element of arbxtrax"mess in this procedure,
and the values given by different investigators differ somewhat
in detail. The variations are kept in check, however, by the need
for each model to give the correct values for the Earth’s total
mass and moment of inertia. The values shown in Figure 3 are

_those given by W. H. Rﬁlmsey. The_ biggest deviation from other

. models is in the value given for the inner core, which is, however,
so small that even quite substantial changes here make very
little difference to the overall properties of the model. It may be

* worth while to remark here, that in this model the inner core is
represented as solid.

" We come now to the problem that raised a recent and stjl]
unresol'ved controversy, namely, the identity of the material in
the various zones. It is generally agreed that the mantle consists
of olivine, which is essentially a mixture of the silicates of jron
(10 per cent) and magnesium (90 per cent). At pressures attain-

d at rest),
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Fig. 3. Estimated density of the material of the Farth at various
depths.

able in the laboratory the density of this material is the same as
that of the mantle, and it also transmits seismic waves at the
required velocities. At the same time the materials that come
from below the crust in volcanic outflows are almost entirely
silicates. The general increase in density with depth in the mantle
may be attributed entirely to the effect of pressure, or to pressure
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plus an increase in the proportion of iron silicate in the lower
layers. .

Although the constitution of the mantle is generally agreed,u
there is still speculation about its structure. As indicated abov#s”
it is thought by most to be a fairly uniform solid, but T. Gold
has recently suggested that it may have a spongy structure with,
- under the influence of gravity, rivulets of molten iron percolat-
ing through it towards the core. This kind- of structure would
presumably lead in time to a slow decrease in the Earth's
moment of inertia, as the dense iron flows inwards; but the time
required for an empirical check on this hypothesis would be
very very long, and it seems unlikely that the problem will be
resolved in this way. A more likely method would be to look for
effects on seismic waves. These presumably exist, but they are
probably very small, and it may be a long time before seismo-
logists can say with any certainty whether the mantle is a uni-
form solid or a ‘sponge’. Meanwhile, it is probably best to regard
it as a fairly uniform solid.

We have already seen that the core consists of a material
whose density is considerably greater than that of the mantle
in contact with it. This increase in density, from 6 to 9 gm per
c.C., is so great that it is natural to assume that it is due to the
appearance of a new material; and this, in fact, was for a long
time the only explanation offered. It is also natural to consider
only the materials that are common in the crust; to do otherwise
would be to invite a situation in which ‘interpretations throng
and clash, and neatly equal the commentators in number’.

Of common materials the densest is iron, and for many years
it was almost an article of faith that the core of the Earth con-
sisted of liquid iron alloyed with a certain amount of nickel. The
inner core was also nickel-iron, but solidified under the enor-
mous pressure at that depth.

This theory fits quite well with the available evidence. It gives
a picture of an Earth consisting predominantly of iron, mag-
nesium, silicon, and oxygen. These also are the elements that
predominate in meteorites, which until recently were the only
samples of cosmic matter that could be examined on the Earth.
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They are also, with the exception of hydrogen and helium, the
Commonest elements in the Sun and the stars, so it was reason-
able to suppose that the general trend of abundance was much
the same all through the universe. And this idea has received
additional support in recent years from the study of cosmic rays.
It is now possible to perform, as it were, a chemical analysis of
these also, and here again, the general trend in the abundance
of the elements is the same as in the stars and meteorites.

" Meteorites, too, give a strengthened argument, because while

most of them are ‘stony’ or consist of a mixture of rock and iron
there are some that are wholly iron. This is just what we might
expect if meteorites were the debris of a shattered planet with
an iron core and a rocky mantle. But although this theory of
the origin of meteorites is widely held, it is by no means proved,
and the doubt about it is too great to allow it to clinch the
argument about the Earth’s core.

Further evidence in favour of the iron core theory may be
derived from the Earth’s magnetism. We have already seen that
the existence of a magnetic field and the nature of its variations
point to an origin in a liquid metallic core. Iron is obviously the
commonest material suitable for such a core; but since the
strongest rival to iron as the material of the core is also metallic
this argument now carries little weight. .

The advocates of an iron core, however, have not by any
means had it all their own way. In 1936 W. Kuhn and A. Ritt-
mann criticized the theory on physico-chemical grounds. If we
try to picture an Earth soon after 1ts' formation, coglmg to a
hot liquid mass, we may imagine an iron core forming in the
same way as iron separates from sl:%g ina blast fumace. (It may
be remarked, incidentally, that thns.nges a picture very like
Gold’s spongy mantle.) Kuhn and thtmann, however, clalmec;
that such a process would take a time greater than' the age od
the Earth to form a core of the mass of the Earth's core, an
ncluded that the core could not consist of iron.

Ramsey has criticized the iron-core theory on
ments, by S. K. Runcorn and
s magnetism with depth

they therefore co

More recently,
several grounds. Recent measure

others, of the variations of the Earth
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suggest that the Earth is uniformly magnetized, so that an iron
core is not needed to explain its magnetism though a liquid core
still gives the simplest explanation of its variations. Further,
Ramsey quotes the opinion of Jeffreys that the mean density of
the planets Mercury and Mars makes it impossible for them to
have the same chemical composition as the Earth, if the latter
has an iron core. And it is not easy to suggest a possible origin
for the Solar System that does not entail approximately the same
constitution for all the planets of our Solar System. Thirdly, he
points cut that the argument from meteorites is invalid because
the proportion of stony to iron meteorites is about 35 to 1, which
could hardly be the case if they originated in the disruption of
kn iron-cored planet similar to the Earth.

Finally, he makes what seems to the present writer probably
the strongest objection of all. From its diameter and mean
density, it can be calculated that the Earth’s core contains about
30 per cent of the Earth’s whole mass, and when we add to this
figure the iron content of the mantle and crust, we find that
about 40 per cent of the Earth is iron: the percentage of iron
in meteorites is about 25, and for solar matter, ignoring hydro-
gen and helium, about 20. The proportion of iron may, of
course, be reduced by taking it to be alloyed with nickel, as its
advocates usually do. But to reduce the iron to a reasonable
amount means increasing the nickel far beyond what may be
considered likely.

Fundamentally, of course, the reason for Ramsey’s criticism
of the iron core is that he has an alternative to offer. His sugges-
tion is based on the theory of solids, and it requires the core of
the Earth to be formed by the effect of high pressure on olivine.
On theoretical grounds it is to be expected that this high pressure
modification will be of much higher density than normal olivine,
and that it will be metallic in its properties.

In a substance like olivine, the molecules are arranged in a
regular crystalline form, and the electron shells are closed so
that no electrons are free to wander through the material. It is,
therefore, impossible for an electric current to flow through it.
When the distances between such units are decreased, very
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Powerful] re

; pulsive forces come into action, making it difficult

0 compress them. In order to compress them, in fact, their struc-
ture must be changed, and this may be done in two ways. Firstly,
the shape of the «crystal may be changed, the new shape being
One Qf smaller volume and therefore stable at higher pressures.
In olivine, the normal crystal is rhombic, and a change to a

" Cubic form would reduce its volume and, of course, increase its

density. This change was suggested in 1936 by J. D. Bernal and
H. Jeffreys to account for the 20° discontinuity. According to
Bernal's calculations it gives an increase of about 9 per cent in
the density, and the pressure needed for it is of the order of that
at about 400km below the ‘Earth’s surface (140,000 atmo-
spheres). It seems, in fact, to provide a very satisfactory explana-
tion of the 20° discontinuity, though, as we shall sce later, it is
not universally accepted.

Once the crystals have been compressed as much as possible,
it is the structure of the molecules themselves that must next be
broken. This means that electrons must be forced out of their
normal places, and the energy needed to do this is very great.
In hydrogen it is of the order of 10 electron-volts per molecule.
For a complex substance like olivine, it must be even higher;
unfortunately the calculation of the actual energy required is
difficult, and it has not yet been possible to get more than a
rough estimate. It seems likely, however, that the critical pres-
sure is of the same order as that at the surface of the Earth’s
core (1-4 million atmospheres),

Unlike the change of crystal form, this second modification
gives an increase in density of anything from 50 per cent up-
wards, so it is well able to account for the marked increase at
the boundary of the core. Since it also sets electrons free to
wander about inside the material, it changes it into a substance
with metallic properties. A high pressure modification of olivine
thus seems to meet the requirements of the material of the core,
provided, of course, it can exist. .

Ramsey's theory can also explain quite naturally the exxsten?e
of the inner core. It is unlikely that the molecular structure will
be completely broken down at once. Rather, we should expect
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the outermost regions to yield first, and the inner ones only on
application of a still higher pressure. Like the first, this pressure
will have a critical value, and so it should give a transition with
a fairly sharp boundary. The inner core thus represents the
third step in the transformation of olivine into the kind of
material found in white-dwarf stars,

The arguments for and against Ramsey’s suggestion are in
some cases highly technical, but we may summarize them briefly
as follows. If the Earth is of homogeneous composition (apart
from a plausible concentration of iron in its lower parts) the
percentage of iron in it is reduced to about 30, which is more in
accord with the apparent cosmic abundance than the 40 per
cent demanded by the iron-core theory. If the 20° discontinuity
is due to a change in crystal structure rather than a change of
material, it seems logical to suppose that the other discontinui-
ties may be explained in the same way. Since the change to a
metallic form depends on the materials being subjected to pres-
sures above a certain critical value, the theory also explains the
accepted absence of cores in the smaller planets, They are just
not massive enough to exert the required pressure at any point
inside them. It is difficult to see how they could fail to form iron
cores unless, as mentioned above, their chemical composition
has always been different from that of the Earth.

The theory also explains the observed sharpness of the boun-
dary between the core and the mantle. An iron core, separating
out as in a blast furnace, might be expected to show a broad
transition zone. The modified olivine, on the contrary, must
show a fairly sharp boundary, since the change takes place at a
well-defined critical pressure.

As for the existence of a metallic form of olivine, it is not out-
side the bounds of probability. There are, for example, metallic
and non-metallic forms of arsenic, and the metallic form is more
than twice as dense as the other, 51 gm per c.c. as against 2:0 gm
per c.c. Also, a metallic form of phosphorus has been prepared
by subjecting it to very high pressures, and again it shows a great
increase in density.

In this connexion, it is interesting to note some recent work
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by R. H. Christian and B. H. Alder, who have observed metallic
Properties in crystals of iodine and caesium iodide subjected to
pressures of about 450,000 atmospheres — they produced these
pressures for very short times by means of the blast from con-
Ventional high explosives. This result does not, of course, prove
that Ramsey is correct. It probably removes any doubt that a
metallic form of olivine might exist at sufficiently high pres-
Sures; but the question really is whether it appears at the pres-
sure prevailing at the surface of the Earth’s core.

Finally, Ramsey points out that his account of the Earth’s
interior accords well with H. N. Russell’s suggestion that the
planets and the white-dwarf stars are one family. In these stars,
as is well known, the material is so highly compressed that it
attains densities of the order of a ton per cubic inch. And this
incredible density arises from the complete breakdown of the
normal atomic structure, all the electrons being torn from their
orbits to form what the atomic physicist calls degenerate matter.
Thus the planets and the white dwarfs are like a single group in
which the properties of matter are determined by pressure alone,
independently of either temperature or chemical composition.

TABLE 1. Variation of Compressibility within the Earth

Depth (km) Pressure p* Bulk Modulus k* |  dk/dp
k00 |t pp 3
2700 12 60 28
2900 13 64 29
3000 14 66 30

e

* The unit in columns 2and 3 is 10'* dynes/cm?.

ment appears to gain strength from.sqmc work
ed him to formulate a fcompressxbmty-pres_-
ble I shows the variation of the'c.ompressp
h. as derived from the. velocities of the
is’ clear from it that neither the value of

This last argu
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k nor its rate of change alters significantly at the boundary of
the core. This leads Bullen to suggest that at great pressures the
compressibility depends only on the pressure and is independent
of the chemical composition of the material. But Ramsey de-
duces from the theory of solids that compressibility at pressures
of the magnitude of those inside the Earth does in fact depend
on atomic weight; and so he concludes that Bullen's hypothesis
is true because the materials of the mantle and core are chemi-
cally identical.

The theory sounds very plausible; but there are objections to
it, which cannot be ignored. H. C, Urey, for example, does not
believe that the 20° discontinuity can be accounted for by
changes induced by pressure, At the moment the pressure re-
quired is beyond the reach of experiment, but he estimates that
magnesium germanate, a substance chemically related to olivine,
should undergo the change, if at all, at accessible pressures, Yet
all attempts to prepare a cubic modification in his laboratory
have failed. Furthermore, the view of the 20° discontinuity
taken by Ramsey, Bernal, and Jeffreys is not universally
accepted. B. Gutenberg, for example, describes it as a gradual
change in density in the region between about 400 and 1,000 km
below the surface. If this should prove to be correct, it could not
be explained by the change suggested by Bernal, which is essen-
tially a ‘catastrophic’ one taking place at a fairly well-defined
critical pressure.

In recent months, however, A. E. Ringwood has reported a
thermodynamic study of a mixture of nickel germanate and
magnesium silicate, which ‘is considered to provide strong evi-

dence supporting the Jeffreys-Bernal hypothesis’. The spreading

of the change over a range of depths and pressures is then to be
explained by the presence of other substances.

More serious still is an argument by W. M. Elsasser, who de-
duces from the thermodynamic properties of olivine that the
high-pressure modification cannot exist. Elsasser also uses
Quantum theory to prove that iron, alloyed with nickel, would
have the right density at the required pressures, so he favours
the iron-core theory. Bullen, however, has pointed out that some
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Mmodifications of Elsasser’s work may be required, which would
tell against the iron core.

On the astronomical side, recent work on the planets Mars
and Mercury have led to new values for their density and ellip-
ticity, and these agree much less well than the old ones with those
calculated from Ramsey’s theory.

The latest work on this aspect of the subject has been pub-
lished recently by Bullen, in a paper on ‘The Constitution of
Mars’, In this, he reviews the various suggested values of the
mass, radius, and oblateness of Mars, and applies the most prob-
able results to a model of Mars, related to his own model of the
Earth. This leads to conclusions about the proportion of uncom-
bined iron in each planet. He now assumes that the Earth’s inner
core consists of iron, which has separated out from a molten
mixture of iron and olivine. The remaining uncombined iron is
not enough to form the outer core, which must be a modification
of the material of the mantle. Further, since iron and olivine are
believed to be immiscible, he concludes that the ‘outer core of
the Earth is the one place where there is practically no uncom-
bined iron’, and any iron outside the inner core must be in the
mantle. Once more this seems to suggest Gold’s spongy mantle,
with its rivulets of iron.

It will be noticed, incidentally, that Bullen offers a plausible
alternative to Ramsey's second pressure modification as the
cause of the inner core, and this one satisfies the feeling that,
somehow, iron should separate out somewhere. .

