417",

e

From Mauve to Macromolecutes
Why are Children Born Deformed?
The Greywacké Problem
Metal Adhesives
Applied Biology and Economics
Electrical Constants of Free Space
Parasite’s Point of View )

Research Report

2/6



SCIENCE
NEWS

EDITED BY ARCHIE AND NAN CLOW

41

PENGUIN BOOKS



FROM MAUVE TO
MACROMOLECULES

PETER SYKES

THE celebration of centenaries has in recent times become
something of an overworked cult; nothing has been too small to
be overiooked; the vear 1856, however, has a number of real
claims. In this year Henry Bessemer invented his steel process
which was to convert a comparatively rare metal into the staple
of the then rapidly expanding railways and, no less important,
William Henry Perkin prepared the first synthetic dyestuff,
mauve. It can be said with some truth that the vast organic
chemical industry of today stems from this beginning.

THE DISCOVERY OF MAUVE

In 1856, Perkin was an eighteen-year-old research assistant at
the recently founded Royal College of Chemistry in London,
working under its Director, A. W. Hofmann, who had himself
been a pupil of the great Justus von Liebig. Perkin had fitted up
a small laboratory at his home and during the Easter vacation
of 1856 was attempting to synthesize the alkaloid quinine. The
molecular composition of quinine was known, but nothing at
all about its actual structure; in fact, at this time structure, im-
plying the pattern in which the various atoms are arranged in a
compound, had not been recognized in organic chemistry at all,
so it is hardly surprising that Perkin was unsuccessful in his
endeavour. Quinine was not, in fact, synthesized till 1945, Turn-
ing to the study of simple bases, however, he tried the oxidation
of aniline sulphate with potassium dichromate and found that
it resulted in the formation of a black precipitate. On further
investigation of this rather unpromising material he was able to
isolate from it the bright colouring matter since known as aniline
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purple or more frequently by its French name mauve, Perkin
soon discovered that mauve could be used as a dye, and the next
year he established a small factory at Greenford Green, near
Harrow in Middlesex, and began to make it on a commercial
scale. During the next eighteen years Perkin had a highly
successful career as a chemical industrialist, but in 1874 he
retired to devote himsclf to fundamental research. During this
period the majority of the important advances in dye chemistry
were made in Britain; after 1874, however, the initiative in the
dyestuffs industry, and indeed in the organic chemical industry
in general, passed to Germany; Caro, the technical director of
the great chemical firm, Badische Anilin und Soda Fabrik, being
in no small measure responsible.

ORGANIC CHEMISTRY IN 1856

As a result of the work of great pioneers such as. Wohler,
Dumas, and Liebig, a number of organic compounds had been
identified and the idea of a special ‘life-force’ attached to sub-
stances derived from animal and plant material had been aban-
doned. Organic chemistry, previously the chemistry of such
naturally derived substances, was becoming rather more gener-
alized as the chemistry of the compounds of carbon. There had
been a number of attempts by chemists at arranging organic
compounds into groups that reflected particular properties they
had in commeon, but there remained the puzzling phenomenon
that it was possible to have two compounds of the same mole-
cular composition (i.e., giving the same analytical results) yet
which differed widely in their observed properties ~ the pheno-
menon of isomerism. What was still lacking was the concept of
structure or spatial arrangement of the atoms in a molecule,
and the idea that it was this characteristic arrangement that was
responsible for the observed chemical properties of a com-
pound.
STRUCTURE IN ORGANIC CHEMISTRY

The first clue to this concept of molecular architecturs was
supplied by Frankland in 1852 with his idea of valency, or coml-

From Mauve to Macromolecules 9

bining power; this combining power of atoms of an element
being limited in extent though not necessarily constant for each
element. The twin foundations on which structural organic
chemistry was built were the quadrivalency of carbon, and the
highly developed ability that carbon atoms have of combining
with themselves as well as with other atoms. It was then possible
for Kekulé in 1858 (at that time a Professor at Ghent) to put
forward suggestions for representing the actual structures of
organic substances; these were simplified in 1861 by Professor
Crum Brown of Edinburgh, and the same type of structural
formulae are still used today, though in a slightly more simpli-
fied form.

H H H EI{
I ;
(a) H—(IS—C—~O~H H—-Cl——O—([:—H
H OB H O
) CH,-CH,-OH CH,-O-CH,

Formulae of ethyl alcohol and dimethyl ether (a) according to Crum
Brown, (b) as represented today.

Figure 1. Isomers of C,H,0.

The advantages of being able to writesuch structural formulae
are numerous. It is possible to see at a glance that two different
structures and no more, those of ethyl alcohol and dimethyl
ether, can be written for compounds that contain two atoms of
carbon, one of oxygen, and six of hydrogen: all that has to be
remembered is that the valency of carbon is four, that of oxygen
two, and of hydrogen one. In other words, the phenomenon of
isomerism becomes readily understandable. Further, such for-
mulae enable one to see readily the relation between different
compounds and how they may be converted one into the other
by the direct replacement of single atoms or smail numbers of
atoms arranged to form specific ‘functional’ groups, e.g., —OH,
~—CO0,H, and so on.

A special structural problem was raised by the so-called
aromatic compounds related to benzene, C,H,: these were found
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Potassium
CH,-CH,-Br —> CH,\CH,.CN
Cyuanide
Ethyl ,[IS\mmide Ethy] Cyanide
Bromine 1 Hydrolysis
Soda- 4
CH,-CH, « ———CH,CH,.CO.,H
lime
Ethane Propionic Acid

Figure 2. Structural formulae illustrating the interconversion of a
series of compounds.

to have a peculiar stability and were noteworthy for the persis-
tence of a group of six carbon atoms through reactions of the
utmost vigour. Again Kekulé, in 1865, supplied the clue by sug-
gesting that the six carbon atoms were joined together in a ring:

CH
7N
CH CH
| |
CH CH
N /S
CH
Original Kekulé formula for benzene

This was objected to, however, on the grounds that the carbon
atoms were tri- instead of quadri-valent, Controversy over this
particular point has continued into recent times and has only
been satisfactorily settled by X-ray and other physical methods
which have measured and charted the benzene molecule exactly;
in essentials Kekulé’s idea was perfectly correct,

The last vital principle of chemical structure was laid
down in 1874 by Van't Hoff (of the veterinary schoo! at Utrecht)
and Le Bel, who together suggested that organic molecules are
three-dimensional and that the four valencies of carbon atoms
are distributed symmetrically in space or,in more concreteterms,
that a carbon atom can be represented by a tetrahedron with its
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valencies emerging from the four vertices. This contribution to
chemical theory was ultimately recognized by the award to
Van't Hoff in 1901 of the first Nobel prize for chemistry.

The fundamental theoretical principles of structural organic
chemistry now being established, the next requirement was the
development of general methods for converting one type of
organic compound into another. The second half of the nine-
teenth century saw the development of a wide variety of such
methods, the vast majority of which are still in use. These
methods are the life-blood of synthesis, of the building up of
larger molecules from smaller ones. The great source of raw
materials upon which much of this synthetic organic chemistry
depended was the coal gas industry which produced as a by-
product to gas considerable quantities of coal tar. This depen-
dence was particularly marked in the case of the synthetic dye-
stuffs industry.

