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CONCEPTS OUT OF CONTEXT:
THE PIED PIPERS OF SCIENCE

N. W. PIRIE, F.R.S.

EVEN the most superficial study of the history of science
shows that it is largely the history of illusions. We may
divide illusions into those about adjacent sciences and those
about our own. The former are not serious; we generally get
the relevant parts of the facts and principles of adjacent
sciences right, and when we err seriously there are exponents
of the maligned science only too ready to correct us. But com-
‘monly accepted errors may exist about the principles of our
own speciality, and they may have a long life, for there is no
outside corrective, and error, as V. Stefansson has pointed out,
has great vitality.

The particular type of error with which we are concerned is
the transference of a concept into a field in which it is in-
applicable; the more useful the concept in its own field the
- greater the danger. Just as a cynic can assess roughly the emin-
ence of a scientist by the length of time for which his theories
are able to hold up the development of science after his death,
so the value of concepts, in their own field, is measurable by
the amount of harm they do when it is assumed that they
apply in others. These assumptions are all the more dangerous
because the fact that they are being made is often not recog-
nized. There are many examples, but three will serve to illus-
trate the point: species, purity, and efficiency.

THE CONCEPT OF SPECIES

Anin_)als and plants were divided into a number of species and
classified before the idea of evolution had been properly
formulated, let alone accepted. In retrospect we see that,
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Linnaean-type classification based on therh something of a .
farce. The same restriction applies in the metabionta. A simple
enzymi¢ peculiarity is seldom given taxonomic significance.
Thus the class mammalia is united, not by the capacity of the

"female to give milk ~ this is a capacity that it shares with

pigeons, which apparently use a similar biochemical mechan-
ism — but by the use of a more or less uniform structural
mechanism for coping with milk secretion. Dollo’s law is a
statement about the distribution and coordination of many
enzymes and hormones, and not about the presence or absence
of one.

Bacteria clearly develop from other bacteria so that a type
of evolution is possible. Nevertheless, the qualities we see
depend so much on single enzymes that the concept of a
species has doubtful applicability. With viruses the position is
even worse. There is no reason to assume that the smaller
viruses are descended from parent viruses. What we know
about them is compatible with the idea that they are the result
of a derangement of the nucleoprotein metabolism of the host
cell that is brought about by a nucleoprotein. They are depen-
dent on the pre-existing protein-synthesizing machinery of the

. host. There is already evidence (Bawden and Pirie) that several

different nucleoproteins may result from this upset and the
number initially made may be very large, for there are prob-
ably scavenging mechanisms in the host cell that destroy most
aberrant proteins. Among the other qualities that a substance
must have before it can act as a virus, sufficient robustness
to “withstand the complex of enzyme actions in the cell is

iprominent. An aberration appearing accidentally (that is

through the incursion of an at present unpredictable agent
such as thermal agitation or cosmic rays) will sometimes have
the qualities necessary to start a virus infection. And, just as
the same mutation can occur over and over again in a species,
so it is reasonable to assume that the same infective state will
arise repeatedly. If viruses should have an origin of this
accidental sort, a classification of them should have more in
common with the classifications, if any, used for hallucinations

1
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point of view and with an end in view, agd any change o
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garis. A few.last names do unite compgrable spec1e§, e.g.
sativum or officinalis, but what is then being class'lﬁcd is our
use of the species and not its own intrinsic propert.les. .
When we know enough to start classifying the viruses many
properties. will have to be considered. We can group them
according to their sizes, shapes, nucleic acid cor{tent, presence
of materials other than nucleic acid and protein, sl.larmg‘ of
common antigens, etc.; each expert will give pre—emxgent im-
portance to his speciality. Thus the crystallographer will group
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more easily recognized by the profound difference it would
bring about in the chemical properties of the substance. In
practice the smallest change that would not alter the chemical
properties radically would be the addition or removal of a
—CH,— group. This would make a 7 per cent change in the
mass. Thus in this zone of chemistry the smallest mass differ-
ence between two components in a mixture of substances not
readily separable because of chemical differences is quantized.
With isomers, that is molecules made up of the same atoms
differently arranged, the differences in the shapes of the mole-
cules. generally lead to such differences in physical properties
that the members of the group are separable, and where this is
not so the difficulties involved in establishing purity are already
well recognized. If we exclude isotopic and isomeric differ-
ences, there is a minimum value that the mass difference can
have, and it is this fact that makes possible the sharp separa-
tions of ordinary chemistry and its rigorous standards of
purity. As the masses of the molecules with which we are con-
cerned increase this quantal difference between similar mole-
cules becomes a smaller and smaller percentage of the whole

" mass. It only amounts to 0.1 per cent when the mass is 14,000 d,

and this is the mass of the smallest of the proteins.

Thus far the conclusions are a necessary consequence of the
atomic theory, but the large molecules that have been most
thoroughly studied have all a biological origin. The conclusion
would be unsound if there were reason to think that the syn-
thetic mechanisms of the cell are so organized that they turn
out invariable, identical replications of the molecule. There is
no reason to assume this; the cell probably has difficulties com-
parable to those of the scientist in telling one structure from
another. The enthymeme,* on which the application of the
concept of purity to large molecules depends, is that a bio-

logical system has necessarily an interest in chemical identity.

T!:is i's an unrecognized piece of idealism that few biochemists
will, if taxed, admit to. It amounts to the belief that, corre-
* A premiss or starting-point in argument that is assumed but

. not stated and that is often not recognized as having been assumed.
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tion can fit into a crystal lattice the crystallographer is satis-
fied; to him the preparation is homogeneous and he is not
concerned if only some of the particles are infective or
enzymically active. Similarly with the other methods of measure-
ment. But to one who is interested in the structure essential for
a biochemical activity, stricter standards of logic are necessary
and of observation desirable. Purity cannot be demonstrated;
it is only possible to demonstrate that the particles in a pre-
paration are all similar.

The difficulty considered bere has naturally been encoun-
tered before, and some suggestions for improved nomenclature
to cope with it have been made, Thus J. N. Brensted, who was
primarily- concerned with molecules built up by the linking
together into large aggregates of sub-units of only one or two
types, coined the word ‘isochemical’. Substances were ‘iso-
chemical’ when their gross composition was the same but the
average size of the aggregates differed. This is a special case of
the general phenomenon. M. G. Urbain considered the prob-
lem with which we are concerned here: that there is no reason
to think that all particles carrying a defined activity are strictly
identical, He proposed the name ‘homeomere’ for substances
of this type. This is reasonable nomenclature, but the usage
could be confused with that of Anaxagoras in a somewhat

“similar sense, and it is not placed in apposition to any existing

word for the state of affairs that normally exists, or is assumed
to exist. The necessary distinction might perhaps be made if
we borrowed an idea from the disputants at the time of the
Arian heresy and introduced the adjective ‘homoiogeneous’ or
‘homeogeneous’ (the word has not apparently been used in any
comparable sense before) to cover the state of affairs between
ideal homogeneity and heterogeneity.

As technique improves it will no doubt become possible to
detect inhomogeneities of the order of 0.1 per cent instead of
the 1 per cent which is the limit now, but even this will be of
no great help if the particles on which the measurement is
made weigh 1,000,000 to 50,000,000 d. One per cent of a small
virus is a lump as big as haemoglobin. The presence of such a
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neighbouring structures from ‘one another, the unqualified

* application of the word ‘pure’ is misleading.

THE CONCEPT OF EFFICIENCY

Biologists generally think teleologically, but they then rephrase
their ideas into a form that is both more acceptable to their
fellow scientists and more productive of further work. As a
last example of a misused concept we may consider efficiency,
for this concept lies behind the impulse towards teleology.*
The argument, if it were ever expressed fully, would run more
or less as follows: This organism contains a substance or
structure with no obvious function — the production of this has
diverted energy and metabolites from other roles — if a variety
of the organism could survive as well, in the same environ-
ment, without this activity, or with less of it, it would live more

‘economically — therefore the substance or structure must have

a function, for otherwise the economical variant would ulti-
mately become dominant. In theory this is inescapable, but the
advantages of economy are quantitative; a theoretical advan-
tage may well come up against the principle de minimis non
curat lex, :

We need not pause to consider cases where the advantage is
negative, that is where the substance or structure has the merit
of getting rid of a noxious by-product, nor where it is linked,
whether in the genetical sense or otherwise, with an advan-
tageous system. These simply offer a real advantage at one

" remove. There are, however, other cases where, without invok-

ing any hidden and connected advantages, we may still doubt
that an apparent prodigality is sufficient disadvantage to be
bred out. Thus many male animals produce millions of sperm
at an ejaculation when only a few are in theory necessary.
During the course of evolution various arrangements have
developed that facilitate the contact of sperm and ovum, and it
appears that the large number of sperm, originally an advan-

*The view that the structures and activities of an organism are
controlled by Purpose or by motives in the organism more far-
reaching than the response to an immediate stimulus.
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efficient if it had no permanent records, but kept its informa-
tion by continual recopying or by passing it round by word of
mouth from A4 to B to C and back to A4 that there is strong
resistance to the evidence that the brain remembers in more or
less this way. Similarly there was incredulity when the early
isotope studies showed that there are few permanent structures
in the body but that even the bones and fat depots are in a
state of continual flux, But if any organism arose that managed
to do these things in what looked like a more efficient and
permanent way it is very unlikely that the economy would give
the variant a significant advantage.

SOME OTHER CONCEPTS

In discussions of this type it used to be customary to take the
concept of life as an example, but so much has been written
on that subject during the last fifteen years that even the most
naive biologists now realize that there are difficulties in apply-
ing the concept outside the fields in which universally accept-
able definition is possible. Admittedly the realization does not
go very deep; in books and articles about viruses, for example,
it is generally confined to a few words disclaiming any attempt
to define life, followed by a farrago of nonsense that depends,
if it depends on anything, on the assumption that life could be
defined. But lip service to a principle is better than no service
at all. This forbearance has not been emulated; philosophers,
fools, and physicists step in where those with some knowledge
of the subject have enough sense not to tread, and we are still
assailed by articles purporting to define or elucidate the nature
of life.

These are examples of the misuse of concepts that arise
immediately from my own experience. More could be gathered
from other contemporary fields and still more from the past.
Even the most careful and productive workers are not safe-
guarded from this trouble. Thus the great successes that
attended the interpretation of nature in terms of matter and
motion at the end of the seventeenth and beginning of the
eighteenth centuries could lead astray so critical a physiologist

»
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as G. A. Borelli and so sound

a farmer as Jethro Tull. The
former studied digestion in ani

mals, and the latter the absorp-

tion of nutrients by plants; both held that mechanical sub-’

division was alone sufficient to make food or soil particles
absorbable. Neither had any significant evidence for his
erroneous point of view; each held it becauge it was in accord-

ance with concepts that were proving extremely fruitful in
other fields.

CONCLUSIONS

Some people think that the philosophy a scientist accepts is not
of very much importance; his job is to observe the phenomena.
This is a gross oversimplification, and it involves the subsidiary
hypothesis that all scientists are fully equipped with seren-
dipity.* A sensible philosophy controlled by a relevant set of
concepts saves so much research time that it can nearly act as
a substitute for genius; it may be that this is what we mean by
genius. Thus equipped we avoid the pseudo-problems or, more
correctly, the problems that are real in adjacent fields but
pseudo in our own. A scientist can have no more valuable
skill than the ability to see whether the problem he is investi-
gating exists and whether the concepts he is using are applic-
able. But the lure of a concept that clarifies another field is

strong and many of us follow it, like the music of the Pied
Piper, to our scientific detriment.
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RADIO-FREQUENCY METHODS
IN THE STUDY OF ATOMS
AND MOLECULES

J. LITTLE

THis article is intended to give an outline of some of the
methods recently developed for the study of atoms, molecules
and atomic nuclei by the use of radio-frequencies. Three tech-
niques will be described, namely those known as microwave
absorption spectroscopy, magnetic resonance,
induction.

In the nineteenth century, the design of optical spectroscopes
was improved, and the thorough investigation of the electro-
magnetic radiations emitted by matter was begun by Bunsen
and Kirchhoff. Since the development of the quantum theory
between 1900 and 1930 it has become possible to use the
information obtained from such spectroscopic studies to draw
conclusions about molecular, atomic and nuclear structure,
Fig. 1 shows the various regions of the spi

ectrum of electro-
magnetic radiation, with the high-frequency (short wave) end

at the top and the low-frequency (long wave) end at the bot-
tom.* The infrared, visible and ultraviolet regions of the spec-
trum have given knowledge of molecules and atoms, and from
a study of the finer details of the Spectra, some information
has been obtained about atomic nuclei. X-ray spectra, too,
have helped in unravelling the arrangement of the electrons in
atoms and much has been learned about the nuclei from the
gamma radiation they emit.

and nuclear

*The frequency, or number of vibration
wavelength (A), and the velocit
nA=c, The velocity of light ¢ is

s per second (n), the
¥ {c) are related by the equation:
about 3 x 10'°cm. per sec.
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niques using radio-frequencies have come into increasing use
as a tool for atomic research, and it is these which are to be
outlined here. Before the new techniques are described, it is
worth while pointing out the special advantages of radio-
frequencies for certain investigations.

ENERGY-LEVELS AND RADIATION

In any particular molecule, atom, or nucleus, the constituent
particles can usually exist in a variety of configurations, each
with a definite energy (e.g. in an atom an electron may be in
one of a number of possible orbits, or in a molecule the atoms
may vibrate in several different ways). When the system changes
its configuration — the electron going from one orbit to another
or the atoms vibrating more or less violently than before -
electromagnetic radiation is emitted or absorbed to carry off,
or bring in, the difference in energy. This radiation is always
emitted, or absorbed, in definite amounts (‘quanta’) and the
energy (E) of each quantum is proportional to the frequency
(n) of the radiation. Thus E=hn where % is the well-known
Planck’s constant. This relation, first applied to radiation by
Einstein, is believed to be true for the longest electromagnetic
waves as well as the shortest.

When a system jumps directly from one configuration to
another of different energy, only one quantum is involved, and
its frequency is related to the energy-difference by the equation
above. This means that if the energy released or absorbed is
very large, the frequency is great (x rays or gamma-rays), while
for transitions of lower energy, radiation of lower frequency
_and consequently greater wavelength is emitted (visible or

infrared). For example, the characteristic yellow light of the
sodium vapour lamp, sometimes used for street lighting, is due
to electron-jumps in the sodium atom each with an energy loss
of about 2 electron volts (2 eV). When the energy-difference is
much less than this the radiation is beyond the infrared, and
in the radio-frequency region. In general then, when an ’atom
or molecule emits or absorbs radio-frequency waves it is due to
a transition between states differing only very slightly in energy.
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The energy-levels of the various sta}w of a system are often
represented in a diagram similar to Fig. 2 The atom or mo.le-
cule here is supposed to have three pf)ssnble states of dﬁem
energy, represented by horizonta} lines placed at different
heights, the height being proportional to the energy of the
state. It frequently happens, as in the ﬁgpre, that t_he two upper
states have almost equal energies, whnle.t.be third state. has
considerably less. Three downward transitions are possible:

AtoC.BtoC,andAtoB.

A

l ;

( Y C

Fig. 2. Energy-level diagram showing ‘fine structure’.

ransitions, the radiations associated'thh the two
larlgnerttiseigty differences AC and BC will be of high freczge?cy,
say in the visible part of the spectrum, while the radia 1or;
from the transition AB between tpg close‘leve.ls vfnll be o
lower, perhaps radio, frequency. Thls is the situation in sodium
emitting the yellow lines mf:ntloped carlier. Here tpe two
upper states of the atom are lc?entxgal except for the dxrectxo_n
of the electron spin. Electrons jumping to the lowest level emit
yellow light, the exact frequency of Wth.h‘ depends uponfthe
level they have come from. The t‘ransmons are there ore
observed as two close spectral line§ with a frequency-difference
corresponding to the difference in energy between the two
upper levels. The precise valu.e of a difference such as this
is often of great interest since it depends on only one factor
(in this case the direction of the elect‘ron spin). It is ther;fore
fairly simple to calculate the separation to be expected from
theory and check it against the observed value.
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As long as physicists were limited to observing the visible,
ultraviolet and infrared radiations, it was not possible to stud ’
the energy differences between very close levels directly; thez'
could be measured only by comparing the separations c;f two
neighbouring spectral lines. Although spectroscopic determina-
tions of frequency are extraordinarily accurate it was not very
satisfactory to have to measure these small energies in terms
of the differences between radiations of very much greater
energy. Now, however, the low energy transitions can be
observed directly and with precision, for the radio-frequencies
can be measured nearly 100,000 times more accurately th:
can the frequency-difference between spectral lines in, sa ti:
infrared. Techniques using radio-frequencies are ther;foy’ h
method par excellence for studying low-energy transiti oos i
atoms and molecules, and we shall see that they ca l(]ms e
applied to the study of nuclej. n also be

DEVELOPMENT OF RADIO-FREQUENCY METHODS

The first experiments on the absorption of radio w i

matte‘r were done in the United States in 1934 t?vtes llln
techniques then used were rather primitive D, ing the
1939—4§ War, the needs of radar led to an enon:r\ousuirtl: o,
ment in the methods of generating and detectin PTZ‘F'
frequencies corresponding to wavelengths bctweexgl mb ot
3 mm. and .20 cm., the region in which the radiati Ve
known as microwaves. This region of the spectrum rresponds
?o energy changes of roughly 10+ to 10-* elc:ctrorforriwmms
into its range come many of the low-energy tra V.Ot'tS, am:
atoms and molecules. Since 1945 therefore a rnstl l:ﬂS p

work ha§ been done in applying the new method§ :8 hy oty
of atomic and molecular behaviour. Once the radi D e ey
currents' have been generated they can be uradm-freqwmy
ﬂuctuatmg electromagnetic fields and these cse l:o e
influence the material being studied in several daiger:ntm::;s :g
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MICROWAVE ABSORPTION SPECTROSCOPY

Of the three techniques to be outlined here, the most straight-
forward in principle is that in which microwaves are ‘piped’
down a tube containing the gas to be examined, to find the
frequencies at which the gas absorbs the radiation most
readily. Fig. 3 is a very much simplified diagram of the
apparatus used.

Radio L - - —J
frequency Waveguide containing §as Receiver

sciltator
Sweep \ fmohified
Renerator > mpiitie

Cathode ray
oscilloscope
screen

Fig. 3. Microwave absorption apparatus.

The heart of the apparatus is a long rectangular or circular
metal tube, generally known as a ‘waveguide’.* This contains
the gas being studied, which is expected to absorb microwaves
of certain definite frequencies. At one end is a radio oscillator
which produces microwaves of a single frequency, and trans-
mits them along the waveguide to be picked up at the other
end by a receiver and amplified. As the oscillator can emit
waves of only one frequency at a time, the spectrum is
explored by continuously varying the frequency over a range,
in a series of sweeps (about 100 per second) controlled by an
alternating voltage. (This sweeping of the frequency is rather
like a short-wave listener tuning over the band to see what
stations are on the air. In microwave work, however, it is

*See ‘What arc Wave Guides’ by L. F. H. Bovey, Science News 9,
142 (1948).
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the transmitter that does the searching, to find the frequencies
the molecules will absorb.) At the same time the voltage
controlling the frequency-sweep is applied to the plates of a
cathode ray oscilloscope or ‘television tube’ to move the spot
of light to and fro across the screen, also about 100 times a
second, in step with the shifting frequency. Simultaneously
the spot is made to move up and down according to the
strength of the signal received at the end of the waveguide.
In this way, due to the persistence of vision, a pattern appears

on the screen, in the shape of a horizontal line, with a dip
for each absorbed frequency (Fig. 4), '

Fig. 4. Typical absorption pattern,

The scheme sketchred out above is the simplest form of the
technique and is not the best in practice. For example, in order
to see the finest details of the spectrum, the gas in the wave-
guide must be at low pressure (about 1/100,000 atmosphere).
It therefore absorbs only a very small fraction of the radiation
passing through it, so that the variations due to absorption in
the strength of the signals receiveq are not very great. The
absorption lines are then difficult to study because there are
always other accidental variations jp the signal received, and

spef:ial methods of detection have to be used. If more gas is
let into the waveguide to increage the
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are seen, in which the finer details, such as groups of close
ion lines, disappear.*

ab’;'cl,:;'gn;genomenon pils)enot altogether a nuisance, for the
widening of the troughs at moderatel)f high pressures (ab?ut
1/100 atmosphere) can give information about the effective
sizes of the molecules. For a fixed number of mo!ef:ules per
unit volume, wide troughs indicate frequent collisions and
therefore large molecules, or at least, strong forces between
them.

Results

The results of microwave absorption experiments can be
divided into the usual three classes, mc?lecul.ar, atomic and
nuclear, although very often the same lines in the spfecttf]um
of a gas give information about more than one o ese
CIa(sls)esl.\'lolecules. (a) The simplest molecules con.:st cla)f btev:lo
atoms arranged like the weigh§ on the ends of a umm-m‘d;
for example, hydrogen (H.), nitrogen (N,), carbon mxc;s‘ xide
(CO) or iodine chloride (ICI).f Sucl:i ;?lole_:[?::est ﬁncznstituem
number of different states ol motion. e e
atoms may vibrate back and forth along the line ]Od B a;

rotate around each other, or they may o
:"t:lec);.n:sy in all such systems where quantum meclfmmcs;i ;?]uz
be used, the choice of amplitudes gnd speeds 0 .lr:ocermin
not entirely free; the atoms can wbratg onl);d w:wmn i
definite amplitudes or spin only at certain speeds. e
amplitude of vibration changes, the gnergy relegseth oy
large (about 1 €V), so the radiation is emitted in the visile
or infrared region. Spectra due to vibrational changes s
kind have been studied for many years. When only theds;;eon-
of rotation changes, the energy _relf:ase(_i is small;r a:l oo
sequently the accompanying radiation 1s in the .bar t;on e
or even in the microwave region. If both the vi ra. nd
*This is an instance of the famous Heisenberg uncertainty prin

. . i ich a
ciple, namely that the shorter the time interval d‘.l;:’:)glv:';‘
process can occur, the more uncertain is the energy 1
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the rotation alter at the same time, the resulting energy change

is the sum of two parts, and the spectra become more com-

plicated : a series of widely spaced absorption frequencies, or
‘lines’, correspond in their separations to the large vibrational
energy changes; and, in turn, each line is split up into a
closer series of lines whose separations correspond to the
smaller rotational changes.