What, then, are we to deduce? The arguments on ez'ich side
are strong, but not conclusive, and the wxs‘est course is prob-
ably that counselled by Bullt?n, who says: ‘Until such time as
more direct experimental evidence can be brought to bez?r.on
the behaviour of materials at pressures of the order of 2 mxlholn
atmospheres and above, or until the quantu-m-mcchamcal c;la ;
culations are carried to grca.ter reﬁnement, 1t. would sﬁeem t a
there is a special need for discussing the available e_v1dencelm
terms of probabilities rather than in terms .Of deﬁ;nte conkc ut;
sions.” Definite conc]usion.s must thus awa1.t furt s,r z:;m:n
seismology, astronomy, high-pressure physics, and q
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theory, and since the work is proceeding apace in all these ﬁelfis,
there is reason to hope that a decision between the two theories
may be made within the next few years.

This state of suspension of belief is the rigorously scientific
one, but most of us will nevertheless have a bias towards one Of
other of the two theories. Preference depends to some extent 0nt
imponderables, but at the present time the author feels that
Ramsey’s theory is the more attractive, chiefly because it pic-
tures a more uniform Earth and planets, and because it keeps
the Earth’s iron content in line with those expected from other
sources. Perhaps also, it attracts by its newness, by breaking
with tradition and so opening up once more a region that had
been largely regarded as closed. On balance, too, it seems that
the latest work is tending to favour the modified olivine core
rather than the iron one.

The problem of temperature-distribution inside the Earth is
complex, and only a very brief summary of possible conclusions
can be attempted here. First it is of interest to note that the tem-
perature of the Earth's surface js determined chiefly by sun-
shine. The heat coming from the inside is several thousand
times less than that coming from the Sun. Nevertheless there is
a substantial amount of heat flowing out through the Earth’s
crust, which shows that the temperature increases from the sur-
face inwards. The same conclusion follows from the flow {from
active volcanoes of molten rock at around (,100° C.

It is known that heat is being generated in the Earth’s crust
by radioactive elements, chiefly radium, thorium, and potas-
sium. The respective rates for these elements are 80x 1072,
6:3x10-9, and 25 x 10~13 calories per gram per second, and if
all the Earth contained the same proportion of these elements
as the surface rocks, the heat generated would keep the whole
Earth liquid. It is found, however, that the radioactivity is much
higher in granitic rocks than in the basic and ultrabasic rocks
below the crust. (In this connexion it is interesting to note that
the background radiation in Aberdeen, the ‘Granite City’, i
above average.) The generation of heat is therefore largely con-
fined to a layer at the surface less than twenty miles thick. A
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small amount in the interior is required by some theories of the
magnetic field.

What, then, of the temperature in the deep interior? This is
determined for the most part by the requirement that the core
shall be liquid. Unfortunately, it is not certain just how melting
points change at the high. pressures in the core and mantle, and
if the core is of metallic olivine, its melting point is not known at
all. An iron core, however, could hardly have a temperature (?f
over 2,000° C and be magnetic as some theori;s.of the magnetic
field require. One thing is certain. The conductivity of the mantle
is so Jow that very little of the interior heat can have escaped
since the Earth solidified, and the mantle, for the most part, can-
not be much below its melting temperature. .

The only reliable value of the temperature at conmdcraple
depths is derived from the electrical conductivity of the material.
It is known from studies in geomagnetism that at a depth of
some 900 km this has a value equal to that of silicates at tem-
peratures of 1,000-1,500° C. Since the material of the mantle is
mostly silicate, we may reasonably conclude that this represents
the Earth’s temperature about 1,000 km down. To go further, we
must make some assumption about the early history of the
Earth, if not about its origin.

Some current theories require the Earth to have been origin-
ally gaseous, subsequently liquefying, and later solidifying as it
cooled. These would clearly imply very high temperatures inside
~ something of the order of 6,000° C. Other theories picture Fhe
Earth being formed by the accumulation of small cold bodies,
though this also is usually followed by a stage of liquefaction,
perhaps by the heat generated by radioactivity. If this were so,
the temperature in the deep interior may be no more than
3-4,000° C. In any case, the value will depend on the amount of
radiocactivity in the mantle and core. As mentioned before, some
theories of the Earth’s magnetic field require this to be higher
than the normal value for ultrabasic rock in the crust, and the
temperature in the core could be raised appreciably by it.

The only conclusion possible at the moment is that the Earth’s
internal temperature probably rises from its surface value to a
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value at the centre of several thousand degrees. But whether
‘several’ means 2-3 or 6-7 is a question the answer to which must
await further work in several fields.

Finally, we may wonder where the liquid rock that flows out
during a volcanic eruption comes from, It is not very plaUSible
to think of it flowing all the way up from the core, and yet it iS
not the ordinary solid of the upper layers. The most attractive
suggestion is perhaps that which links volcanoes with earth-
guakes. The energy released in an earthquake does not all 80
Into seismic waves. Some of it is stored as thermal energy it
material which in the course of time is heated above melting-
point. The liquid rock so formed may then flow out when 8
weakness develops in the crustal layers.

This theory is not universally accepted, but it fits well with the
fact that earthquakes and volcanic activity occur in the same
clearly defined zones of the Earth. It brings us round again to
the earthquakes from which so much of our knowledge of the
Earth is derived. It reminds us once more that the Earth, like our
knowledge of it, is constantly changing and that its changes are
often as startling as they are unpredictable.

INFORMATION THEORY,
PROBABILITY MODELS,
AND PSYCHOLOGY

W.SLUCKIN

IN recent years experimental psychology has been stirred up by
the impact of some new mathematical techniques. An impres-
sive number of papers, monographs, and symposia are nowa-
days devoted to a variety of psychological uses of information
theory. Fewer in number, but perhaps of no less significance,
are publications concerned with probability models in psycho-
logy. What are these new fields of study? What is their signi-
ficance, and where are they likely to lead?

W hat is information theory?

Information is a concept that we use very frequently in
everyday life. It refers to items of knowledge — in the simplest
terms, to what we are told. In the nineteen-twenties efforts were
first made, mainly by telecommunication engineers and by statis-
ticians, to refine this concept and make it more precise. Before
long, philosophers, physicists, psychologists and others began to
take an interest in and contributed to this activity. The meaning
of the term information, as used technically, has been restricted
in its range in certain ways.* For good measure, not just one but
Several precise meanings and uses have been given to the term
information. Furthermore, the situation has been complicated
by the inter-relatedness of these several uses.

We shall confine ourselves to the concept of information as
defined and understood in one particular way; we are going to

* The same thing is commonly done with everyday words. Such
words as force, power, current, resistance, resilience, reliability, and
m:ﬂy others have been adapted to precise scientific uses.
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be concerned with information which, to be distinguished from
other kinds, is sometimes called selective information. We are
going to concern ourselves only with selective information (@
because this conception of information is more widely discussed
and applied than any other, and (b) because it is the theory of
selective information that has particular relevance to psycho-
logy.

Let us begin by glancing at the historical background of this
conception of information and the information theory that has
developed from it.* The need to talk about information in a
precise way arose in the field of telecommunications. From the
start engineers wanted to know how to send a message by tele-
graph with the minimum of cost and a maximum of speed. T0
this end the choice of code had to be considered and so the fre-
quency with which different letters occurred in the language in
which messages were being sent. Some deterioration in clarity is,
of course, inevitable when a message is being transmitted; what
had to be considered was how much deterioration would be per-
missible. Thus it became necessary to know the greatest amount
of information that could be reliably transmitted in a given time
at a given cost.

As early as 1928, R. V. L. Hartley of the Bell Telephone
Laboratories in the U.S.A. pointed out that, from the standpoint
of the recipient, information is provided by the unexpected.
What is fully expected is devoid of information. If the reader is
quite certain what my next sentence is going to be, he will gain
no information by reading it.

From the point of view of the recipient of signals, a signal to
which there are no possible alternatives conveys no information.
The greater the number of alternative possibilities, the greater
is the amount of information conveyed by one particular signal-
For example, a single digit of the decimal system of number
notation will transmit more information than a single digit of 8
binary system, such as one that consists of dots and dashes.

Notice that the semantic aspects of information are irrelevant

* When the word information is used without a qualification it
generally refers to selective information,
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to this discussion, We are concerned with distinguishable signals,
with the amount of code that is transmitted, and not with what
the code stands for. We are not concerned with the meaning of
the information conveyed. In everyday speech, however, the
word information does refer, of course, to the semantical con-
tent of messages. Therefore, the phrase ‘theory of information’
is perhaps a somewhat misleading one. Indeed, a more reason-
ably descriptive name for this field of study might be ‘statistical
theory of signal transmission’.

A further terminological complication, and not only termino-
logical, is that there is another theory of information which in
fact parallels the one with which we are concerned. This theory
is concerned with the transmission of meaning (or semantical
information); it is Carnap’s ‘theory of semantical content’. In
this field we might start off with the assertion that a statement
that something will occur conveys a considerable amount of in-
formation only if this something is unlikely to occur. A state-
ment that something will occur conveys little information if this
something is very likely to occur. Thus, if somebody tells me
that the sun will rise tomorrow, he tells me very little; his mes-
sage conveys next to no information because the sun, judging by
what has happened before, will in fact rise tomorrow. But if
someone predicts that it will snow in England next July, then
his message conveys very much information.

However this may be, our interest is confined to selective in-
formation. If signals, or unit messages, are all equi-probable, the
probability of each is inversely proportional to the number of
possible choices. The probability of an event is, in this sense, its
relative frequency; in statistics, probability and relative fre-
quency are synonymous. Thus, the more improbable the signal
the more information it conveys; in other words, the informa-
tion per signal varies inversely with the signal’s probability.

The measurement of information

The unit of information is arbitrarily but conveniently defined
as the amount of information that is conveyed by a signal which
18 one of only two possible signals. If ‘yes’ or ‘no’ are assumed
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to be the only two possible answers to the question ‘Will you
marry me?’ the actual answer will yield just one unit of informa-
tion, whether, in fact, it happens to be ‘yes’ or ‘no’. Such a unit of
information is a binary unit, called for short binit, or bit. The
bin.ary unit is the accepted standard unit of expressing in quanti-
tative terms the information content of signals or element
messages.

Whenever, as far as the recipient is concerned, the number of
alternative signals is reduced by half, one bit of information is
passed. This is so when two choices are reduced to one, or ten
reduced to five, or twenty reduced to ten, etc. If there are four
choices, then to reduce them to one only, two binary steps must
be made; therefore a signal that is one of four possible signals
conveys twto‘bits of information. Similarly, one of eight alterna-
nvgs, requiring three 50 per cent reductions, conveys three bits
of information. And one of six choices supplies less than three
but more than two bits. In general, information content is
measured by the logarithm to the base of two of the number of
alternatives. If H s the information per signal,

H =log, (number of choices).

The probability of a signal is inversely proportional to the
number of choices. If p(s) denotes this probability, then
H=log, (1/p(s))
or, H= ~log, p(s).
In words, the amount of information contained in a signal is
measured by the negative log (to the base of two) of the prob-
ability of the signal.

A message consists of a number of signals. We have seen that
the amount of information in a particular signal depends on its
probability. The probability of a signal, or its relative frequency,
has so far been assumed to be constant. If the theory of informa-
tion is to be useful, it must apply to signals that are not charac-
terized by a constant probability; for all kinds of signals en-
countered in practice have probabilities that vary from message
to message. Thus the amount of information in a signal must be
expressed in terms of the signal’s average probability.
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If the probability of the particular signal in the /** message is
Di, then the information contained by the signal in that message
is equal to — log,pi(s), or simply, —log.p:

However, the contribution of the i message in the final
reckoning of the information per signal is in proportion to the
relative frequency of the signal in the message. So the contribu-
tion of each i message is given by pi(—log,p:). And the in-
formation contained in the signal, when all the messages, say
in number, are taken into account, is

i=k
H= ZPi (—log.pi)
i=1

where i has all the possible values from 1 to k. Notice that the
value of the information in a signal is given by the weighted
average information per signal, taking into account all the

messages.
Suppose now that we send a series of messages; let us call this

series, series x. If the channel along which the messages are
transmitted were a perfect one, series x would arrive at the re-
ceiving end. But channels are often imperfect. There may be
some information lost in transmission; and some spurious in-
formation may be picked up. As a result, what is received is
a more or less distorted series of messages; let us call this series,
series y.

For any series of messages the average information per signal
is given by H, as defined above; its calculation is based on the
frequencies of the occurrence of the signal. The quantities that
may now be considered are as follows:

H(x): input information per signal,

H(y): output information per signal,

H,(x): information per signal lost in transmission (sometimes

called equivocation),

H(y): information per signal added in transmission (some-

times called noise),

T: information per signal actually transmitted.
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The manner in which these quantities are inter-related may be

Tepresented in a diagram, as by G, A. Miller of Harvard.

H(x) H{y)

T
information
common to

x&y

th;l":: n:oouflli ra:frea of this diagram, denoted by H(xy), consists of
ormation lost, transmitted and us

HG:y)=H,(x) + T+ H,() dadded T8

= I;{!Ex)) +Hy),ie., input plus noise
=H(y)+Hy(x),i.e., output plus equ; i
Transmitted information is given b; auivocation
T=H(x) —Hy(x), _i.e., input minus equivocation
‘=i.1(y) - Ha(y),i.e., output minus noise.

It is important to.note that normally, as the input informatio8
per signal, .H('F)’ _increases, the transmitted information, T»
approachefs its limit which is prescribed by the channel capacit»
C, of the given communication medium.

Although this general picture of the transmission of informa"

tion .deri.ves from telecommunication engineering, it has someé
applicability in many other fields; and some of these fields ar®
to a greater or lesser extent the concern of psychology.

.In the broadest terms, it is obvious that information is re-
ceived frm'n the external world in perception. Information may
be stored in memory. Again, when responses of any kind aré

l
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made, information is generated. Any organism might be re-
garded as a transmitter and receiver in a communication system.
What use is it to adopt such a viewpoint?

It is clear that the analogy between the simple model for the
transmission of information and the human situation that is of
interest to psychology has many important limitations. Man per-
forms many functions other than those of a communicational
transducer. It is very easy to point out in what ways man is not
a mere mechanism for handling information. But this need not
be our concern here.

It is interesting that, despite its grave limitations, the informa-
tional model may be of some use to experimental psychology;
of how much use, it is perhaps rather too early to judge. It is
perhaps more interesting to explore the admissible uses of in-
formation theory in psychology than to apply oneself to show-
ing that in some situations the theory is a useless one. So let us
examine some of the principal ways in which experimental
psychology has made use of information theory.