SYNTHETIC DYLSTUFFS AFTER MAUVE

Perkin’s discovery of the first coal tar dve, mauve, rapidly led to
great developments in the dye industry, because few of the
natural colours then uvailable were fast to light and wear. At
first the search for new colours was largely a haphazard affair
of reacting one substance with another to see what resulted; by
the mid 1870’s, however, largely owing to the work of Emil and
Otto Fischer, the molecular structure of a number of now
important synthetic dyestuffs had been worked out. It then be-
came possible to proceed in a more systematic fashion by
making known modifications in these structures in order to
study the effect this had on the colour and dveing properties of
the new compounds. Wider ranges of colour and much brighter
tints were thus produced, and it was also found possible to con-
vert a number of attractive pigments into useful dyestuffs by
making them soluble in water, this being achieved by the intro-
duction into their molecules of sulphonic acid (SO,H) groups.

Once the new industry had found its feet, attention was turned
to the possibility of synthesizing some of the more important
natural dyestufls, in particular madder and indigo. Both these
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had been in use continuously since ancient times and were im-
portant items in trade. Red madder was obtained from the root
of the madder plant (Rubia tinctoria) and its coloured principle
was called alizarin. The problem of the structure of alizarin was
taken up by Graebe and Liebermann, then working in Baeyer's
laboratory in Berlin, apd in 1868 they were able to synthesize it;
this being another landmark in synthetic chemistry ~ the first
synthesis of a naturally occurring colouring matter. Their first
method of synthesis involved the use of bromine, which was
then still very expensive, and the method could not therefore be
exploited commercially, The next year, however, both they and
Perkin, working independently,devised alternative methods,and
synthetic alizarin was on the market in i1871. In 1873 nearly
1,500 tons of synthetic alizarin were produced and by 1878 the
price had dropped from £50 to £10 a ton; within a short time it
supplanted the natural product entirely; a change not without
its social consequences.

The next great triumph of the synthetic chemist was the pro-
duction of indigo. Almost all the nitrogen-containing dyestuff
indigo came from plantations of Indigofera tinctoria and Poly-
gonum tinctorium in India and Java. It was greatly valued on
account of its fastness. Its structure was established by Baeyer
in 1883, but the problem was much more difficult than that of
alizarin and it took in fact some eighteen years to solve. Baeyer
developed two different syntheses, but neither was suitable for
commercial exploitation. An economic process had to wait for
supplies of cheap chiorine, ammonia, acetic acid, and other
developments in the heavy chemical industry, and it was not
until 1897 that synthetic indigo began to compete effectively
with the natural product; the consequent decay of the indigo
plantations was very rapid.

The most prized dyestuff of antiquity was the purple of Tyre
that was used to colour the robes of the Roman emperors. This
dye was derived from a small mollusc (Murex brandaris) found
particularly on the coast of the Eastern Mediterranean. In 1911
Friedlander dissected over 12,000 moliuscs and so collected 1.4
grammes of the dye; working with this sample he discovered
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that it was a bromine-containing derivative of indigo, but he
had to synthesize three of these before hitting on the right one.
Tyrian purple is no longer of any commerc_ial importance as
superior dyes of the same colour are now available.

Another use found for the synthetic dyestuffs was in replacing
natural colours used in the laboratory as biological stains. In the
1880's bacteriology was just becoming a science, largely owing
to the work of Koch. Most of the difficulties experiem_:ed by }he
early workers were in matters of technique, not least in making
micro-organisms readily visible under the microscope; they are
quite large enough to be seen, but being transparent are very
difficult to define. They will, however, readily soak up a number
of dyestuffs and their different parts can then be delineated
clearly in contrasting colours.

Up to the present day the search for new dyestuffs has hardly
slackened, one of the main reasons being the introduction of
new textile fibres. It is rare for a dyestuff to be fast on all fabrics,
the division coming particularly between colours for animal
fibres such as silk and wool on the one hand and vegetable fibres
such as cotton on the other. The introduction of the artificial
silk posed many new problems, and the more recent develop-
ment of truly synthetic fibres such as nylon and terylene of very
low chemical reactivity has involved the invention of entirely
new technigues for dyeing them satisfactorily. i

The more systematic approach to the production of new
colouring matters prompted the theoretical study of the relation-
ship between the colour of compounds and their chemical con-
stitution; a problem that still excites a good deal of interest,
though it has now become rather more general in its terms. Thus
substances are toloured because they absorb light of certain
wavelengths, the actual colour of the compound differing
according to the wavelengths absorbed. All compounds, how-
ever, absorb radiation in this way, though with colourless sub-
stances the absorption is of wavelengths that lie outside the
visual range. Thus the presence of colour or otherwise is seen
to be only part of a larger problem, the relation between chemi-
cal constitution and the absorption of radiant energy. A study
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of this relationship has proved of the utmost value in assigning
tentative structures to compounds of unknown constitution on
the basis of measuring their light absorption.

THE INVESTIGATION OF NATURAL PRODUCTS

Although in the second half of the nineteenth century the inves-
tigation of natural and synthetic dyestutfs absorbed a good deal
of the time and skill of organic chemists, other lines of research
were also developed. Attention was turned to products of
natural origin in general, but especially to those believed to be
involved in life processes. The fact that such a trend was even
remotely possible gives some idea of the progress that had been
_ made by the 1880’s — the idea of chemical constitution, i.e., of

the orderly pattern of molecular structure, was by then clearly
established and a wide variety of degradative and synthetic
methods of great power had been developed; the time was ripe
for great advances.

The man of genius to appear was Emil Fischer, perhaps the
greatest experimentalist in organic chemistry to date. In 1884,
Fischer decided to investigate the carbohydrates. These had
previously received very little attention largely owing to the
great experimental difficuliies encountered in working with
them. Almost the only way of separating and purifying solid
substances at this time was by repeated crystallization, a method
that works admirably and is still much used, but many carbo-
hydrates form uncrystallizable syrups, making their separation
and purification by this means difficult if not impossible. Fischer
entirely changed the position by the introduction of phenyl-
hydrazine, C,H,NHNH,, a substance which he had himself first
prepared in 1875. Phenylhydrazine forms highly crystalline
derivatives with most sugars, and it proved to be the leystone in
Fischer’s phenomenal work on the characterization and syn-
thesis of the carbohydrates. ‘Thus he laid an extremely firm
foundation on which ail subsequent work in this field has been
squarely based.

As if this were not enough, in 1899 Fischer turned his atten-
tion to the otber important group of substances of biological
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importance, the proteins. The experimental difficulties here are
even greater than with the carbohydrates, for many are noa-
crystalline and most of them undergo at any r;te partial decom-
position during the course of auem_pls to .punfy them.

When he started work some aming-acids (compounds con-
taining —CO,H and —NH, groups) were already known to bc
constituents of proteins, but Fisc'her wept very m}xch fu'rther in
breaking down proteins into the:r' constituent ammo-acld.s, and |
invented elegant ways for separating the extremely complicated
mixtures that resulted. Having followed lhg analytical ap_progch
as far as he was able, he turned to syn‘thesxs, the recombination
of the amino-acid residues once again. He dgmonstrgted the
significance of the peptide ((NH-CO') linkage in protein struc-
ture and was able 10 synthesize a number of compounds con-
taining several amino-acids jomed 10get_he\r, whnc;xe h:.namefi
polypeptides. Since Fischer's time proteins have been .mvestli
gated in very much greater detail and many e_xpenmenfta
methods of great ingenuity and. elegance have been mveqted o'r
dealing with them; but, as with the cgrbohydrates., Fxsch:;r;
classical work laid the foundatio;g;or his work he was awarde

ize for chemistry in 2. 4
mﬁ::ﬁlﬁ; years have seen 1hg investigation of many dwetl;se
groups of natural products including lhe_ngfn col ox;:lmg_n;a tg;
of plants, the chlorophyils (largely by Wlllsldlterhm \ un;c  for
which he was awarded a Nobel pnize 1n 1915),t eﬂessex: ;a xt
and odoriferous principies of plants - the terpepca], no | oyﬁzn.
ting vitamins, hormones, and many o_thelfs. Pamc;;: ara Tn o
has also been devoted to the mvcsngapon of 1 erz;]pct:u 1comy
active substances, both naturally occurring and synthetic com-

pounds made in the laboratory.