Symmetrical molecules such as H,, Cl,, or N, are unable
to emit radiation by changing only their rotational speeds;
their spectra are due to simultaneous changes in Vibratioxi
and rotation. Asymmetric nfolecules such as ICl or CO, how-
ever, are able to radiate simply by changing their speed of
rotation. From a study of such rotational spectra of asym-
metric molecules in the microwave region the distance between
the atoms can be found very accurately. For the molecule CO
for instance, the separation turns out to be about 1.1 x 10~ cmt

(b) Of the more complicated molecules ammonia gas has
been investigated most thoroughly. The ammonia molecule
(NH,) is pyramid-shaped, as shown in Fig. 5. (See also ‘The
Shapes of Inorganic Molecules’ by R.S.Nyholm, Science
News 20.) Besides the usual motions of rotation and vibration
this molecule has the curious property of being able to tun;
itself inside out, the nitrogen atom ‘tunnelling’ through the
plane of the hydrogen atoms, so that it may be either above
or below them. (Really, since the nitrogen atom ig heavy
compared to hydrogen, it remains relatively still, while the
three lighter atoms ‘flap’ from one position to the other like
an umbrella being blown inside out.)

The energy associated with this motion (called ‘inversion’) is
very small, and so when it occurs alone, without any othe
changes in the molecular motion, low-energy radiation :
emitted or absorbed with a wavelength of about 1cm 'I‘l:
energy needed for inversion to take place depends sli htle
upon the rate at which the molecule is rotating Thergfory
since the gas contains molecules rotating with diffe;'ent speed ;
the inversion spectrum consists not of a single line butpc of:
group of lines of very slightly different frequencies.’ Inversion
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Fig. 5. Ammonia molecule, showing inversion.

thus provides a means of studying the forces acting in the
spinning ammonia molecule.*

(¢) Many elements consist of more than one isotope, with
nuclei of several different masses. For example, chlorine
atoms are of two kinds, one weighing about 35 units, the
other about 37. Molecules buiit up of the heavier chlorine
atoms vibrate and spin a little more slowly than those com-
posed of the lighter type. Consequently if some of the
molecules of gas in the waveguide contain heavy atoms and
others light ones, each spectral line is split into two, one of a
slightly lower frequency than the other. By comparing the two

. *]t seems that the radio-frequencies emitted by atoms and mole-
cules at low pressures are fixed, and will not change with time, so
that if the frequency of a spectral line has been accurately
measured, the line itself can then be made the standard of fre-
quency and used to check the radio-oscillator. Certain lines-in the
ammonia inversion spectrum are being used in this.way, and in the
so-called ‘atomic clock’ for accurate time measurements.
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frequencies observed one can calculate the rati :
he ratio of i
gxa;ieoste\('iergyagrcllelratelﬁ. For the chlorine isotopestrzﬁi:t:::;;
e e 1aut or as 0.9459801. Other experimenters
agree wih (h v? ue to 1 part in 100,000 at least and the
reative s of many other atoms have been f i
, ound in
(d) Finally we can only mention that
( eta
:ls;; :lfy n:}c:ie;t;]esl can be determ.ined by tze m;:::;t\f:v‘;hr;r:t;teg
pamely the eleif e mlt:ment. '.l“h'13 is a measure of the distr'g ’
o e r::c charge within the molecule. It is relate(ll ;1
process of radiati;narfsbound ol or and plays a part in tho
ontn momem. fee Nyholrp‘s article already memionede
T pole tome S0 sy@metrlcal molecules such as H Cl.)
or N, are edual lo zel:o, ‘Jthle those of ICI or CO are nothTh'h
is con the differences in their spectra d ribed
. escribed
(2) Atoms. Many of the trans"'
4 itions between ¢ i
region.uX/oglrv:l.len;;gy-changes corresponding to tl}: s;iI:r:)e\Ls v
reglon. A g : ’;:e tenergy level's separated by about 10 e\z/w'e
said to show structure and if the levels are closer tha is
e ctr1yperﬁne structyre. These terms orig'mat:*,]dth'ls
i, f;ect;):;:;{py, where it is sometimes very difficult o
separate spectral l:neshand. measure their differences accu .
 Fine siru due,t i :1 that in tt}e sodium spectrum alrea;ately.
around,the HUCI;)US eTnl;nutual interaction between the elecy &
around the nu fl'm.n( e hyperfine structure will be refer tf;ﬂs
P mlxclear effects.) When tra o
structure microwav adin ‘leve.ls ponsible for opti
e o e radiation is emitted or albsorbpdmll e
e enerE) e dnces can be found very accurate| eb and so
The classic exge:imem f thi e
. of this kind is that
R.C:Rethrford o the evels of the bydroen g o yon
that to be descsrt:be?inlgzomlc beam apparatus, soonrz n 197‘7'
hydrogen atorgs. Acros e qurroduce a stream ;Vhat l.lke
beam of microwave: . th? e of atoms ¢h ! pased 3
S, t0 raise the electrons ©Y passed a
n the hydrogen

nsitions occur
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atoms from one energy to another. They showed that the
energies of the levels of the hydrogen atom are not given
exactly by the quantum theory of Dirac, which until then had
been entirely correct in its predictions. The need to explain this
discrepancy has led to new developments in quantum theory in
the last five years.
(3) Aromic Nuclei. For many purposes the nuclei of atoms
can be looked upon as point electric charges at the centre of
the electron cloud. Experiments show, however, that the nuclei
themselves have a structure; they are of finite size, they are pot
all spherical and many of them behave as magnetized spinning
tops. Those nuclei which are not symmetrical can set them-
selves inside the electron cloud only at certain definite anglesto
the directions of the electron orbits. Atoms which are other-
wise similar to each other may have their nuclei set at different
angles to the orbits. If the nuclei are magnetized the energies
of the electrons then differ stightly for different nuclear settings.
A single spectral line thus splits up into 3 close group of lines
with separations usually in the region of 10 eV, and this is the
*hyperfine structure’ mentioned above. The number of such
very close spectral lines observed is related to the number of
possible settings of the nucleus within the electron cloud and
this in turn depends upon the value of its spin of angular
momentum. From a study of the hyperfine structure of the
spectra, then, the nuclear spin can be found.

Hyperfine structure is not easy to observe in optical experi-
ments, though much information has been obtained from its
study. On the other hand it is comparatively easy to observe
and measure the same very low energy differences when work-
ing with microwaves. The spins of several nuclei have been
determined for the first time by this method, and spins already
found by other methods have been confirmed beyond doubt.
When the vajue of the nuclear spin is known, important con-
clusions can often be drawn about the manner in which the
protons and neutrons are arranged within the nucleus. (See
p.44.) Microwave absorption can be used even when only very
small quantities of material (such as rare radioactive isotopes)
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" are available. The spin of the isotope of sulphur of mass 36
bas been determined using as little as 10"'° gm. of material|

Some nuclei are not spherical, but behave as though they are
either elongated or flattened at the poles. This asymmetry, too
affects the energy levels of the surrounding electrons, From,
studies of microwave spectra it is often possible to tell whether
the nuclei of the atoms belong to one type or the other, and in
some cases even to calculate how far they differ from the
spherical shape.

Finally, as has already been mentioned, microwave spectro-
scopy enables the relative masses of the isotopes of an element
to be found with great accuracy.

Only a few of the applications of microwave spectroscopy
have been touched upon here; other studies of equal interest
and importance are reviewed in the papers listed at the end of
this article. '

MAGNETIC RESONANCE IN ATOMIC BEAMS

This technique is the result of combining the use of radijo-
frequencies with the deflexion of atomic beams by a magnetic
field and was developed by L I. Rabi in the U.S.A. about 1939,
The new method is designed for studying the magnetic and
spin properties of nuclei, so before describing the method, we
shall clarify the behaviour of magnets and of spinning tops.

If a short magnet is placed in a uniform magnetic field equal
forces act on its poles in opposite directions, tending to twist jt
into line with the field, but there is no tendency for the magnet
as a whole to move in one direction rather than another (cf. a
compass needle in the earth’s magnetic field). If the field Varies
from place to place, the force on one pole is greater than that
on the other. Besides the twist, therefore, there is an over-all
pull tending to move the magnet into the stronger part of the
field (hence the attraction between magnets). This action of a
non-uniform field is used in the atomic beam apparatus,

As for the spinning top, its most striking characteristic is that
it is able to keep its axis steadily pointing in one direction, and
that if disturbed it twists slowly around a single direéﬁon
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When a steady twist is applied to a top, as shown by F, F in
Fig. 6, instead of turning in the direction of the forces, the top
wobbles or precesses slowly at right angles to the direction of
the disturbing forces. Each end of the axis thus moves round a
‘circle of precession’ in the direction of P, P. As we have seen,
many nuclei behave as magnetized spinning tops. They can
therefore be acted on by externally applied magnetic fields
producing just such a twist, and they then precess around the
direction of the field, inside the atoms,

Fig. 6. Precession of a top.

The strength of magnetization and the angular momentum
(or spin) vary from one nucleus to another, but each kind of
nucleus has a characteristic value for these quantities. (See for
example Table I on page 43.) For any particular nucleus the
spin (S5) must have one of the values 0, !/,, /s, */2 */3 */ 2
etc. units. In a magnetic field a nucleus with §=¢/, may take
up (a+1) different directions (Fig. 7), each of which has a
slightly different energy. As a nucleus precesses in a magnetic
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field the number of times per second (N) its axis moves around
the circle of precession depends upon the strength of the field
(H), the ‘strength’ or moment of the nuclear magnet (M), and
the number of units of spin or angular momentum (&) o’f the
nucleus. In fact -
N=k.HM|S
(k is a calculable number, the same for all nuclej )

+5J

2

+1

——— ——— — —
Direction of
——e— — —— — >
magnetic field
—— e — —— — >

Fig. 7. Ina fnagnetic field a nucleus with spin 3 yn;
at 7 possible angles to the direction of the ‘aﬂlts can set jtself
represent the settings that may be taken up by :‘l: The arrows

which then precesses in the field like the spinning huclear axis,

We have also seen that the nuclei can set themgg

certain angles to the field, and precess around th‘lv’. only at
the field, though they do not easily jump from ong 4 on of
another. It turns out that the precession frequemcy to
dependent of the angle at which the nucleus lieg Ni‘ in-
field. If the strength of the field H and the p 1

quency N can be found, then the ratio M/S can be

top of Fig. 6.
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The spin S can be found by other methods, and thus M, the
strength of the nuclear magnet, is obtainable. In magnetic fields
of available strengths the precession frequency N falls in the
radio-frequency region, so the techniques are applicable here.

In the method to be described the substance being studied
passes through the apparatus as a beam of moving atoms. On
their way, the nuclei are acted on by steady magnetic fields and
also by a field fluctuating at radio-frequency. These fields cause
the nuclei to precess and also to follow curved paths. When
the frequency of the oscillating field is equal to that of the
precession, the nuclei flip over from one setting to another and
are caused to fly off out of their normal paths. In this way the
precession frequency N may be found, and from this it is pos-
sible to calculate the value of M/S (known as the gyromagnetic
ratio) for the atoms in the beam.

The apparatus for determining M /S by magnetic resonance
in atomic beams is shown in outline in Fig. 8. The whole
system is in a chamber at high vacuum. F is the furnace in
which the substance being studied is vaporized, so that it
emerges from the slit S, as a narrow beam of swiftly travelling
atoms. These pass along the gaps between the poles of the
three large magnets 4, B, and C, and eventually enter the slit
S, where they are detected. The A and C magnets are specially
shaped, so that the field in each gap is much stronger near one
pole than the other. The shapes of the poles seen looking along
the path of the beam are shown in the lower part of Fig. 8.
The B magnet has flat poles, so the steady field it produces in
the gap is uniform. The effect of this is that, if an atom passes
along gap A with its nucleus pointing more or less upwards,
because it is in a non-uniform field it is attracted towards the
upper pole and is thus deflected a little from its forward path.
It is not deflected by the uniform B field, but in gap C, where
the direction of increasing field is arranged to be opposite to
that in gap 4, it is deflected downwards again, to enter the
detecting device, having followed a symmetrical S-shaped path.

If the nuclear magnet is lying nearly paraliel to the field (in
a position such as +3 or +2 of Fig. 7) the resultant force on
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Fig. 8. Magnetic resonance apparatus: (a) Section
(b) shape of poles of magnets A and C, seen 100\35, apparatus;
path of the atoms; (c) typical paths of atomg, g alopg the

it is greater and it is deflected more than if it 1;
field (position 0 or +1). However, a nucleus d::e:l: :\cross the
flip over from one setting to another, so the de flexi nqrmally
A and C cancel out, and it enters the moytp of tglw in gaps
irrespective of its spin direction. If, on the oth e detector
pucleus is induced to change its orientatiop Whiler' hand, a
(from, say, position +1 to +2 of Fig. 7y, the de ﬂm 8sap B
suffers in gaps 4 and C are no longer equal atlde_muom; it
entering the detector mouth the nucleus miss;s it mstsad of
Such a change in orientation can be brought abou :nd is lost,
ating magnetic field acting in gap B, Produced b;' : t::;tu.
io-
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frequency current-in the hairpin-shaped conductor, and oscil-
lating ‘in and out of the paper’. As explained below, this field
is able to flip the nuclei over from one setting to another, but

. it can do this only if its frequency is equal to that of the

nuclear precession. Thus, by a measurement of the oscillator
frequency which causes the beam to be deflected away from
the detector, the precession frequency is immediately found.

The mechanism of reorientation by the fluctuating field is
best undetstood by an apparently artificial way of looking at
the matter. As Fig. 9 shows, the magnetic field oscillating in
and out of the paper can be looked upon as the sum of two
fields which rotate at the same rate in opposite directions in
such a way that their sideways effects always cancel out. One
of these fields is rotating in the same direction as the nuclei
which are precessing about the steady field, and if the fre-
quency of rotation is exactly equal to that of the precession the
two will stay in step. As a nucleus precesses there will be a
twist acting while it is in gap B and rotating with it. This will
tend either to line it up with the steady field or to pull it into
a setting across the field. It may thus flip over from one setting
to another. This shows an important difference between the
effect of a steady field on a spinning nucleus, and that of a
rotating field. A steady field produces the precession, as shown
in Fig. 6, but a field rotating with the precession simply pulls
the nuclei into line with itself.

]11&1{

An oscillating field of force is equivalent to

—two fields of constant strength rotating in opposite directions.
Fig. 9.
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. The important point is that the rotating field is effective only
if the two frequencies are equal. If they are not equal the pre-
cession and the rotating field get out of step and there is no
appreciable interaction. In the experiment the frequency of the
oscillating field is made to vary over a range, and when the
radio-frequency becomes equal to the preces;ion frequenc

the atoms in gap B begin to make jumps from one orientatio):;
to another. The deflexion they receive as they pass through C
then no longer annuls that in 4, so instead of cntering the
mouth of the detector, they pass by it and are lost This t

find the precession frequency, it is only necessary to not tho
frequency of the oscillator which causes the number ; d ;
tected atoms to fall off. By means of the relation N=k ;)IM e.s-'
the value of the gyromagnetic ratio M /S can th: b /l
cu}ated to quite a high degree of precision. The val?x ef ‘:t?a-
spin is otherwise obtainable, and hence M, the nagnetic
moment of the nuclei, can be found, ' magnetic

Clearly this method differs in a very radical way fr i

wave absorption; here it is the atoms themsel\?,es °l'lrlrnl111cro-
detected, not the radiation they absorb or emit Now ore can
be said here of this technique; we have omitted.all mmol.'e can
methods of detecting the atoms, a most important ent&on o
difficult part of the experiment. The method of :n tion
depends upon the chemical and physical behavio “ot e
element being studied and varies from element tur lof e
Some of the results of these experiments and the coo ele ment.
drawn from them concerning nuclear structure ar. Even o
p. 43, following the discussion of the method of nuctl= glv'en o
tion. For a description of the applications of the b::;;nt(::;-

nique to the study of molecular char o
listed at the end. acteristics, see the articles

NUCLEAR INDUCTION
This is the last general application .
. ° of radio-f ;
Stl.ldy of atomic nuclei we shall deal with here"‘_’-;"l}:lefxcnes to ‘the
this method is rather similar to the atomic bex e idea behind

again radio-frequency oscillations in reson:z::-, t:vci:l:ig:::,pfor
re-
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cession are made to flip the nuclei over from setting to setting.

. With auclear induction, however, it is not the atoms that are

collected to find when resonance is taking place. Instead, the
apparatus is designed to detect the radiation which the nuclei
absorb or emit as they flip over from one setting to another.

One form of the apparatus is shown in Fig. 10. The sub-
stance being studied, in solid or liquid form, is placed in a con-
tainer in the steady field ‘between the poles of a strong magnet.
So that the electrons in the atoms shall interfere as little as
possible, diamagnetic compounds are chosen, in which the
electrons are distributed very symmetrically around the nuclei.
Because of the strong field, the nuclei of the atoms tend to flip
over into the settings lying with rather than against the field,
and also precess around its direction. The outer coil carries
current from the radio-frequency oscillator which produces a
weak fluctuating magnetic ficld at right angles to the direction
of the main field. Exactly as in the atomic bgam experiment,
this can be looked upon as made up of two rotating fields, and
at resonance it forces the nuclei to flip over from one setting to
another. To thrust a nuclear magnet lying nearly parallel to
the main field into a setting across the field, or against it, needs
energy. At resonance, therefore, extra power is drawn from the
oscillator coil. At the same time, because of the action of the
strong steady field, the nuclei that have been pulled out of
alignment with it begin to flip back into line. In doing this they
re-emit the energy as radiation of the same (precession) fre-
quency, and this can be picked up by the second (receiver)
coil, set at right angles to the oscillator coil. In reality, energy
is being steadily transferred from one coil to the other via the
nuclei, which can act as the link only when their own natural
precession frequency is equal to that of the oscillator.

The experiment is carried out with a fixed oscillator fre-
quency and the natural frequency of precession of the nuclei
in the sample is made to vary by changing the strength of the
main magnetic field relatively slowly. When the precession has
the .same frequency as the oscillator field the nuclei absorb
energy from the coil and radiate it again as described above,
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Fig. 10. Nuclear induction apparatus.

so that a current can be picked up from the second coil. Again
the equation N=k.HM /S gives the value of the gyromagnetic
ratio M/S. In another version of this experiment the receiver
coil is done away with. When resonance occurs the nuclei
absorb energy from the oscillator coil and this can be detected
by measuring the change in the current supplied to the coil.

At resonance the rotating field is also able to bring the nuclei
into line with itself. Then, instead of precessing independently
of each other, they go round together like the heads of the
spectators at a Wimbledon tennis match. This change, too, can
be detected by its effects on the currents in the oscillator or
receiver coils.

Nuclear induction has some advantages over the atomic beam
technique. It is simpler since it does not need vacuum equip-
ment, and the apparatus is more compact. Also the specimen
is not destroyed during the experiment, as it is in the beam
technique. With atomic beams, the method of detecting the
flying atoms has to be adapted to the element being studied.
For many elements it is quite difficult to detect the very small
quantities of material arriving at the slit, In the nuclear induc-
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tion method, where it is the electromagnetic effects that are
observed, these elements can be studied more easily.

SPINS AND MOMENTS OF NUCLEI

Many interesting results have been ob!ained by magnetic reson-
ance, nuclear induction, and other slightly c!lfferﬁent methods.
The magnetic moments of several light nuclei, H? (deutermrp),
H? (tritium), He’, have been compared very gccuratel‘y with
that of H' (the proton). If the main magne‘tlc field is k?pt
steady, while the oscillator frequency is varleq, the relative
magnetic moments are found simply by comparing the reson-
ance frequencies with one another, and this can be dor_1e with
an accuracy of 1 part in 100,000. Table I shows the spins and
moments of the light nuclei, and from it some conclusions can
be drawn about the arrangements of the protons and neutrons
in them. As these are the simplest nuclei they make a good
starting-point for understanding nuclear structure in general.

TABLE 1: Spins and Magnetic Moments of the Light Nuclei

~

Nucess | Froen | Nowton | spn | Vo
nt 0 1 ", ~191
H! 1 0 Uy +2.19
H? 1 1 Y, +0.86
H 1 2 Y, +298
He' 2 1 1, -213
He' 2 2 0 0
Li* 3 3 1, +0.82
Li’ 3 4 ), +326
Be' 4 5 s, ~118

*Magnetic moments in the same direction as the spin are marked
positive; those in the opposite direction, negative.
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The characteristics of the first six nuclei make it appear that,
roughly speaking, they are composed of neutrons and protons
simply lying alongside each other, In H? they are parallel, their
spins add to give a total of 1, and the magnetic moment is
about equal to the difference in their individual moments. In
H? the two neutrons set themselves in opposite directions, their
effects cancel and the spin and moment are each nearly equal
to that of a single proton. Likewise, in He® only the odd
neutron has an effect. In He* al] the particles pair off to give
total spin and moment zero. Li® has the characteristics of He*
plus H®. To explain the characteristics of i
heavier nuclei, it must be supposed that the odd particles left
over after the neutrons and protons have paired off (as in He*)
may move around in orbits, contributing an extra 1,2,3,...
units of angular momentum (o the system. The values,of the
spins and moments derived from these experiments have pro-
vided important evidence for the ideas of ‘nuclear shell strifc-

ture now being developed. (See ‘Models of the Atomic Nucleus’
in Science News 23.)