Reaction times

The reaction time of a subject is the time that it takes the sub-
ject to react, or to start a response, to a given stimulus. This
delay in response is taken up by the arousal of the stimulated
sense organ, the passage of the resulting nervous impulse to the
brain, the activity of the brain, the passage of a requisite im-
pulse to the responding muscles, and, possibly, the preparation
of the muscles for action. The reaction time of a subject is also
known as his response latency; the latter phrase refers to the
fact that the effect of a stimulus remains latent until the response
takes place.

On and off for over a hundred years reaction times have been
investigated in psychological laboratories. Wundt in Germany,
followed by J. McK. Cattell in America, and more recently
Piéron in France, and many other investigators have expended
— and some think, wasted — much time in such studies.

The interest in reaction times had largely died down, when
W. E. Hick in Cambridge made an altogether fresh approach to
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s 616l 34 a paper published in 1951 he suggested that while

1 onstant. Hence, longer reaction time (response late
ciated with greater informational gain. '
the eighteen-eighties it has been known that when a sub-

one possible stimulus. In the language of the psychological
" laboratory, multiple-choice (or, disjunctive) reaction times are
longer than simple reaction times, the reaction times increasing
.as the number of alternative stimuli and responses increase-
Hick suggested that the time taken to respond to a stimulus is

‘proportional to the amount of information provided by the

‘stimulus, The average multiple-choice reaction time is longer

‘thian the average simple reaction time because the signal for a

gigjunctive reaction provides more information than the signal

2 & simple reaction.

i Wp’fknow that a message to which there are no alternatives

tonveys no information; thus, log,1=0. It might appear at first
sight that the stimulus in a simple reaction-time experiment pro-
yides no information. This, however, is not the case, The, alterna.
tive to the presence of stimulus is the absénce of stimulus. The
information gained when simple reaction occurs is one bit;
log, (two alternatives)=1. If there are two alternative stimuli,
the information gained by the presentation of either is log,
{choice of three). Thus, if » denotes the number of alternative
stimuli, the information gained per presentation is log,(n+1)
bits, And the disjunctive reaction time is proportional to

. logy(n+1).

.. Hick used both data from old experiments and data from his

"own experiments, and found that disjunctive reaction times were

“dction'time, then _
S T=k log,(n+ 1) milliseconds,
whers k is a constant to be determined empirically.
A number of studies along such lines were also initiated by
_other investigators, notably by R. Hyman in America. Later

s 1esponding to a stimulus, his rate of gain of inforsth- .

% bas to react appropriately to one of a number of alternative -
uli his reaction time is longer than when he reacts to only

‘1. An experimental sign plate using an electroluminescent light

:¢in fact on the whole proportional to log,(n+1). If T is the re-

ELECTROLUMINESCENCE

source. The structure of the plate is. similar ‘to that described in
Figure 15 of H. K. Henisch's article; zinc sulphide phosphor, .shapcd
clectrodes. Excitation at 300 volts and 400 ¢/s. (TI’F' cxperimental
unit was made available through the courtesy of Dr 5. T. Henderson
of Thorn Electrical Industries Ltd.)
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2. Seismograph designed by the fate J. I, Shaw, C.B.E., who spent
many years developing highly sensitive instruments for detecting and
recording earth tremors caused by distant carthquakes.

The general principle of the instrument is to multiply and record
photographically the movement of a boom 19 inches long which
carrics a 1-1b weight, together with a damping vanc that moves in a
strong magnetic field and brings the boom to rest after cach excur-
sion. Ideally the instrument is mounted on a substantial masonry
picr built up from a rock foundation. Any ground movement can, if
necessary. bemultiplicd 500 times. (Courtesy of Hilger and Warts Ltd.y

3. For much geophysical rescarch a field scismograph is nceded.
That shown here was developed by P. L. Wilimore in the Depart-
ment of Geodesy and Geophysics in the University of Cambridge.
The seismometer unit is sealed in 2 metal case whichcan, if necessary.

be buried in open ground. (Courtesy of Hilger and Wartts Ltd )
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4. Scismogram of earth movement produced by rock burst at a range
of 389 kilometres, recorded by a three-component short period
seismometer. (From Monthly Notices of the Roval Astronomical
Society (Geophysical Supplement) 1950 6 129, hy permission of the
Author and the Society.)



DISINTEGRATION CRATERS

'ssi_lc brings two wires into contact
and so actuates the ﬂash-gun by which the photograph is taken. The
tmpact illustrated here js of a small missile on shallow base powder.

6. The same as the above, byt of a large mass making an energetic
impact with deep base powder. In both photographs the vertical
cloud results from a smul] quantity of powder left behind by the
falling missile.

7. An experimental crater showing marked superficial resemblance
to many lunar features. (See, for example, the illustrations in Science
News 45). This crater was produced by a large missile in deep base
powdecr. Light falling from left to right.

8. The same as the above, but produced in a thin layer of base
powder by a medium missile, These conditions give a pronounced
central mountain, The nearby secondary craterlets should also be
noted. Light falling from left 1o right as above,



THE GIBBERELLINS

(@)

b)

9. The effect of gibherellic acid on Common Henbane (Hyos-
Cyamus niger biennial strain), This plant remains vegetative
unless ‘vernalized® by low temperature treatment. In each of the
llustrations the untreated plantis on the left, and a plant treated
with 500 ng of gibberellic acid on the right. (a) (above) 10 weeks
after treatment, (b) (helow) 12 wecks after treatment. and (c)
(opposite) 22 weeks after treatment, (Courtesy of Dr P. W. Brian
of the Akers Rescarch Laboratory (1.C.1. Lid), Welwyn, Herts.)
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10. The effect of increasing doses of gibberellic acid on

the growth of dwarf pea
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investigators interested themselves in situations where signals to
which the subject has to react are not all equi-probable, some
signals occurring, in fact, more frequently than others. In these
circumstances the subject’s response time to a signal tends to
be proportional to the average information content in this

signal.
PSYCHOPHYSICS

Originally psychophysics was conceived as a study of the
relationship between physical stimuli and the corresponding
sensations, Sensations are always private; they cannot be pub-
licly investigated or measured. But sensations mediate between
stimuli and responses. And responses can be observed and
measured. So nowadays psychophysics is in fact concerned with
stimulus-response relations. Interpreted broadly, this would
perhaps include the whole field of perception and learning, and
not merely studies of reaction times and the like. In point of fact,
however, only a limited area of psychology goes traditionally by
the name of psychophysics. It includes primarily investigations
of the absolute and differential sensory thresholds, and the con-
struction of subjective sensory scales. It also includes experi-
ments in which the subject is called upon to identify stimuli, or
to make absolute judgements. It is these experiments that are of
especial interest to us.

All judgements are, of course, essentially relative. It is tradi-
tional, however, in psychological laboratories to refer to judge-
ments in which particular stimuli are identified, rather than
compared with other stimuli, as absolute judgements. Consider
an experimental situation where there are k stimuli varying in
magnitude along a single dimension, e.g., a series of light circles
on a screen, the circles varying in size only. The circles are pre-
sented to the subject one by one, and the subject is required to
assign each to one of m categories, where m may or may not be
equal to k. Of course, the simplest situation arises where m—k,
that is when the subject is given a genuine opportunity to
identify correctly the magnitude of each stimulus.

Assume that stimuli are presented to the subject in a random

b
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order again and again. For the sake of numerical example,
imagine that k=m=6, that is, that there are six stimulus cate-
gories and six possible responses; and suppose further that each
stimulus is presented twenty times altogether. Then, the re-
sponses may be set out in a scatter diagram or contingency table,
as shown below.

Stimuli (k)
1 2 3 4 5 6 Na

1
E 2
b )
-
g 3
g 4
X s
o

6

Ny 20 20 20 20 20 20 Na120

Ni-values in the bottom row are numbers of presentations of
each stimulus category, in our case twenty, and Na-values in the
extreme right-hand-side column are numbers of responses that
fell into each response category.

Let us now refer again to the two overlapping circles that
represent the flow of information (p. 70) H(x), input informs-
tion, is now stimulus information, and H(y), output information,
is response information. Information may be lost or added in
transmission, so it is not out of place to talk in this eonnexjon
about equivocation, H,(x), and noise, H{y).

The transmitted information, T, indicates the degree of depen-
dence of responses upon stimuli; it therefore indicates the sub-
ject’s ability to discriminate between the different stimulus cate-
gories. Thus T may serve as a measure of the subject’s power of
discrimination. If the transmitted information nearly equals the
input and output information (overlap of circles being great),

Information Theory, Probability Models, and Psychology 175

then the stimuli are well discriminsted. If transmitted informa-
tion is relatively small (the overlap of circles being slight), then
the stimuli are poorly discriminated.

The channel capacity, C, is the capacity of the subject to dis-
criminate among stimuli of the given kind. Where stimuli vary
along a single dimension (e.g., circles differ in size only, or musi-
cal notes are alike in every respect except loudness), the subject
will generally be able to discriminate perfectly only between a
certain limited number of stimuli, perhaps seven or eight or
nine, and no more. This number is a function of, or depends
upon, the channel capacity.

Consider what happens as the number of stimuli that are pre-
sented to the subject increases. Input information increases with
each additional stimulus category. So at first does the trans.
mitted information. After a certain value of input information
is reached, transmitted information will increase more and more
tlowly, until it reaches its upper limit C. Continued increase in
the number of stimuli will now lead to a rapid increase in the
number of response errors, thus preventing 7 from rising above
some value C, which corresponds to the maximal discrimination
of which the subject is capable.

Garner and Hake, of Johns Hopkins University in the
US.A., have shown how to calculate from the frequencies of
occurrence of various responses, as entered in a contingency
lable such as that shown on p. 70, the amounts of stimulus and
response information and of ‘noise’. From these the amount of
transmitted information, or discrimination, can be determined.
This quantity is approximately equal to the logarithm of the
number of perfectly discriminable stimulus categories. In other
words, the nearest integer to 27 is the number of perfectly dis-
Cﬁminable stimuli. The number of such perfectly discriminable
stimuli is called by Miller the span of absolute judgement. The
Span of absolute judgement has been investigated for different
kinds of stimulation in all the sensory modalities.

) A point of considerable interest is that the maximal transmis-
sion of information is attained when stimuli differ from one
another in a manner that makes them equally discriminable.
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Scales for equal discriminability have been constructed by
several investigators for several kinds of stimulation.

We cannot leave this topic without referring to the obvious
fact that outside the laboratory people are constantly called
upon to identify objects that differ from other objects, not just
in one way, but rather in a number of ways. There is no reason
why precise investigations of this kind of judgement should not
be carried out under controlied laboratory conditions. Several
studies have, in fact, been conducted where stimuli vary along
two or more dimensions. For example, discs of light may vary
both in size and in brightness, or sounds may vary in pitch and
loudness at the same time. In these circumstances the channel
capacity for transmitting information is expanded; that is, the
number of perfectly discriminable categories increases with the
number of stimulus dimensions, although the function does not
in general appear to be a linear one.

Verbal communication

A less obvious and, therefore, all the more interesting applica-
tion of information theory in psychology is in the field of certain
formal aspects of verbal communication. Spoken language has
various constraints inherent in it. Generally the words we use
at any given time determine to some extent, sometimes slight
and sometimes considerable, the words that we shall use next.
Words tend to follow certain sequences; they do not occur at
random. Some contexts limit quite severely the number of pos-
sibles from which the next word can be chosen; other contexts
impose a less severe limitation upon the choice of subsequent
word or words.

The context tells us something about the word to follow by
reducing our freedom of choice as to the next word. We can
determine this reduction of freedom from the knowledge of the
relative frequency with which word sequences of various kinds
occur in the language. This enables us to calculate the informa-
tion that is provided by the context about the next item. And
when this item occurs, some of the information that it provides
is the same information as that which has already been supplied
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by the preceding context. The part of the information convc?ye:d
by the word that had been available before the word occurreg is,in
asense,superfluous or redundant. However,such redundant infor-
mation is by no means necessarily worthless, as we shall see later.

Let us now establish the analogy between our picture of the
flow of information and the sequential information of verbal
communication. Referring again to the diagram on p. 70, H(x),
input information, is the information provided by.tl.xe cqntext.
H(y) does not now represent output information; 'it isin th{s case
another input information. H(y), in this sequential situation, is
the information from the word that follows the context. Thus
we have here two sources of input information that may or may
not be related. If they are related, the two cirsles representing
the two inputs overlap. The overlap of .informat}on from the two
sources, T, represents the redundant 1nforfnat10n. .

To pursue the interpretation of the diagram still fgrther,
H,(x) is the information in the context that_has no I.)earmg on
the word that follows. Hz(») is the information that is not con-
tained in the context. H(xy) is the total amount of information
from both the context and the word that follows.

The quantity H.(y) represents the fresh information that is
supplied by a word. This information may be measured for each
new word in any text. The average amount of information of
this kind expressed in bits indicates the rate, in bits per word, at
which the text generates information.

In this manner Miller and his co-workers have made extensive
studies of sequences of letters in written English. If letters fol-
lowed one another at random, each would generate about 4-7
bits of information (equal to log,26, there being 26 letters in the
alphabet). In fact, owing to constraints inherent in written Eng-
lish, each new letter generates on the average in standard English
about 1-4 bits of information. But this is an average. Some letters
generate a good deal more than this. Some letters generate
hardly any new information. The letter u when preceded by ¢
provides information which is wholly redundant; it adds no
fresh information; to drop it would make written English no

less intelligible.
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A moderate amount of redundancy in verbal communication
is a useful thing. It ensures that an occasional error in transmis-
sion or reception has a good chance of being corrected. There
would be no need for verbal redundancy as an aid to compre-
hension if errors did not occur. But they do occur inadvertently,
for example, through lapses of attention. However, to say that

some degree of redundancy is useful is not to favour excessive
redundancy.

OTHER USES OF INFORMATION THEORY

It might be argued that the study of verbal communication in
the manner described in the last section is peripheral to experi-
mental psychology. But we might have chosen for discussion
several other fields of psychology which have made, or are
attempting to make, use of information theory. Let us glance at
some of them.

Memory has long been studied in the psychological labora-
tory. Informational analysis has been used both in experiments
designed to investigate forgetting over appreciable periods of
time, and in experiments concerned with the span of immediate
memory. More recently Brown, of Birkbeck College, in the Uni-
versity of London, attempted to consider immediate and delayed
memory as part of the same process. As he puts it, a memory
trace may adequately specify an item even after some decay of
the trace, i.e., after some initial features of the trace have been
lost. This is so because of some redundancy in the initial trace.
Immediate memory span is a function of the time that it takes
some of the early items to decay below the threshold at which
they can be adequately specified.

In the study of motor skills, Fitts, in America, concerned him-
self with testing the hypothesis that motor systems have a fixed
informational capacity. He and others have also applied the
information theory approach to problems concerned with the
display of signals and with motor controls; these problems are
part of what has come to be known as human engineering.