CHEMOTHERAPEUTICS

Until very recent times most of the drugs used'in medical prac-
lice were merely symptom relievers — gnalgcslcs, tlemperatu[r;-
reducers, function-controllers, etc., which did not mﬁu;nc? e
actual causes of most diseases at all. Not_ sur‘p‘nsmgly. therefore,
attention was first turned to the synthesis of improved drugs of
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this type. Eatly successes included the synthesis of the anti-
Pyretic, phenazone, by Knorr in 1883, phenacetin in 1887, and
the introduction of aspirin in 1899, Attempts were next made to
establish a relation between the chemical constitution of a group
of compounds and their physiological activity, but though it has
been possible to establish such a correlation in a number of
relatively restricted fields, the main problem remains unsolved;
there has been nothing like the same degree of success as that
achieved in establishing the relation between colour and con-
stitution. Thus a study of the structure and physiociogical effects
of local anaesthetics led Einhorn and others to the synthesis of
extremely effective drugs to replace the natural cocaine, which
itself has a number of undesirable side-effects; but similar
studies and the synthesis of many,many thousands of substances
bas only led to a partial solution of the problem of finding a
substitute for morphine - a notorious drug of addiction - for use
in the relief of deep-seated muscular pain.

The group in which we know most about the correlation be.-
tween structure and physiological activity is undoubtedly the
Barbiturates, derivatives of barhituric acid, the first important
example of which, veronal, was made by Emil Fischer in 1903 .

H H CH,CH, CH,-CH,
N N/
C C
VAN e
?0 (I:O CIO CO
|
NH NH NH NH
NS NS
co CO
Barbituric Acid Veronal

By suitable modifications of structure it is possible to produce
anything from the lightest of sleeping pills to the profoundest
depression of consciousaess, and also to vary considerably the
rapidity of onset of action. Thus some soluble barbiturates,
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administered by injection, produce immediate unconsciousnw.s,
while others may only begin to act after several hours. .

But a more important developme:nt was the producuo_n of
remedies that cured diseases by actmg directly on the mlcr'o-
organisms responsible rather thax'l acting merely by the re'hef
of symptoms. The greatest figure in this field was Paul Ehrhf:h.
Ehrlich did much of his work in Frankfurt, fvheFe a Paul Ehrlich
Chair of Chemical Therapy was four'lded in his h(?nour at .lhe
centenary celebrations of his birth in 1954. Ehrlich dwas(n;.
pressed by the way that many bacteria would tak:ce.up yes 1(11 S
into their substance in the ordinary course of stammi 10 rer:l er
them visible under the microscope, and his aim was ; ; _pr? “bC'
tion of toxic substances that woulq be taken up 5¢ ecnvlclz yu y
harmful bacterial cells while legvmg human tissue C; sstti: i
barmed. He was fortunate in hav‘mg the oPPONU;"Y Or HeausE
up a new type of scientific institution — the Qe?rg lr)liyf:ould be
in which chemical, biological, and medical wo One of the
carried out side by side and in close COllab°’a“°l:“wa:the o
most important results of this then novel approach ), the I:i st
duction in 1911 of '606', or salvarsan (arspheni;ml?rzgtmem of
substance discovered to have any real Fﬁcc‘ int .e.l - of arsenic
syphilis. The achievement lay in reducmg the lo}KlFl yits toxicity
to human tissue cells while at the same time fre;alr;liﬂ:asc !
to Treponema pallidum, the causal agent of the dis .

NH,.HCl
HCLH,N P

e

HO b‘f\S’A‘OOH

Msphcnaminc

e

H,N ON:NOSOJ«L

Prontosil

H,N-¢_)-SO.NH,

Sulphanilamide
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This first great success in chemotherapeutics has led to an ever
intensified search for new specific remedies. Much of the earlier
work was directed at tropical diseases and it was not until the
1930’s that Domagk, working in the L.G. laboratories in Wiip-
pertal-Elberfeld, showed the effect of Prontosil on streptococci,
thus opening the way to the treatment of septic conditions pro-
duced by this group of bacteria. Trefouel of the Institut Pasteur
showed that the antibacterial properties of Prontosil were due
to its degradation in the tissues to sulphanilamide which was the
physiologically active agent. Modifications of sulphanilamide
have led to the extensive sulphonamide or sulpha group of
drugs. For his part in the work Domagk was awarded the Nobel
prize for Medicine in 1939,

In chemotherapy, however, perhaps most attention has been
devoted to anti-malarial drugs. Malaria is unusual in that a
natural specific remedy is available in the form of quinine:
nevertheless this is by no means an ideal drug for the treatment
of the disease. In consequence several hundred thousand sub-
stances have been produced and tested for anti-malarial activity,
though only a handful of these have passed into clinical use.
These include Pamaquin and Mepacrine (synthesized in Ger-
many in 1926 and 1931 respectively), and the more satisfactory
Proguanil produced in 1944 by Curd, Rose, and Davey of .C.1.
as the result of a prolonged investigation, in which, in a very
long series of compounds, they tried to correlate chemical struc-
ture and anti-malarial activity. Investigations into the possible
mode of action of Proguanil led in 1951 to the production in the
Wellcome laboratories of another extremely effective anti-
malarial, Daraprim,

Further research has led to effective chemotherapeutic agents
for the treatment of leprosy, tuberculosis, and many other
diseases, but, following the discovery of Penicillin, perhaps the
most rapid progress has been made in the field of therapeuntic-
ally active substances produced by micro-organisms themselves,
the so-called anti-biotic drugs. Here, however, synthesis has
tended to lag behind and, though the chemical structure of many
of these substances has been worked out, most of them have still
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to be produced from their parent micro-organisms by 'ferﬁmle:ta-
lion processes. Thus it has not been possible in this fie lto
make small controlled changes in the structure of the molecules
in order to study the relation between structure :nd cons:_t:-
tion, and most new discoveries have been restricted 10 scre(fdl g
vast numbers of micro-organisms to find out if they produce

anything useful.

THE SEARCH FOR SUBSTITUTES

One of the most useful natural materials is rubber and as early
as [860 tentative experiments were being made to elucidate its
composition; thus in that year the hydrocarbon isoprene was
isolated by its destructive distillation.

CH,=C-CH=CH,

Isoprené
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It was soon discovered that rubber was a giant molecule, or
polymer, made up by the joining together of many isoprene

units in chains. It was also found that isoprene units could be .

made to join up comparatively readily to yield material with
some resemblance to natural rubber. Further efforts were then
made to polymerize isoprene and other similar small molecules
to make synthetic rubbers that would be acceptable to commer-
cial users. These efforts were intensified in Germany during the
1914-18 war, when supplies of the natural material from SE.
Asia were cut off, and also in the United States during the
between-wars period. The raw materials tried were frequently
derived from natural gas, or from the first fractions of cil refin-
ing, usually after these {ractions had been ‘cracked’ into smaller
molecules by the action of high temperature, pressure, and
catalysts. This marks an important turning point, the change-
over during the last twenty years or so from coal tar to petro-
leum as the great source of raw materials in industrial organic
chemistry with the consequent founding of a great petrochemi-
cal industry. Today a very wide variety of synthetic rubbers is
available, many of which are better than the natural material
for doing specific jobs, though single substances with good all-
round properties are still rare,

Much of the twentieth-century search for substitute materials
has dealt with polymeric substances of a broadly similar nature.
Thus a wide range of plastic materials are made from starting
materials similar to those used for synthetic tubber, their actual
properties being determined not only by the type of small mole-
cules used to build them up but also by the length of the chain-
like aggregates so built and the extent to which these chains
remain free or are linked across from one to another in a more
or less rigid three-dimensional aggregate or lattice. Perhaps the
most interesting development in plastics to date is the produc-
tion of transparent materials, some of them with interesting
optical properties.