-

INTER-ATOMIC PORCES

Besides their intrinsic characteristics
moments) nuclear induction can be use
acting on nuclei in crystals and in liqui
are influenced by the thermal vibrations
affects the rate at which they flip over fr
the main magnetic field. Also the fields
ing nuclei affect one another, and this g
sion frequencies. These disturbances ar
give some idea of the forces in action
the solid or liquid state. The forces
been mentioned on p. 29,

{(spins and magnetic

ds. Briefly, the nuclej
of the atoms, and this
om setting to setting in
of force of neighbour-
ightly alters the preces.
e of interest since they
between the particles in
between molecules have

CONCLUSION

From this very sketchy outline it cap be seen that techniques

ng used to derive many of the

, Be’, and many.

d to study the forces
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than can be done, for instance, by optical methods. It sh0}ud
be clear that no one of the methods describec} in this article
excludes the others. Each furnishes information of its own

special kind, all of which goes to increase the fund of know-

ledge concerning atoms and nuclei which is gradually being
systematized into a coherent picture of the structure of the
basic materials of the physical world we live in.

(I should like to thank the members of the Department of
Natural Philosophy, University of Edinburgh, for their com-
ments and criticisms, and especially Mr K. W. Ogilvie for his
help in designing the diagrams.)
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DIETARY SELF-SELECTION
EXPERIMENTS

D. E. TRIBE

It is often assumed that if animals are allowed to choose their
own diet they are able to select just those foods best suited to
their nutritional requirements. In 1923, L. Tscherkes observed
that fowls suffering from polyneuritis will search out green
food and refuse to accept grain, and this he described as 2
“triumph of instinct’. More recently Sir George Stapledon,
when discussing the autritional wisdom of farm animals, has
assumed that ‘the animal has an instinctive drive to endeavour
to satisfy all its nutritional needs’,

As L.J. Harris and his associates at Cambridge pointcd‘ out
in 1933, it is very unsatisfactory to let this matter be ascribed
vaguely to some unexplained ‘instinct’. Are animals, in fact,
able to select their own diets according to their individval
nutritional needs? If so, what are the fimitations to such
powers of recognition, and what is the mechanism involved?

Many workers have interested themselves in the answer to
these questions, and much work has been reported on a variety
of animal species under a variety of conditions, It is not the
purpose of this article to give a comprehensive review of these
studies (this has recently been done by S, Lepkovsky *) but by
discussing the results of some of the more important of them

it is hoped to show how far we can provide answers to the
above questions, and how such conclusions can influence the
feeding of farm animals.

A great many dietary self-selection experiments have been

carried out with rats, and the results obtained from these reﬁfct
the same kind of disagreement shown by experiments with

*Lepkovsky, S., Advances in Food Research, 1, 105 (1948).

’
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other species. It is usual to confront the rats with a wide choice
of all the necessary basic foodstuffs, in solid and liquid form,
in a so-called ‘cafeteria system’ of feeding. Weighed amounts
of substances such as casein (protein), sucrose and starch
(carbohydrate), olive oil, mineral salts, brewer’s yeast, cod-
liver oil, wheat germ, and water are placed within the animal’s
reach, and residues are weighed at frequent intervals, thus pro-
-viding an estimate of the amount of food actually eaten. With
such a system as this some observers have found that rats select
a diet which closely agrees with that prescribed by nutrition
experts, and under these conditions the animals grow and repro-
duce at a rate comparable with that of rats fed on well-
balanced laboratory stock diets. Other investigators, however,
have been unable to reproduce these results, and, indeed, some
have failed to demonstrate any ability on the part of the rat to
select an adequate diet fed on a free-choice system. Similarly
studies carried out on rats deficient in certain nutritional re-
quirements have in some instances demonstrated selection of
the missing item, and in other cases rats have consistently re-
fused to eat the necessary nutrient and have thus committed
virtual suicide. For instance, C. P. Richter, L. E. Holt, and
B. Barelare reported in 1937 that rats deprived of thiamine
develop a craving for this vitamin, while C. Wilder in the same
year found that a tendency to select an unfamiliar diet counter-
acted the selection of an antirachitic diet by rats previously
subjected to a rachitogenic diet. The rats selected the novel
food whether or not it corrected their deficiency.

L.J. Harris, J.Clay, F.J. Hargreaves, and A.Ward con-
cluded from their observations that the ability of a rat depleted
of vitamin B to discriminate between diets containing the vita-
min and those deficient in it depends upon an association
between the distinctive character of the diet (smell, taste or
appearance) and an experience of the prompt beneficial effects
which follow immediately on jts consumption. They found that
if the diet containing the vitamins did not in addition contain

some very distinct flavouring, e.8. bovril or cocoa, the deficient
rats failed to select the correct djet,
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J.G.Gordon and myself, when working at the Rowett
Research Institute in Aberdeenshire, found that Hooded Lister
rats which were made deficient in the vitamin B complex
would discriminate between two diets, one containing the miss-
ing vitamin and the other not. The astounding thing about this
selection was that the only difference between the two diets
was 30 mgm of a vitamin B supplement added to 100 gm of diet.
Here the rats did not respond to djets clearly labelled with
Bovril or cocoa as in Harris’s experiments, but to the extremely
small vitamin content which, as far ag the human being can
tell, alters neither the taste, smell, nor sight of the diet. Normal
healthy rats could not discriminate between the deficient and
the adequate diets. It may thus be that the deficient rats experi-
enced some pleasing sensation (perhaps something like an
increase in the rate of peristalsis) immediately they ate the

vit:amin d%et and therefore continued to eat it. Because some
animals, like the deficient rats in th

tional wisdom, there is no justifica
people do, that feeding behavioy
nutritional requirements. That rat
complex do not always choose
remc?dying t.heir. condition is shown by another experiment
carried out in Ab-erdeenshire. This was designed to determine
whether, when given a free choice between two compound
diets, both §eﬁcient in the vitamin B complex, rats would select
that on which they could synthesize the reqixired vitamins by
refection. ’Ijh.e process of refection was first investigated by
L.S. Fredericia in 1926 ang may be briefly described as an
endogenous bacterial synthesis of the vitamin B complex which
takes place mainly in the caecum, Rats are onl ablg :o refect
when certain carbohydrates are present in the d};et' aw potato
sta}rch allo_ws refection,, but rice starch does not :r;,e d?e(;s in
this experiment were identical except that the starch content
of one was raw potato and that of the other was rice. All the
rats prgferred to eat the rice starch diet, and theref ;'e since
it was impossible to synthesize the neces’sary vitami:s én this
diet, they all died. If they had chosen the potato starch diet

t4

is experiment, show nutri-
tion for thinking, as some
I is hn infallible guide to
$ deficient in the vitamin B
diets that are capable of
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they would have been able to refect and thus remedy their
deficiency. However, the time-lag after eating the potato starch
diet and feeling the beneficial effects of it might have been
anything from 6 to 48 hours, It may be assumed that the rat
could not associate 4 sensation now with an action say 24
hours previously and therefore the animals found it impossible
to relate their feeding behaviour to their physiological need.

E. M. Scott, working at the University of Pittsburgh, has
done a series of very carefully controlled experiments on the
self-selection of diet by rats. He has found, as have other
workers, that sometimes a rat chooses a good diet and some-
times a bad, and has classified appetites under three headings,
true hunger, trivial preferences, and ‘learned appetites’. The
desire for food as such is the only true hunger. Trivial prefer-
ences are most familiar in everyday life. They include prefer-
ences for a pleasant taste, a satisfying smell, or an attractive
texture, and are in no way related to nutritive value. Learned
appetites include that of the vitamin-B-deficient rat for a diet
containing vitamin B. As Harris concluded from his original
observations, the apparent nutritional wisdom of animals is
not due to an inherited instinct for the right food but rather
to a previous experience of the beneficial results which follow
its consumption. In place of ‘a little of what you fancy does
you good’ one might write ‘you get to fancy a little of what did
you good promptly’.

Research with farm animals has given results which lead to
essentially the same conclusions as that with rats. American
workers have compared the egg production and body-weight
gains of 60 chickens on a help-yourself system of feeding with
those of 60 birds fed a standard poultry mixture. Here the
birds that selected their own diets were better producers and

showed a better efficiency of food utilization than those on

the mixture. However, trials in which calves and heifers were
allowed free access to maize, oats, linseed meal, wheat bran,
and other protein supplements showed that those animals did
not know what was best for them and chose a diet on which
they steadily declined in body weight and vigour. The results
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of experiments with pigs are contradictory. The famous work
of J.M.Evarrd at lowa in 1915 showed that a pig's food
Preference varied with its degree of development, and reflected
in general terms the animal’s physiological nee’ds However,
recent work has not reproduced the extf'emely googi results of
Evarrd, al?d R Braude has concludeg that it is essentially a
matter of individual taste as to what ingredients are preferred
by pigs. R.ecently a group of Cheviot ewes were allowed to
f:hoose their own diets throughout pregnancy from the follow-
ing foods: crushed oats, ground maize, linseed cake meal,
white fish mgal, hay, water, a mineral lick, and a salt lick.
Every essential nuirient wag present in one ’or other of these
ltems, yet of ten ewes only one lambed normally: The remain-
ing nine developed 2 variety of abnormal conditions, two of
them actually died, and this disastrous perform ‘as attri-
buted to an qnfortunate selection of foods ance was
From all this, and other, evidence jt i cle:;r that the observed
f_eedmg_beha\{xour of_ an animal cannot be taken as an infal-
lible gu{de to its nu_trmonal or physiological requirements. This
conclusion has an important bearing on animal and gras'sland

husbandry, for there hag rece
ary, toi ntl
palatability with nutriti g o lendeney to equate

< e value, t it 3
appetite instinct’ is urgin » then it is assumed that the

. . g the anj
nutrient, possibly a minera} imal to consume some

. ients per acre L . .
provide a better balanced dijet for the ;nlz;)téllst ;aczliax:;mietd' will

From the experimental results quoted above it is clear that
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this argument is based on a false premise. There are many
factors apart from nutritive value which may influence the
preferences of the grazing animal. For instance, it has been
shown that the plane of nutrition of either the animal or plant,
the climate, the aspect of the land, the level of the water table,
and so forth, may each have a critical influence on the palat-
ability of herbage. On the other hand, it has been shown that
the sugar, protein, and vitamin contents of plants are appar-
ently not the reasons for their being eaten by animals. H. E.
Woodman and R.E.Evans at Cambridge could find no refa-
tion between the palatability and mineral contents of herbage,
and A.Tiemann and G.Mueller working on the Continent
concluded that there was no correlation between palatability
and nutritive value of plants.

The conclusions that can confidently be drawn from the
conflicting results of self-selection studies are therefore that an
animal's feeding behaviour does not necessarily reflect its
nutritional requirements and consequently it is unwise to base
a system of grassland management on recorded observations
of the behaviour of grazing animals.
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THE MECHANISM OF
MINERAL SALTS ABSORPTION
BY PLANTS '

J. F. SUTCLIFFE

PLANTS require for growth, in addition to carbon, hydrogen
and oxygen, a number of chemical elements which are avail:
able in the soil as inorganic salts. Some of these, such as nitro-
gen, sulphur, and phosphorus, are constituents of essential
proteins, while others, of which potassium, manganese, and
chlorine are examples, may have a catalytic function in various
enzyme reactions. Even when they are not directly involved in
metabolism, mineral salts, accumulated in the vacuoles of cells
play an important part in the maintenance of turgidity il;
tissues, upon which the form and growth of plants depends. It
is not surprising, therefore, in view of their importance, ‘that
an efficient mechanism for the absorption of ions is present in
cells, and is a feature of specialized tissues such as roots which
are particularly involved in this process. The study of salt

absorption is of great interest both to the agriculturist, in rela- -

tion to the application of fertilizers, and to the plant physio-
logist who is attempting, with the assistance of the refined tech-
niques of physics and chemistry, to understand how absorption
is brought about.

It was formerly believed that minera} salts are taken into
plants passively with the water that is continually enterin
Closer observation, however, has failed to confirm this h og-
thesis. Plants which are transpiring rapidly do not necesstjl
absorb more mineral salts than do others in which the rate o)t"
transpiration is slow, while external factors such as light in-
tensity and humidity, which influence the movement of water
in plants, do not directly affect the absorption of salts
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Moreover, ions may be accumulated in the stele of roots and
in the vacuoles of cells to concentrations which are consider-
ably higher than those which exist in the external medium.
Absorption against a concentration-gradient requires energy
which is provided by the oxidation of respiratory substrates,
such as sugar. It is not unexpected, therefore, to find that the
most important external influence determining the rate of
absorption of ions is aeration. The failure of plants to grow
well in habitually water-logged soil may usually be attributed
to the lack of oxygen supply to the roots, and for the success-
ful growth of plants in artificial culture efficient aeration of the
nutrient medium is a primary requisite. Even when a diffusion-
gradient exists, the entry of salts into plant cells occurs only very
slowly in the absence of oxygen indicating that the resistance
of the protoplasm to the free diffusion of ions is rather high.
Many features of the transportation of mineral salts into
plants may be appreciated by comparison with a mechanical
transport system, as for example an escalator or a conveyor
belt, In these cases energy supplied by a motor is utilized to
bring about the movement of passengers or objects. It is clear
that the rate of transport may depend on the carrying capacity

. of the system, which is influenced by the number and dimen-

sions of the individual transporting units, and by the speed
at which they operate. This factor is the sole determining one
when the mechanism is in great demand, as anyone who has
traveiled on the London Underground during a rush-hour
knows. At other times it is the demand rather than the carrying
capacity of the system which controls the transportation rate.
To take an extreme example, if only one person per hour is
using an escalator, it does not matter whether the actual
journey on it takes 2 minutes or half an hour as far as the out-
put of the system is concerned, although it may be of some
importance to the individual passenger. An essentially identical
situation exists in relation to the absorption of mineral salts.
When the external concentration of transportable ions is high,
the rate of absorption is profoundly influenced by the absorb-
ing capacity of the tissue, which may in turn be affected by
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aeration, temperature, and the availability of respiratory sub-
strates, that is of energy-yielding materials, There is a certain
maximum concentration of salts for any set of external condi-
tions, beyond which there is no further increase in the rate of
absorption with increase of concentration, This corresponds to
a saturation of the transport system. When the external con-
centration of ions is low, then this factor alone may be the
most important one determining the rate of accumulation.
There is, however, one significant difference between the
process of salt-absorption and the mechanical transporting
mechanisms that have been considered : the rate of accumula-
tion of mineral salts in a tissue or a cell js affected by the
internal concentration of ions. When the internal concentration
of salts is high the rate of absorption is lower than it is when
the concentration is less. To return to our analogy, it is as if
the number of passengers transported by the escalators of a
tube station was inversely proportional to the number which
had already arrived on the platform. In some cases, a high
general salt content will be sufficient to limit the absorption of
several different ions, but the intake of nitrate and phosphate
has been shown to be related to the internal concentration of
the ion in question and to be independent of any others. With
roots, internal concentration is probably not usually an impor-
tant factor in determining the absorption of ions, since the
"amount of mineral salts in the stele is maintained at a relatively
low level by a rapid transport to other parts of the plant in the
transpiration stream. However, the internal concentration is
often high in the vacuoles of cells, and is then very effective
in limiting the rate of accumulation. It may be significant in
this respect that nitrate and ammonium ions, which are utilized
in protein synthesis, are generally absorbed more rapidly than
others, such as sodium and chloride ions, which are not meta-
bolized, but accumulate.
The reason for an influence of the internaj concentration of
ions on absorption is not yet clear, The possibility must be
considered that accumulation is the resu]t of two conflicting
processes, an active absorption inwards, and a passive leakage
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outwards, so that the effect of a high internal concegtratgon
may be to increase the rate of leakage along a diffusion
gradient, rather than to reduce the rate 9f absorption. pnfor-
tunately for this theory the rates of pas_swe'leakage which are
observed when the absorption mechan}sm is ‘stopped by lack
of oxygen or low temperature. are insufficient tf’ account
entirely for the influence which 1}1ternal concentr'fatxon exerts.
Some additional factor must be mvolveq, and this Fnay.be a
direct effect of the salts on the transpor.tmg mechanism 1ts?lf.
It has been suggested that when .the internal concentran?n
becomes high the protoplast is partlaI.Xy dghydrated, so that its
resistance to the inward transport of ions increases, and others
have claimed that the increasing pressure of the cell-wall
against the swollen protoplast could have the same effect.
Neither of these hypotheses, however, has th'e support qf any
direct experimental evidence, and for the time being judge-
ended. .
megrtl rtrtl:;s;g;: ‘i‘msalixd, there have been a nupiber o.f mecham.srqs
proposed to account for the active absorption of ions, and ft is
to a consideration of these that we must now turn our attention.

THE ELECTRO-CHEMICAL THEORY

An electro-chemical mechanism_has been postulated ll:y H.
Lundegirdh, following his extensive researches on salt a sort;:-
tion by roots. He has suggested that there are prese.n.t at t g
surface of roots chemical substanges carrying _‘posmve an'
negativve electrical charges, upon which t}}e negative and posi-
tive ions respectively become electrostatlcally adsorbed. "I.'he
absorption of negative ions appears to be particularly sensn.tlve
to cyanide poisoning, and this has led Lundeg%rdh to bel}eve
that cytochrome (Fig. 1) may be the.subst'fmce 1nvol‘{ed; since
the enzyme, cytochrome oxidase, which brings ab_out its gx.xda-
tion, is inhibited by cyanide at a l'ow cpncentrathn. Oxidized
cytochrome contains an atom of iron in the ferric sta.te, and
therefore carries three positive electrical charges, which are

" reduced to two when the iron is converted to the ferrous

condition.
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Fig. 1. Cytochrome.

At the outer surface of the plasmatic membrane the cyto-
chrome is assumed to be mainly in the oxidized condition, and
each molecule is capable of accepting negative jons from the
external medium. It is imagined that these molecules are in a
state of vibration or random movement in the membrane in
such a way that they are eventually carried to an inner surface
where there is a lower oxidation potential. There reduction
occurs and, as the result of a decreased positive charge, each
molecule releases a negative ion. Subsequent movements will
then return the molecules to the outer surface of the mem-
brane again, where they are reoxidized, and adsorb another
negative ion to replace the one which was lost. If the mem-
brane across which the cytochrome moves is more or less im-
permeable to the free diffusion of ions, then the accumulation
of negative ions against a concentration gradient may be
effected. The energy required is derived ultimately through
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respiration with which also cytoc‘hr_ome is as.sociated.. It is one
of the few substances present in hymg o;gamsms whfch can be
oxidized by the oxygen of the air; it is then ab.le in turn to
bring about the oxidation of other substances ‘Wh'lCh cannot be ‘
directly oxidized. The Lundegirdh hypothesis is represented

diagrammatically in Fig. 2.
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Fig. 2. The Lundegirdh hypothesis of the absorption of negative
ions. .

For the accumulation of a neutrz%l salt there n}ust also be an
associated absorption of positive ions. .Accor.dmg to Lunde-
girdh, these are first adsorbed on to acid radlcl_es at the sur-
face of the protoplast in exchange for _hydrogeq ions, and then
transported passively along Fhe ele:ctrxcal gradient created by
the absorption of negative 1::;151_:;ncc the tissue as a v{hole

intain electric neutrality.

tel}(tlsi:oc?;:lrmfl::teihere are other metabolic processes tlgan
absorption which lead to the appearance of negatxve ions inside
a cell or root, as for instance (he conversion °_f sugar to
O}ganic acids which may result.l.n a_movement inwards of
positive ions. Negative and positive 1ons may thcref9re be
absorbed in unequal amounts .from an exter.nal. medlu.ﬂ'l if
there is a compensating change in the m'ternaI ionic copdlgon.
Another way in which electrical neut‘rallty may be mamta.med
when unequal absorption of the two jons of a salt occurs is by
a simultaneous movement of other ions, often H+, or [HCO,] -
into the external medium.