In another field of applied psychology Bendig and others ha.lve
investigated the worth of various lengths of rating scales, using

Y

T
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information measures. Information transmitted by each sc?,le
length was computed. This turned out to be c9rrelated wgh
the logarithm of the number of the scgle categories. One study
indicated that the information transmitted was a constant proi
portion of what might have been transmitted under optima
i itions.
(ml);:fxl(;:isgS)hcazn:;st; applied informat'ion tl_leory to class-concept
formation, where the class concept 1s amvec.l at Py the proces;
of elimination as in the game of ‘twenty questions .ﬂovland an
Weiss considered the transmission of inforr'nat{on in the forma-
tion of concepts through positive and negative m.stgnces. o
One might add that uses other than those }me y ;n:n ion

here have been made of information t}}eory in psycho og(};(,1 in-
cluding attempts to apply it to test situanons,' and to thellt-e.c ﬁi
procedures that are the basis of all mne'momc devices. It is q_ i
remarkable how much work of this kind hz}s been done since
about 1950; there is little doubt that more will be done yet.

STOCHASTIC PROCESSES AND BEHAVIOUR

Consider a sequence of events each of which happens in accord-
ance with some particular probability; it may be a sequence of
mathematical symbols, or of letters in a book, or of weather on
consecutive days, or of responses of an animal, or any suc.h
sequence. A time series of this kind is known as a stocl(;asuc
process. In recent years many attem?ts have been made to
regard behaviour sequences as stochast_nc processes, particularly
sequences of events in learning behaviour. . .

Psychologists have always been cpncerneq with showing that
seemingly patternless acts of behz?vxour do, in fact, conform to
certain definite patterns. Assumptions are often made a!)out the
character of such patterns or sequences, and explanations are
suggested as to why they are such as they are. Howeyer, the
initial difficulty of discerning a pattern at all, zfnd of being able
to describe it unambiguously, is greatgr'than might be supposed.
Furthermore, any acceptable explanation thz.\t may F)e offered
with regard to a sequence of acts of beh'awour .xs ipso facto
rooted in the specification of the sequence in question.
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Many of the time series of behaviour events that one might
wish to examine are not, of course, of the very simple kind in
which the recurring events have a constant, unchanging pf‘Ob‘
ability. In the more complex series the probability of a given
act of behaviour might depend on the particular position of the
act in the time series. Fortunately, mathematical descriptions qf
some such processes are available. A relatively simple stochastic
process of this kind is one in which the probability of transition
from one state to another depends solely on the first of the two
states. This type of sequence of events, where each event is
directly related only to the event immediately before it, is known
as the Markov Chain, after the Russian mathematician A. A.
Markov who, in the first decade of this century, made a special
study of such series.

Behaviour sequences that do not exhibit any simple regularity
sometimes turn out to be susceptible to description in terms of
Markov processes. It might be thought that the characteristic
nature of the Markov Chain would severely limit its applica-
bility to real behaviour sequences, but the limitation is a little
less severe than might appear at first sight. This is because when-
ever the transition probabilities depend in a constant way on
a number of earlier events, the time series can be restated (or
recoded) so as to form a Markov Chain. Even so, in real life
situations, the probabilities of events about to occurmaydepend
in some inconstant and complex way on very many previous
events.

The application of stochastic descriptions of behaviour seems
most promising when behaviour sequences may be suspected of
statistical regularities that are relatively simple or easily speci-
fiable. Learning processes would seem, on the face of it, to meet
these conditions. It is not surprising, therefore, that in recent
years many attempts have been made to fit stochastic models to
learning situations.

PROBABILITY MODELS IN LEARNING

The process of learning in an animal or a human being under
controlled conditions may often be analysed into a serles of
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right and wrong moves. Whenever this is so, a statistical analysis
of the sequence of moves or trials may be attempted. Broadly
speaking, as trials proceed the probability of success in each
new trial increases, this probability depending in some way on
some or all the previous moves: successes, or failures, or both.

Early attempts at analyses of this kind were made in the
thirties. But it appears that their significance was not very widely
recognized. Further steps in this direction were made in the
early nineteen-fifties. And very recently considerable progress
was made by Bush and Mosteller in America, and by Audley in
Britain.

The basis of the Bush-Mosteller approach to providing a
stochastic model for learning may perhaps be best understood
by a reference to their own simple example. A hungry rat is
placed in a T-maze; it runs along the lane to the junction, and
then has to turn right or left. Food is found at the end of one of
the two lanes, always the same one. If the rat takes the wrong
turning, it is removed from the maze and is placed at the
entrance again. As the rat learns, the errors become less and less
frequent. As trials go on, the probability of a correct move
becomes higher and higher. For simplicity it may be supposed
in the first place that this probability depends only on the num-
ber of trials and increases by some constant fraction. This frac-
tion is a parameter that may be estimated from actual experi-
mental data, if indeed the data do fit the model (some acceptable
criterion of goodness of fit is of course necessary). To get a
better agreement between theory and fact, it may well be neces-
sary to complicate the model and introduce another parameter;
thus, the fraction by which the probability of a correct move is
determined may be supposed to depend on two constants, one
associated with previous successes, and one with previous
failures. And to get a fully acceptable fit between theoretical
expectations and experimental data certain further complica-
tions may have to be introduced into the model — so much so,
that Bush and Mosteller have written a very sizeable book about
problems of this kind.

While Bush and Mosteller derive their stochastic models of
®
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learning with the help of what are called operators which trans-
form one function into another, Audley and Jonckheere in a
recent paper start off by considering an imaginary situation
where coloured balls are successively drawn from an urn. They
consider what happens to the probabilities of drawing a ball of

one of two colours, when after each drawing the ball is replaced |
and the contents of the urn are changed in a way which depends

on whether one kind of ball or the other had been drawn.

It will by now be clear that drawing one kind of ball may :
represer_xt success in trial-and-error learning, and drawing an-
other kind may represent failure. One alters the probability of

the next success (or failure) by altering each time in some suit-
ably prescribed manner the contents of the urn, It is possible to

int.roduce various constraints into such a general scheme simpli-
fying the model as far as it is compatible with experimental data. -

It is desirable, for example, to be able to express the process as 8

- Markov chain, the characteristics of which are mathematically

known and manageable. It is noteworthy that the Audley-
Jor}ckheere approach and the Bush-Mosteller approach are
ultimately reducible to one another.

The learning curves traditionally studied in experimental
psychology are in general shape much like snmiooth growth
curves. Such smooth learning curves are obtained by the addi-
tion of a large number of markedly jagged graphs, each of which
relates a single individual’s performance to a time function, The
parameters of the traditional learning curves ignore both the
differences between individuals, and the possible (and, indeed,
very probable) interdependence of the observed responses of
each individual subject,

Bush and Mosteller do, of course, recognize the interdepen-
dence of responses; indeed, this is the very basis of their work.

They assume, however, the same parameters for all subjects.

Audley considers his subjects individually because they may
differ from one another in that each is characterized by some
particular probability of responding correctly on the first trial
and of responding subsequently in accordance with his earlier
successes or failures.
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The new approach to the study of learning consists essentially
in assuming that the learning process under investigation con-
forms to some stochastic process. Parameters are then empiric-
ally established so as to increase as much as possible the likeli-
hood of the observed data fitting the theoretical schema. When
this is achieved the learning process has been accurately de-
scribed; and dependable predictions about such a learning pro-
cess may be made. What kind or what level of explanation of
learning processes this approach provides is for the philo-
sophers of science to attempt to say. That it tells us something
about learning that we have not known before is beyond any
reasonable doubt.

Information theory and probability models have found a
place for themselves in psychology. Theorizing and experi-
mentation in both go hand in hand, and both proceed at present
at a fairly fast rate. There should be much to hold our attentjon
in this sphere in the’coming years.
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THE OESTROGENS AND
THEIR METABOLISM

P.H.JELLINCK

THE striking changes that occur in man and the more highly
developed animals when either the testes or ovaries are removed
have long been recognized, but less than a century has elapsed
since it was realized that these reproductive organs were also
endocrine glands, which passed their physiologically active pro-
ducts, the sex hormones, directly into the blood, to be carried to
distant parts of the body.

Testes produce mainly masculinizing compounds, collectively
known as androgens, while the corresponding feminizing pro-
ducts of the ovaries are called oestrogens.

The physiological and psychological effects of these hormones
are best illustrated by considering the results of excision of the
sex glands (castration), but first the characters of sex should be
defined. The organs, other than the sex glands (gonads), that are
essential for procreation, such as the external genitalia, as well
as the uterus, Fallopian tubes, and vagina of the female, and the
seminal vesicles and prostate of the male, are known as the sex
accessories, while the other characters of sex that make their ap-
pearanceat puberty,and are chiefly concerned with attracting the
opposite sex, and with birth and nutrition, are called the second-
ary sex characters. These include the development of the mam-
mary glands in women, differences in hair distribution and in the
size and shape of the pelvis and larynx in the two sexes, as well
as the psychological manifestations of sex. Other examples are
the antlers of stags, the very distinctive plumage of birds, and
the reddening and swelling of the sexual skin of female monkeys
during a certain stage of their menstrual cycle.
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Effects of castration

Removal of the gonads from young animals prevents the
mature development of the sex accessories, and the appearance
of the secondary sex characters.

Castration of the Leghorn cockerel produces atrophy of the
comb and wattles, the development of more body fat than in
the normal bird, and it abolishes the psychological responses
characteristic of the male. Courtship behaviour is lost and
pugnacity diminished. Removal of the ovary (ovariectomy)
from a young hen results in the growth of cock-like spurs, a
large comb, and male plumage. The antlers of young stags do
not develop after castration, and ovariectomized female deer
may produce horns.

The effects of castration on cattle, horses, and other domestic
animals are well known, and in the past this operation has even
been practised on human beings. We need but mention the
eunuchs of Oriental countries who could be entrusted to take
charge of the women in the harem, and the castrati, or choir
boys, who were emasculated to keep their soprano voices. Cas-
tration of boys before puberty results in a feminine distribution
of fat, a high-pitched voice, very little hair on the face and body,
and suppression of male sexual fecling. It can also retard ossi-
fication of the epiphyses of the long bones, with consequent
enlargement of stature. Ovariectomy is followed by correspox}d_
ing effects; if performed before puberty characteristic feminine
attributes do not appear; the girl tends to become mannish in
type, accessory organs fail to develop fully, and menstruation
does not occur. In many female animals that will only mate dur-
ing certain periods when they are in oestrus (sexual heat), the
rhythimic oestrus cycles do not ensue, or are completely abol-
ished. If castration is carried out after puberty the effects are
not so marked and sexual desire is often retained.

Effects of transplantation

It has been found that the majority of these striking changes
can be prevented if the excised testes or ovaries are transplanted
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to a different body site. This suggests that the gonads produce
an internal secretion, and are in fact endocrine glands. Thus,
in 1849, Berthold showed that transplantation of the testes of
a castrated cock annuls the usual effects on the comb, a dis-
covery that was ignored until, forty years later, Brown Séquard
made exaggerated claims of increased vigour and bodily well-
being after injecting macerated testes into his own body. Present
information indicates that his testicular extracts did not in fact
contain sufficient male sex hormones to produce any physio-
logical effect whatsoever. Attempts at rejuvenation by opera-
tions in which monkey testes (‘monkey glands’) were grafted,
were unsuccessful because of differences in species.

Transplantation has also been performed in the human
female, after complete excision of the ovaries, with successful
results, and back in 1905 Marshall and J olly found that oestrus
could be induced in ovariectomized dogs by implz;mting ovaries
from_ another dog into the peritoneum, or else by injection of
ovarian extracts, )

These and other experiments have firmly established the
existence of sex hormones and have led to the eventual isolation
of pure crystalline androgens and oestrogens. Administration of
these compounds has the same effect on the sex organs and
secondary sex characters as gonadal transplants or extracts, and
in addition they have been shown to be capable of modifying the
developing gonads of birds and lower vertebrates. It should be
stressed, however, that whether an animal or a man develops
ovaries or testes is determined genetically when the parental
ovum and spermatozoon unite.

Oestrogens also play an important role in pregnancy, especi-
ally in promoting growth of the uterus. :

Oestrogen production by the ovary is controlled by the
gonadotrophic hormones of the pituitary.

THE OESTROGENS
Definition
An oestrogen may best be defined as any compound that pro-
duces oestrus, with the accompanying morphological changes
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of the uterus and cellular content of the vaginal wall, when in-
jected into ovariectomized rats or mice. This includes com-
pounds such as oestradiol and oestrone that have been isolated
from the ovary and are referred to as natural oestrogens.

The term ovarian or gonadal hormone, as applied to these
substances, is not strictly correct because oestrone is also pro- -
duced by the placenta and the adrenal glands. Similarly, there
may be objection to the term male or female sex hormone since
relatively enormous amounts of oestrogens are present in the
urine of stallions, and horse testis contains the highest concen-
tration of oestrogenic substances that has been found to occur
in any tissue — about 300 times as much as in mares’ ovaries.
On the other hand, ovaries are known to be able to produce
androgens. To complicate matters still further, oestrogens and
androgens are to some extent bisexual in their action since they
each produce certain changes in the sex accessories of both male
and female, and sometimes they will act synergistically, i.e. en-
hance each other’s activity. It may, therefore, not sound quite so
surprising that recent experiments have conclusively demon-
strated the direct conversion in the living organism of the most
potent androgen, namely testosterone, into oestrone.

The natural oestrogens

Oestrone was the first naturally occurring oestrogen to be
isolated in pure crystalline form by two subsequent Nobel Prize
winners, working independently, Doisy in the US.A. and
Butenandt in Germany. Both obtained the hormone from
human pregnancy urine, a source from which Marrian, a year
later, in 1930, isolated a closely related compound, oestriol. (See
Fig. 1 for formulae of compounds being discussed.)

The most active oestrogen, oestradiol, was synthesized in the
laboratory before it was obtained in 1935 from sows’ ovaries.
The yield was only about 10 mg. from 4 tons of slaughter house
ovaries.

As already mentioned, these oestrogens have been found in a
number of other tissues as well, though usually in smaller
amounts; oestrone has also been obtained from palm kernel
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extracts, and oestriol from female willow flower. Their function
in plants remains a complete mystery.

Two other closely related oestrogens, produced by the equine
species, are equilin and equilenin, a rich source of which is the
urine of pregnant mares, Credit for their isolation goes to the
French chemist Girard.