Also closely related is the field of artificial fibres. In the 1880's
work began on the production of a cheap substitute for silk by
dissolving a suitable natural polymer such as cellulose and
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:no the solution through a small hole to form a fibre.
X‘:t?llic(l:;zlgsi]k processes are still variants on this theme, the cellu-
lose generally being obtained from wood 'pul'p. There have also
been a number of endeavours to make artificial wools, the latest
utilizing the protein from ?t:udn';l-nuts as a polymeric raw

i roduction of Ardil, .
malt;;i];:;g‘:]:s: however, has been made ix3 th_e production ?:
truly synthetic fibres in which a polymernzation pmf:::als
carried out, starting with small molecules as ra\; 'r: N [01-;
There are many examples of these, the best known bel afs' ::ork
and Terylene. The former was produced after many y; s work
e A e e Caro%ersngnh:::rﬁ:t:;‘l‘:nc diamine

i is made from adipic acid 3 :
s()g‘;;hud‘:ri'::d from phenol obtai.ned from coal t.e;tr)c at;d (;:g
sembles a protein in that it contains [ht.‘. characterist 1:;] tl}:auc
(‘CO-NH-) linkage. Terylene wa$ o})}amed from vtv?]:;fﬁc]d ic
acid and ethylene glycol by the British chem'xst T nd
1946. As textile fibres, both possess extremely g00
properties.

HO,C-(CH,)CO,H + H,N-(CH,)sNH,

Adipic Acid Hexamethylene
Diamine
————.*[-OC‘(CH,).-CO-NH-(CH,);NHJ.
Nylon
HO.C -Q CO,H + HO-CH,CH,OH
Terephthalic Acid Ethylene Glycol .
—[0C { >— CO-O-CH.CH,-O]a
Terylene

Figure 3. Two synthetic fibres.

i i t development in synthetic

e most interesting recen ]
?y fa!i‘c,ﬂ:naterials, however, has been the pro«.jluctlon of t}.;e
f.?. yn;: These differ from all the materials mentioned so far in
1;1::01he3; do not contain chains of carbon atoms, but chains of
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alternate silicon and OXygen atoms with short branches of car-
bon atoms attached.

R R R R

I | l | |
—|Si—0——§i—0——sli—~0—sli;0—si—0~—8i—O—
| | t
R R R R R R n

A Silicone (R=A small group of carbon atoms)

Owing to the presence of the 0—Si—0O linkage these sub-
stances have much greater heat stability than carbon com pounds
and they can be obtained in a wide variety of physical forms,
e.g., oils, resins, rubbers, etc., with an almost infinite variety
of properties. They are without douby the most versatile family
of synthetic polymers made to date,

AlDS TO THE STUDY OF ORGANIC CHEMISTRY

One of the most important general advances in organic chemis-
try this century has been the development of micro-methods of
elementary apalysis by Fritz Pregl of Graz, for which he was
awarded the Nobel prize for chemistry in 1923, These were
combustion methods following the lines that had been laid
down by Liebig in which the carbon content of the compound is
converted to carbon dioxide, the hydrogen to water, and both
are weighed. Pregl’s contribution was to adapt the method so
that it could be used on a sample of only a milligramme or two,
thus making possible analyses of many substances obtainable
only in traces from biologica! material. Tod ay these methods are
used as routine practice in laboratories all over the world, and
are indeed the very foundation of all research work.

The last few years have also seen a revolution in the methods
available for that salient operation in organic chemistry, the
separation and purification of substances. These methods, which
include selective adsorption on, and elution from, alumina,
paper, and jon-exchange resins, and also much refined, and
mechanized, techniques for the partition of substances between
solvents, have led to feats of separation and isolaticn of minute
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traces of material, for example, minor gonstitu_ents of exceed-
ingly complicated mixtures, that were quite outside the range of
ibili few years ago.

crij::)ltl;:grov[:l):z:ble aiﬁ in the elucidation of the structure of
organic compounds has been th»e study of spectra. Thu‘s‘ X—re:y
photographs can lead to the assignment of definite posm.on? ‘:
each and every atom in crystals of a ;ubslance, as h_as in ;c
been achieved in the case of Penicillin in 1945 and Vltaml;n 12
in 1955, but the labour of calculating the resglts can 'edex:
tremely tedious, and this method is not as vet suitable as a day
to-day laboratory aid to structure determination.

CH ‘,;Cl——CH-CO:H
o

NH

IC:O
C,Hs-—(‘:H

f

Penicillin

ctroscopy gives an absorption pattern that is

Ultra-violet spe pes of com-

istic of the molecule as a whole, similar ty
;ZZI:JtEElS:Ving similar patterns of light absqrpt:(:ln_ h:f:r;r:;
spectroscopy gives a Very much moEe’T complea e p;a—r fern of
absorption in which individual ‘peaks’ In theApalten;.ci p "
to the presence in the compound of parucgarhm agcbg .
tween atoms, thus the carbonyl group (>C=0) shows at.sol-p;
tion at very much the same point 1n. thc. s;?cctrum‘lrrespec tive o
the nature of the compound in which it is contained, while the
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azo linkage (—N=N--) also shows absorption at a constant
though different place in the spectrum.

This means that when a new natural product has been
isolated, instead of having to start on the elucidation of its struc-
ture entirely ‘in the dark’, a study of its spectra will often indi-
cate not only the class of organic compounds to which it belongs
but also suggest some of the characteristic functional groups
that are present. The elucidation of structure may thus be
accomplished in part before actual degradative and analytical
chemical reactions are begun, and when these reactions are
started those most suitable for the particular problem can be
selected without their having to be found out first by a laborious
process of trial and error. Another very useful technique has
been the application of radio-active tracers in which radio-
active ‘labelled’ atoms are introduced into molecules. In this way
information has been obtained about the actual mechanism by
which reactions between compounds take place and also about
biological problems such as the pathways of metabolism in
organisms and the effect of drug molecules on celis.

RECENT ACHIEVEMENTS

The application of such aids to organic chemistry, coupled with
the devising of ever more delicate methods of synthesis, has
led to some remarkable achievements, not only in elucidating
the structure of naturally occurring compounds and subse-
quently synthesizing them, but also in making very many com-
pounds that are wnknown in nature, sometimes on account of
interest in their utility, but more often in order to investigate
the particular reactivity exhibited by their ‘unnatural’ structures,
One of the most important developments this century has been
the movement towards establishing the relationship between the
chemical structure of a substance and the properties it exhibits;
much remains to be done but no little progress has been made
towards forecasting the properties of a compound before it has
actually been prepared.

This conjunction between refined experimental methods and
a rapidly developing theoretical interpretation of the reactions
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of organic compounds has led to some very notgblc feats 1‘:1 !he
last few years; as, for instance, the total S)fmhesus of strychnine
by Woodward at Harvard and the estal?hs'hment of the struc-
ture, followed by the synthesis, of the pgtmtary vhm"m‘ong, (;31::;
tocin, by Du Vigneaud of Cornell, for which he was awarce
Nobel prize.