58 Science News 25

Although it is only necessary to postulate the active transport
of one of two oppositely charged ions in order to explain the
accumulation of a mineral salt against a concentration-
gradient, there is no theoretical reason why this should neces-
sarily be the negative ion. It is possible to suggest a mechanism
which will bring about the active absorption of positive ions
and indirectly cause the passive absorption of negative ions.
Protein molecules, for example, may carry predominantly
positive or negative charges, according to the degree of acidity
of the medium. A shift in the direction of alkalinity makes for
the production of negative charges through the dissociation of
acidic groups such as —COOH into —COO- and H+, and
positive ions are then adsorbed. If adsorption occurs in this
way at the surface of a root or protoplast, and then the mole-
cule is free to move to some region where the reaction is more
acid, the dissociation of the acidic groups is suppressed and the
adsorbed ions released. In this manner the transport of posi-

tive ions across a membrane may occur when a gradient of
hydrogen ion concentration exists,

SELECTIVE ABSORPTION

One of the chief difficulties in accepting a simple electro-
chemical theory of ion absorption such as the one outlined
above is that it appears to make no distinction between the
intake of different ions carrying the same electrical charge. Yet
plants do not, for example, absorb all i-valent ions indis-
criminately from a mixture of mineral salts but select certain
ions. Valonia macrophysa, a coenocytic alga growing in sea-
water, will accumulate potassium ion

sinthesaptoa high con-
centration, whilst the internal concentration of sodium remains

lower than that of the external medium, It has been observed,
too, that the relative rates of absorption of various ions by a
number of different land-plants are different for each of the
species studied. This must mean that in many cases the trans-
porting mechanism is capable of discriminating between closely
similar ions, and the selectivity exhibited is often characteristic
of a particular group of plants. A clue to the way in which
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i ided
selective absorption may be accomplished has lt?iefna rfl’:;‘:;; o
by the discovery in the bacterium Escherichia coli an organic
substance which has a high aﬁini;ytfozepg’sta::;zﬁed o form

i ubstan

affinity for sodium. If such a s ! tive
pgirrtuoyf a mechanism leading to t'he accumula_tnc:: :;ihz:s:han
ions, then the differential absorption of potassiu

; ted
sodium ions is explicable. Similar substances as yet undetec

iti ious ions
i i ith different affinities for various ions,
fn the higher planis, BIb - t systems, On the other hand,

involved in other transport
rlzzlltls)edl:vgot invariably distinguish between closely related

ions in this way. The absorption of bromide ions, for example,

. i e presence of chloride or
'by .barley rgots lst ;:d::rel(cilulgedththart) these ions are,l?Ot dis-
10f11(l_e, and 1t musne another so that there is competition pe-
eriminated fromtge use of the carrier system. The absorption
tween them for ot however, influenced by the presence of
0? e e, hate, jons,.so that a separate mechanism per-
mtra{e or p-hosg'ﬁerent components must be concerned. It‘has
T g e i of o o

n

there is the formation of an organic phosphate compound such
e

denosine triphosphate by the combination of inorganic
as adeno!

i i ceptor substance produced
pho.sphate N 'some'll'l:édz::;fii:f ::b:tr:mce then })ecomes de-
Juring n;e;:?:rﬁ;n;)ther part of the protoplasm with release of
compose ) cted.
the ions, .and trans;;ox:vzcsl :::: telgxet the high-energy phospl.late

There is, howe\l;e ,concerned in the absorption of oth‘er ions
o et ’;he accumulation of mineral salts is pre-
than p I.IOSphate' ence of various substances such as _sodmm
vepted n .the pre:enate 9.4-dichlorophenoxyacetic acid, and
aznder §od1um a;‘ at co,ncentrations that inhibit phosphoryla-
2.-4-dm1tr(?pheng_he fact that the substances mentioned above
t19n re.acuoﬂs; 1 affinity for sodium and pota.ssiqm hav? beep
with dxﬁerentla‘ hosphorus may also be significant in this
shown to contam_;»‘ility of an association between phpsphate
resfe;t.l'T:neaggs:;lt absorption is strengthgned by the 1;1cr;.as-
:11; Zu?nl;et of observations that show the importance ot phos
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phate for many other metabolic processes that occur in living
organisms, and the paramount role of adenosine triphosphate
in this respect. (See Science News 10, 66.) This view is not
necessarily at variance with the conception of a general carrier
substance such as cytochrome; since, whatever the mechanism
involves, the energy to drive it ig ultimately derived from
respiration of which phosphorylations are an integral part.
On the other hand, there are those who have visbalized 2
more direct relationship between accumulation and phosphate
metabolism. F. C. Steward ang his collaborators, having estab-
lished a close correlation between protein synthesis and salt
absorption, have indicated that both these processes may be
dependent on phosphorylation, They suggest that positive
and negative ions become adsorbeq at the outer surface of a
cell or tissue on to molecuyles of a phospho-nitrogen compound
such as may carry both negative and positive charges. The
complex then moves along a diffusion gradient through the
protoplast to a region where protein synthesis is occurring.

A novel hypothesis which suggests that mineral salt accumu-

lation may be accomplished by the rhythmic contraction and
expansion of protein chain

8 linkages during folding of ’tl.)e
again the side-chains become avail-

sion, ar‘nd if would therefore pbe expected to influence salt
absorption if this mechanism operates.
* Nature, 166, 497 (1950).

]
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There is still doubt whether salt absorption by cells involves
an active transport across the whole protoplast, or only across
one or other of the surface membranes which separate p.roto-
plasts from the external medium and vac':uoles resp;ctxvely.
It is likely on account of the high proportion of fa‘t-hke spb-
stances in these membranes that they present the main barriers
to the free diffusion of jons, and active movement across one,
or both, of these may be necessary. Some have favoured the
view that the absorptive mechanism operates across the outer
membrane only, and that the movement. of.salts from the
protoplast into the vacuole occurs'by dxﬂu§xon. Conversely
there are those who consider that it is the mm.er membrane
over which secretion takes place. Professor An.sz who sup-
ports this latter theory has suggested that ions bec‘ome
adsorbed at the outer surface of thet protoplast on to micro-
scopic particles such as mitochondria, which are carrlefi by
protoplasmic streaming or random movements tq the inner
membrane where the ions are removed from the x'{utochondrla
and transported into the vacuqle. It has beeq possible to show
with the help of radioactive isotopes th:at fons are accumu-
lated in particles invthe\protoplast, and it is likely for other

. . Cortex
Endodermis N
enclosing ’
the stele \/'
4
1
1
'
~- Phloern

/
\ //\
.
/ N 7 N\U Surface
. - of root
Xylem s ‘ e

Fig., 3. Transverse section through a root, showing the distribution
of tissues.
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reasons that these particles are the mitochondria: the latter
appear to be the site of the cytochrome oxidase system as well
as of other components of the respiratory mechanism. There is
thus considerable evidence that these bodies are concerned in
mineral salt absorption, and since they tend to disintegrate
when phosphate metabolism is upset, the influence of phos-
phorylation on accumulation may perhaps be accounted for.

With regard to the transportation of jons across the cortex
into the stele of roots, it has been postulated that the living
material behaves as a single cell or ‘symplast’ because the
individual protoplasts are continuous with one another through
pores in the cell walls. Ions may therefore be absorbed into
the protoplasts of cells at the surface of the root, and then
transpor}ed through the symplast, either by some active
mec.hamsm or by diffusion and protoplasmic streaming, to
an inner membrane which separates the symplast from the
dead conducting cells of the xylem into which the ions are
secreted. At the same time there may also be accumulation
of salts in the vacuoles of individual living cells which com-
pose the root tissue, and they appear to function to some
extent as reservoirs, since the ions may subsequently leak
out again and be transported into the stele. Some investiga-
tors, including Lundegrdh, believe that the radial movement
of mineral salts across the cortex occurs because there is an
oxidation /reduction potential gradient across it. At the outer
surface, where oxygen is available, active accumulation into
the symplast takes place, whereas at the inside of the root
where more anaerobic conditions may prevail leakage of ions

into the xylem predominates. It is by no means certain, how-
ever, that the interior of a root is ’

through intercellular spaces,

If the concept of the symplast is rejected, and there are
some who deny it, then it may be suggested that mineral salts
fr.om .the e)fternal medium are carried through the cortex by
diffusion via the intercellular spaces and along cell walls

to the endoslermis. (See Fig. 3, preceding) This layer of
cells separating the cortex from the stele has at least one

not adequately aerated
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important function in relation to salt-absorption. The cells
fit closely together, and the radial and transverse walls are
impregnated with fat, 'so that the leakage of ions already
accumulated in the stele is effectively prevented. It is possible
too that the endodermis acts as an ion-secreting membrane
transporting salts into the stele, and resembles rather analogous
structures such as the gastric mucosae of animals, Further
research will undoubtedly reveal many fundamental simi-
larities between the secretory processes in animals and plants.

CONCLUSION

The absorption of mineral salts by plants clearly involves an
intricate mechanism, many of the details of which remain
to be elucidated. The fundamental dependence of it upon the
metabolism of living tissues has been established, and various
possible schemes have been outlined. No single hypothesis
seems to be of itself sufficient to explain all the observed facts
which may mean that transport occurs in several stages each
controlled by a different mechanism. It seems that these may
include adsorption, passive diffusion, and active secretion,
though the manner in which these are combined is still a
matter for conjecture. To explain selective absorption of ions
it must be assumed that at some point the transporting
mechanisms for different ions are distinct from one another.
The evidence that is available suggests this may occur during
the adsorption phase, but a great deal more information is
still required in this connexion.

FURTHER READING

A recent general review, with references, is:
Robertson, R. N. The School Science Review, 31, 377 (1950).
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'COLOUR VISION

KATHARINE TANSLEY AND R, A, WEALE.

J U!’.I.AN.HUXLEY, dealing with the development of mental
activity in a recent broadcast on evolution, made some perti-
nent remarks on the relation of sensation or mental ex erli)en e
to physical stimuli. Speaking of light he said : ‘Lightp in :
proper sense gf the word, did not come into .existenc:: lbefE:)l'i-:
there were animals with eyes. The issue has been confused by
the unfortunate habit of physicists of appropriating common
words from the vocabulary of human life and usins tc:em for
Ses. iolagist. /i
only mean a.kind of awartgloes: f (:rrlezt;m:igt:i’ehf: ’ cfz:;
him, it is a misuse of terms to employ it to dengte ndia.tions
in the outer world. Photic Tadiations, if you like; 1-gut light,

is colour. Huxle i :
, ‘ . g . continues :
. .- colour, like all -experience, is ap experience yof qualities

There is a qualitative difference between the sensation of red

and the sensation of blue. That j

never had the experience. Apain 1
ne - Again, like all experience, it i

. } nce, it is 8
i!;)mt product of a complicated transaction p a transaction
eCtiv'vi?n photic radlatans, sense-organs for picking up these
radiations and translating them jyo nerve-impulses, nerves

for transmitting these im
pulses, .
of the brain for translating thes apd finally a particular part

experiences we call colour. Byt
actfon, except the last, are purel
which eventually give rise to di

trical nature and differ only i

4 1 their time-relati
their frequency, and in their i By Telations, such &

Dtensity. But in the brain, thes®
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purely quantitative differences in electrical pattern are trans-
lated into wholly different qualities of sensation. The miracle
of mind is that it can transmute quantity into quality. This
property of mind is something given: it just is so. It cannot
be explained: it can only be accepted.’

In another connexion, Huxley points out that the higher
vertebrates are often capable of activities which appear to
play no part in their normal life. As an instance, he quotes
the fact that some birds have a number sense and can count
up to six or more. Jackdaws can learn fairly easily to take
a definite number of peas out of a series of boxes and, if
they make a mistake, sometimes realize it later and go back
to correct it. The main reason why men can count better
than jackdaws is that the superior development of their brain
has enabled them to invent symbols to represent different
numbers.

Again, when we consider vision, we find that most animals’
capacity is definitely inferior to man’s in spite of the fact that
their eyes are usually as highly developed, or nearly so. This
difference is also due to the great development of the asso-
ciated cerebral structures in man. A striking example has
recently emerged from work on the cat eye. The retina of
this eye is able to differentiate between different parts of the
spectrum, while behaviour experiments with cats indicate that
they have no colour vision. At preseat, it appears that the
‘cerebral part of the mechanism which enables us to experience
colour is lacking in cats, even though their eyes can send out
the necessary sets of nerve impulses.

It is generally believed that the first step in discriminating
between different wavelengths must take place in the retina,
colour vision being based on differences of sensitivity between
the retinal end-organs, linked to a cerebral ability to recog-
nize which end-organs are responding and to what extent.
It is therefore not to be expected that an animal all of whose
end-organs respond identically to all spectral wavelengths
should have any possibility of colour vision. There are such
animals (rats, guinea-pigs), but many, including the cat, have
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o
different types of retinal end-organs (cones), which are thought
to possess the different sensitivities necessary for a preliminary
analysis of photic radiations in terms of their wavelengths.
In order to prove that different cones have different spec-
tral sensitivities, it would be necessary directly to record the
responses of individual cones when stimulated by lights of
different wavelengths. So far this has proved impossible on
account of the complex structure of the vertebrate retina;
the best that can be done is to record the activity in a single
nerve fibre leaving the retina. Unfortunately, the response of
a single optic nerve fibre cannot be taken as equivalent to
that of a single retinal end-organ in the eyes that have been
used for this type of experiment.

Inset 11 shows, on the left, the microscopic appearance
of a vertical section through a typical vertebrate retina, On
the right is a diagram based on the appearance of such a
section after special treatment designed to show up nerve cells
and fibres. This represents our present idea of the way in
which the end-organs (rods and cones) are connected to indi-
vidual optic nerve fibres. It is clear that the nervous structure
of the retina is very complex and that not only does each
end-organ or receptor cell not have an exclusive attachment
to the brain, but also that each optic nerve fibre may serve
diff?rent types of receptor. In addition, there are cross con-
nexions between quite widely separated groups of receptors
so that stimulation of a given receptor or group of receptors
may affect the response in a nerve fibre to which it is not
c.hrectI.y connected. The retinal structure illustrated in Inset 11
is typical of those animals on which experiments on differen-
tial wa.velength sensitivity have been performed and also of
the periphery of the human retina. In the human fovea there
are enough optic nerve fibres to serve each receptor separately,
bu.t even here there are cross connexions, and some present
evidence suggests that, although human foveal cones can
react independently of one another, they do, under certain
conditions, also react in groups.

By p@acing a suitable electrode on the inner surface of ab
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animal retina (the lower border in Inset 11), it is possible to
record the impulses travelling up a single optic nerve when
the eye is stimulated by light. By this means a ‘sensitivity
curve’ can be obtained for the fibre under investigation by
finding the intensity of various specific spectral lights just
sufficient to produce a reaction in the nerve. This is calied
the threshold intensity for that fibre, and the reciprocal of
this intensity gives a measure of the sensitivity of the end-
organs responsible for the nerve reaction to the wavelength
in question. If the reciprocals of the threshold intensities are
plotted against the wavelengths used, one obtains a spectral
sensitivity curve for a given nerve fibre.

Using this method, with and without various modifications,
the Swedish physiologist R. Granit has worked out the spec-
tral sensitivity curves of single optic nerve fibres from a
number of vertebrate species. In all the animals he examined
(including fish, reptiles, amphibia, birds, and mammals) he
found a few nerve fibres that had nparrow sensitivity curves
with maxima in the red, green, or blue part of the spectrum.
Granit called them ‘modulator curves’ and suggested that they
reflected the spectral sensitivities of specific retinal mechanisms
which could mediate colour perception. In all, he found seven
such modulator curves, one or more of which he could
demonstrate fairly easily in a wide variety of animals. Finally,
by a refinement of his original technique, he obtained all
seven curves from the cat, the animal on which he made most
of his observations. Of these seven curves, one has its maxi-
mum in the red part of the spectrum, one in the yellow, three
in the green and two in the blue.

These findings spread alarm and despondency among
trichromatists. Trichromatists are people who believe that
human colour vision is a function of the responses of three
independent mechanisms situated in the retina. The nature
of these mechanisms is obscure: what is important is their
number. Why three? It is a well-known experimental result
that any colour of the spectrum can be matched with a suit-
able mixture of three other spectral colours: for convenience,



68 Science News 25

these are usually chosen to be blue, green, and red. A mere

change of the relative amount of these three enables us to
match any of the many discernible colours of the spectrum.
This fact led first Thomas Young, and later Helmholtz, to
suggest that the retina must contain three independent colour-
mediating mechanisms, The theory, which embodies this
suggestion and which enables us to make several predictions
about human colour-vision, has come to be known as the
Young-Helmholtz or trichromatic theory, This idea of three
independent mechanisms is the reason why Granit's discovery
of seven sensitivity curves in the cat’s retina came as a shock
to supporters of the Young-Helmholtz theory, The shock was
somewhat mitigated by the fact that the seven modulators
are, as we have just seen, grouped into three spectral regions.
Granit himself suggested that the micro-electrode is perhaps
& more sensitive indicator than the human mind and that,
even if there are seven modulators in the eyes of the higher
animals (j.e. man), the way in which they are grouped spec-
trally does not make their existence incompatible with the
trichromatic theory. Another interpretation of these results is
that the actual System of end-organs is triadic and that the
use of the micro-electrode appears to reveal more than three
mechanisms because of interaction in the post-receptoral net-
work shown in Inset 11, There are two intermediate relay-
stations between the place where light initiates a nervous im-
pulse (the rods and cones) and the place where Granit inserted
, the micro-electrode. The sensitivities actually measured can be
altered by electric fields (polarization) and the original mes-
sage may well be modifieq by others also travelling from the
receptors and meeting it op jts path. A nervous mechanism of

this type ¢an also help to explain other phenomena such as
visual acuity.

As Julian Huxley hag
thing and the manner in
The Young-Helmhol
radiation end of th
photic radiations ey

2 theory js solely concerned with t_he
© Visual process, Precisely because like
Oke in many people apparently like sensa-
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tions, in other words because there seems to be a causal
relation between the two, numerous workers have thought
and still think that it is legitimate to draw conclusions about
the retinal mechanisms of colour-vision by examining sensa-
tions. No one would dream of drawing a circuit diagram of
his or her wireless set merely on the basis of the quality of
the transmission of a concert. Yet important conclusions are
arrived at concerning visual physiology in general and colour
vision in particular by the introspective examination of
sensation. Admittedly, the object of all sense physiology is,
of course, the correlation between the external stimulus, the
physiological response and, ultimately, the reaction of the
mind ~ the sensation. What we deplore is the weight which
is given to introspective observations: not that they are
made.

The first principal exponent of a theory of colour-vision
which was based on such introspective observations was E.
Hering, a German professor of psychology. His theory, which
was put forward as an alternative to the Young-Helmholtz
theory, can be traced historically to Goethe’s Farbenlehre,
which, in turn, was written in a fit of anglophobia as a very
unworthy diatribe against Newton, the inventor of colour-
mixture. Both Goethe and Hering divided the visual qualities
into the hexade of redness and greenness, yellowness and
blueness, and whiteness and blackness. Goethe was prompted
to this division by considerations of a largely poetical nature :
Hering, on the other hand, was led by the more physiological
facts of complementary colours, and of ‘simultaneous contrast’
and what are technically known as the invariable colours. *
Ever since the turn of the century the supporters of the
Young-Helmholtz theory and that of Hering respectively have

*‘Simultaneous contrast’ is the name given to the phenomenon
observed when a coloured surface, say red, is placed in juxta-
position to a colourless one, say a neutral grey; the latter appears
to be tinged with its complementaty, in this case green. ‘Invariable
colours’ are those which do not appear-to change their quality as
their brightness is varied.
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been engaged in an arid controversy reminiscent of that raging
between the Darwinists and Lamarckians.

The trichromatic theory fails in explaining simultaneous
contrast and certain types of colour-blindness. Hering's theory
succeeds in the first of the above and in the description of how
f:olours change with brightness, but fails completely in account-
ing for.many types of colour-blindness and hue-discrimination.
These instances, both pro and con, are by no means exhaus-
tive but merely serve as an indication of the difficulties of
the subject.

In order t‘o illustrate the ramifications of diverse arguments,
we should like to enlarge on two of the more common objec-
tions to the trichromatic theory. They are concerned with visual
acuity* fmd trichromatic colour matches respectively. It is
argued in the first instance that, if the Young-Helmholtz
theory were correct, visual acuity as measured with spectral
lights, or even with white light passed through colour filters,
should .be inferior to that measured with white light. The
reast‘m is this: presumably, if there are three types of colour-
medlatn'}g mechanism, there are three types of retinal cone:
one which is particularly sensitive to red and orange light,
apother which is maximally sensitive to yellow and green
1{ght, and the third responding mainly to blue and violet
light. Now, whereas white light is thought to stimulate all
three types to an equal extent, a coloured light will stimulate
one or two types more than the other. In other words, while
t.he retina presents a practically homogeneous umbrella catch-
ing all the component colours of white and thus making the
least discernible distance between two objects very small
coloured light turns the retina into a sieve: light is caughi
only here and there, the texture is coarser and visual acuit
should be worse. In actual fact, this cannot be said to be thz
case on the basis of present-day evidence. Therefore, the

*Visual acuity can be measured i
: . In several ways: t
perceptible d‘lstance between two lines, the smalle“yleue?eidleas.t
fiable at a given distance, the least identi-

. ercepti .
of two adjacent stars, etc. petceptible angular separation
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opponents of the trichromatic theory conclude that the theory
cannot be correct.