Chemically they are all steroids, i.e., they all have the per-
hydro-cyclopemeno-phenanthrene nucleus, modified to some
extent, and they are closely related to cholesterol, the bile
acids, progesterone, the androgens, and the adrenocortical hor-
mones. The natura] oestrogens differ from these other steroids
by having one or more aromatic rings in their molecules.

o OH
HO
OH HO
Oestrone OH Oestradiol
HO
Oestrior
o] O

Equilin Equitenin

Fig. 1. Chemical formulae of the natural oestrogens
The synthetic oestrogens

The discovery that oestrogenic activity was exhibited by sub-
stances not occurring in the body, or belonging to the steroid
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group, is due to Sir Charles Dodds, Professor of Biochemistry at
the Middlesex Hospital Medical School, London, and his col-
laborators. Between 1933 and 1938 they synthesized and tested
for activity a very large number of organic compounds, their
work culminating in the synthesis of stilboestrol, and related
series of highly active oestrogens. Sir Robert Robinson and his
colleagues at Oxford were also involved in this research.

CH, ?Hz
|

ol Ll N
Stilboestrol

The great advantage of stilboestrol over the natural oestro-
gens lies in the ease of its manufacture, with resulting lower cost,
and also in its high activity when given by mouth. It has been
used clinically in the treatment of delayed puberty, the suppres-
sion of lactation on weaning, and the treatment of the meno-
pause, as well as in cases of cancer of the prostate. Other uses
include its administration in some countries to prisoners with
criminal sexual drive, and the implantation of pellets of stil-
boestrol in poultry in order to produce physiological capons.

Other highly active synthetic oestrogens are also known:
these include some that are chemically modified natura] oestro-
gens, e.g., ethinyl oestradiol, doisynolic and marrianolic acid,
named after Doisy and Marrian respectively, and some that are
totally unrelated to natural oestrogens such as triphenyl chloro-
ethylene. In this compound even the phenolic group, present in
all oestrogens mentioned so far, is absent.

A

\

Ci

O

Triphenyl chloroethylene
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Minute modifications in chemical structure can completely
alter the biological activity of these substances. Thus dihydroxy-
hexoestrol is inactive, while hexoestrol is one of the most potent
oestrogens known. Another interesting oestrogenic compound,

H, CH, CH OH CH OH
Q— e CHQ Q o < @
Hexoestrol Dihydroxyhexoestrol

(active) (inactive)

which occurs naturally in certain types of plants, is the iso-
flavone, genistein. Its presence in a strain of subterranean clover,

o Extensively cultivated for sheep pasturage, was found to be
responsible for reproductive disorders of ewes feeding on it.
Examination of the chemical structure of genistein shows that
on breaking the oxygen containing ring a stilboestrol-like com-
pound would be formed. This suggests that in nature there may
possibly be precursors to oestrogens that have so far been
obtained only in the laboratory.

HO JCH
C OH

Genistein

It is certainly interesting to consider that an extremely
complicated biological reaction, involving the whole of the
female genital tract and all the secondary sexual characteristics,
should be carried out by two groups of substances; first those
produced in the body of a complex steroid type and secondly by
relatively simple derivatives of hexane and other compounds.
So far it has not been possible to correlate chemical structure
with oestrogenic activity.

Before leaving this topic, it should be mentioned that since
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the total synthesis of oestrone by Miescher and his colleagues
in 1948, the term synthetic oestrogen could apply to both the
naturally occurring hormones and stilboestrol-like compounds.
The term artificial oestrogen has therefore been suggested for

the latter group.

Oestrogen assay

In order to study the metabolism of oéstrogens under physio-
logical conditions, only minute amounts may be used, on
account of their high biological activity, with the result that pro-
gress in the field has been limited by the sensitivity of the
methods available for their detection and quantitative estima-
tion. Some idea of the activity of the oestrogens may be ob-
tained from the value of the international unit which is
0-0001 mg. (0-1 ug) of oestrone. This amount is sufficient to in-
duce oestrus, and the accompanying morphological changes, in
an ovariectomized mouse, and although a proportionally larger
amount is needed to produce any effect in man, it is still a very
small quantity.

A large fraction of any administered natural oestrogen is
rapidly metabolized, so that to detect perhaps a few micrograms
of a likely metabolite, even in urine which is free of interfering
protein and lipoid material, is a task requiring considerable
skill and experience.

Apart from the classical methods of chemical isolation,
initially colorimetric analysis and bioassay were adopted. In the
last of these, oestrogenic activity could be determined either by
vaginal smear technique in which the changes in cellular con-
tent in the vaginal wall of ovariectomized rats or mice are ob-
served (the cells are cornified when the animals are in oestrus),
or by measuring increase in weight of uteri of immature mice.

More recently, fluorimetry, which is highly sensitive for the
oestrogens though not very specific, chromatography, and iso-
topic tracer techniques have come into the foreground. The
labelling of oestrogens with radioactive atoms especially shows
great promise for solving many outstanding problems of their

metabolism.
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METABOLISM OF NATURAL OESTROGENS

This section is concerned with the biogenecsis and the fate of the
oestrogens in the body. It is convenient to discuss these two '
topics separately.

It may be stated at the start, that the manner in which these
hormones exert their profound physiological and psychological
effects still remains a mystery,

The first problem is to consider what happens to oestrogens
when they are administered, and which organs are mainly in-
volved in their metabolism. Data have been obtained either
clinically or by the use of experimental animals. The approach
includes in vivo work, in which the oestrogen is administered to
the whole intact animal, and in vitro experiments, in which an
isolated organ is perfused or a slice or homogenate of a tissue
incubated with hormone. Both methods have yielded interesting
results, and the reactions that have been found to occur are:
conjugation, interconversion, and destruction.

Conjugation

The existence of a relatively inactive form of oestrogen, which
could be activated by boiling with acid, was first recognized by
Marrian in 1933. Three years later he managed to isolate the

sodium salt of oestriol glucuronide from human pregnancy
urine. Oestriol must therefore undergo conjugation with glucur-

OH l H OH
H\ [N W

\ 1
OHJ C—C—C—C—(C —C H
HO OH H OH

O
HO

Oestriof glucuronide
onic acid, an oxidized form of glucose. This process, which in-
volves the addition of another molecule, is well known in bio-
chemistry. Amino acids are often involved, as for example in
hippuric acid formation, but alcohols and phenols generally
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form either glucuronic or sulphuric acid conjugates. It is, there-
fore, not surprising that oestrone sulphate has also been isolated
— this time from pregnant mare’s urine.

The activity of the conjugated oestrogens is considerably
lower than that of the free compounds, so it has been suggested
that conjugation may be a protective mechanism whereby excess
hormone can be inactivated prior to excretion.

There is ample evidence that the liver plays an important role
in the conjugation of many compounds including the oestrogens,
and damage to this organ (induced experimentally by carbon
tetrachloride or other toxic agent) leads to enhanced response to
endogenous and injected oestrogenic hormones. In men liver
cirrhosis may be associated with atrophy of the testes and the
development of breasts.

B-glucuronidase, the biocatalyst or enzyme responsible for
the formation as well as the hydrolysis of glucuronides, is abun-
dant in liver. It has also been detected in many other tissues, and
this suggests that the conjugation of oestrogens constitutes a
factor, not only in their inactivation and excretion, but also in
their transport and utilization in the body. Certainly the con-
jugates are more soluble than the free oestrogens.

Szegd and Roberts, who examined the blood of several species
(including women), found that 75 per cent of the total oestrogens
are associated with protein and that on dialysis (a process for
separating small from large molecules) they pass through the
membrane as acid hydrolysable conjugates. The remainder,
which is not associated with protein, is also in the conjugated
form, and other evidence indicates that the main oestrogen
present in human blood is oestriol, though the other two have
also been detected.

As far as the mechanism of glucuronide conjugation is con-
cerned, it probably involves uridine diphosphate glucuronic
acid, a compound that has recently been shown to act as glucur-
onic acid donor. It is essential for the formation of cortico-
steroid glucuronide for instance.

In oestrogen determinations it is essential to hydrolyse the con-
jugates by boiling with mineral acid or by the enzymatic action
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of B-glucuronidase preparations. Acid hydrolysis usually results

in some oestrogen loss while f3-glucuronidase has no action on

any sulphate or other conjugate that may be present.
Stilboestrol, incidentally, is also excreted as a glucuronide.

Interconversion

Many experiments have been carried out to establish the
interconversion scheme of the natural oestrogens, usually by the
‘administration of the pure crystalline hormone to animals of
man followed by attempts to identify metabolic products in the
urine, faeces, or bile. The results may be summarized by the
following metabolic reactions:

oestradiol<=>0estrone—->oestriol

'IL in rabbits only

B-oestradiol

Two points are noteworthy. One is that the formation of
B-oestradiol, which is 40 times less active than the other form,
has so far only been observed in rabbits. The other point is that
oestriol does not appear to be converted into oestradiol or
oestrone, Oestriol has been isolated only from the urine of preg-
nant women, and its presence in various animals after adminis-
tration of oestradiol and oestrone has been inferred but not con-
clusively proved until recently.

There is evidence that oestrogens are excreted in the bile, pass
into the intestines, from which they are absorbed, and are con-
veyed to the liver to be re-excreted in the bile. This enterohepatic
circulation is similar to that of the bile acids.

Destruction

The greater part of any administered oestrogen is rapidly des-
troyed in the body. Often less than 5 per cent of the hormone can
be accounted for in the urine, and maximum excretion of active
material occurs within the first 12 hours.

In 1934 Zondek was able to recover from the whole carcasses,
urine, and faeces of rats not more than traces of the activity of
large doses of oestrone, even after only 3 hours. The yield could
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be increased however by hydrolysis, showing that inactivation
due to conjugation as well as destruction was taking place.

As in conjugation, it is the liver that plays a major role in the
breakdown of these sex hormones. Incubation with liver slices
in vitro, perfusion through liver, and, to a lesser extent, per-
fusion through kidney, all result in destruction of oestrone and
oestradiol. Inactivation by liver is complete within a few hours,
but the nature of the inactivation products is entirely obscure,
Conjugation is ruled out because hydrolysis does not restore the
activity of the incubated material, and in liver slices as opposed
to the intact animal very little conjugation takes place.

In 1940 Heller found that cyanide inhibits the hepatic oestro-
gen destroying system, which suggested that an enzyme of the
oxidase type was involved, but later workers could not confirm
this. In a recent experiment carried out by the author in which
radioactive carbon (**C) labelled oestrone was incubated with
rat liver slices, with and without added cyanide, there was how-
ever a marked effect. Thus after incubation for 4 hours in the
absence of added cyanide, 31 per cent of the total radioactivity
was present in the incubation medium — even after repeated
extraction with ether in which the oestrogens and related
steroids are soluble. Acid hydrolysis did not alter this value to
any great extent, thus showing that something more than mere
conjugation had taken place. In the presence of cyanide less
than § per cent of the radioactivity was in the water soluble/ether
insoluble fraction. The liver tissue was found to contain 4 per
cent of the total radioactivity in the first experiment, but only
0-1 per cent when cyanide was added. In neither case was radio-
active carbon dioxide formed so that it seems unlikely that com-
plete oxidative destruction had taken place.

In vivo experiments by various research workers using radio-
active oestrone have shown that after administration of hormone
both bile and urine are radioactive, and that most of this con-
sisted of water soluble/etherinsoluble unconjugated compounds.

The kidneys, too, have been shown to have some oestrogen
destroying activity.

Very little is known about the nature of the decomposition
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products of natural oestrogens, but a possible mode of atta'ck
is by oxidation of the phenolic ring, similar to the way in which
tyrosine and other monohydric phenols are dealt with by the
enzyme tyrosinase. The reaction in these cases involves the
introduction of a second hydroxyl group, ortho to the first,
oxidation to an orthoquinone and then further destruction of
this compound in an as yet unknown manner. Tyrosinase has
certainly been shown to inactivate oestrone and oestradiol.
Although it is impossible to mention all the work carried out
in the field, this summary gives a general idea of the present stat.e
of knowledge of the fate of oestrogens in the body. There 1§
obviously a wealth of information still to be discovered.

Biogenesis of the oestrogens

Had this article been written four years ago, the section on

biogenesis could have been summarized in the words of Lieber-
man, who in an excellent review on steroid metabolism stated :
‘Virtually nothing is known concerning the mechanism of bio-
synthesis of the oestrogens.” The fact that more is known nowa-
days about the origin of these hormones is due to the successful
chemical synthesis of isotope labelled steroids, and the work of
American and Canadian biochemists, of whom that of Heard
and his colleagues at McGill University has been outstanding.

By 1953, the main metabolic inter-relationship between the
different groups of steroids and steroid hormones had been
elucidated (see Figure 2), and it had been shown that cholesterol,
which is abundant is all animal cells, could give rise to bile acids
(e.g., cholic acid), adrenocortical hormones (e.g., cortico-
sterone), progesterone, and the androgens (e.g., androsterone),
although, of course, there are other routes in the body to each
of these substances. Cholesterol, however, did not give rise to
the oestrogens as demonstrated in the pregnant mare in a more
recent experiment.

Furthermore it had been amply demonstrated that the whole
of the complex molecule of cholesterol could be synthesized
from acetate by the body. By chemical degradation of this sterol,
biosynthesized from isotopically labelled acetate, it was even
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Fig. 2. Diagram showing the role of cholesterol in the formation of
steroids in the body.

possible to show whether a given carbon atom had come from
the methyl or carboxyl group of the acetate molecule.

Formation from acetate

This work led Heard and his group to investigate whether
acetate would give rise 1o oestrogens in the body. A pregnant
mare was injected with radioactive (*C) sodium acetate:
oestrone, equilin, and cquilenin were isolated from the urine.
All three steroids were found to be radioactive, with the oestrone
twice as active as the other two. This suggests that perhaps
acctate is only utilized in the synthesis of the non-aromatic part
of the oestrogen molecule and that oestrone does not give rise to
equilin and equilenin. The latter point was confirmed by show-
ing that after administration of “C labelled oestrone, the more
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highly unsaturated equilin and equilenin contained no radio-
activity,

The formation of oestrone and oestradiol from acetate has
also been shown to occur in vitro in tissue slices and cell-free
‘homogenates of dog ovaries, and in perfused human placenta.

COOH

->
HO
»“-HCOOH

Formation from testosterone

-

It was found that oestrone could also arise from testosterone,
the most potent of the androgenic hormones. This surprising
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though unequivocal reaction was shown to take place both in
vitro in surviving human ovarian slices, and in vivo, in the preg-
nant mare. In the latter experiment, the isolated oestrone was
radioactive but not the equilin or equilenin. The conversion was
direct and not via acetate to which testosterone could conceiv-
ably be broken down.
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Fig. 3. Diagram showing the biogenesis of the oestrogens.