NH, CH,C.H,OH
CH:-AH-CONH-CIH-CO-NH-C‘H-cmwm
! L
s NH

t
(‘ZHZCH-NHCO-CH-NH'CO-CH~[CH3]:'CO-NH,
!
(‘:o CH,-CO-NH.
|
CH,—-N
> CH-CO-NH-CH-CO-NH-CH,CO-NH;
|

CH,—CH, Bu!
Oxytocin

This last century has seen the establishment of a set of work-
ing rules in the light of which organic chemistry 15 at prcsc;‘mt
carried on; it is probably true to say that !he majority of the
main guiding principles in this branch of science have by now
been laid down. Not a few of these guiding principles remain
somewhat empirical, however, and there still _rcmam§ the nee_d
for a more fundamental background to organic chemistry. This
is, in part, being supplied by modern theoretical work on thc-:
combination of atoms, and groups of atoms, to forrln com
pounds. It is becoming ever more possible to Poﬁm_a;e,r;:
theoretical grounds, which molecules, !:cc.ausg of t}}elr:: n::gkc-
instability, chemists will be wasting their ime m.tryn.ng ™ th;
this will be a refreshing change from only ﬁndmg it ou f:;“ure
laboratory after long and arduous e_ndcavour ending in ” thé

There has been recently a turning more and more
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chemlstn.r of biological systems, and notable successes have
been achieved. There is, however, a change of attitude from the
old days; chemists are certainly going on isolating new sub-
stances from natural sources, and many of them have proved
of the utmost value in medicine and in other fields, but there is
an increasing tendency to study chemical process in situ in living
material, and to try to find out just how living cells accomplish
their staggeringly complex chemical reactions. The fact that
such a course can even be contemplated is some indication of the
progress that has been made in the last decade or so. With the
present signalized by such achievements it will be more than
interesting to see what the next century will bring.
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WHY ARE CHILDREN BORN
DEFORMED?

DAVID H. M. WOOLLAM and JAMES W.MILLEN

CHEMO-THERAPEUTIC drugs and modern methods of infant
management have greatly reduced the number of deaths in
infancy from infectious disease. In consequence, an increasingly
large proportion of deaths occurring in infancy and early child-
hood are to be attributed to the more severe congenital defects
of the infant heart and brain which allow only of a brief and
precarious existence. Moreover, with each improvement in in-
fant welfare the expectation of life of the physically deformed
or mentally handicapped child has increased, so that today
research into the cause of congenital malformations is a pecu-
liarly pressing necessity.

In the sixteenth century families were large. but only one in
three children survived infancy. Today there is a general ex-
pectation that a child will be born in a normal state and will
survive to reach a healthy maturity. For social and eccnomic
reasons families tend to be limited to one. two, or three children,
and, in these circumstances, the birth of a deformed child is a
calamity that creates repercussions far beyond the immediate
event. Even if the child is still-born, its birth tends to deter the
parents from having further children lest they too be deformed.
Although this fear is generally groundless, it does have some
effect in reducing the size of familics and increasing the number
of only children. Should the child survive, the parents are fre-
quently burdened with problems of finance and maintenance
which can only be eased in a tragic fashion by the loss of the
child. The community also has to make considerable financial
provision for the rearing and education of congenitally handi-
capped children. Perhaps the most unfortunate of all the results
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of the birth of such 2 child is, however, the assumption, fre-
quently made but not proved scientifically, that its appearance
must be due to the presence of a hereditary taint in the family
of one or other parent or in both. It is true that genetic con-
siderations can never be ignored when any biological process is
under consideration; their significance can, however, be over-
stressed, and it is the purpose of this article to marshal the
known facts which suggest that factors in addition to genetic
ones are at work in the production of congenital malformations.

GENETICS AND MALFORMATION

The belief that congenital malformations always depend upon
hereditary factors comes naturally to the lay mind, which ob-
serves the occasional appearance of several cases in one family
and draws what appears to be the obvious conclusion. That
Mendel’s laws of inheritance applied to man became evident as
long ago as 1905, when Farabee in America studied the occur-
rence of brachydactyly (congenital shortening of the fingers) in
three families and found the condition in half the membets, a
clear suggestion of a dominant inheritance. At one time, in the
absence of knowledge of any other factors that might produce
congenital malformations, it was confidently expecied that all
deformities of the new-born would eventually be explained on a
genetic basis. It does not, however, necessarily follow that, be-
cause more than one member of a family shows a congenital
deformity, only hereditary factors are at work. Members of a
family share more in common than their heredity: they tend to
live in a similar environment and to eat the same food. In moun-
tainous districts far from the sea, such as the Swiss Alps, a con-
siderable number of children are born with goitre (swelling of
the thyroid gland) or with the combination of severe mental and
physical defects that together constitute the condition of cretin-
ism. At first sight it might appear that the birth of these children
in isolated families living in remote regions of the world was the
result of a hereditary taint whose effect was enhanced by the
close inbreeding invariably found in such enclosed societies. It
has been conclusively shown, however, that the occurrence of
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these diseases results from the very low iodine content of the soil
in mountainous areas, and that the children are the victims of a
deficiency of iodine in the diet.

It is of some significance to note that nearly all the cond!'.-
tions affecting human beings in which a strong heredita}ry ba'sls
for the deformity has been firmly established are those in which
the deformity, however disabling or unsightly, does not produce
death in infancy or childhood. This would.l?e e?(pecte.d on the
theory of Natural Selection, because families in which larg;
numbers of handicapped children were.born would tend to die
out through failure of the young to survive to the age ‘.Jvhen they
could reproduce their kind. This fact z'md t'he possible signi-
ficance of environment must be borne in mind whenlwe con-
sider the information that is available about the family back-
ground of the congenitally deformed.

Statistics of congenital malformations, scanty as they are, do
show certain trends which are inexplicable on grounfls of
heredity alone. Thus there is a tendency for malformed children
to be born to mothers who are older than average, iand, more-
over, the later-born children of a family are more Ifkely to be
dcfo;med than earlier ones. In addition, deformed children tend
to appear after a period of relative sterility of the mother, aqd
women who give birth to such children tend to have more mis-
carriages, still-births, and premature births than would be ex-
pected by mere chance. It has also been sugges_ted that there isa
higher incidence of congenital malformations in the lo“:rer social
and economic strata of the community. All these findings sug-
gest that some factor other than beredity must be at work in
determiniog the birth of a deformed infant.

What can this factor be? If it is not present in the p?ale and
female germ cells, which combine to produc:.e the fertilized egg
from which the child develops, it mus: obviously be operating
in the environment of the developmg embryo. V\{hat then does
the embryo require to ensure that it QeveIOps in the norqml
manner? It needs security of tenure in the uterus for nine
months, an adequate supply of nutriment and oxygen, and free-
dom from injury by any disease process or other noxious agent
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10 whigb the human body is vulnerable. If any of these require-

ments is lacking, the development of the embryo will be inter-

flezred with, and, if the interference is sufficiently severe, it will
ie.

%L is perhaps difficult to grasp that, from the reproductive
point of view, the birth of a congenitally deformed child repre-
sents not a disastrous failure, but something that can best be
described as a near success. If conditions are for some reason
totally unfavourable the mother will not conceive at all. If they
are slightly less unsuitable, she will conceive but will then pro-
f:eed to abort or cast out the foetus early in pregnancy. It is
interesting to note in this connexion that it has been suggested
more than once that most aborted embryos are congenitally
deformed, With still less unfavourable conditions the embryo
will continue to develop in its mother's womb for nine months
but will then either be still-born, born congenitally deformed o;
will thrive but poorly after a normal birth. It is only when con’di-
tioos are entirely favourable that the birth of a normal healthy
child results.