These arguments would be acceptable if one were prepared
to accept the classical theory of visual acuity. According to
this, two points will be seen as two and not as one if there
is at least one unstimulated cone in between those on which
the respective images are focused (cf. fig. 1). This theory is

00

Fig. 1. According to the classical theory of visual acuity, two points
of light will be distinguished if one unstimulated cone (black
circle) intervenes between the two stimulated ones, 4 and b. If
there are three types of cone, with maximum responses to red,
green, and blue light respectively, the visual acuity as measured
with white light should be better than that measured with
coloured light. The experimental evidence on this point is not
conclusive (see opposite).

inconsistent with experimental results: the necessary separa-
tion of the two images on the retina is smaller than twice the
inter-cone distance, postulated by this theory. As long ago
as 1922, H. Hartridge showed that purely physical effects such
as diffraction and chromatic aberration make it possible for
the images to be somewhat nearer than twice the inter-cone
distance, but not even these effects can fully explain the
well-nigh incredible resolving power of the human eye. The
difficulty can be removed at least in part if we look on the
retina not so much as a stationary photographic film but
rather as part of what may aptly be called a ‘roving eye’. If
the eye, even*though fixating 2a minute point, performed
mlcroscopic oscillatory movements, the message reaching the
cortex would be continuously changing and the information
required for the appreciation of the small separations just
mentioned would be forthcoming. An illustration may clarify
this idea: if we hold a piece of tightly stretched gauze of



2 Science News 25

Dot too fine a mesh in front of our eyes, the outline of a wgll-
illuminated smaj object behind it will be discernible only With
difficulty. As soon S We start moving the gauze, the outline
of the object is more easily visible. The small oscillatory
Mmovements of a fixating eye have been observed by workers
In this field, ang Hering was the first to suggest that eye-
movements would be most useful from the point of view of
wfu_al acuity. If this were 80, it might perhaps be argued that
3 'sieve’ retina would be more useful than an ‘umbrella’ one.
We do not Suggest that the question of eye-movements in
general and their effect On visual acuity jn particular is settled.
But it does appear at unscientific to attack any theory

. eor; i i ient
evidence, the following instan:e °on the basis of insufficie

i . 8ives one based on insuffi-
gzer?tb;h;zﬁx;; c;)Vhe:; w;a 8aid ear]jer that all spectral stimuli
portions of g reﬁ:;i;yb{ﬁerely by altering the relative pro-

o U€ Mixture, we oversimplified the

Problerg and were Builty of 5 glib inaccuracerst}r;,i e s
that when the _red-green-blye Match g dy. o 8
less saturated, ie. it Seems 3 Jipyja pal mace it is alway
er,

colour we are matching, Tpe onl » than the spectral
4 way j :

can be made perfect is by dd¥ng ﬂ:’ ;n which the match

de-saturating stimulus to the test ¢ mall amount of a

be white or a colour 8PDroXimatey Oc ;- This stimylus can

test colour. It is then found that p, tch;“plementa_ry to the
brightness, and saturation are DOSsible, 8 aerfect in colour,
ments have shown that a desaturating tirn urt?xer experi-
for matching most spectral colourg even i Ulug jg required
and red matching stimuli are so chq

e, green,

amount of desaturator t0 a minimuym, reduce the
This observation, too, has provoked 5 cavy

from those who do not accept the trichromay;, thca‘monade

argue that, since there is a variable amoyp, :‘:ry. They
the match is a function not of three but of at lat“r&tor,
independent variables; consequently, colour Vision jq notfour
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but at least tetra-chromatic, and there must thereforr. be at lea'st
four mechanisms in the human retina. The operative word in
this argument is ‘independent’. Suppose. tha't a colour T 1;
being matched. Then, if the matching stimuli are represc‘mtef
by the symbols R, G, B, and the desaturator by W, x units o-
T will be matched by a mixture R, G, B, and W, as follows:

xT=mR +uG + pB—gW (Eqn 1)

qW is negative since it is added to xT. W can be white: ther;
is nothing arbitrary about this; all the requxrgd matches cz_xt
be produced by making the desaturator W white, But g units
of W can be matched perfectly without any desaturation,
producing the equation (say):

qW:.-m'R+n'G+p'B (Eqn 2)
This can be substituted in Eqn 1:

XT =(m-m')R + (n-n")G + (p-p")B 3)*
=arR + brG +crB (Eqn 3)

Wwhere ar, br, and cr are the amounts of R G, and B, lresi)e;-
tively which are required to match x units of the co o;lmm.
This procedure can be followed throughout the specsitive:
and the negative can equally well be change_d nto 3 po el
sign. The fundamental fact of the trichromatic ?heor}', qatmure);
that all spectral colours can be matched by sm,mblclmu;,ould
of three independent stimuli, remains unimpaired. It s t be
be added that the matching stimuli R, G, and B mu; the
chosen 5o that no mixture of any two of them can matc
third. i

This repels the attack formally. There still remal:;a::;
qQuestion: why should the RGB mixture be more d-ef matic
than the spectral test-colour? The critics of the tric ﬂ:;er of
theory stilj reply: ‘Because three is an inademl'ate nunl; "
Matching stimuli.’ Its supporters, however, explain the o s:s >
desaturation by the spectral width of the response Ctl:rvthree
the colour-mediating mechanisms. While each of t f‘,

*The specification of colours using this type of equ;gon "
dealt with in an article by C. L. Boltz in Science News 22.
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must respond predominantly to stimuli from a more limited
spectral region, it does not follow that it cannot respond at
least in part to stimuli outside its own preferred region-
Thus, if every mechanism reacts at least slightly to every
spectral stimulus ~ and this is well within the bounds of pos-
sibility ~ the matching stimulus R will elicit a large response
from the mechanism particularly sensitive to red and orang®
light, and smaller responses from the other two. The G anC!
stimuli would have a similar effect on the two remainibé
mechanisms. Therefore, even if each matching stimulus affects
only two mechanisms, a minimum equal stimulation Of &%
the three will have been produced as a result of the miXxture:
but this will lead to a sensation of white which is super”
imposed on the hue-sensation due to the mixture of R, U
and B. There is nothing ad hoc about invoking the spectral
width of the response-curves: such chromatic faculties as
hue- and saturation-discrimination would be inexPlicable
such overlap did not exist.

Now, in spite of the large measure of self-consistency ‘?f
the Young-Helmholtz theory, Granit's results as already_men'
. tioned dismayed the trichromatists. The reason for this is 00
really clear: we do not arrive at weighty conclusions con-
cerning Man by considering Cat in any other respect: “{hy
should the discovery of seven modulators in the cat's retind
prove so disturbing? In addition, we have no idea of how
many colours Cat needs to match a spectral stimulus.
logical error involved is, therefore, threefold: first, we gen
ize from Cat to Man; second, we deduce results concerning
mental processes by a consideration of physiological ones an
vice versa; and, third, we ignore the involved nervous ram{‘
fications and arborizations within the retina itself. As Granit
and his collaborators have shown, they play an importaﬂt
part in modifying the message sent from the receptor €0¢°
organs. In the absence of any detailed knowledge as to ho¥
this is done, the two other generalizations seem even moré
preposterous.

The apparent incompatibility between Granit's results and

eral-

The.
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the classical trichromatic theory was used by Hartridge to pro-
duce what he thought was a combination of the Young-Helm-
holtz and Hering theories, namely the polychromatic theory.*
This theory assumes, anthropocentrically, that Man’s colour-
vision is supreme in the animal kingdom. Consequently, the
human retina must contain at least all seven feline modulators.
They do not contribute equally to human colour-vision: three
of them are very impottant and are probably those which the
trichromatists think of when they say that there are three inde-
pendent retinal colour-mediating mechanisms. According to
Hartridge, the four other mechanisms contribute to colour vision
when it is at its best, that is, when the seen object is moderately
large and the illumination adequate; they can be isolated only
under special conditions. Two of them are said to be active par-
ticularly when the object is very large and the light very bright;
they are not independent of one another, but one responds
mainly to yellow, the other only to blue light. The two other
subsidiary mechanisms postulated by Hartridge are thought to
be in action especially when the object viewed is small and the
illumination poor. One of them is sensitive to blue-green, the
other to red and violet light. These two, again, are linked.
It is not possible to give a more detailed account of the theory
here, or to discuss the evidence on which it is based. A host
of experimental results is quoted in support of the poly-
chromatic theory, and there is no doubt that one of Hartridge's
principal contributions lies in emphasizing that the gap left
open by the two other theories must be filled: no fact bear- °
ing on the subject must be left unexplained by any theory of
colour-vision which claims to be comprehensive. Some of the
facts marshalled by Hartridge are not always relevant and not
always representative. Another difficulty is that some of his
experimental methods have set the clock back by more than
fifty years. After the brilliant quantitative work of W.D.
Wright, J. Guild, W. S. Stiles, and others, it seems somewhat
retrograde to examine one’s sensations with little pieces of
coloured paper. There is no doubt, however, that a satisfac-

* See, for example Science News 16, pp. 154-7 particularly.
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tory consideration of coloy
and Hartridge has tried t
subject.

dozzetguf;nl;a:::e tLhat t},‘e POIYChromatic theory, tryi‘n.g as .it
really a theory of ¢ principal thegrles of colour-v1§1on, is
make any quanti s‘ensatxon', one which does not permit us t.o
theory hasqb amm}tw? pr e‘?‘C“OHS- However, the trichromatic
to explain t;en dlsrm_ssed in qther connexions as being unabl'e
unfairp To-d € sensations. It is our belief that this charge 18
relati c;ns of Y, the.m‘fhmmatnc theory is based solely on the
thi StlmUl_l: it cannot and does not postulate any-
ug 8 bout sensations. It infers from certain stimulus rela-
:19nsh1ps that, somewhere in the pathways, there must be a
Tiad bottleneck. There may be a thousand roads leading to
Rome and a hundred streets within her walls: if her walls
have only three gates, every man will have to enter through
one of them, although he may be able to choose from prac-
tcally infinite variety without and within the gates. From
the point of view of toll, only the gates will count. Similarly,
there may be a thousand stimuli and a hundred sensations:
Wl}en the energy relations are examined, they suggest the
existence of three independent mechanisms.

The i§sue has been confused somewhat by the name ‘tri-
ch.romatu':’, Chromatic, to paraphrase Huxley, is a quality of
mind. Tri- ‘stimulus’ would have been a more felicitous name.
If the distinction between stimulus and sensation is con-
stantly borne in mind, the subject of colour-vision is not half
as bewildering as it would appear. Since the perception of
colour p robably involves. relatively well-developed mental pro-
cesses, it is not unfair to expect that the whole problem of

colour-vision will be solved only when the relation between
mind and matter has been worked out.

T vision requires a catholic outlook,
0 bring such a one to bear on the

CURRENT LINES OF RESEARCH
AND DEVELOPMENT IN
GAS TURBINES

J. HODGE

THE term ‘gas turbine’ includes a very wide range of machines,
fundamentally similar but carrying out a multitude of different
duties. A convenient broad definition is that a gas turbine is
‘a heat engine in which the working substance is entirely in the
gaseous phase throughout the cycle and in which the flow pro-
cesses are continuous, rather than intermittent’. The essential
functions which must be performed, as in any heat engine,
are compression, heating, and expansion, The definition given
excludes the constant-volume combustion cycle (as developed
by Holzwarth in Switzerland), since this entails intermittent
(explosive) combustion, and also excludes the use of recipro-
cating compressors. Both these are nowadays most unlikely
in any case. Included in the definition are such uses as the
supercharging of boilers (Velox boiler) where the combustion
process takes place in the furnace of the boiler and the func-
tion of the gas turbine is to increase the pressure in the com-
bustion space. This improves the transfer of heat to the water
and steam, reducing boiler size and improving flexibility of
control. There are many other similar applications, where the
gas turbine occupies a subsidiary position not essential to the
operation of the main process but often greatly improving it.
Applications such as these have been known and used for
many years, and do not in general demand a very high per-
formance from the gas turbine itself. The great increase of
interest in and usc of the gas turbine as a prime mover in its
own right has stimulated research into all its aspects and it is
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the broad lines which this research is now following which will
be discussed in this article.

Although a few gas turbines had been built prior to the
advent 9f the aircraft jet-engine in the early 1940’s, these did
not. achieve enough success to show promise of a future such
as is now developing for them. The jet engine provided the
necessary stimulus because it was, and is, broadly speaking,
the only practicable way of doing the job for which it is
mtende.d - that is to propel aircraft at speeds higher than can
be achieved with the piston engine-propeller combination and
lower than those which make the rocket a feasible proposition.
Therefore, once the principle had been successfully demon-
strated, the immediate and urgent military necessity forced
the Jpace of development. In the aircraft field particularly
eﬁif:lency in all senses is of vital importance; hence the drive
to improve the aerodynamic efficiency of the components, the
tl}ermodynamic efficiency of the cycle and the mechanical effi-
ciency (in the sense of economy of weight, materials, and
space) of the design has been intense. It is this fundamentally
which has led to the present position where the gas turbine has
larg.ely. superseded the piston engine in military aircraft, is
beganmg to do the same in the field of commercial aviation,
and is on the threshold of great expansion in other uses 0B
land and at sea.

‘The lines of research and development being followed
dlﬁ;r of course with the field of application. Some are aimed
at improving efficiency, others at overcoming mechanical
difficulties, and others at utilizing different fuels.

AIRCRAFT GAS TURBINES

Prqbably thf. most definite and clearest lines are those along
which th? aircraft gas turbine is moving. Here the objects are
low specific fuel consumption (expressed for a jet engine as
gzz:ccll)s c;f) vf,ucl cqnsumeq per hour per pound of thrust pro-
thruSt)’ ) specific weight (pounds weight per pound of

, an _10\.&' frontal area per pound of thrust. The values
of these criteria which count are of course those measured
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under the most important flight conditions ~ specific consump-
tion while cruising at operating altitude, and specific frontal
area at maximum speed and power at the operating altitude.
It does not by any means follow that if an engine is good on
the test bed it will necessarily be good at high speed and alti-
tude, or vice versa. In practice the first two criteria (specific
consumption and weight) are often combined: the important
factor is total weight of engine and fuel for the given duty.

®
J !
Y \
c T -

Fig. 1. Simple jet engine cycle: C, compressor; CC, combustion
chamber; T, turbine.

The most obvious way of improving a jet engine, or for
that matter any gas turbine, is to increase the efficiencies of
its compressor and turbine. This process has been going on
steadily since the advent of the first Whittle engines until
now there is little room for further improvement, and further
small gains can be made only by the expenditure of a dis-
proportionate amount of effort. In fact the stage has almost
been reached in the best compressors and turbines where the
aerodynamic losses are solely those which it is virtually impos-
sible to reduce further. As this state is approached more
closely, greater accuracy of manufacture and improved surface
finish are likely to be called for and sensitivity to damage,
dirt deposition, and so on will increase, so that not only are
higher efficiencies more difficult to achieve but they are also
less practicable. The practical limit to component efficiencies
appears likely to be reached at about 92 per cent.

Another very effective way of reducing consumption and
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frontal area is to increase the compressor pressure-ratio. This
again involves aerodynamic difficulties, since the higher the
pressure, Fhe larger is the number of stages in the compressor:
While it is not difficult to make a high-pressure-ratio com-
pressor work at one operating point (mass flow, pressure ratio;
and speed) it is very difficult to make it work satisfactorily
Over a wide range of operating conditions, such as an aircraft
engine, mn particular, encounters. This is because it is necessary
to ensure that under all conditions none of the blades are
either ‘stalled’ or ‘choked’, The former condition leads 10
Instability of operation by a more or less complete breakdown
of the flow through the machine (surging) and is analogous,
roughly speaking, to the stalling of an aircraft wing. The
latter means that sonic velocity is reached at some point 1
the compressor, which imposes a limit on the flow through
it and causes a large reduction of efficiency. Much effort 13
bemg devoted to increasing the pressure-ratio that can be
Obtam?d from a single compressor without undue sacrifice of
operational flexibility. This involves a great deal of pains-
taking research into the details of the flow through com”
pressors and can be combined with the search for higher
efficiencies.
of?l?e way Of‘inc'reasing pressure ratios while avoiding many
¢ difficulties is to split the compressor into two (or more)
m:c:zztc‘ally independent sections, thus adding the rati_o of
ot 0 0 e
pressure ratios a 1°nls evice can extend the range of us&d
ind of difficulty jt brings others which will

have to be solved — _ .
and of control,ed those of more complex mechanical desigt

m gycle tem i try ¢
erature perature (turbine entry
P ) does not, above a certain point (which is dependent

Oon compon . . )
tempera‘t’ur:)mr::glc:lepcxes, Pressure-ratio, speed, and ambien*
This optimum valt "0 a decrease of specific consumption:

Ue i exceedeq by most current designs 8%
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increasing the temperature increases the specific consumption
while simultaneously increasing the thrust,

The reason for this is to be found in the mechanism of
transformation of the power produced by the engine into
thrust acting on the aircraft. As is the case in any heat engine
(neglecting cooling losses) increasing the maximum cycle tem-
perature in a jet engine increases the efficiency of power
production. The power is in this case in the form of kinetic
energy of the exhaust gases., The thrust acting on the aircraft
is due to the change of momentum of the gases as they pass
through the engine. The Kkinetic energy of a given mass is
proportional to the square of its velocity, but its momentum
only directly to the velocity. Thus if the momentum (thrust)
of a given jet of gas is to be doubled, its kinetic energy must
be quadrupled. Looked at the other way round, this means
that if the kinetic energy output of a jet engine contained in
a given mass of exhaust gases is doubled, the thrust resulting
will be increased only by about 40 per cent (+'2). Hence
the increase of maximum temperature, while it will always
result in an increase of efficiency of production of Kkinetic
energy, nevertheless does not in the current range of condi-
tions result in a decrease of specific consumption (based
on thrust). The increased Kinetic energy results in an increase
of the wasted energy temaining in the atmosphere after the
aircraft has passed by, which finally degenerates into heat.

If the kinetic energy produced can be spread over a much
larger mass of air the velocity resulting will be much lower,
but a greater thrust will be obtained from a given expenditure
of energy. The airscrew is an almost ideal means for achiev-
ing this end, handling huge quantities of air and imparting only
a very small change of velocity to them, so that very little
energy is wasted and efficiencies of utilization of the energy
produced by the engine (propulsive efficiencies) are very high.
But airscrews as used at present are not suitable for high
speeds, since as the tips of the blades approach sonic speeds
their drag increases rapidly, reducing the efficiency. This effect
would be sufficient in itself to prevent the attainment of speeds
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sych as are reached by present-day aircraft, were pormal
airscrews the only available means of propulsion.

Particularly in the United States attempts are being made
to extend the operating range of airscrews to higher speeds
by the use of supersonic types, whose blades actually operate
ei.’ﬁciently at speeds above that of sound (whether or not the
aircraft is itself moving forward at supersonic speed). Apart
from the noise produced, which is likely to be extremely
unpleasant, there are many difficulties to be overcome beforé
such devices can be successful. Among the greatest of thes
1s again one of operating range - it will almost certainly
difficult to obtain reasonable efficiencies at both subsonic and
supersonic blade speeds. The flow regimes are SO differfant
that a good compromise (necessary for low-speed operatiot
at least during take-off and landing) may prove very difficult
to achieve.

A device analogous to the supersonic airscrew is the Super
sonic compressor. As conceived at present, this is an axi
compressor whose blades work entirely in supersonic condi-
tions. Its chief advantage is the large pressure-ratio obtainable
per stage, but there may be others such as reduction of frontal
area, better matching with the turbine, and so on. This agail
is likely to be somewhat inflexible in operation, and whl!e
supersonic compressors have been made and tested, it Wil
probably be some time before they are ready for use 12
engines,

By enclosing the airscrew in a duct, the air can be diffused
(reduced in velocity) before reaching the blades, so that the
onset of supersonic blade-speeds is reached later, or not at
all, even at very high aircraft speeds. It is, however, imprac:
F‘catfle to surround a normal airscrew by ducting, because ©
1ts size. So a much smaller type (known as ducted fans) wi
probably be used. Being smaller in diameter they cannot
handlg such large volumes of ajr as airscrews; therefore the¥
must 'mpart more energy per pound to the smaller mass i
order to utilize the same amount of power. This necessarily
means that their propulsive efficiency will be lower than that
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of airscrews in the speed range where airscrews are not
affected by Mach number (the ratio of the speed of air-flow
past a surface to the speed of sound under the same condi-
tions). But at higher speeds they will almost certainly prove
better than the simple jet engine as regards consumption and
probably very good in terms of weight and frontal area.

A basic problem which will affect the aircraft engine in
the future will be that of maintaining combustion at a reason-
ably efficient level at extreme altitudes. The reduction of
atmospheric pressure as higher altitudes are reached will be
partly offset by increased engine pressure-ratios, but the time
must come when the reduced density of the air in the com-
bustion chambers will lead to a serious reduction of effi-
ciency, and means will have to be found to combat this. At
this stage fundamental research into the chemical and heat-
transfer phenomena of combustion will be of great value.
Other foreseeable developments in aircraft gas turbines are
likely to be of a more purely engineering character or will
be even more important in relation to other types of gas
turbines, so will not be discussed here.

GAS TURBINES FOR OTHER USES

Where gas turbines are to be employed to produce shaft
power on land or at sea the problems are different from those
encountered in the air. The life of the plant must usually be
very much longer, weight is no longer of such vital impor-
tance, but efficiency is often of very much greater importance,
and cheaper fuels must be used.

Dealing first again with the thermodynamic aspects of the
search for higher efficiencies, there are two most important
differences between the air and ground types. The first is that
in a shaft-power machine, increasing the maximum cycle
temperature does greatly increase the efficiency while also
increasing the output. Higher temperatures, while by no means
difficult to generate, are extremely difficult to employ. Metallic
materials as now used are getting fairly near the limit of use-
ful development; they are chiefly based on nickel, chromium,
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Another approach to the use of very high temperatures in
turbines is to prevent the blades from reaching the tempera-
ture of the gas in which they are immersed. This not only
permits gas temperatures to be used which are higher than
the materials can withstand, but also may in some cases allow
cheaper and more readily available metals to be used. German
aircraft gas turbines during the war used internally cooled
turbine blades, and a great deal of work has been done since
then. There are several important and very interesting fields
of research being explored. One is the transfer of heat from
the gases to the blade surface. Here the effect of the blade-
shape, the size of the blade (scale effect, expressed by Reynolds
number), Mach number effect, and the distribution of the
heat transfer over the blade surface, all need to be thoroughly
understood before a reliable cooled turbine can be designed.
Then there is the complementary problem of the removal of
the heat from the blade. In most cases this is done by internal
air cooling, and this has involved the investigation of heat
transfer in small and sometimes annular passages, often with
a fairly large pressure drop.

In another system water is used as the cooling medium.
In this case, instead of allowing the coolant to escape at the
tip of the blade as i5 usually done with air, a closed system
is used. Since the blade will be subjected to a centrifugal field
of some thousands of times the strength of gravity, a powerful
natural convection is set up which effectively conveys the
heat from the blade to the inside of the turbine drum, where
it causes steam to be evolved at the inner surface of the water
layer. The feature of this system which is of greatest interest
is the large increase of heat transfer rate which occurs when
the pressure of the water in the cooling passage approaches
the critical pressure. By suitably regulating the pressure by
control of the radial depth of the water, in conjunction with
the rotational speed of the machine, very effective cooling can
be achieved. .