Fig. 4. Diagram showing the formation of oestrone by aromatization of testosterone.
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Another reaction that has recently been demonstrated with
placenta and other tissues is the conversion of androstenedione
and 19-hydroxyandrostenedione, both closely related to testos-
terone, into oestrone. The yield was greater with the 19-hydroxy
compound which strongly suggests that 19-hydroxylation is an
intermediate step in the aromatization of the androgen to yield
oestrone. In the following diagram, reactions established either

in vivo, or with enzyme systems in vitro, are indicated by a solid .

arrow and hypothetical reactions by a broken arrow.

Cleavage of methane, methyl alcohol, or formic acid is not
commonly observed in biological systems, but scission of for-
maldehyde is much more probable and, indeed, has been ob-
served in the ouabain series of steroids,

* * *

In conclusion it may be said that work in the oestrogen field
is still in a pioneering stage, and that important discoveries
should be forthcoming in the next few years.

Some of the problems still unsolved include the determination
'of the nature of the degradation products of the oestrogens,
other precursors in their biogenesis, and also the discovery of
the way in which they exert their varied physiological effects.
It may be that, as in the case of many of the vitamins, the charac-
teristic action of these hormones is to be found in their participa-
tion, whether as coenzyme or substrate, in essential, specific,
enzyme systems, but there is no evidence yet that steroids can
function in this manner.
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IT may happen that when a body in motion makes contact with
a solid, or semi-solid, surface, a crater is formed ~a process t'hat
may, or may not, be accompanied by 'the deStI'UCtIOI'J of the 1m(i
pinging body. The mechanism by which the' cr.ater is produce:
depends on the nature and energy of tpe mxssgle, as well as on
the composition of the surface undergoing the 1mpact. )

In The Face of the Moon, Dr Ralph B. Baldwin states’ that
experiments conducted by the Uni‘tec? States An.ny Ordna.n.ce
Department indicate that inert missiles possessing velocities
between four and five miles per second, will explode spontane-
ously on making contact witha soliq sqrface, anq DrH. C.. Urey
has pointed out® that, if the inert mlssﬂ'es conla}med volatiles to
any great extent, explosions might possxl?ly be induced at lower
velocities than those indicated by Baldwin. ‘

A similar effect, and one which lends itselt_’ more read'xl)" to
laboratory study, is obtained when both missile and.r.ecelvmg-
surface possess low mechanical strength. Such condmon.s may
be achieved by using in each case a loose conglomeranon‘of
small particles — in other words, a powder. The crater.-form.mg
mechanism is then not so much an explosion as a ‘pushing-aside’
of the base powder, accompanied by the complete disintegra-
tion of the missile and of the base powder immediately below
the point of contact.

Little has been attempted in the way of detailed study of such
impact craters, although in the years immediately following the
last war several experimenters touched on the subject in con-
nexion with the suggested meteoritic origin of the lunar craters.

The first of these workers was Ley.” His work wagfollowed up
by Crooke* in 1946, and in 1949 by Gal;%!.ﬂ? 5. hu.a\
problem has been revised very recent‘l “A‘ﬂ : elder, Y66y
/
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ilvl:sU}r]nversity of Mathester. The work described by the author
was, owever, of an independent nature. It was intended pri-
: yasa Prellmmary study, and as a basis for further, more
omprehensive, research on craters in general.

Quantitative Study; Technique

T . . o
cmt::s prime object of the quantitative study of the powder
was to correlate certain aspects of crater structure with

eac : :
h other, and with various characteristics of the productive

fjr;;s;ietz'r ’lc'il;e tal:spec‘;s of the craters that were important were
- diﬂic,u]tpf , an volurpe. The ﬁrst of these presented no un-
the e iu tro:‘n the ponpt of view of measurement, nor did
somrson ;ech it was obvious that to measure crater volumes
eperiny tec mgu: would ha.ve to be introduced. In the early
taperiment arried out by Fielder, cement powder was used,
nabling the subsequent solidification of the crater, and
greatly facilitating the volume measurement o
us:: fvl;sthT e:(perifm;nts described here, hc;wever the medium
plaster of Paris - it being lighte e
and generally superior in its disinteggra?ionl;::lliltli:: f\ofie:‘;:?;:

fication, the crater could be filled with fine, dry sand from a

measuring cylinder, and its volume found between limits. There
was, of course, no justification for carrying out such méasure-
ments to any great accuracy. Measurements thus obtained were
?o be correlated with characteristics of the missiles: these latter
m.cluded mass, energy, velocity, and momentum. A l}ttle thought
will make it clear that, for a fixed mass of powder in the missigle
eflergy, .velocity, and momentum are all functions of the drop-’
ping height. All that was necessary, thercfore, was to measure
the dropping height for missiles of the same m’ass and the sizes
of the craters produced, and plot to obtain the rela’tionships
.A.word might be said here concerning the dropping ot: the
missiles. Small, slightly conical cylinders, with open ends, were
used. A card was held against the wider of the ends an,d the
cylinder then filled, not packed, with the dry plaster of Paris
powder. The usual order of mass was round about ten grams
for a normal missile, although experiments were from time to
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time conducted with missiles ranging in mass from five to twenty
grams. On the removal of the card from the cylinder, the powder
fell freely whilst retaining the cylinder’s shape until contact with
the base powder. Energies of only some two million ergs were
needed in the missiles in order to produce very appreciable
craters. In both explosion and powder crater formation, in addi-
tion to the formation of the main crater, secondary bodies are
ejected which fall to produce smaller craters, or ‘craterlets’, at
distances from the primary.

Other material, originating either from the missile or the
base powder, is flung in streaks, or rays as they are commonly
termed, having lengths varying between 2 few centimetres and
one and a half metres. Such rays, though pointing towards the
general region of the crater, are not necessarily radial to it.

In the course of the experiments several hundred impact
craters were produced and, with the assistance of Mr L. Pointon,
measurements taken and tabulated prior to the construction of
graphs. Individual results in tabular form, being of immediate
interest, were communicated’ to the British Astronomical
Association late in 1956, but are not reproduced here.

Quantitative Study; Results

The symbols employed are:

V =Crater volume.
D =Crater diameter.

d = Crater depth.
m = Mass of missile.

h =Dropping height of missile.
e = Energy of missile.

v =Impact velocity of missile.

A, B, C, E, F, are constants; ¢.g.s. system throughout.

In the analysis of the results obtained from the experiments,
many interesting relationships appeared. It became possible to
verify Fielder’s result® that crater volume was directly propor-
tional to the square-root of the missile’s dropping height, pro-
vided that the mass of powder in the missile remained constant.
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V=Aht i

From this result it may readily be deduced, by simple considera-
tions, that two other relationships also hold;

V = Bet i
V=Cv. i
In the above equations, constants of proportionality were cal-
culated, but are of no practical importance, because, as will be
appreciated, their values depend on the nature of the medium
used ~ density, and degree of pulverization being only two of
the many factors involved.
For experimental convenience, the expression mht was used
by the writer to represent missile momenta, and an important
result was derived, of the form;

V =Emht iv

and from the graph (see Figure 1), it was further determined
that, under the conditions of the experiment,

V=078mh} +0-68. v

It must be emphasized that the relationships indicated in
equations i to v hold, for the most part, over a limited range only.
There is, for gxample, a limit to the size of crater that may be
produced by a missile of fixed mass, no matter how great its
velocity, so that at high velocities mass becomes critical, while
at lower velocities it is the actual velocity that is the more
important. Results i and iii, then, are valid for a fixed mass of
missile powder over a certain range only, but ii is valid at all
times, provided that the missiles become more massive as their
velocities increase. This also holds for equations iv and v.

Relations involving crater depth and diameter were also
established, but are of theoretical interest only, being less dis-
tinct in character than the more important volume considera-
tions just quoted.

So far, however, emphasis has been laid on the relation be-
tween missile and crater characteristics, and little has been said
about the connexions of crater measurements as such. In point
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Fig. 1. Graph illustrating equation iv.

of fact, the experimental determination of a dgplh/ diameter
relation was of great interest, because Dr Baldwin had already
published® an empirical relation between depth and diameter
measurements taken from lunar craters, bomb craters, and shell

and explosion pits. This he gave as:
Log D=0-1083 log °d + 06917 log d + 0-75 vi

but, as he later pointed out,' the points defining the lower por-
tion of his curve were not completely satisfactory, and, follow-
ing further work, he has arrived at the revised equation;

Log D =0-0462 log *d + d + 0-48. vii
The powder impact craters yielded an equation of the form;
D=Fd viii
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Fig. 2. Graph of equation viii.

and from the graph (see Figure 2) it was determined that;
D =4-65d —1-75. ix

The e_xact ipter-connexion of this result and Baldwin’s revised
equation will be discussed later. Finally, it was found to be
generally true that very approximately

V=032 Dd x

but this result was never used to calculate crater volumes instead
of measuring them experimentally.
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Qualitative Study

Those who are acquainted with astronomy, or who have seen
photographs or drawings of parts of the Moon’s surface,* will
be familiar with the general form of a lunar crater: a very shal-
low bowl bounded by a relatively low wall, known as the ‘ring-
wall’, and at times possessing a small central elevation called
the ‘central-mountain’.

All these features may be readily observed in photographs
(see Insets 7 and 8). These photographs were taken from typical
experimental impact craters and show considerable resemblance
to some smaller undamaged lunar structures.

In all the impact experiments, the formation of central moun-
tains could be avoided by using a sufficient depth of base powder
and missiles of high velocity; such conditions favoured the pro-
duction of craterial depressions tending towards a hemi-
spherical form. Central mountains could be induced at any time
by making the base powder somewhat denser than the missile.

The diameters of the craters ranged from eight to twelve centi-
metres, while the depth was always near to two and a half centi-
metres. In no case did the height of the central mountain exceed
that of the exterior base powder.

The superficial resemblance of powder craters to those ob-
served on the Moon really does not of necessity tell us much
about the internal structure of impact craters. Following a tech-
nique devised by Fielder, stratified base powder was used. Each
stratum was about five millimetres in depth and coloured by
mixing with the plaster of Paris some equally dense coloured
powder, as for example, litharge. It will be realized that in this,
care had to be exercised so as not to have one stratum denser
than another. The normal experiment was then carried out with
a white missile, the resulting crater solidified and then sectioned
vertically. Figure 3 shows a drawing made from one such experi-
ment. It must be pointed out, however, that in this drawing the
arching beneath the central mountain is exaggerated.

* See, for example, the photographs that accompany D. W. Allan’s
‘History of the Moon’ in Science News 45.
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Fig. 3. Section through a stratified crater. (Vertical scale slightly
exaggerated.)

An interesting point, and one worthy of note, is the disappear-
ance of some of the lower strata through the ring-wall. The
material forced up through the ring-wall in this way went to
produce very short rays — about twenty centimetres long — which
were tangential to the crater perimeter. A further point is the
existence of a slight arching of the strata directly beneath the
central mountain — exaggerated in the drawing but none the less
evident in the original stratification. Dr Gerard P. Kuiper has
stated'! that a surface sustaining an impact will not rebound in
such a way as to form a central mountain. Experiment, on the
other hand, indicates this to be hardly the case ~ although it
must be admitted that a great deal of the material constituting
the central mountain must be attributed to the missile.

As might be expected, craters were lined with material from
the missile, but there occurred several instances when the ring-
wall seemed surprisingly irregular, and material from the lower
strata was scattered over the interior of the depression.

Ray Systems and the Nature of the Impact

As has already been said, the material that is ejected during
the crater-forming process is roughly divisible into two cate-
gories. The first embraces all the material that is ejected at large
angles to the horizontal and which falls to produce small,
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secondary craters in the base powder. About thx:ee or four milli-
metres in diameter, the craterlets were formed in c}}axns of twp
kinds. The first kind was in the form of a straight line approxi-
mately radial to the parent crater, while the second was sl‘1aped
like an arc, the focus of which lay inside, or near to, thf: primary
formation. Figure 4 illustrates this point, although it may be
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Fig. 4. Diagram of radial and arched chains of craterlets.

added that in no experiment were the chains quite so clearly
delineated as in the figure. The individual craterlets formed by
secondary impacts in the powde.r never eqcroacped upon each
other, a state of affairs which is predominant in most of the
lunar craterlet chains. (See Figure 5.)

The second category of ejected matter goes to form the won-
derful ray systems that are produced by gven .the least energetic
impacts. Some three or four centimetres in width, the largest of
the powder streaks belonging to each crater was often no less
than one and a half metres long, and several exceeded the two-
metre mark during the course of the experiments. Such lengths
would seem to indicate projective angles of about forty-five de-
grees for the material at the tip. It has already been stated that
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Fig. 5. Comparison of powder and lunar craterlets.

the smaller, tangential rays are the product of material from the
lower regions of the ring-wall. )

Powder rays, of course, have their parallel in the light
coloured rays emanating from lunar craters ~ Copernicus illus-
trating the effect at its most beautiful, and those from Proclus
exhibiting an odd ‘split’ effect, as though the passage of the
material on its way out from the centre of the crater had been
interrupted by some form of barrier.

Explosives and Astronomy

The powder impacts that have been dealt with .in this paper
certainly approximate in many respects to explosions, but not
in every aspect is the mechanism sfrictly comparable to the
explosion. This must be borne in mind when one.ntlen?pts to
correlate this form of experimental crater production _wnh the
empirical equations developed by Baldwin. The points .that
define the upper portions of Baldwin’s curves were derived
from lunar craters. If such structures were indeed form'e.d as the
result of an explosive impact by some form of meteoritic bofly.
the explosion would have been of a uniform' charaFter, havnr;lg
its centre some distance below the initial pgmt of impact. The
same considerations apply to bomb explosions, but not, how-
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ever, to those produced by artillery shells which, as a rule, ex-
plode immediately upon making contact with the ground. If
such conditions are prevalent, the craters due to shell explosions
will be correspondingly less deep for unit diameter, and it was
this that caused Baldwin to replace the lower points on his
original curve, which had been drawn from data of shell pits,
with results obtained from controlled explosion experiments.

When measurements of the powder impact craters were
plotted on an extension of Baldwin’s revised curve, they yielded
a curve with an identical slope, but displaced slightly upwards.

. Baldwin comments that this ‘indicates that they are shallower
relative to the diameter than are the equivalent diameter craters
from sub-surface bursts. This suggests that the pellets shattered
on impact and that what were actually observed were craters
more like those from surface than from sub-surface bursts.’?

Insets 5 and 6 are of interest in that they show what is happen-
ing during the actual impact. Experimental conditions were
arranged so that the missile, forcing crossed wires into contact,
triggered off the flash of a camera in the darkened room. The
camera shutter was open all the time.

An examination of these photographs would seem to indicate
that the centre of the explosion is a small distance above the sur-
face of the base powder, but whether this impression is iNusory
is a matter for further study. A slow-motion cine film of the
complete process is obviously desirable. On the two photo-
graphs, the vertical stream of attenuated powder marks the path
of the falling missile.