DIETARY INFLUENCES

The sequence of such a process is perfectly illustrated by what
happens when a female animal is exposed to starvation. A starv-
ing ferale will not conceive. When a female rat is subject to
starvation in early pregnancy, the young are either aborted or
reabsorbed into the mother’s body, If the starvation occurs
later In pregnancy, the young are either still-born or, if born
alive, are weak and puny and survive only with difliculty. This
suggests that a most important prerequisite for the development
of a normal healthy child is that the mother should receive
throughout her life an ample diet containing adequate quantities
of all essential foodstuffs, so that there can be no question of her
suffering during pregnancy from any dietary deficiency. There is
now a Jarge volume of evidence that nutritional deficiencies in
the mother can, in animals other than man, bring about the hirth
of congenitally maiformed offspring. In un investigation in
Philadelphia there was some evidence of an inadequate diet in
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forty per cent of the families in which deformed children were
born. If a deficient diet does operate in this way in the human,
it is doubtful whether the fact that it does can ever be established
scientifically. A laboratory animal like the rat starts to breed
when it is a few months old, has several litters of five to nine a
year, and can be fed throughout life on an artificial diet of
known constitution designed to contain every cssential ingre-
dient except the one under investigation. The nutritional study
of a human female who has had twenty years or more on a self-
chosen diet before producing a small family singly at relatively
long intervals is virtually impossible. Again human diet is so
varied that single dietary deficiencies rarely occur, and, since we
know from animal experimentation that it is relatively minor
degrees of deficiency of a single vital element that are liable to
result in the birth of deformed young, it is unlikely that clinical
cases in the human being will ever be encountered which fulfil
the criteria of a scientific experiment.

It must not be concluded, however, that the study of nutri-
tional deficiencies in other animals has no importance in rela-
tion to the problem of congenital malformations in man.
Although it may be impossible to detect these minor degrees of
deficiency in the human being, if they do in fact occur, much
information might be obtained from studying human social
groups in which everything possibie has been done to ensure
their absence, and by comparing the incidence of congenital
malformations with that in less favoured groups. In view of this,
the results of nutritional experiments in animals have, as well as
an intrinsic scientific value of their own and a considerable im-
portance to animal husbandry, a positive significance in rela-
tion to the problem of congenital maiformations in man.

It has been found that, if the birth of deformed young is to be
avoided, the presence of a wide variety of substances in the diet
is essential. Mineral deficiencies, notably those of copper and
jodine, have been thought to be of much importance, but at the
present moment it is deficiencies of vitamins that appear to be
of the greatest significance. Of the vitamins, vitamin A and the
various members of the B group seem to be most essential, and
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the most unequivocal and dramatic proof of the importance of
adequate nuirition in preventing the birth of abnormal young
has come from experiments in which the mother has been de-
prived of vitamin A. What is perhaps even more significant is
that in experimental vitamin A deficiency most of the congenital
abnormalities commonly occurring in man have been faithfully
Teproduced in the experimenial animal. Thus the young of
laboratory animals fed on a diet deficiency in vitamin A exhibit
congenital defects of the heart, cleft palates, maldeveloped
limbs, and hydrocephalus or ‘water on the brain’. These are
among the commonest congenital deformities in man, and at one
time or another have ail been explained on a hereditary basis,

EXPERIMENTAL MALFORMATION

One of the main difficulties in nutritiona] experiments is that the
number of deformed young born, although highly significant,
generally represents such a small proportion of the young born
to the deficient mothers that large colonies of animals have to
be kept to obtajn a relatively small number of voung for study.,
Again, since these conditions are produced by a slight rather
than a severe degree of maternal deficiency, it has long been diffi-
cult to reproduce a congenital d

efect by nutritional experiments,
and the whole process has been tedious and costly. A striking
example of the difficulties inseparable from work of this kind

has been provided by Warkany. He found that he could increase
the yield of abnormal young by adding fresh meat to the diet,
Thus the apparently paradoxical situation arose that it was pos-
sible to increase the yield of abnormal young by improving the
diet. The explanation is quite simple. The rats on (he richer diet

have a better reproductive performance; the

y do not abort
abnormal young;

they have bigger litters and so give a higher
vield of deformed young. This is another illustration of the
point previously made that the birth of a congenitally deformed
offspring is to be regarded, not so much as
reproductive near-success,

Two years ago we found that hydrocephalus or ‘water on the
brain’, one of the commonest congenital

a failure, but as a

abnormalities in man,

d 3
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< living on a
occurred frequently in the young of femaée,r‘athlzl;sog(\;li;in .
vitamin A deficient diet. In order to s\\i\) b)'ts S s fed them for
set up a colony of 50 unrelated female rad flicient - vitamin A.
varying periods before mating on a diet dc e senting seventy
During the period of two years 180 young, f_“-P tound to have
per cent of those born in the colony, have peecr‘l formity i the
‘water on the brain’. The occurrence of this derelativcly casy
rabbit provides, by virtue of its constant al; eiaating the
reproducibility, a very satisfactory meth_od 0 lduce ongenital
mechanisms by which dietary deficiencies pro
malformations. _ . ih
From the study of this colony over a period, du_rt“;isw:;n
some of the mothers have had up to fgur. ]mer:vi_,hl T ence
possible to formulate certain general prmcxples. ! “6 et
of hydrocephalic youngin a litlgr dep;nds on the e‘.i  ibat
the mother has been on a deficient dict bcfolre ma lui,likely o
if she has been only ten weeks on the diet she 1? most ot the
produce any deformed young, whereas after tw ent'glrlv;uﬁer rom
deficient dict it is highly likely that her young Wan Y rin A
hydrocephalus. Similarly, if the m9ther recexvc; X ot young
between litters, there are progressively more a Df amin A
in each succeeding litter. Subsequent addition on although
results in the mother giving birth to normaI. l)’p: 'gl'h s young
she has previousiy given birth to hydrocephdzict.iciency et
born to those mothers with a severe degl‘ée of de oung were
most often still-born; with less severe deficiency the YS of water
born alive and appareatly normal, bl;l_rft»ll:OWEd sign
he brain’ at varying periods after birtn. )
onIlt is interesting to note how closely thes_e f?f:;‘;‘fg;;i‘;?g:i
statistical studies on the incidence of congcmtzlx e appenr
in human communities. Congen;tallyu?gtl:r:lz e
in older mothers and towanjds the young Tiage of othe'r’ oce.
the mother often gives a hlstqry of a misca ge or ofher pre-
: ive mishap. It is perhaps not too :mg ul to
VlOUSl\;ﬁs ‘;\?ﬁﬁﬁ:: E;abbit fn a diet deﬁcient_ in vi(arm‘n A prodgc-
pare increasing number of hydrocephalic young in 'succcsswe
;?(i:: :12 she gets progressively shorter of the vitamin, and so
B
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producing still-born rather than live young as her degree of
deficiency increases.

A maternal dietary deficiency produces an environment for
the growth of the embryo that differs from the normal by virtue
of the absence of a specific important chemical substance.
Experimental embryologists have performed an enormous num-
ber of experiments in which the environment of the embryo has
been altered by adding to it one of a variety of injurious sub-
stances. For technical reasons this work is not performed on
mammals, but utilizes the eggs of fishes, amphibians, and birds,
which develop outside the mother's bady. Modification of
environment has been produced by a variety of methods of
which well-known exampies are the addition of magnesium salts
to the fluid in which fish eggs are suspended, and the exposure
of the egg of the sea-urchin to the effects of lithium chloride.
In many experiments of this type developmental abnormalities
have been reproduced with great regularity. Experimental
embryology is therefore adding to the body of evidence which
suggests that factors other than those of genetic origin are at
work in the production of the congenital malformations.