An entirely different approach to the cooling problem is
‘effusion cooling’ where the heat from the combustion pro-
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ducts is prevented from reaching the blade surface by inter-
posing a layer of cool fluid between them. The fluid should
preferably be a liquid, but air is more often envisaged as it
is more readily available in an engine. Among the problems
associated with this system are those of the production of a
porous or quasi-porous blade, probably made from a com-
pact of sintered metal powder. Precise control of the porosity
is important and may be difficult to achieve. Also the neces-
sary porosity must be combined with reasonably good
mechanical properties. Then from the aerodynamic point of
view, the consequences of the effusion of coolant in altering
the effective shape of the blade profile must be investigated,
as also the effectiveness of cooling, which entails a knowledge
of the mixing of the hot stream and the cold ‘blanket’.
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Fig. 3. C.omple.x gas turbine cycle typical of those nsed in large
md‘usmal units: C, compressor; IC, intercooler; HE, heat ex-
changer; CC, combustion chamber; T, turbine.
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In non-aircraft applications of the gas turbine, as the maxi-
mum cycle temperature is raised so does the importance of
recovering as much as possible of the exhaust heat also
increase. This is done by means of the heat exchanger, which
by various means effects the transfer of heat from the gases
leaving the turbine to the air entering the combustion chamber.
Hitherto the exchangers used have chiefly been of the shell
and tube type. The benefits of small passages (enabling more
surface area to be packed into a given volume) and possibly
laminar flow conditions have now been generally realized
and a great deal of development is being carried.on along
these lines. Very few data have been available until re_c?ntly
on heat transfer between gases, in laminar flow condlqons,
and the gas turbine heat-exchanger application has stimu-
lated a good deal of basic research in this field. Sg far 'all
heat-exchangers have been of the recuperative type i1 wh'xch
heat i transferred between the two gas streams, ﬂowxqg
adjacent to one another, through a solid dividing wall. It is
probable that a new type — the regenerator —~ will be intro-
duced soon. Here the heat is picked up by a solid (or con-
ceivably a liquid) matrix from the hot stream and the' heated
matrix is then jmmersed in the cool stream, giving up its heat.
By various means this can be made a continuous, or nearly
continuous, process. Since the heat transfer processes are all
of a transient nature, the mathematical analysis of the opera-
tion of such exchangers is somewhat complex, but apart. from
the requisite heat transfer data, the problems involved in the
development are mainly of a mechanical rather than of a
fundamental nature. Besides the purely thermodynamic efli-
ciency of a machine, its economic efficiency must also be
adequate. This means that high thermodynamic efficiency is
of little use for practical commercial purposes unless a reason-
ably cheap and readily available fuel can be burned. So far
most gas turbines have run on light distillate oil or gaseous
fuels, neither of which present any difficulties in the way of
ash or corrosion problems. However, in most parts of‘ Fhe
world coal is the cheapest fuel available in large quantities,
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are worn in them by this sand-blasting effect. It is possible
to remove the bulk of the ash content in the combustion
chamber if the wet wall or slagging type is used. Here the
ash is made to form a liquid film over the walls of the
chamber, to which most of the ash particles adhere. In fact,
most of the combustion takes place on the walls, particles
burning while sticking to the liquid layer. The particles which
do escape from the combustion space must be caught and
prevented from reaching the turbine (except those of only a
very few microns in size which will be too light to do serious
damage). This is at present being done by cyclone separators
of various sorts and these have to be extremely efficient and
work at high temperatures. When temperatures rise suffi-
ciently for the ash to be sticky the problem of coal-ash will
change from one of erosion to one of deposition.

Heavy oils present a somewhat more complex picture. In
the lower temperature-range deposition of ash particles on the
blades seems to be the major difficulty. This ultimately causes
serious deterioration in aerodynamic performance. The prob-
lem is being tackled by mathematical and experimental studies
of the aerodynamicé of deposition of various sized particles
on blades, and by attempts to control the size of the fuel
droplets, and hence the size of the ash particles.

Perhaps the most intractable of the problems of using
relatively cheap fuels is that of accelerated corrosion, chiefly
due to vanadium and sodium in the ash present in residual
oils. These appear to dissolve or break down the protective
oxide film on the blade material and extremely rapid corrosion
can result. This problem gets worse, as would be expected,
as the temperatures are raised. Various methods are being
tried to reduce the rate of attack, including metallurgical
studies to reduce susceptibility of the material and to give a
better understanding of what happens, and the use of additives
to the fuel. These are intended to act as inhibitors to form
inert compounds with the harmful constituents of the ash.
Apart from finding an additive which does this, it is necessary
that it should not be too expensive (or it might be cheaper
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to us_e. a distillate fuel), that it should not cause heavy
deposition and should be easy to add to the fuel.

CONCLUSION

The developments mentioned so briefly do not of course
c.onstitute a complete list of all the problems of promising
lines facing the gas turbine designer. They do, however, serve
to show that'while the development of the gas turbine’ in its
many forms is primarily an engineering matter, the engineer-
ing is very much of the nature of applied science. The type
of data _needed lies in most cases on the fringe of current
engineering practice and some fundamental research and a
great deal of application of scientific method and knowledge
is needed for success.

The development will follow logical and well-defined lines
and while invention as such has its place (mainly in mechani:
cal matters) progress will come mainly from a gradual exten-
sion of our knowledge of a wide variety of subjects, including
metallurgy, high speed aerodynamics, and heat and mass
transfer. Research on these is closely related to work being
done for other purposes {such as the development of high
speed aircraft). Involving an advanced form of technology, the
success of the gas turbine can, if properly appreciated and

applied, result in improvements in many other branches of
engineering.

UNDER-WATER TELEVISION

New techniques for the observation of marine animals in
their natural habitats, and for the examination of sea-bed
formations, have been made possible by the development of
under-water television as a practical system. Its first recorded
use was in June 1951, by the British Admiralty, during the
search for the wreck of H.M.S. Affray. In 1947, there had been
tests at the Cornell Aeronautical Laboratory in the Unifed
States; and in Great Britain there has been interest in relation
to marine biology. From the same year, in 1949, preliminary ex-
periments were done in the aquarium of the Zoological Society
of London. During the A ffray investigations, and subsequently,
there has been experience by the Royal Naval Scientiﬁc Ser-
vice in the use of a standard television camera, with impro-
vised under-water casing, in open-sea conditions. At the Scot-
tish Marine Biological Association’s Station at Millport there
have been experiments in a 60-ft concrete tank used for Pyster
investigations. Prototype equipment was used in the Millport
experiments, and various modifications have been tested, in-
cluding specially designed camera tubes. The results so far have
been encouraging. Sets specifically designed for under-water
use have been manufactured for the Admiralty an§ for the
Scottish Marine Biological Association, the latter with essen-
tial support from the Development Commission. Accounts of
progress up to the present stage have been given by W. R.
Stamp of the Royal Naval Scientific Service, and by Dr
H. Barnes in the case of the Millport experiments. The historic
picture showing the name Affray is reproduced as Inscj.t 1:
this was a snapshot of the television screen taken with a
hand-held camera. Some of the Millport pictures are shown
as Inset 3~10. All these pictures are, in effect, at three removes
from the original moving picture. ) .
Under-water television, remotely controlled, is 2 logical
extension from under-water cinematography, and its poten-



92 Science News 25

tialities are suggested by the comparison. Cinematography,
developed by the Group Recherches Sousmarines of the
French Admiralty, and in Great Britain by the Admiralty
Research Laboratory, can be operated either by free-swim-
ming (‘frogman’) divers or, with greater safety as the depth
of operation is increased, by divers lowered from a ship.
The limit in depth is about 300 ft, and the limitation in use
that the objects filmed are seen only by the divers. Alterna-
tively, but at great cost and on rare occasions, use can be
made of a pressure-resisting chamber to convey the scientist
himself to greater depths.* With television, there is a loss in
mobility compared with cinematography, since free-swimming
is impossible; but the biologist or geologist can direct opera-
tions as if present. Mr Stamp quotes this example:

On the occasion of a demonstration, a diver was sent down to
operate underneath the camera (at about 120 ft depth). The nature
of the bottom was determined from the screen as being of coarse
gravel ranging from 4-inch to 3-inch with a slight admixture of
coarse sand. The diver was instructed to gather a sample, which
he was observed to do. Examination of this completely confirmed
the detailed information obtained from the screen. This result was
obtained with the camera some 10-15 ft above the bottom, a closer
approach being impossible due to lack of remote optical focusing
{in the camera then used].

A geological investigation incidental to the search for the
Affray was the examination of a bottom-formation shown
by echo-sounding to be semi-circular in plan, about one-

*‘Hijt-or-miss’ and continuous photography of the ocean-bed
have also been used at great depths. Examples are a photograph
published in 1948 by Ewing, Vines and Fleming from the Woods
Hole Marine Biological Laboratory, Massachusetts, showing a sca
spider and “brittle stars’ at 5,800 ft depth on the bed of the North
Atlantic: and, in illustration of geological use, a photograph pub-
lished in 1952 by R.S. Dietz, oceanographer of the U.S. Naval
Electronics Laboratory, San Diego, showing the rocks of a sub-
merged ‘mountain-top * at 4,500 ft depth in the Central Pacific. The
pressure-resisting chamber (‘bathysphere’) was developed by Dr
William Beebe (Half-Mile Down, 1934).
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quarter mile across, and rising from 50 to 60ft above the
sea-bed. A search of about an hour covered most of the sur-
face, and showed the formation to be a smooth, featureless
sand-hillock, devoid of even marine life except for a solitary
crab. Such formations are not unusual in the English Channel.
Investigation by bottom-sampler reveals their nature, but not
the detailed structure or the configuration of the surface. In
another area, a succession of sea-bed waves of about 15 ft
height and 700 to 800 ft length were seen on the television
screen (without mooring the ship) to have a surface of fine
sand which bore the ripple formation seen often at the sea-
Shore; this was at a depth of about 90 ft near Smith’s. Knoll.
The presence, distribution, and appearance of rock and sand
formations are also most easily investigated visually, s.ince
bottom-sampling is confined in practice to scattered points.

. There is no particular difficulty in such a case in viewing the

wanted area of sea-bed. But in tidal waters, and where tl}e
aim is to view a single, small feature, considerable seamanship
may be required,* even when the object to be viewed has
already been located by other means.

Used independently of a diver, the television camera can

be operated at greater depths than a diver can work at,
and for longer periods than even an observation chan"lber.
Manoeuvring of the salvage (or research) vessel is simplified.
So, too, is the placing of salvage or other equipment. Mr Stamp
writes :
It is a fascinating experience to place a diver's shot-line, salvage-
grab, or other device solely with the aid of the camera, accura.td.y
to within a few inches. The sense of intimacy is so great that it is
difficult to believe that the object in view is some hundreds of feet
below the sea surface.

As a possible extension of the method, he suggests the use of
remotely-controlled salvage tools for the recovery O_f cargo
from wrecks lying in deeper water than it is practical for
divers to work in.

* Sce, for example, ‘Deep Water Use of Television’, The Times,
7 June 1952, p. 3.



94 Science News 25

Tests in the tank at Millport have been described bY
Dr Barnes. They include the examination of fish, bottom
fauna, and plankton under varying conditions of Iighting qnd
turbidity; the latter being expressed as percentage transmission
of the value in air, and conditions deliberately made severe
compared with natural conditions in the area. In a turbidity
corresponding with 63 per cent transmission (86 per ““;
in the sea at the time), the ‘twitching’ of the anten‘nules o
moderate-sized hermit crabs could be seen at 6ft, ‘the lens
magnification available allowing more detail tf’ be sfien tt;au
would be possible by direct visual observation and under
those conditions’. With the same turbidity, but at 1 ft distance,
the screen showed the rapid motion ?f the fine apgendages
of the planktonic euphausid Megfzrfycuphanes Zgnlregtc:zl, here
inadequately represented by a ‘still’ (Inset 9)- ;1 6tftc g. twere
distinguished readily by their external feafurss at °5 't cistance
with 73 per cent turbidity. Four of the p.nctures.s owing cod
have been arranged in Inset 36 so as to give the impression of

movement.
TELEVISION EQUIPMENT AND LIGHTING

It may be asked, why has not under-water television been

developed earlier as a research meth'og? The answer given by
Mr Stamp is that, until lately, telev1_sxon equipment has been
‘bulky, costly, unreliable, and most important of all, insensi-
tive’. Advances in the United States during the war, and the
impact of radar techniques on electron circuitry generally,
have removed many of these difficulties. There remains room
for simplification through the elimination of circuit-features
needed only for broadcast te:levision in which the synchroniz-
.ing of the received pictures is more difficuit,
Three models of television camera which can
to under-water television are at present availabl
Britain. Two of these employ ‘image orthicon
a C.P.S. ‘Emitron’ tube. One of the former
in the Admiralty equipment; the latter in
for the Scottish Marine Biological Asso

be applied
e in Great
§’, and the third
models is used
the camera developed
ciation.
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Problems of lighting are discussed by Mr Stamp from field
trials arranged by the Royal Naval Scientific Service. At th_e
Affray site, far removed from contaminating sources, visibili-
ties of up to 40 ft were obtained occasionally, with illumina-
tion from a 1.5 kW. diver’s lamp, suitably shielded; the lowest
working range, after prolonged bad weather, was 15 ft. Coastal
waters are often of mediocre quality and, round estuaries par-
ticularly, may be useless for television. The situation is similar
in these circumstances to driving a car at night in fog, and
no advantage has been obtained from using light-sources of
any particular colour or spectral distribution.

The main optical problem is to provide a wide field of view
into the water. Compared with the 25° field given by the
Standard camera first used by the Admiralty, it has been
found possible to obtain a field of 70° through a plane (as
opposed to spherical) window by various simple devices. Two
new cameras made for the Admiralty will be capable of
descent to more than 1,000 ft depth. Facilities have been built
into them for the changing of lenses, focus, and aperture
with remote control. The size of the casing is of the order of
20-in. diameter and 30-in. length. One complete set has been
assembled for sea trials in the deep-diving vessel Reclaim;
the second is for experimental work at the Admiralty Res;arch
Laboratory. Similar facilities for remote control are incor-
porated in the Miilport equipment. It is to be used initially in
the research ship of the association, the 75-ft M.V. Calanus.

On 6 June 1952 a demonstration was given in Falmouth
Bay of the new equipment then installed in Reclaim. A large
fin has been fitted to the camera-casing as an aid to steadiness
in the water, the effective weight of the camera, lighting, and
casing when submerged being about 13 cwt. The demonstra-
tion included the location and viewing of an uncharted wreck
at 240 ft depth in tidal waters, and the viewing of the sea-bed
at 60 ft depth with natural illumination. When amplifiers have
been included in the cable, it was suggested that the present
working limit of about 1,000 ft depth could be extended to
about 3,000 ft with the same camera.
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CONCLUSION

In summary, the use of under-water television in the search
for the wreck of the Affray is seen as a dramatic episode in
developments which were already taking place. The value of
some of the more practical and direct applications of the
method have been established in moderately favourable con-
ditions with preliminary equipment. These applications include
sea-bed surveys. Work on the application of the technique
to marine biological research has been preparatory only; its
uses, limitations, and relation to other methods will have
to be learnt from experience, although the outlook from pre-
liminary experiments is thought encouraging (Barnes). The
next step will be to simplify the camera-chain and reduce the
size of the camera (Stamp). The most promising line of
development is to retain the present camera pick-up tube, but
to simplify the electronics and to shape the camera to fit a
smaller casing. An increase in working depth will then become
. mote practical.
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UNDER-WATER TELEVISION

1. Side of the conning-tower of the wrecked submarine, H.M.S. Affray:
photograph taken on 14 June 1951 with hand-held camera from the tele-
vision screen of the preliminary and partly improvised equipment used in
the search. The first recorded application of under-water television. (Official
Admiralty Photograph, Crown Copyright.) ,

2. Dogfish, by under-water television with the same equipment. The differ-
ence in effective quality between pictures seen ‘live ' on the screen and that
after photography and reproduction can be judged from the examples of
performance quoted in the text. (Official Admiralty Photograph, Crown
Copyright.)



The pictures in these two
pages and overieaf were ob-
tained by Dr H. Barnes during
experiments with a prototype
under-water television set in a
60 ft concrete tank at the Mill-
port Station of the Scottish
Marine Biological Associa-
tion. Those seen here are of
cod. Inset 3-6 are so arranged
as to give an impression of

movement. A smaller plankton
animal is shown overleaf as
Inset 9. Turbidity was deliber-
ately made worse in the tank
than in the sea at the time (see
text). Various modifications to
the equipment were tested. The
manufactured set is to be in-
stalled, at first, in the Associa-
tion’s research ship, the M.V.
Calanus.
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surface (bottom of the figure) and traverses the thickness of the retina before

reaching the receptors.

10. Cod, photographed by

under-water television. (This

and the preceding 7 Ppictures .
are by Dr H. Barnes, Scottish

Marine Biological Associa-

tion, Millport.)
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PALOMAR PHOTOGRAPHS

18. Part of a cluster of nebulae in Comg Berenices, distant about 40 million
light-years, photographed with the Hale 200-inch telescope at Palomar Ob-
servatory, California. This and Inset 19 (below) are enlarged by the same
amount: they show the decrease in apparent size of extragalactic nebulae
with increasing distance,

19. Cluster of nebulae in Corong Borealis, distant about 120 miltion light*
years. The scale’ has been extended ¢ is di
the luminosities of the faintest nebulae

distances are nearly 1,000 million light-years,

i jci, and satellite
20. Spiral nebula in Canes Venatici, an
NGCp5195; Messier 51). This is one of thelgl)mlae
sion has been detected (Science News, 20, -

nebula '(N,GC 5194 and

from which radio-emis-
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23. Debris from a stella;

Persei 1901. r explosion; expanding nebulosity around Nova

the preceding six photographs ::rleComa Berenices, scen edge on. (This and

Palomar Observatory, California )

taken with the 200-inch Hale telescope &

CONSCIOUSNESS AND THE BRAIN

MARGARET KNIGHT

THE mind-body relationship has recently been in the air in
more senses than one; and the Third Programme listener, if
Rot the man in the street, must by now be familiar with the
view that the mind depends on the brain.* It is a view that
most people find subtly disturbing when first they encounter it;
but for most neurologists it has long held the status, if not of
an axiom, at least of a recognized fact. Professor Wilder Pen- -
field, for example, in a B.B.C. talk on “The Physical Basis of
‘Miﬂd’, remarked with the air of one stating a truism that
everyone knows that the mind of man is something that
depends on the action of the brain’. But this is going too far:
there are still many people who reject the hypothesis of a one-
sided dependence of mind on brain and remain faithful to the
‘common-sense’ view that the mind and the brain interact.t
Adherents of the interactionist view often express themselves
as dogmatically as their opponents. Against Professor Pen-
field’s dictum, for example, may be set the no less emphatic
statement made some years ago by Professor Aveling that
‘... the view that mind is a by-product of matter need hardly

be taken seriously’.

*This could be more accurately expressed as ‘mental processes
depend on pfocesses in the brain’. But ‘the mind’ is a convenient
term, provided it is understood that it belongs to the same logical
category as ‘the memory' or ‘the intelligence’, and that it does not
refer to some non-material entity distinct from, and underlying, our
mental processes.

+There are other possible views on the mind-body relationship,
such as psycho-physical parallelism, neutral monism, absolute ideal-
ism, and Watsonian behaviourism. But the main issue lies between
the hypothesis of interaction and of one-sided dependence.
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retinae of our eyes, electro-chemical impulses are transmitted
along the optic nerve to the visual areas of the brain, and so
on; and as a result we see two cats, and form the relatc’:d belief
that two cats are in fact there. Few people would dispute that
311 cases of this kind our belief is wholly determi :15 pb ethese
purely material antecedents’, to use McTaggart’s 11}1; s Y iven
these specific sensory and brain processes th: bzli; gmusf
follow. Yet, so far as I know, no interactioni’st has argued that

there is therefore no grot .
true. ground for supposing such beliefs to be

It may be said, of course, t

; hat this is g
ad hominem, and shows mere] t this is simply an argument

¢ i y that the interactionists are not
. » the point is worth making that i

do ot ng that in fact they

It may be observed in Dassin

disposed to take up this radicalg’ fowever, that if anyone were

. . ly sceptical position. i
. position, it would be
L?l:ﬁis':ifet&;f flefrlhd1 n:{ n the last analysis, all our k::)wledge
! depends on electro-chemjeal ’
transmitted to the brain from emical ‘messages

ticism, for the same is t defeince against absolute scep-
, true of the Interactionists, i

our beliefs were determined by mental, not ph S_S-l ven if all

they would st{ll be open to the same Sceptio, ysical, processes,

absolute sceptic sees no more re blical doubts; for the

. . ason for ; .
for trusting the brain and sense trusting the mind than

: - ~0rgans, .. .
short, is a logically tenable theory on :]l;SC‘),lil;te sc:p::cxsm, in
W of the mind-

body relationship: the interactionist ¢
. . . - an )
the believer in brain-dependence. N0 more refute it than

[ ]
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may be amusing to defend it in theory; and it need not be
further considered. To return to the main issue — when inter-
actionists are pressed to say why, if they distrust beliefs that
are determined by ‘purely material antecedents’, they trust the
deliverances of their senses, the answer they usually make is
that beliefs based on sense-perception are not really the sort of
beliefs they are talking about. Their case, they will say, rests
on our ‘reasoned’ beliefs -~ that is, on beliefs that we reach by
deductive reasoning, or by the weighing of evidence. Let us,
then, consider this argument. Absolute scepticism would, of
course, be as fatal to ‘reasoned’ beliefs as to beliefs based on
sense-perception, but if we reject absolate scepticism (as we
must all do in practice, with however little logical ground), is
there really any ground for saying that we could not trust our
‘reasoned’ beliefs unless we knew that they were determined by
mental and not by brain-processes?

Among the most obviously ‘reasoned’ of our beliefs are
beliefs based on mathematical calculation: so let us consider
what happens when we set ourselves to work out (let us say)
how many yards of material we shall need to make curtains
for a particular window. While we are doing the sum, electro-
chemical processes of various kinds are going on in our brain -
processes that may well be closely analogous to those that go
on in an electronic calculator. On the brain-dependence hypo-
thesis, the result we reach is entirely determined by these pro-
cesses. But that is no reason for distrusting the result, any more
than it would be a reason for distrusting the resuits of calcula-
tions worked out by electronic machines.