For many years there has been constant discussion among
astronomers concerning the history of the lunar surface features
with particular reference to the craters.* There are two main'
points of view, the first and older of the two being that the
cra{ers are the result of one of many alternative types of mag-
maFlc action - the sq-called volcanic or plutonic hypothesis,'*
while tbz? s<?cond, which is based on the conception of random
meteorttic impacts, has been extensively revised by Baldwin,

* Sce D. W, Allan loc. cit.
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There are, of course, theories** which attempt to reconcile the |

impact and magmatic hypotheses, but in any case, on the basis
of all available evidence, most of which is purely observanonal

¥here is no degree of certainty. The only reasonable mannef
in which to approach the problem is to attempt a comparison
between what we already know to hold for terrestrial structures,
both natural - like the Hawaiian volcanic craters ~ and, like the
powder craters, artificial, with what we are able to observe on
the Moon. No one piece of evidence, however, may be regarded
as conclusive, but, by an intensive study of all facets of the prob-
lem it may be further resolved.

The powder missiles have been compared'® with the low-
velocity meteoritic bodies required by Urey’s theory,’® and,
both qualitatively and quantitatively, the results obtained from
the craters they produce compare favourably with those taken
from lunar craters. But again, it cannot be too strongly empha-
sized that the relations quoted in this paper, in so far as they
have been obtained from plaster craters, are applicable between
restricted limits, and that more detailed, comprehensive results
remain to be found. ]

In any event, whether seeking to verify this theory or that,
or merely from an academic interest, the further study of crater-
forms will be rewarded.
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RESEARCH REPORT
FROM FRANCE

A.W.HASLETT

A PARTY of scientific journalists was lately given an oppor-
tunity to visit a number of research and scientific establishments
in France as guests of the French Government. Although dis-
turbed and reduced in numbers by the launching of Sputnik I,
the party completed its round of some ten visits, no one of which
was a waste of time. Most of the establishments seen were
governmental — notably some of those maintained by the Centre
National de la Recherche Scientifique, the Commissariat &
P’Energie Atomique, and Electricité de France — and there was a
bias in favour of new equipment and laboratories; we were visi-
tors to be shown the best. It was also intended that we should
enjoy ourselves, and that too was arranged.

Although we saw little of universities, it seemed that in France
the most productive course for the head of a department in need
of equipment is to persuade the Centre National to putup a new
laboratory on his doorstep — and to direct both that and his own
department.* An internationally known example is Professor L.
Néel, of the University of Grenoble, who directs the well-
equipped Laboratoire d’Electrostatique et de Physique du Métal
of the Centre National and will be responsible also for the
Centre d’Etudes Nucléaires, now under construction. Not every-

*Universities are administered directly by the Ministere de
I’Education Nationale. Apart from cquipment, well-informed guesses
suggest that French University staffs are able to spend less of their
time on research (one-third) than in Britain (onc-half); the guesses
(1957 in each case) are those made respectively by the Conseil
Supéricur de la Recherche Scientifique ¢t du Progrs Technique
(France) and the Advisory Council on Scientific Policy (Britain).
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one has contributed, as he has, to tht.‘, opening up of a new area
of his subject (the magnetic propertfes of' ma_ltenal's) or can be
rewarded, as he has been, by being given liquid helium in pxped
supply. There must be many departments t}’xat could .do with
more straightforward support, not necessarily on a big scale.
That said, I shall concentrate on things seen and discussed.

SOLAR FURNACE

The Laboratoire de Recherches sur I’Energie Sqlaire was gstab-
lished in 1950 in the fortress of Mont Louis, which was built by
Vauban in the late seventeenth century to gu.ard the only easy
route through the Pyrénées. Its main mtgrest is the use of solz}r
heat for research on heat-resistant mater{als, sqch as are used in
the lining of furnaces, and the bigggst optical mirror in the world
is being built for work on these lines. I.t will hz.ive an area of
about 1,200 square ft, and will be a fixed installation. Subsidiary
collecting mirrors, so mounted as to follow the movement of the
sun, will give an effective collecting area of more than 20,000
Sql'ij;f: ie;\t‘antages claimed for the solar_furnacg are freedom
from chemical contamination and - assocxated.thh this — 10(331-
ization of the region of high temperatures. This may be as l.ng.h
as 3,500° C, although 3,000° C is looked on as a more re‘al'lst.xc
working maximum, and most present work at Mont Louis fs in
the range from 2,400° to 2,600° C.Ona smallf:r scale, t.he 1d'ea
has been taken up lately by the Star}ford Instxtutg, California,
with acknowledgement to Mont Lf)um, and the pc.)mt ma‘fie that
the method is ‘particularly useful. in the preparation of “super-
pure” materials, such as single sxllcor} crystals for research on
transistors’. In this use, requirements in the way of tempergtfxre
are comparatively modest; but, where even | gart 1n_1.00 mllhpn
may be an unacceptably high level fox: some impurities, avoid-
ance of contamination is supremely 1mp9rtant. Another use,
mentioned at Mont Louis, is in the alloying of high-melting-
i als.
po’llillfemr;;in gain from using bigger mirrors is to increase the
quantities of materials that can be treated. Temperatures of up
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to 3,000° C were obtained experimentally by the director, M.
Felix Trombe, with a 6-ft mirror at the Meudon Observatory
near Paris before the Laboratory at Fort Mont Louis was estab-
lished. With the big mirror system, it will be possible to treat
two or three tons of material a day, and the intention is to do
work on contract for industry, as is being done already to some
extent. In the interval facilities are being increased by building
four extra mirror systems.

The paraboloidal mirrors used at Mont Louis are built up

from many small squares, some six inches or so across. The:

shape of the small mirrors can be distorted at will by an arrange-
ment of screws and bars, and each is adjusted separately by hand
to the focal length required for its eventual position in the com-
posite mirror. This is a tiresomely repetitive operation, but is
clearly a cheap way of building up very large mirrors, in which
figuring to telescope standards is unnecessary.

The paraboloidal mirror of the big system now under con-
struction will be mounted in the centre of a valley near Mont
Louis. Along either side of the valley there will be rows of plane
collecting mirrors, each with an area of 385 square feet. It is
planned to build 60 of these mirrors — giving the effective col-
lecting area of more than 20,000 square feet already mentioned.
Purely as a spectacle, this silent army of mirrors, slowly follow-
ing the sun, will, in its Pyrénéen setting, be a sight not readily
to be forgotten.

THE PHYTOTRON

At Gif-sur-Yvette, near Paris, we saw a new laboratory for
research on the effects of climate on plants, which will be the
biggest and most elaborately equipped in any country. It has
been built by the Centre National de la Recherche Scientifique
at the instigation of Professor Pierre Chouard, who holds the
Chair of Botany in the Sorbonne and will be also its director.
He hopes that much of its work will be in association with visit-
ing scientists — botanists, plant physiologists, geneticists, and
biochemists — from other laboratories and countries. Since the
laboratory will have cost the equivalent of £2,000,000 to build
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and fit out, and will be expensive to run, there seems to bea goqd
case for making it international in organization,. as well as in
fact, if that can be arranged. It will be wor}dng in part during
1958, and fully the year after. On the same site there are labora-
tories of genetics and hydrobiology.

The object of the new laboratory is to reproduce on the grand
scale all possible variations of climate tha't aﬁ-ect the growt!: 'and
development of plants, including combinations of condxtnot}s
that are not found in nature. The first such 1abqratory was built
in 1949 for Professor F. Went at Pasadena', Cahforma, and was
named a ‘phytotron’ by Professor R. A, Mllhkap, f.rom analogy
with the cyclotron, which had marked the beginning of.a new
era in physics. Many university department's and Fesearch institu-
tions have now smaller climatic chambers, in which ‘much us.eful
work can be done. The Gif-sur-Yvette phytotron yxll be unique
in the extent of control which it is 1f)lant:led to provide, and in the

d size of its different chambers.

nu’;"nhbicr:treig of these chambers, each some 12 f{ by‘26 ft, will be
phytotrons proper, with entirely artificial illumination, and tem-
perature, humidity, and other factors all fully cpmrolled. ﬁ.ur
will be replaced at a rate ten times as great as in norma} air-
conditioning, and will be chemically coqtrolled. There 'wnll be
provision for the use of radio-isotopes. in tr'fxcer .exPerlm‘ent.s,
and for special forms of illumination, giving irradiation within
selected bands of the spectrum. In some, but qot al} of the cham-
bers, artificial rainfall will be prov_ided: The 1dga is to complete
only a few of the chambers to begin with, and in fitting out the
rest to be guided by experience with those first operated. It may
also be convenient to include smaller compartments or c'apms
in some of the chambers, so that a greater variety of condltlogs
can be studied at once. Associated with the phy'totron, there will
be eight chambers illuminated by the sun but with arrangements
for the control of temperature; and, below these, the.re will .be
the same number of dark chambers. Finally, there will be bio-
chemical and other laboratories.

For many experiments, it will be unnecessary to make use of
the full range of control provided. Examples are research on the
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relation between day-length, temperature, and flowering in
plants. Studies on the effects of growth substances, on the other
hand, are a case in which the most precise specification of condi-
tions should help greatly in working out the relations between
growth-promoting substances and inhibitors, and of both with
natural plant hormones. Similarly, in research on plant nutrition
and the balance of trace elements necessary for different species,
a great saving in time should be possible. In pure botany, there
1s a wide field for research into the conditions that limit the
range of different species.

As a more immediately practical type of research, it is envis-
a.ged Yhat the phytotron could be used to determine the climatic
limitations of new varieties of crop plants, and also their
optimal ranges. In the usual procedure of plant-breeding, it is
often desired to combine some desirable quality, such as high
crop yield, with another such as resistance to drought or suit-
ability for a short growing season. In such a case, the phytotron
f:ould be used to make a preliminary selection of strains meet-
ing the climatic condition, which would then become raw
material for plant breeding in some overseas research station.
With such wide facilities, it should be possible to combine the
more practical uses of the phytotron with jts availability, prefer-
ably on an international basis, for use in more fundamental
kinds of research.

ATOMIC ENERGY

We visited both the centre at Marcoule, near Avignon, for the
production of plutonium, and Saclay, near Paris, which is an
education centre as well as one for research. It is at Marcoule
that the Commissariat & I'"Energie Atomique is building its first
two reactors in which carbon dioxide under pressure will be used
to extract heat from the reactors. They differ from the Calder
Hall type, and from later reactors developed from it, in the fact
that pre-stressed concrete, made gas-tight on the inside by steel,
replaces the pressure-resistant steel shells characteristic of
British designs. The effect is to relieve the pressure-resistant
shell of the further function of supporting the weight of the
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reactor which in British designs it is required to do. The reason
for this is the greater expansion of steel, when heated, than of
concrete. Because of this difference in expansion, it was thought
impracticable, when designing Calder Hall, to carry the weight
of the reactor directly on the concrete raft that underlies it; to do
so would have implied treating the pressure-resistant shell as
essentially 2 cover which could be bonded into the concrete
beneath, and the join made gas-tight. The Marcoule reactors, on
the other hand, are designed on the basis that their pre-stressed
concrete shells — containing steel as well as concrete —~ will with-
stand the changes in temperature to which they will be exposed,
and that the joins between shell and base will not suffer from
movement. The latter is the main point on which fingers will be
crossed. At the least, it is an experiment that deserved to be
done; at the best, it might be the means by which gas-cooled
reactors of higher power output could be built at less cost.

It was therefore of interest to a British visitor to discover not
only that Electricité de France was going its own way — which
substantially is the British way — in designing its first stations
primarily for electricity generation, but also the reasons for this
divergence. One of them is that France, with greater hydro-
electric resources, has not the need that has been felt in Britain
to arrive quickly at an accepted type of reactor. Another is that
it is planned to rely mainly on home-produced uranium; and
that not until some time in the 1960s will output of uranium
reach the point at which more than a development programme
can be supported. There is time, therefore, to experiment and,
whatever type had been built by the Commissariat 2 I'Energie
Atomique, Electricité de France - although advised by the Com-
missariat on design — would have developed a different type.

With this background, it is no longer surprising to find that
for their first nuclear power station (EDF 1, under construction
near Chinon on the Loire) Electricité de France will use a cylin-
drical steel shell; for their second (EDF 2) probably a spherical
steel shell; and that for their third they may try a variant of the
Marcoule design using pre-stressed concrete. Also of interest is
the thickness of the welded steel plate that they plan to use.



120 Science News 47

Whereas so far British designers have been content with pressure
vessels of 3-inch thickness, Electricité de France is proceeding
at once to just over 4-2 inches, and for EDF 2 is prepared to con-
sider 5 inches. On this basis, ‘improved Calders’ with outputs as
high as 400 MW per reactor — compared with 150 MW in the
first stations, and 250 MW at Hinkley Point — look a reasonable
prospect. Finally, there is a point of safety on which France and
Britain have parted company. The French have not liked the
idea of passing carbon dioxide from the reactor through heat
exchangers in which the steam pressure in the boiler tubes was
higher than the gas pressure outside the tubes. The potential
consequence of a leak in that situation might be that water might
be carried back in the gas circuit and react with the magnesium
alloy used to protect the fuel elements. British designers have
relied on a succession of safeguards: the use of a magnesium
alloy as resistant to corrosion as possible; the taking of extreme
precautions to ensure the soundness of the heat exchanger
tubing; continuous monitoring of the returning gas stream from
each heat exchanger for the presence of moisture; and provision
'fox: the prompt cutting out of any heat exchanger should a leak
in it be detected. The French have begun, certainly, by rejecting
the British corrosion-resistant alloy as too difficult to fabricate.
In EDF 2 they may change their mind. They are not at present
entirely convinced.