The young of marsupials are born after a very short gestation
period, subsequent development taking place in the mother's
pouch. Burns, working in the Carnegie Institute at Washington,
has utilized this characteristic of marsupials in a series of highly
ingenious experiments on the Virginian opossum. By injecting
male hormones into new-born females and female hormones
into new-born males, he has been able to produce young in
which the reproductive organs have changed their appearance to
that of the opposite sex. This important study suggests a pos-
sible mechanism by which congenital deformities of the genera-
tive organs may be produced in the human.

INTRA-UTERINE HAZARDS

Even if the embryo has an untainted heredity and the mother
Teceives an entirely adcquate dict, there are other hazards that
may prevent its normal development. It may be exposed t0 2
variety of agents from the external world which penetrate its
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mother’s body and damage the embryonic tissues. In extper(;;
mental work the dye trypan blue and the nitrogen m(tlxs f’r_
have been found to produce abnormal ypmg when' a ml{m:;
tered to the mother dunng pregnancy. T‘he mos.t‘ 1r}r11por ar
noxious agent that is known 1o act in this way is, however,
X-radiation. _

By the exposure of femule rals and mxcc'to tl:)e gf:-;ﬁt;i
X-rays during pregnancy most of the congenital adn e et
commonly occurring in man have been reproduce Witself o
fidelity. The manner in which this ctfgct expresses e
been worked out by a number of expenments.AFor examp (;he
order to show that the deformitv was duc to a dxrf:ct effect o e
radiation on the developing embryo, Wilson shielded ope .;Le
of the uterus of a pregnant rat with a jcad screen durm% t
exposure to X-rays. It was subsequently found_that young y:r;]i
on the exposed side showed abrormalities at birth, thqse on
other side remaining perfectly healthy. Again developing young
were removed from a rat's uterus before radiation and the uterus
sewn up and returned to the abdominal cavity. After th?;‘:}n V:E.:
exposed 1o radiation, abnormal young were born, wbliom-
young removed before the radiation were found tod fe o
pletely normal. It has becn shown also that the 1vpe of ;‘; Drfadia)’-
10 be expected depends on the time in pregnancy whent f: o
tion is administered. Wilson has shown that when pregn.m fats
are irradiated on the ninth day of pregnancy the brain gnd Splbut
cord are affected more than the kidneys and urinary sy stem,t o
this distribution of abnormalities is reversed when the ra
irradiated on the eleventh day. 4 o

The question naturally arises: how dF»es 1rradmno; proi;:;::
these abnormalities? As yet this question ha} n(&t tef:nsnm 1
factorily answerced. It has been suggested that ns.e cc l\st xf:;ﬁ){
to kill cells in certain arcas. If these cells have _a vxta; role ;) fulnt
in the building up of an organ, that organ wn'ﬂ l?e on:'xel:n 1ues-
abnormal way. This explanation leaves cer\;am impor aﬁ ql -
tions unanswered. How is it that only certain cells 31'; afrec 'ed"
Why is the whole cellular siructure of the o.rgan' not .es‘trog il ?
Weiss has suggested that what may happen is that a single cell is
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. first affected, possibly because it is in a volnerable phase of its
cycle, and this cell in turn affects its immediate neighbours, so
that a local nest of cell destruction is produced. Sometimes more
than one cell may be primarily alfected, so that multiple con-
genital abnormalities are produced.

At the present time the whole question whether X-rays can
produce congenital malformations in the human being is con-
stantly under debate. Many hold that the risk to a pregnant
woman of an X-ray examination is negligible. On the other hand
at a recent conference at Oak Ridge, Tennessee, on the effects
of radiation on development, Rugh said: ‘... it was estimated
that last year over 2,500,000 women in this country {the U.S.A.]
were exposed to X-rays from 5 to 80 r in clinical diagnoses; and
it is anybody’s guess as to how many thousands of those women
were pregnant within the first 3 or 4 weeks. Dr. Hicks has made
the statement to me that a dose of as little as 40 r to the rat
embryo at a time comparable to the 20-day stage in the human
_ is extremely damaging to the central nervous system. . . . While

mouse and rat experiments cannot be extrapolated to the
human, the results are suggestive.,” While it is never advisable
to assume that the results of animal experimentation necessarily
parallel those of human pathology, Rugh poses a question that
urgently demands an answer, and it is to be hoped that large-
scale statistical studies of the incidence of congenital malforma-
tions in children of mothers exposed to X-radiation in carly
pregnancy will be undertaken in the near future.

One of the most striking advances in our understanding of
the way in which congenital malformations arise came from a
brilliant deduction made by an Australian ophthalmologist,
Gregg. In 1941 he noted a sudden increase in the number of
children attending his clinic with cataract of the lens of the eye.
He calculated from their ages that the early stages of intra-
uterine development of each of these children coincided with the
occurrence in Australia of a particularly severe and widespread
epidemic of rubella or German measles. He saw an association
between congenital defects in the child and an attack of rubelia
in the mother. This observation was quickly confirmed by other
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doctors in various parts of the world, and it was noted that con-
genital disease of the heart, deaf-mutism, and mental deficiency
of certain types also occurred when the mother suffered from
German measles in the early months of pregnaocy.

It has never been proved that any virus other than that of
German measles produces a comparable effect, The reason for
this is probably revealed by studying the effects of two other
virus diseases, measles and the common cold. If the mother has
measles during the critical period of pregnancy the embryo dies
and is aborted. Other viruses like that of the common cold have
no deleterious effects on the embryo and it survives to be born
in a normal healthy state. German measles appears to be the
only virus disease that causes just sufficient damage to produce
a congenital defect in the embryo without killing it. It is interest-
ing to note how closely this situation corresponds with the
conditions encountered in nutritional experiments described
earlier.

The study of the causes whereby children are born deformed
isas yet in its infancy. One of the most hopeful developments of
recent years has been the widening of the scope of the study s.o
that not only geneticists, but clinicians, nutrition experts, ez&pgn-
mental embryologists, biochemists, and many other specialists
are finding, sometimes almost accidentally, that they are directly
concerned with this important problem. As Professor Crew has
aptly put it : ‘Children yet unconceived are as much the patients
of the physician as are the moribund senescents on whom he is
prepared to lavish his care.” It is satisfactory to note that this
responsibility to the unborn is becoming more and more appre-
ciated, and that for this reason, as well as for the fascinating
implications of the subject, there is today an ever increasing
interest in the study of the congenital malformations.



THE GREYWACKE PROBLEM

J.E.PRENTICE

OvER three-quarters of the earth’s land-surface consists of
the rocks we call sedimentary. The processes that led to the
formation of most of these rocks are perfectly well understood,
becatise we can see such processes at work today. The sands at
present on the seashore will one day become hardened into
sandstones; estuary and delta muds will form the shales of a
million years hence. Today geologists can study shoreline sands
and deltaic muds that were formed millions of vears ago; as
rocks they have often been lifted thousands of feer above the
present Jevel of the sea and tilted through large angles; they
may form the substance of vast mountain chains. But there is
one group of rocks whose origin has always been in doubt.
These are the greywackés. A greywacké is a hard gritty rock
whose constituent particles range in size from the coarsest sand,

Figure 1. Thin section, by transmitted light, x 30 magnification, of
(a) a greywacké, with angular grains of quurtz and mica set in a
matrix of clay, and (b) a normal sandstone, with rounded grains
of quartz cemented by calcite.
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or even pebbles, down to the finesi clay. It is this mixture of
coarse and fine particles that is so difficult to explain. Most
normal sandstones are in some degree sorted of 'cle;m'; that is,
they consist of fragments of more or less uniform size: a grey-
wacké is characteristically unsorted or ‘dirty’ (Figure 1). Grey-
wackés are found in beds ranging from a few inches to sever.al
feet in thickness, and they are commorly interleaved by thin
layers of black shale (Inset 3). In some beds of greywacké th_e
coarse and fine particles are evenly distributed throughout their
thickness; in others, the coarsest particies are confined to the
base of the bed, and there is a gradual upward grading into finer
material towards the summit.