This does not imply, of course, that a human being is just a
more elaborate form of electronic calculator. There is a pro-
found and obvious difference, in that the human being is
conscious and the calculator is not. When we feed a problem
into the calculator, it does it correctly, but it does it ‘blind’ — it
does not know what it is doing, or know the answer when it
has produced it. But when a human being works out a problem,

But in any case absolute scepticism li ' .
. s ) » like solipsism, j _ ' | h
those views that it is impossible to believe olipsism, is one of the brain-processes are accompanied by conscious mental, e

in Practice, though it periences. w which we denote by. égeﬁr téPhs as
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‘remembering the rule’, ‘seeing what to do’, ‘knowing the
answer’, and so on. I am not denying for a moment that when
we do a sum (or whatever it may be) mental processes as well
as brain-processes are occurring. All that I am suggesting is
that there is a great deal of evidence that the mental processes
depend on the brain-processes; and that a particular argument
which claims to refute this view is fallacious.

Let us look at McTaggart’s argument again. He says that the
brain-processes are ‘quite blind, and are just as likely to pro-
duce falsehood as truth’. Admittedly brain processes are blind,
in the sense in which all physical processes are blind — includ-
ing the processes that go on in the electronic calculator. But
why should this mean that they are ‘just as likely to produce
falsehood as truth *? If electronic calculators were just as likely
to prqduce falsehood as truth, we should not be spending vast
sums in constructing them.

We .trust the electronic brain because we know that its
operations proceed in accordance with mathematical laws. To
put it differently, mathematical laws and relationships have
their counterparts in the functioning of the calculator. Simi-
larly they have their counterparts in the functioning of the
human brain.

Moreover, if mathematical laws have their counterparts in
brafn-functioning, s0 too do the laws of logic. If we admit that
bran'n-processes can give rise to the experiences involved in
solving equations and estimating statistical probabilities, is
there any reason to deny that they can also give rise (for
°Xfim§)le) to the process of mental trial-and-error involved in
thkmg out a chess move? Or the weighing of pros and cons
involved in making up one’s mind on a controversial issue?
To take a concrete case, suppose we decide that we must
make up our mind whether or not we believe in flying saucers.
The conc_lusion we reach will be related to experiences we have
had, and information we have gained, in the past: for example,
to whether we have ourselves seen anything like a flying
saucer; to the amount of scientific knowledge we possess, and
our view on how far the existence of flying saucers is compat-
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ible with this knowledge; to how much we know about the
psychology of testimony, the effects of mass suggestion, and so
forth. On the brain-dependence hypothesis, this knowledge and

. experience is dependent on brain-processes: and so likewise,

of course, is the final experience of judging, forming an
opinion, making up our mind, or whatever we choose to call it.
It is true that we have no detailed knowledge of the type of
brain-process involved. But when, for example, we read an
article about flying saucers, there is no doubt at all that brain-
processes are going on; and there is very little doubt that these
processes leave effects or ‘traces’ in the brain, and that these
traces are reactivated if we think or talk about flying saucers
a week later. If we set ourselves to recall and weigh the
evidence, all sorts of relevant brain-traces are reactivated; and
their combined activity gives rise to a further brain-process,
which leads to the conscious experience of belief, disbelief or
suspended judgement. The conclusion we reach may, of course,
be mistaken, but that is the case on any view of the mind-body
relationship. The essential point is, that we need not distrust
the conclusion merely because it depends on brain-processes;
any more than, for similar reasons, we need distrust the results
of calculations worked out by machines.

CONCLUSION

To sum up: perceiving, thinking, reasoning, weighing prob-
abilities and so forth — all these are mental processes. We know
that they are accompanied by brain-processes, and there is a
good deal of evidence that they are dependent on brain-
processes: but opinion is divided on this point, and it cannot
be regarded as settled. But there is a school of thought that
claims to be able to close the question outright, by showing
that the brain-dependence view involves a logical contradic-
tion. The present article is an attempt to show that their argu-
ment is fallacious.
Some books for further reading are overleaf.
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FOR FURTHER READING

One of the most persuasive statements of the interactionist argu-
ment discussed above will be found in Chap. 3 (‘The Self-
Contradiction of the Naturalist’) of C.S. Lewis’s Miracles (Lon-
don, Geoffrey Bles, 1947).

The standard philosophical work on the mind-body relationship is
still C. D. Broad, The Mind and its Place in Nature (London,
Kegan Paul, 1925). From the physiological side, the best intro-
duction is probably the series of B.B.C. talks on The Physical
Basis of Mind, now published in book form (Oxford, Blackwell,
1950).

A recer)lt book that has aroused much controversy is Gilbert Ryle,
The Concept of Mind (London, Hutchinson, 1949). This is a
challenging, but in the writer’s view mistaken, attempt to equate

consciousness with behaviour, and to show that ‘the traditional .

mind-matter dichotomy’ is due merely to linguistic confusion.

RESEARCH REPORT

A. W. HASLETT

- POSITRONIUM

POSITRONIUM is the name given to a state of short-lived mis-
alliance between a positive and a negative electron preliminary
to their mutual annihilation. The system which they form is
described as ‘the bound electron-positron system’. It is analo-
gous to the hydrogen atom, since this also consists of two
particles, oppositely charged. The difference is that the proton,
massive compared with its satellite electron, is here replaced by
a positron, otherwise a positive electron, so that neither is
nucleus or satellite, but both are equal. Until 1951, the possible
existence and the properties of such a system were of only
theoretical interest. From a succession of recent experiments
it has gained the status of a physical entity, necessary for the
explanation of observed results, and formed in varying abun-
dance whenever positrons are stopped by matter. It is a very
short-lived entity by normal standards, but not in relation. to
the time-scale of atoms; the probable lifetime of its most stable
form being, in fact, intermediate between those of the two most
securely established meson particles (v-mesons and p-mesons).
Its chief interest lies in the availability for observation of a
further two-particle system, and in the extent to which the
theoretical considerations which led to its discovery have been
so far confirmed.

When positrons emitted by radioactive atoms are brought to
rest in matter they are lost to observation, and their disappear-
ance is accompanied by the release of energy as radiation. Such
radiation was observed by J. Thibaud and F. Joliot in 1933,
that is in the year following the discovery of the positron.
P. A. M. Dirac’s (1928) theory of the electron was seen in retro-
spect to require the existence of the positron, and it followed
from this theory that positrons and electrons should annihilate
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one another. Experimentally, from the absorption of ‘annihila-
tion radiation’ in passing through matter, its energy was found
to be equal to half the energy-equivalent of the combined
rest-masses of the two particles; that is, to 0.51 MeV (million
electron volts). There is available 1.02 MeV of energy which
must be disposed of. Its release as two quanta of radiation,
emitted in opposite directions, allows momentum to be con-
served, a condition which could not be fulfilled if only one
quantum were emitted.

More lately, there has become available a further type of
measurement which makes it possible to observe accurately
coincidences in time between quanta emitted in different direc-
tions. This method depends on the counting of the scintillations
produced in crystals by such radiations, no longer by eye, as in
early work on radioactivity, but by photomultiplier cells which
feed into high-speed counting circuits. In this way, it was
shqwg by J. A. Rich at Yale University, early in 1951, that the
emission of three quanta of annihilation-radiation is also an
observable process. They are emitted in the same plane, and
were rec.orded by counters placed symmetrically. This obser-
vation, like its predecessors, was on the end-results of annihila-
tion, not on intermediate states,

Experimental interest in the intermediate state of positrons
and electrons before their mutual annihilation was stimulated
by a theoretical investigation, published in 1949, by A. Ore and
I.L. Pf)well of the Institute for Nuclear Studies, the University
of Ch1f:ago. The effect of this was to show that there should be
a considerable .difference between the stabilities of two possible
states of a positron-electron system — those in which the spins
of_the two Particles are in the same and in opposite directions.
With opposite spins, it had been shown earlier that the lifetime
f’f the system'should be of the order of 1010 seg. With the spins
in the same direction, the theoretical lifetime of the system wa$
shown to be about 1,000 times as great (107 sec.). The differ-
ence in lifetime is connected with the numbers of quanta
em{tt‘?d. With opposite spins, breakdown with two-quantum
emission is the most likely process. With like spins, two-
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guantum emission is excluded, and processes leading to the
emission of three quanta at once are more exacting. There was
thus encouragement to look, as did Rich, for examples of
three-quantum emission.

A more direct indication of an intermediate state was pro-
vided by experiments by M. Deutsch at the Massachusetts
Tostitute of Technology. He studied the time-relations in the
breakdown of a radioactive isotope of sodium (Na*?) under
different conditions. The emission of a positron from Na** is
accompanied by the emission, at almost the same instant, of a
quantum of gamma radiation. Both are nuclear processes, and
so are unaffected by conditions. The gamma radiation can
therefore be used as a time-marker, from which delay in the
appearance of annihilation-radiation can be mc?aSL_lred. T.he
positrons were emitted into a gas, and the annihilation-radia-
tion resulted from interaction between the positrons from the
Na®® and the electrons of the gas molecules. The frequency of
delayed radiation was found by Deutsch to be af.’fe‘cted by the
gas used. Compared with nitrogen alone, the addition of 3 per
cent of nitric oxide (NO) reduced the frequency of delayed
radiation by as much as two-thirds.

The explanation which has been suggested involves the
theory already mentioned. Since the positron-electron system
should break down most readily when the spins of the two
particles are in opposite directions, an increase in the rate of
breakdown can be plausibly explained by the conversion of
part of the like-spin form into the unlike. This could come
about through an exchange of electrons between the positron-
electron system and the gas in which it is formed. In molecular
pitrogen, there is an even number of electrons, paired as re-
gards spin, so that exchange is unlikely. But in a molecule of
nitric oxide there are 15 electrons, of which 14 are paired, but
the spin of the remaining electron can be in either direction:
the exchange of an electron for another spinning in the oppo-
site direction is here a relatively favourable process. The addi-
tion of nitric oxide to nitrogen would thus be expected to
favour the conversion of the more stable into the less stable
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form of the positron-electron system (positronium). To Deutsch,
the reduction in delayed radiation effected by nitric oxide was
an index of positronium-formation in the first place, and he
described his results as providing ‘definite proof of the abun-
dant formation of positronium’, The interpretation being
accepted, he obtained a value for the breakdown-constant of
positronium (with like spins) which agreed closely with that
calculated by Ore and Powell.

An experiment by S. De Benedetti and R. Siegel at the
Carnegie Institute of Technology, Pittsburgh, specifically con-
nects positronium-formation, thus indirectly confirmed by
Deutsch, with the process of three-quantum emission found
experimentally by Rich. It had been found in further experi-
ments by Deutsch that another gas, dichlorodifluoromethane
(‘freon’), was particularly productive of positronium - judged
by the same criteria ~ when exposed to positrons. The experi-
ment at the Carnegie Institute was a comparison between the
frequencies of three-quantum emission when positrons from
Na** were brought to rest in a solid material and in ‘freon’ gas
respectively. In each case there was a main measurement and
one for control. The source of positrons (Na??) was placed cen-
trally, and for the main measurement was surrounded by three
counters, of the type already mentioned, placed symmetrically
and in the same plane. Each counter would ‘accept’ energies
corresponding with the division of the annihilation-energy into
three quanta, but not two*, and coincidences were required to
be within 107sec. For the control measurement, one of the
‘counters was tilted by 45° from the plane containing the other
two counters and the positron-source. Cases of three-quantum
emission could be accepted and counted with the first arrange-
ment, but not with the second. When the emitted positrons
were stopped in a solid material, the ratio of coincidences was
1.76 to 1 in favour of the symmetrical arrangement. When the

*Pulses were accepted within the energy-range 0.15-0.50 MeV.
The energy associated with symmetrical three-quantum emission is

0.34 MeV; that associated with two-quantum emission, necessarily
symmetrical, is 0.51 MeV.
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positrons were stopped in freon gas, coincidences‘ in the un-
symmetrical arrangement remained as befgrg, but in the sym-
metrical arrangement, the number of conqcxdence§ was now
more than four times as great, and the ratio of cognc1dence's,
as between the two arrangements,. was 88to 1. An 1ncrgase in
three-quantum emission was convmcmg']y sh9wn. There' is thus
a clear-cut connexion between posxtromum-formatxop as
studied by Deutsch, the occurrence of three-quantum emission
as shown by the coincidence method,_ and.the th.eoret'lcal con-
clusion that the annihilation of positronium with like spins
should be in this way.

Ore, A., and Powell, J. L. Physical Review, 75, 1696 (1949).
ich, J. i i 1951).
h, J. A. Physical Review, 81, 140 ( .
]l;:utsch M. Physical Review, 82, 455 (1951); 83, 866 (1951); 84,

1951). .
D:(])aleéedett)i S., and Siegel, R. Physical Review, 85, 371 (1952).

ELECTRIC FISHES

A note published under the same heading in Science News 22
gave the results of some recent r?search, on the one hand by
Professor A. Fessard, of the Collége de France, ParxsZ on the
massive, well-synchronized, and centrally controlled discharge
of the electric eel; and, on the other, on small, regularly re-
peated discharges shown by Dr H W. .Llssmann, of the Depart-
ment of Zoology, Cambridge Umversnty,‘to .be produced by an
African fresh-water fish Gymnarchus mloncys, as w‘ell as b}'
two other species. The evidence fron? Dr Llssma.nn S experi-
ments was that these fish are responsive to electrical changes
in their surroundings; and the 1mplxcz.1t.10n was that pulses aqd
responses are connected with the ability of; the fish to avoid
obstacles when swimming backwards. Dr Lls§mann sv:xggested,
too, that the occurrence of thes'e smaller, cgntmuous dlschargfzs
mig’ht throw light on the origin of electric organs proper, in
which the discharge is under central nervous control. An addi-
tion to these experiments has been provided lately.by Dr R D.
Keynes, of the Physiological Laboratory,' Cambrxdgg Umv.el."
sity, from research on the electric eel carried out during a visit
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to Professor Chagas’s laboratory in Rio de Janeiro, where also
Professor Fessard’s experiments were done. Dr Keynes has
worked earlier on the migration of sodium and potassium ions
through ferve-membranes, in relation to the battery-like action
on which the transmission of nerve-impulses has been shown
to depend. He visited Rio de Janeiro by invitation; and, while
there, worked primarily on the origin of the potential differ-
ences generated in individual electro-plates of the electric eel.
Howe'ver, there were reasons for thinking that Dr Lissmann’s
experiments on Gymnarchus niloticus might be relevant also
to the electric eel. In particular, the eyes of the electric eel are
cloudy, degenerated, and useless in adult life: yet the eel can
avoid obstacles, and, it had been suggested by an American
worker,* must possess a direction-ﬁnding system. For these
Teasons, some of Dr Lissmann’s experiments were repeated on
an electric eel during Dr Keynes’s visit. He has given a pre-

lm?inary account of the results during a recent broadcast in
Science Survey.t

If two vertical bare wires were placed in the water, separated

by about a foot, the eel would swim past them without
response. But, if, as the ecl was passing, the ends of the wires
were touched together outside the water, the eel ‘would give 2
SUdden_iump, and move backwards to find out what was
happening’. Similarly, it paid no attention to a loop of insu-
lated wire dipped into the water, but reacted violently to a
loop of bare wire. When a cathode-ray oscilloscope was con-
n_ected between two wires placed in the water, pulses were
picked up at frequencieg which depended on the activity of

the eel. The eel, when stationary, did not transmit. When it
began to move, it sent 0

second. When the ee]

. the main discharge; the latter being
*C. W. Coates in Electrical Engineering (January, 1950).

1*Electric Eels’. B.B.C. Home Service, 27 M ) )
in Discovery 13, 172 (June, 1952), arch 1952; published

t
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about 500 volts with the eel out of the water, and about
200 volts when partly short-circuited. )

There are some obvious differences, compared with Dr
Lissmann’s observations on Gymnarchus niloticus. Though
small compared with the main discharge, the amplitude Of. the
pulses produced by the electric eel is of the order of 100 times
greater. They are also of lower frequency; that in G ymnarchus
niloticus ranged from 258 to 318 per.second. Also, whereas
the pulses of the latter are affected only by temperature, being
automatic, continuous, and unaffected by the activity or other-
wise of the fish, those of the electric eel must be under nervous
control, as is its main discharge.

It has been suggested that the direction-finding pulses of the
electric eel are generated in the organ of Sachs, a speC}ally
differentiated part of the electric organ located in the tail of
the fish.

In these experiments, and in the ones for which Pr Keynes
'was primarily in Rio de Janeiro, he worked with Dr H.
Martins-Ferreira. They recorded with micro-electrers the
potentials developed across individual electro-plates dl.ll‘mg rest
and discharge, and in that way obtained the direct vadence of
events in the electro-plate. There is a resting potential of about
80 millivolt in the same direction as that in nerve z.md muscle
fibres (inside, negative). Thus far is as suggested in 1912 by

,Bernstein. But, at discharge, there is not merely a collapse of

Potential, but a reversal to the extent of more than 60 milli-
volts. Since this type of reversal is found also in nerve and
muscle fibres, its occurrence in electro-plates supports the view
that they are, in origin, modified muscle fibres, not motor end-
plates as generally stated. '

Keynes, R. D., and Martins-Ferreira, H. Journal of Physiology, 116,
26P (1952).

SOURCES OF ANIMAL CARBON

One of the earlier results from the use of the tracer method lllr:
biochemistry was the discovery that carbon dioxide, thml!g
to be utilized only by plants, and in mammals to be merely &



112 Science News 25

waste product, found its way into the glycogen of the liver.
The first experiments were in 1940, and were done with carbon
d10x1d.e “labelled’ with the short-lived radioactive isotope, C**
(half-life, 21 minutes), Reports from three groups of American
workers showed in quick succession that carbon dioxide Was
igg:;ﬁcimy absorbed by ground-up, or sliced, rat's liver. In
in'ec’t d 1K Solomon. and .Others at Harvard University
sa]m ec lving rats with sodium bicarbonate, labelled in the
ato:ls“i]zyii\}e-?.e}; concluded that 1 in every about 8 carbon
fewer than six glycogen came from bicarbonate. By 1946, n0
dioxide could liea;;tmns had l?een discovered by which carbon
bei ¢ fixed by animal tissues, the most important

emgipro‘bably _the condensation of carbon dioxide with
fg’;tu V;C I?Lcl::bt 0 give oxalo-acetic acid. An overall confirmation
natural er of processes are effective in approximately
A Jp g onditions has been reported lately by M. Kleiber,
th.e Urir\r'l;:’g an;l AL Bl,aCk’ of the College of Agriculture,
labelled wi 1y o C“l‘f"r“}a- They injected sodium bicarbonate,
la el ed with the longer-lived radioactive isotope, C'4, into the
3f:3ft liggular vein of a lactating cow, and during the following
the ca:;znog.serYed the distribution of radioactivity between
in its milk '1oxt:de breathed out by the animal and that.fo‘und
in the distl?bt ¢ form _Of !aCtose, casein, and fat. Variations
ceeded gav:fu.tllo n of _radloz}ctivity as the experiment pro-
of incorporatfilr y definite evidence that more than one chain
for lactose onn must be involved. The experimental curve
were four sua; reconstructed on the supposition that there
between the i: tr_’rocesses, each with its own time-interval
ance of radioaJ:tC‘ o .Of‘ labelled bicarbonate and the appear-
total carbon of t;-:”ty in the lactose. The proportions of t.he
had originated a ¢ lactose, casein, and fat components which
the final ratios ofS Ca'rb~0nat° were calculated separately from
out and the comaCthlty as between carbon dioxide breathed
lactose, 10 p.o nent in question. These figures Were:

s Per cent; casein, 4 per cent; fat, 2 per cent.

Kleiber, M., Smith
' M, . AH, L
Chemisiry, 195, 707 (1952;“(1 Black, A. L. Journal of Biological
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ANTI-VITAMIN RAT-POISON

In agreement with the United States, the name ‘warfarin’ has
been adopted for a new kind of rat-poison which is of greater
interest biochemically than its name would perhaps suggest.
Its origin goes back to 1929, when two different diseases of
animals were being independently studied. One of them, a
bleeding disease of chickens, led to the discovery of Vitamin K,
which is needed in small amounts for the normal coagulation
of blood. There are at least two naturally occurring forms of
the vitamin, as well as further synthetic substances which
show similar activity. One of the natural forms is synthesized
in the green leaves of plants, the other by certain bacteria.
Most mammals probably get enough of the vitamin from
intestinal bacteria. Chickens do not get enough from this
source, and for the balance of their requirement are dependent
on foodstuffs. It is for this reason that it was from a bleeding
disease of chickens, as opposed to mammals, that the vitamin
was discovered. The second bleeding disease affects cattle. It
is caused, not by lack of the vitamin, but by eating spoiled
sweet clover; this contains a substance, dicoumarol, identified
in 1941, which is like enough to the vitamin to act as a
competitive inhibitor. Dicoumarol is the only naturally occur-
ring anti-vitamin,* and has been used in medicine, for
example to reduce the risk of blood-clotting after surgical
operations. It is made synthetically, and has been standardized
for use by tests on rats.

Further developments have been summarized in a statement
issued lately by the Ministry of Agriculture. Some four years
ago, a British firm making dicoumarol suggested to the
Director of Infestation Control of the Ministry that dicoumarol
might be used also in rodent control. Experiments in the

*See Science News 7T, 56 (1948). The term anti-vitamin is used
sometimes in an extended sense to include vitamin-antagonists. such
as phytic acid, which act in other ways than by competitive inhibi-
tion. Mellanby's ‘toxamin’ (‘positive toxic factor’) affords a better
description of these latter substances.