Aside from her own programme, France is building up a posi-
tion in western Europe in education for atomic energy. Saclay
alone is a centre for research-and design in atomic energy which
provides also a year's full-time course for engineers working in
industry, and wishing to specialize in atomic energy. For com-
parison, the longest course at Harwell [asts 16 weeks — although
there are more opportunities in Britain to learn in industry.
Other courses at Saclay — which in its training capacity is the
Institut National des Sciences et Techniques Nucléaires — in-
clude one or two years in radiobiology for research workers, and
several more that can be taken in conjunction with doctorates at
the Sorbonne. In distinction from Saclay, the Centre d'Etudes
Nucléaires at Grenoble will provide a year’s training for engin-
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eers not yet experienced in industry. All these courses are open
to nationals of other countries, subject to the possession of

equivalent qualifications.
HIGH-ENERGY ACCELERATORS

As well as three research reactors, the most recent of which is
comparable with the newer reactors at Harwell, Saclay has five
machines of different kinds for the acceleration of nuclear par-
ticles to high energies, and a sixth which, when completed in
1958, will be the most powerful machine of its kind in western
Europe. This is a 3,000 MeV proton synchrotron. Pending com-
pletion of the big CERN machine at Meyrin near Geneva - due
in 1960 — it will be surpassed only in the United States and
Russia. '

The equipment at Grenoble will be comparatively modest,
but includes a new type of particle accelerator — or, mpre accur-
ately, a high-speed electrostatic generator of f:ylindrlcal sh'ape,
devised some years ago by Professor N. J. Felici, of the Univer-
sity of Grenoble, and now developed to enter the range of volf-
ages useful to physicists.* Like the Van de Graaff generator, it
offers accurate control of voltage, and is therefore suited to
measurements of the lowest energies at which particular nuclear
reactions will just proceed. But it gives bigger currents, and is
therefore suited also for use — at second hand — as a source of
high-energy neutrons. Up to 1954, the highest potenn‘al for
which a machine of Professor Felici’s type had been built was
200kV. A 600-kV machine, giving a current of 5 milliamperes
and slightly less than a foot in diameter, is working in the
Laboratoire d’Electrostatique. Harwell is to have a bigger one as

*The essential components are an insulating core, with ionizing
electrodes; an insulating rotor, concentric with the core about which
it rotates; hydrogen gas under pressure as the dielectric fluid; and .a
slightly conductive stator, again cylindrical, with contact metallic
segments. English-language references are: Felici, N. J. Direct Cjur:
rent, 1953, 1, 122; Research, 1954, 7, 265. The makers are the Société
Anonyme de Machines Electrostatiques, a specially formed company
with which Neyrpic (see following paragraph) is associated.
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a source of high-energy neutrons, and a 1-4 MV installation is
planned for the Centre d’Etudes Nucléaires.

LABORATOIRE DAUPHINOIS D’HYDRAULIQUE

To a visitor familiar with British research, a hydraulics research
station working with models on the problems of rivers, estuaries,
and sea harbours suggests primarily the one built with Govern-
ment funds at Wallingford for the Department of Scientific and
Industrial Research, and needing more funds for expansion. In
Grenoble, it means a laboratory that has become the largest of
its kind in Europe, and in volume of work probably the biggest
in any country, but which has grown up as an off-shoot from a
company, Neyrpic, whose primary concern is the making of tur-
bines. It has been a self-expanding development, In 1906 the
pareqt company built a small experimental station for tests on
turbines. In 1923 it was asked to investigate the arrangements
for the supply of water to some turbines that it was building for
a hydroelectric installation, and in 1927 it did a similar investiga-
tion on an already completed plant. In 1928 it imported a young
engineer, Pierre Danel, who built up a reputation for the labora-
tory, at first in its original field of work. In 1935 it added har-
bours and breakwaters to its repertoire. Later, it took to the con-
trol of irrigation canals and land use. In 1955 it became a
separate organization and under the name Société Grenobloise
d’Etudes et d’Applications Hydrauliques, commonly shortened
to Sogréah. Its staff of qualified engineers numbers 150-roughly
the same as that of the parent company, and its laboratories
extend over some 15 very fully used acres. Eight-tenths of its
work is done for countries other than France. It describes itself
as acting as consultants to consultants. Directly or otherwise, it
has contributed to work on the port of Heligoland for Germany,
Guam for the United States, the port of Wellington for New
Zealand, and Valetta Harbour, Malta, for the British Admiralty.
At the present time, it has a finger in the Kariba Dam in
Rhodesia, Zonguldak Harbour in Turkey, and the siting of a
causeway in Brazil - three reasonably well-scattered examples.

1t has also done general research on such subjects as ocean
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swell and its interaction with sea-beds and currents, the flow of
stratified fluids, and coastal erosion. It has looked at the com-
parative merits of unshaped natural rock and rectangular blocks
in the construction of breakwaters, and cqncluded that con-
crete blocks made with cylindrical legs sticking out symmfetnc-
ally in four directions would use less concrete, am_i would inter-
lock readily and settle down stably under the action gf gravnty
and wave action. It has looked at the operation of drilling for oil
and decided — as have also the Russians — that,' as depths were
increased, it would be an advantage in some circumstances to
use turbines, driven by mud under pressure, at the l_mttom of the
drill hole. All this, it may be repeated, has been without cost to
the French taxpayer, and to the benefit of the parent company,
60 per cent of whose business is for export. Remembering that
the use of hydraulic models originated in the work of Osborne
Reynolds in Manchester, it may reasonably be asked: why has
no British firm done the same thing?

MOVING AROUND

Other visits during our tour can be rendered only as <.iiscon-
nected notes. With several days instead.of an aft'ernoon in Pro-
fessor Néel's laboratory at Grenoble, justice rpxght haye been
done to his programme of research on magnet}c materla.ls and
properties, approached for their interest to physics. Experiments
under his direction led recently to thc.: dlscovery of a new cla§s
of rare-earth ferrites, on which work is pr.oceedmg; and there is
curiosity about what really hapgens during repeated cyc!es of
magnetization and demagnetizat_loq (as. opposed to the simple
loop diagrams that look so convincing in text-books)..

The Palais de la Découverte in Paris brought a remmder.that
there is in Britain no national museum whose purpose is to
explain science and to aid in its teachm'g, as o;_aposed to the
preservation of historic apparatus and the illustration of 1.n‘st?ry.
The Station d’Essais de Fontenay, near Paris, of El.ecmcue de
France claims the distinction that it is the qnly hxgh-volt.age
testing station in the world that is connected directly to foglil{;
voltage national grid; it is now testing cables for the -
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dlrect-'current link between Boulogne and Dungeness, due to
come into service in the winter of 1960-61. A near neighbour,
al§o at For‘nenay ~ the Laboratoire Central des Industries Elec-
triques = is unusual in being an industry-owned laboratory
responsible for the maintenance of national clectrical standards.
‘Finally, although we saw nothing of the research done by
French Railways, we discovered (in the wake of Sir Brian
R:bertson) ho.w much has still to be learnt by British Railways
ah out mechan‘nzed ma'rshalling yards; saw the entry into Paris of
; e Nord-Paris electrification which, by the middle of 1958, will
1'e directly connecfted with some 900 miles of electrified main
ines, completed since 1953 on a newly developed system; and
wbere told almgst incidentally that, apart from a supposed, ;,arob-
la' ly real, p{ejudnce on the part of passengers, the 35 miles of
ine from Déle to Vallorbe could be operated at any time with
rdriverless, remotely controlled trains.
hef;cl;gc;}»:'ledlgem.ems are too humerous to be made in detail
i . ep anning and organization of our tour as a whole, at
the ten establishments that we visited, and in the meeting of
mdmdual requests when made, we couk’i not have recei ;
consideration from our hosts, eoeived more

SOME BOOKS RECEIVED

THE ORIGIN OF LIFE ON THE EARTH by A. I. Oparin, trans-
lated from the Russian by Ann Synge (Edinburgh, Oliver and

Boyd, 1957), pp. 495, 35s.

Although the problem of the origin of life has fascinated thinkers
since the beginning of time, it is strange to ponder on the fact that
only a hundred years ago the metaphysical world was startled and
reft by the publication of a theory that dared to suggest that man was
not the work of a divine agency but, as far as our planet is concerned,
just the end product in a process that had been going on for thousands
of millions of years — or that Pasteur’s researches had not yet
scotched the idea of spontaneous generation.

In this, the centenary year of the Darwin Russell-Wallace com-
munication to the Linnean Society, the fact of evolution will, in the
main, be accepted, although some, contemplating the fearful com-+
plexity of Nature, will feel that there is still much to be explained
about the mechanism that has brought it about. Be that as it may,
man’s probing has gone one stage deeper and many branches of
experimental science are converging to produce an explanation, not
of evolution and its mechanism, but of the first step, the emergence
of the first living things on our planet.

Professor A. I Oparin, who is a member of the Academy of
Sciences of the U.S.S.R., first published a book on the origin of life
in 1936: an English translation appeared in 1938. It created a great
deal of interest and in the intervening years much new scientific
information has come to light which can be brought to bear on this,
the profoundest and grandest of problems. Now, with the title ‘The
Origin of Life on the Earth’, we have a completely rewritten thesis
translated from the Russian by Mrs Ann Synge. The new factual
material is used to create a ‘more definite picture of the successive
stages in the development of matter on the way to the origin of life’.
Its publication was planned to coincide with the First International
Symposium in the Origin of Life which was organized by the
Academy of Sciences of the Soviet Union under the auspices of the
International Union of Biochemistry.

Throughout the ages man has speculated on his origin and the
emergence of the life from which he evolved. But today his ability
to manipulate matter and understand its various manifestations is
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becoming so certain that in all scientific modesty Professor Oparin
can say: ‘We must check our knowledge by experiment. We must
reproduce cxperimentally the separate stages in the historical de-
velopment of matter and finally create life again, synthetically, not
by the long and devious route based on a thorough understanding of
those forms of organization which we find already in a finished state
in existing living things.’

It is the history of this understanding that he sets out in this book
whose fascination matches the fascination of the subject.

AHISTORY OF TECHNOLOGY edited by Charles Singer ef al.:
Volume III, From the Renaissance to the Industrial Revolu-
tion (Oxford, at the Clarendon Press, 1957), pp. 766, 168s.

It is a pleasure to be able to notice the appearance of the third
volume of the great history of technology which is being produced
under the editorship of Dr Charles Singer, and sponsored by Imperial
* Chemical Industries, Ltd. As the editors point out in their preface,
their time-scale is closing in rapidly. The period covered by volume I
was measured in geological time, volume I1 some two thousand years
~which brought the history up to the end of the Middle Ages — while
the present volume covers a mere two hundred. And even to cover
these two centuries it has been necessary, as the editors point out, to
be highly selective.

This is a threshold volume: science, in the minds of Bacon and
Galileo, is beginning to emerge, but we shall have to wait for volume
1V to see it having any marked effect on technological advance. Its
complete ascendancy, which is a phenomenon of our own century,
will see the end of the present History.

Realizing that, as we approach modern times, the history of tech-
nology becomes a facet of the wider history of economics, the editors
have rightly ‘sought to emphasize those changing aspects of techno-
logy which were of the greater social and economic importance,
while at the same time illustrating the gradual penetration of techno-
logical innovation by the results of scientific inquiry’. They shrank,
however, from producing a complete history of modern industrial
civilization — at least they say that is not their object.

The volume is subdivided into five parts to which is added an
epilogue on "The Rise of the West’. The parts are Primary Production

(power from water and coal, food, metals): Manufactures including

tools, harness, textiles, and glass: Material Civilization (building,

Some Books Received 127

drainage, military technology, and printing): Commuaications in-
i aphy and navigation.

Ch'l;jrlxre]gﬁ‘f:?l:,[ Zﬁiﬂ gnil, part brings us to the threshold of the Ind}xstrial
Revolution with five chapters dealing with the approach to science:
the calendar, the clock, other philosophical in.struments, and, fqre-
taste of the dominant role it plays in civilization today, ‘Invention
i ical Industry’.

" Itr}:zl??he:e are some f}(')ur hundred line drawings in th_e text which,
despite the greater diversity of the sources from which th;y are
drawn in this, later, volume, maintain the high stanfiards of. thel}' pre-
decessors. The half-tone supplement of some sixty illustrations is less
happy: some of them are more than adgqqatc, bpt many lo.se gr&;atli
by reproduction in black-and-white. This is a minor point: we loo
forward to the appearance of the next vqlume \:Vthh, on the vast
scale on which this work has been conceived, will almost seem to

deal with our own era, if not with our own time.

: A Procession of
THROUGH ALCHEMY TO CHEMISTRY
Ideas and Personalities by John Read (London, G. Bell and

Sons, 1957), pp. 206, 18s 6d. .

Professor Read of St Andrews has a 10ng-establi§hed reputatu?n
for his broadly based studies of alchemy and chem‘lstry. Indeed,.m
the former field few are so knowledgcablfe. In the thirties and forties
he produced an alchemical trilogy of which, }.vaever, two parts are
now out of print. Happily the present volume is, in some ways, a con-
densation of the longer works, so that those who have not !)een for-
tunate enough to acquire all three, or otherwise have not en.j(.>yed t.he
leisure to browse through them, may now becomg familiar with
Professor Read’s scholarship in condensed ?orm, as it were. ‘

Alchemy is not everyone’s interest, but it cannot be denied that
alchemical practice had a profound effect on }?umgn thought fo_r
the best part of a thousand years. Mystical and xrratlonalhthough it
may appear to modern minds, it has often struck the reviewer that
the philosopher’s stone part of it may have been less esoteric than
we are inclined to imagine. Is there, for example, a correlation be-
tween the degree of alchemical activity and shortage of currency?
After all, the invention of paper currency beat the alchemists at their
own game and would have undermined the rationale of their mys-
terious experiments if the logic of expanding chemistry had not done

so instead.
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Professor Read’s title is apt and accurate, for one is indeed led
through alchemistic activity to the development of modern chemis-
try. The former journey takes three-quarters of the book, so the
quarter that is devoted to chemistry, as we know it, is, at the very
least, sketchy.

If one can muster any enthusiasm for alchemy, none better than
Professor Read as expositer, but in an age that has been variously
called ‘The Plastics Age’, ‘The Age of Light Metals’, and ‘The Atomic
Age’ there is much to be said for taking alchemy for granted.

,

THE PREHISTORY OF AFRICA by H. Alimen, translated by

A.H. Brodrick (London, Hutchinson Scientific and Tech-

‘nical, 1957), pp. 438, 63s.

This is not an easy book. It is a review of a subject that has ad-
Var.lced by leaps and bounds during the past two decades, and in
doing so has altered many long-established ideas about the prehistory
of fmn: No less an authority than the Abbé Breuil has described it
as ‘an important synthesis which will long remain of great use to
those wh9 explore Africa and its immense prehistoric riches’.

‘Few will be able to explore Africa in the literal sense, but armed
with Professor Alimen's book one can engage in the mos,t rewarding
armchair exploration both in space and in time. She has sifted the
vast accumulation of recent scientific research results and made it
accessible to the reader who is prepared to meet her half-way.
Throughout, the emphasis is on the latest knowledge of the geology
ancient geography, climatic variation, palaecontology, archaeology,
and ethnography of the great continent. Nothing less will sufﬁcé
because Africa in the past twenty years has proved as great a mine of
intellectual wealth as it did in earlier years to those who sought but
material gain. It is not far short of the mark to say that, today, Africa
is the most important area in the world in which to cxplore the
evolution of man.

Professor Alimen, who works at the Institute of Ethnography in
the University of Paris, has herself carried out extensive excavations
in Africa, and against this practical background she has produced
the first comprehensive account of our knowledge of Africa and its
significance in the story of man’s past and evolution.

This is a translation of the 1955 French edition with additions,
and though published in 1957 the author’s preface to the English
edition is also dated November 1955.
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