114 Science News 25

Ministry’s laboratories and in the field showed that, if taken
by rats in several successive meals, dicoumarol caused internal
haemorrhage and capillary damage, which resulted in seem-
ingly painless death. However, the concentration required was
such that a proportion of the rats took to avoiding the baits,
and experiments with dicoumarol, as such, were discontinued.
The idea was then taken up by American workers in relation
to chemical research. Further synthetic substances were made
and tested which were of similar structure to dicoumarol and
the vitamin, and which it was hoped would show enhanced
activity as an anti-vitamin. One of them, ‘warfarin’,* can be
used in much lower concentration than dicourmarol, and has
been extensively tested. The recommended concentrations are
0.005 per cent for common ratsy and 0.025 per cent for ship
rats and mice.f In these low concentrations it should be
barmful to people and livestock only ‘if taken repeatedly and
In quantity over a number of successive days’, which with
DFUder_lt baiting should be unlikely. Properly used, it is expected
to be ‘in the front rank . . . ag a painless killer of rats and mice’.

ROYAL SOCIETY CONVERSAZIONE

Exhibits of interest and importance were brought together at

a conversazione held by the Roya] Society in London on
May 22. Notes op SO d 4

references to publications where available.

Raw Material for Cortisone

. Possible starting-materials for the partial synthesis of cor-
tlSO[lP: were discussed by Dr A7, Birch in Science News 23.
The. interest taken by the Medical Research Council in the
subject has been illustrated in exhibits shown at the Royal
Society in successive years, That in 1951 resolved conflicting re-

* 3(1"Phenyl‘ﬂ‘acetylethyl)—‘t—hydroxycoumarin.
T—l;.o Secure even mixing, it is required by the Ministry to b®
supplied mixed with fine oatmeal or other approved material and

in concentrations twen?y times greater than those recommended f0F
use, so that the final dilution is 20 to 1 in each case.

me of them are given below, with
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ports that the seeds of a tropical creeper, a species of Strophz.m-
thus, did or did not contain a steroid, sarmentogenin, w.h¥ch
would provide a useful starting-point. Through an expgdxhon
to West Africa, it was confirmed that the wanted species was
Strophanthus sarmentosus, from which sarmentogemp .had
been named; but it was found also that there were variations
both in the amounts of sarmentogenin and other substances
in the seeds, and also in the appearance of the plants (e.g.
leaf-size), according to the district in which collections were
made. This raised a number of interesting questions: whether
the various differences observed were mutually connected, and
whether they should be attributed to the existence of local
races or to differences in environment, or possibly to both.
But the mere existence of these uncertainties meant that there
was little early prospect of utilizing the seeds of S. sarmentosus
as a source of a starting-material for cortisone. This year’s
exhibit marked the conclusion of work along another lfne,
which has turned out to be more encouraging. Its origin is a
survey, by R.E. Marker some ten years ago, of thfe ster'o§ds
contained in about 4,000 American plants. Among his positive
results, he recorded the extraction of 'hecogenin,.whlch like
sarmentogenin is a possible starting-point for cort.xson_e, from
several American species of Agave, the genus which m'cludeS
the cultivated sisal plant (Agave sisalana Perrine). He did not

" extend his inquiry to include sisal, as has been done lately by

the Medical Research Council. The work has. been in two
stages: first, at the National Institute for Medical Research,
R. K. Callow, J. W. Cornforth, and P. C. Spen§1ey showed that
sisal juice was a possible source of hecogeqm; and, seconfl,
Spensley, in East Africa, studied the extfactxon of ‘hegogenm
in relation to the existing treatment of sisal. The significance
of this work is that more than 100,000 tons of fibre are pro-
duced yearly from sisal in T anganyika and Ke‘nya, and~t%1at
approximately the same amount of wastg material, .contammg
0.04 per cent to 0.1 per cent of hecogenin, are available. The
juice is obtained by squeezing out the waste after an existing
process for fibre-extraction. It ferments after a few hours’
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standing, and a greenish-yellow suspension collects at the
bottom as a sediment. This, when collected and dried, repre-
sents 0.5-2.0 per cent of the original bulk of juice, and con-
tains 4-12 per cent of crude steroid. Further proces,ses consist
in heating with dilute acid at close to boiling-point for 34
hours, adsorption with activated charcoal, extraction with
carbon tetrachloride, and evaporation to dryness. The crystal-
line material so obtained is about 70 per cent hecogenin; it
is recrystallized as hecogenin acetate. An adequately pilre
supply of hecogenin as a’ starting-material can be obtained
in this way by quite simple procedures, many of which could
be camfzd out at sisal-producing estates, The conversion of
hecogenin to cortisone involves some 20 stages, which have’
been worked out already on a laboratory scale. There remain
the usual reservations about the transition from laboratory

working to useful production. But ‘it seems possible that heco- .

genin, which can be obtained at least as cheaply and in as
large amount as any of the other suggested raw materials,
may be the key to supplies of synthetic adrenal cortical hor-
mones in abundance and at low cost’. A point of plant-
physiological interest is that the amount of hecogenin 121 the
leaves increases progressively with the age of the plant.
Callow, R. K., Cornfo

Industry, 70, 699 (lgthlljg.lY:t"lz;r;(li)spenSIey, P-C. Chemistry and
Spensley, P. C., Chemistry and Indust;'y, T1, 428 (10 May 1952).

Crystal Growth

Interest in the electrical properties of germanium, used in
crystal rectxﬁexfs, has led to the discovery of an a;)parently
new property in the growth of small crystals from drops of
molten material. It is attributed to the exceptional l:rit
with which germanium can be prepared andp wasa dfmonsi
strated by B. S. Cooper and 1. W Ryde, of t,he General Electric
Company, Ltd,' Research Laboratories, In the normal case
when a small piece of a fusible metal is heated to its meltingy
point, it takes. up a roughly spherical form and retains that
form on cooling. With germanium, the m olten globule, on
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cooling, assumes the form of a sharp-pointed circular cone
which extends upwards from the supporting refractory
material; the nature of this material is not important. Usually
the cone is symmetrical, but occasionally it is distorted: for
example, one of the specimens illustrated showed a sharp
kink near the apex of the cone. The introduction of even very
small amounts of impurities leads to more grossly distorted
forms. The explanation suggested is that pure germanium in
the molten state contains hardly any nuclei of crystallization.
As the globule cools, crystallization usually starts only at the
surface of the material on which the globule rests, and then
continues on the layer of solid germanium. As crystalliza'tion
proceeds, the remaining molten material is lifted and shrinks
progressively until the final sharp point is formed. Study of
the effect is still at a preliminary stage.

Instruments

The value of the x-ray shadow microscope in th'e study of
insects and comparable specimens was mustrateq in pictures
showing fine detail, and also depth, in intacft specimens of the
fruit-fly Drosophila prepared by freeze-drying. These and the
operative part of the microscope Were demonstrated by Dr

V. E. Cosslett and W. C. Nixon, of the Cavendish Laboratory,

Cambridge. In common with the ‘flying spot mlcroscoPe‘,*
exhibited by Professor J. Z. Young and colleagl{es, of Univer-
sity College, London, the x-1ay shadow microscope was
suggested, essentially as now realized, by one of the earliest
workers on electron microscopy. M. von Ardenne pointed
out in 1939 that electron-lenses — actually of standard type —
could be used to focus electrons on to a target-area of very
small dimensions, so producing virtually a pomt‘ source of
x rays. This is the effective requirement for the taking of.well-
defined shadow-pictures with sufficient resolution to be viewed
at high magnification. The idea has been taken up lately by
the Cambridge workers, and a preliminary account{ pub-

*See Science News 22, 115 (1951).

t Nature, 168, 24 (1951).
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lished in 1951. The diameter of the focal point is less than
1/1,000 mm., and picture-quality and resolution approach that
obtainable with the best light-microscopes. Stereoscopic pairs
are obtained by a slight sideways displacement of the speci-
men, and the relative depths of internal organs are clearly
seen. Intended uses, in conjunction with other microscopes,
include research on the internal structures of insects, in col-
laboration with Professor V. B, Wigglesworth, and the identi-
fication, in tissue sections, of naturally occurring and arti-
ficially introduced heavy metals. In future instruments, it is
expected that the resolution obtainable with the light-micro-
scope will be surpassed, while retaining the advantage that
the specimen is at atmospheric pressure.

P.Gay, P.B.Hirsch, and A.Kelly, also of the Cavendish
Laboratory, showed examples of the use of a fine x-ray beam
(as opposed to point-source) to determine the sizes and states
of strain in small individual particles in cold-worked metals.
Beams of less than 1/000 mm. diameter have been used,

An exhibit from the Telecommunications Research Estab-
lishment, Great Malvern, was a high-speed infra
meter which scans the wavelength range 1.0-5.5 micron at
repetition rates of up to 100 times per second. A lead telluride
cell is used for detection, and the absorption spectra of short-
lived materials can be viewed directly on a cathode-ray tube.
In this way the course of chemical changes can be followed
which cannot otherwise be recorded.

-red spectro-

RADIO TELESCOPE

The announcement that the construction of 5 steerable radio
telescope of 250ft diameter for the Jodrel) Bank research
station, the University of Manchester, is to be jointly financed
by the Department of Scientific and Industria} Research and
the Nuffield Foundation suggests a well-deserved recognition
of the valuable contributions to astronomy that have been
made by radio methods. A recent review was given by A.J.
Higgs in Science News 21, 39: a further aspe

] ct not then touched
upon is the use of radio-astronomical observations to give
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here. The
1, covered
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information about conditions in the earth’s atmosp
mirror of the new telescope will consist of.a steel bowM e in
with 2-inch mesh, and will be of paraboloidal Sh?)geft di(z)imeter,
azimuth will be guided by a railway track, of 3 < The bori.
which will carry a total weight of some 1,300 ton .t ol system
zontal axis will be 170 ft above the ground. The contr f the sky
will enable the instrument to be directed to any_P;‘ ; ?or r:ceP‘
with an accuracy of about §°. It can be gsed either ting fixed
tion alone, as in the recent detection, .w§th the exi; ; f\ndfo'
telescope at Jodrell Bank, of radio-emission fromb‘ned trans-
meda Nebula (Science News 20, 107), or for CO“; -lence News
mission and reception, as in research on meteors (Sci

4 years.
" 6, 135). Construction is expected to take between Jand 4y



CORRESPONDENCE

SCIENCE AND CULTURR

IT seeras to me that there is a clear anq distinct answer to Dr
Macqueen’s fears and criticisms which he expressed in Science
News 24 (p. 122). While he js entirely right to suspect that
science should not be elevated into » substitute for religion, he
seems to me to have missed the opportunity of contributing to
our understanding how scientific knowledge and inquiry and
religious principles are related. Instead he brings in a horrible
new word scientism which I had up to thi

ing or reading. This SCEMs 10 be a label to attach to people of a
particular way of thinking, a name for a heresy, in fact, which

Mr Lunn has detected, leaving it o others like Dr Macqueen
to round off the work by finding a few heretics,

I confess I am a heretic if to be otherwise is to accept all the
results of the scientific movement in the conviction that they
ut man’s place in the
© Way of new duties and responsi-
Ot expect me to accept an opposi-

. Veen science on the one hand and
reason on the other. This wil| not do. The position has all the

respectability of.a tradition 80ing back to Plato but quite a lot
has happened since then, ang 1 iny ;4 is in;portant not to
accept this standpoint. §o far as 1 am aware, there are no
ult'lmate grounds in reasop for one's belief in’anythins and
philosophers have constantly fajjeq to provide validit;' for

principles of reasoning employed in i ¢
i o
reason itself. yed in science by reference

tion which he makes betw
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80d in Whitehead's Adventures of ldeas, for example, there is
a discussion of these wider aspects. It is all very well for D T
8cqueen to ask me to enumerate beliefs which the scientific
Movement has made obsolete. As he well knows, this cann'O!.be
¢one in anything short of a volume. As for the cogtrafi_lctl°“
In terms which he finds in my letter, this contradiction lies on
the surface only. The fact is that knowledge of the world of
Dature and awareness of value are distinct things, as Kant
temarked that they were in a famous passage, and yet they
Teact on each other so that the world of value is never the same
after a great light has come through new discoveries'. Wh'O can
Pretend that it makes no difference whether one lives in the
Seventeenth or the twentieth century, and that all the great
Problems of religious faith have not been meo““d‘.y affected
by the scientific movement? Broadly speaking, the chief change
that has resulted is that the universe is no longer se‘;‘l .
edifying. Sad though it is, Aquinas’s view of man as th.: tiE:
ciary of divine goodness’ does not quite sum up theusl l“21‘:as«;n'b'
and what I was trying to suggest was that as men Tea 3111:;‘ they
What there is to learn, when they give up the no'tw[;dt t: be a
can behave as children playing in a garden desxgn‘d to have
safe place for their quarrels, then they may be sald erhape
absorbed a little of what science has to tea?h’ zn gilit to
Dr Macqueen would agree that they are showing the athiny o
live in accordance with reason. I suspect we have some l'egved
common, but hesitate to assume it is very much. I am reli
to know it is not ‘scientism’. A. E. BELL

Science Department, -
The Royal Military Academy, Sandhurs

[This correspondence is now closed.]

ES
STATISTICS AS AN AID TO LITERARY STUDI

In his article in Science News 24 Dr C.B. Williams omlnts a.m);
mention of the pioneer work of nineteen‘th-cent.ury c assxc;x
scholars on the writings of Plato. It was 1mposs,1ble ?o mahe
an adequate study of the development of Plato’s philosophy
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without being able to date the dialogues, or at least arrange
them in chronological order. Attempts at doing this on various
principles gave wildly divergent results, But once the ‘stylo-
metric’ method, as it was called, had been developed by men
like Campbell and Lutoslawski the whole picture was changed.
Details are still open to discussion, but in general scholars
are now agreed that this methoq enables us to arral‘.lse_the
dialogues satisfactorily in’ chronological groups. Greek 18 3
language that lends itself well to statistical study, and it has
been possible to show how Plato’s style developed in such
points as the use of various particles, of onc rather than
another of a group of synonyms, and in the avoidance of
hiatus,
PAMELA M. CLARK
Department of Philosophy,
The University of Liverpool

DrC. B. Williams writes:

I agree with Misg

Clark that Lutostawski's work (The Origin
and Growth of plg;

o's Logic, London, 1897) might have been

[}

tely in terms of modern statistical methods,
which have been almogt completely revolutionized since the
beginning of the Century, Lutoslawski gave an arbitrary system
of numerical valyes o certain selected peculiarities of style:
The basis of Yule’s ang Wake's method is the study of the fre-
quency distribution of quite ordinary characters in a random
sample. This s, as I trieq to point out, a sounder method and
one that enables the reliability of the conclusions to be

not aware of Campbell’s contribution.

SOME BOOKS RECEIVED

THEe CHEMICAL REVOLUTION by Archibald and Nan Clow
(The Batchworth Press, 1952), pp. 680, 110 plates, 50s. .
In the authors’ description, this is ‘an attempt to create som‘eth;t.lg_

new out of hitherto unexplored ground common to economic is

tory and chemical technology’. Their theme is the transition from :
civilization based on water and wood to one based on coal an

. L . ; ith con-~
_Iron; the scene, Scotland primarily and in most detail, but with ¢

siderable excursions into England; the personal viewpoint, Egll;
burgh; and the period from about 1750 to about 1830. As a sclegof
selection, the sequence which led from wood-potash as alsou;d e
alkali, through kelp-soda, to the making of sqda from s::! t aam o
beginning of ‘heavy’ chemical industry provides a goo lex Zl
both of the research needed and the ramiﬁcat,‘ons' hscal soc:hc’
bersonal, and scientific, which such a history involves. Over as
whole field, there are likely to be surprises, new int er-c‘))-,n:‘:x;::er;
and a new point of view for most readers.. ]ll}xstratlons a

Wwidely collected and make a serious contribution.

CosmoLooy by H. Bondi (Cambridge University Press,
1952), pp. 179, 225 6d.

- Ina subject so full of uncertainties as cosmo]ogy,b ::) al:I :l;r:):;
impossible for an active contributor' to produceb'{lx‘ proad survey
which is also impersonal. Mr B?ndl’s book (pu lrsomise- Cam
bridge Monographs on Physics) is frankly a compf 1 da;;gerous,
introduction to the subject, it will be regarfied as usefu ;n e
or both, according to the opinions of reviewers. It is, ,
lacid,

RADIO ASTRONOMY by Bernard Lovell and J. A. Clegg
(Chapman and Hall, 1952), pp. 238, 16s. hair of radio
Professor Lovell was lately appointed to the ncx;v g z;;ra fellow-

astronomy in the University of Manchestt_’-r; .D‘ C ~c§gfundamental

veteran of the Jodrell Bank station. Beginning :‘V“ lications of
astronomy and radio methods, they proceed. to the :}ipsun radio.
the latter to meteors (here the most fully mmdtd Nebula, and

stars, background galactic emission, the Andromeda N
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some further uses. Their book should appeal equally to astronomers

and those interested in the applications of physical methods: it
has been well timed.

Low TEMPERATURE PHYsICS by F. E. Simon, N. Kurti,

J. F. Allen, and K. Mendelssohn (Pergamon Press, 1952),
pp. 132, 21s.

A review of low-temperature physics,
a sound knowledge of basic physics, is provided by four lectures,
given at the Royal Institution in 1950, and since revised so as to
include most of the more important additions up to the autumn
of 1951. Examples are the use of nuclear magnetic properties in
the attainment of very low temperatures, and, conversely, of low-
temperature methods in nuclear physics (Dr Kurti’s section); and
recent work on superconductivity (Dr Mendelssohn's) which has
led to further changes in ideas, Professor Allen, on liquid helium,
though finding less cause for revision, is also substantially up to
date. An introductory Survey by Professor Simon places the

subject in perspective and Suggests something of its interest for
those who work in it

at a level which assumes

HARWELL: THE BRITisH ATomic Enercy ESTAB-
LISHMENT 1946-51 prepared by the Ministry of Supply
and the Central Office of Information (H.M.S.0., 1952),
pp. 128, 6s,
Regarded as a general acco

grammes of work gt Harwell

impression to the outsider th
published; it is also well

reference from the text to
entries ("See Appendix C)iso
is misleading as to the period

preface; ‘end of June 1951" i

unt of the organization and pro-
, this should give a more useful
an anything that has so far beed
illustrated. However, the method of
a publications-list with nearly 300
bviously inadequate; and the preface
covered (‘to the end of 1951’ in the
the publications-list).

MATHEMATICS QUEEN AND SprvanT oF SCIENCE by
E. T. Bell (G. Bell and Sons, 1952), pp. 437, 21s.
Diversionary reading for the nea
by the Professor of Mathemat;
Technology. Often tantalizing,

f-mathematician is here provided
Cs in the California Institute of
his arm-chair approach could help
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many a baffled physicist to the distinction between real mathematics
and mathematics as often taught.

PROBLEMS 0oF LiFE by L. von Bertalanffy (Watts, 1952),
pp. 216, 25s.

From the conception of an organism as an ‘open system’, which
Characten‘stically is ‘maintained at a constant distance. from true
equilibrium by a continuous inflow and outflow, building up and
breaking down .. .’, Professor von Bertalanffy has procceded to the
further position that a useful theory of open systems can be de-
Tived, and can be applied to both biological and other problems.
His views have been much discussed, and the present translauf)n of
his Dqs Biologische Weltbild (1949) will be welcomed accordingly.

THE BiocHEMISTRY OF FERTILIZATION AND THE
GAMETES: BIOCHEMICAL SOCIETY SYMPOSIA No. ‘7
organized and edited by Dr R. T, Williams (Cambridge Uni-
versity Press, 1951), pp. 66, 9s 6d.

There is a special value, for teachers as well as research

- workers, in a symposium which brings together evidence related

to fertilization in mammals, invertebrates, and plants, and shows

OW extensive are the gaps in present knowledgg..The contributors
are Dr Audrey U. Smith, Dr T. Mann, Dr (}‘ec;ha Lutwak-Max;;,
Dr G. I. M. Swyer, Lord Rothschild, and Miss L. E. Hawker. Dr
A. S. Parkes of the National Institute for quxcal .Research gives a
short introduction, and there is a summary-discussion by Dr Mann.

THE Use oF TRACER ELEMENTS IN BioLocy by W.G.
Overend (Heinemann, 1952), pp. 57, 35_5d-
An introduction, for university scholarshxp students ratt.ler tk.lan
for research, to the requirements, preparation, and some biological
uses of radi,oaclive and stable ‘tracers’; clearly presented, and not

over-burdened with examples.

THE FRESHWATER LIFE OF THE BRITISH ISLES by John
Clegg (Frederick Warne, 1952), pp. 351, 67 plates in colour
and half-tone, 21s.

Described as a ‘guide to the plants and invertebrates of ponds,
lakes, streams, and rivers, with an additional chapter on the verte-
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at the Strangeways Laboratory, Cambridge, at Birmingham Upi-
versity (Reader in Sense Organs Physiology), and for a time with
Professor R. Granit in Stockholm, She was Treasurer of the
Organizing Committee, and Editorial Board of the International
Colour Vision Congress, Cambridge, 1947, and js a member of
the committee of the Colour Group of the Physical Society.

D. E. TRIBE is a graduate of the Universities of Aberdeen and
Reading. Most of his post-graduate career has been spent at the
Rowett Research Institute, Aberdeenshire, where he worked on
problems of animal behavioyr related to nutrition. He now lec-
tures to veterinary students and conducts research into animal

nutrition and grassland management as a member of the staff of
Bristol University.

- A WEALE, who is 29, started as a wireless mechanic, He studjed
physics at Nottingham and London, and is a member of the
Group for Research in the Physiology of Vision, Medical Re-
search Council: he has worked on colour vision in the retinaj

he last foyr

periphery and on total colour blindness during ¢
years.

oo (1) ' (2)
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