DEPOSITION IN THE SEA

The normal processes of marine deposition would seem 1o bg
quite unabile to produce a graded sediment of this kind. Deposi-
tion from the sea, as observed near the shore today. is the result
of the action of waves and currents. Material supplied by rivers
and by the breaking down of the shoreline is gradually drifted
out to sea by their activity. Now the size of particle deposited
by moving water depends directly upon the rate of movement.
Water moving at a high velocity will carry along sand but drop
pebbles; at slower speeds sand will be deposited and only finer
particles of silt and clay wiil be held in suspension. It follows
that the sediments of the nearshore regions are generally well
sorted. In the shallowest water, where waves and currents are
most active, pebbles and sand will be deposited; the fine silt and
clay will be washed out 1o settle in the quieter regions offshor?.
It is thus difficult to see how normal moving water could deposit
a mixed sediment of greywacké type. Graded bedding c0}11d be
produced by settling {rom stagnant water; ifa sedirpent is sud-
denly poured into still water, the coarser particles will na}urally
settle first, to be covered in turn by finer and finer matenjdl. But
fine particles can only be carried down at the same time a.s
coarse if the suspension is very dense, i.e., if the amount of sedi-
ment is great in relation to the amount of water. In short, the
only known mechanism by which a graded greywacké could be
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deposited is settling under conditions of comparative calm,
from a dense muddy suspension.

Shallow water

The essential calm conditions could only be realized in two
ways, one in sheltered land-locked bays, the other in the depths
of the ocean. But greywacké sediments are far toco widespread
for us to suppose that they were all laid down in land-locked
bays: maoreover, the features normally regarded as evidence of
shallow-water deposition are conspicuously absent from grey-
wackés. For instance, practically all fossil remains of sea-floor
organisms are missing, and none of the normal inhabitants of
the shallow-seas are found fossilized in these strata. In fact the
only organisms normally found in beds of greywacké are those
whose body-form is appropriate 10 a floating existence, and
which one might expect to find in the deposits of an ocean deep.
Philip Kuenen, in the course of world-wide travels in the study
of greywackds, has, in co-operation with V. Natland, obtained
striking confirmation of this from the Pliocene greywackés of
California. These are some of the most recently-formed grey-
wackés in existence, and the shales associated with them ¢ontain
minuate animals whose living relatives are toduay the inhabitants
of the deeper parts of the oceans, It is surely unlikely that such
creatures would have changed their habitat in the few million
years since these rocks were formed.

Other evidence that might suggest shallow-water deposition
is equally lacking. Notable in this respect is the absence of any
indication of temperary breaks in sedimentation, or surfaces of
erosion, which by contrast are frequently found in the rocks
known to have been formed under shaliow water. It is,

how-
ever, virtuaily undisputed that rises and falls of sea-level
amounting to hundreds of feet are, geologically speaking, fre-

quent occurrences. For instance, it is known that a fall in sea-
level of 600 fect or more has occurred during the last million
years, although geologists regard this millennium as a time of
comparative stability in the earth’s crust. So during the millions
of years required to deposit thick beds of greywacké, which
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include times of great crustal mobility, we must suppose that
Jarge oscillations of the sea-level must have taken place many
times, If, therefore, the greywackés were deposited in less than
a thousand feet of water we might expect to find some evidence
that they had at some time been lified above the sea. No such
evidence exists, an absence that indicates a greater depth of
water for their site of deposition. But the beds of grengcké are
themselves thousands of feet thick, yet the troughs in which they
were deposited never become any shallower. One‘ can only sup-
pose that subsidence of the sea-floor kept pace with the deposi-
tion, thus maintaining an approximately consl?.ut depth of
water. Such subsiding areas of deposition were in .facl postu-
lated by geologists long ago 10 explain the accumulatxf)n of great
thicknesses of sediment. They are known as geosyng!mes. These
were relatively narrow troughs of water bencath whxch the floor
was unstable, Sediment appears to have poured into th'em from
land masses on either side, while the floor sank conu.nut)usly.
Today no geosyncline exists, though relics of them exxst'm the
Java trough and the Pacific Coast trench of Noth America.

It appears thai the sediments in the geosynclines were later
folded and elevated into mountain chains. lq fact almost‘ all
mountain ranges had their origin in gcosynch_nf:s, t‘he f}lpm;e,
Himalayan, and Rocky Mountain ghajns ongmatmg in tl;:z
way in the most recent mountain-building period. Gregvac;:
sediments are typical of mountain-belts and may be regarde ,:s
essentially sediments formed in what were f)nce geosynclmesi. $
the outcome of this conclusion, two questions pose themselves.
First, are there similar sediments in deep waters In th: oceans
today: secondly, if there are, what brought them there?

Deep sea siudies

The pioneer decp-sea investigations gave the ?mprcssion that
all deposits on the ocean floors were ﬁne—grumgd oozes and
clays, which might have been carried there by simple suspen-
sion, involving no great movement of water. Recem. research
has shown that this is not a true prcture. Poarse sediment has
been reported from a large number of localities at depths greater
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than 3,000 feet, and while many of these finds have been at the
foot of the continental slope, a number have been reported from
flat ocean floors miles from any appreciable slope. Some of these
deep-sea sands contain the rolled skeletons of foraminifera
which live in shallow water. This sediment must have come
from the land in the first place and there can thus be no doubt
that some mechanism exists which is able to transport shallow-
water sediment into the oceun deeps. Close examination of the
samples from the deep-sea shows that some of the sands are
well-sorted, while others contain muddy material, i.e., they are
incipient greywackés. The resemblance between these sedi-
ments and the greywackés is thus quite close, and we may

reasonably regard the greywackeés as the deep-sea sands of the
past.

CHARACTERISTICS OF GREYWACK( DEPOSITS

If this connexion can be maintained, the structures observed
in greywackés can be used to study sedimentation in the depths
of the ocean, both today and in the past. This approach is very
valuable, because structures may be so readily studied in the
‘fossil’ examples. The examination of a Tock on a wave-washed
foreshore is so much simpler than studying a wet sludge dredged
from below a thousand feet of water. It has been observed that
greywackés almost invariably contain small-scale current-
bedding (Figure 2), This is an indication of rapid movement of
water and has for that reason often been thought to be the out-
come of shallow-water deposition. While it is probably true that
current-bedding on a large scale is typical of inshore deposition,
it can be shown that the current-bedding of greywackés is the
product of ripple-marking; and underwater photographs have
shown that today ripple-marking may be found at depths ex-
ceeding 600 feet. The implication is that at these depths, both
today and in the past, current movement along the sea-floor was
rapid. Laboratory experiments suggest that a velocity of be-
tween 25 and 60 centimetres per second is essential for the
formation of ripple-marks, a much greater movement than has
generally been believed to be possible on the ocean-fioor.
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Figure 2. Diagram 10 show three stages in the devglopmem of cur-
rent bedding by the progressive movement of ripple-marks. 1n.a
the two ripples (outlined -~ -) are eroded b}" channel 2 {(——); in
b sand is deposited in this channel and erosion moves forwa'rd to
channel 3, which becomcs filled in ¢, Drawn from actual specimen.

The bases of individual greywacké beds ofien show lines of
markings Known as groove-casis, flute-casts, and flow-casts. The
groove-casts (Inset 4) are the infillings of parallel striations,
which appear to have been cut into the surface of the mud
below by sharply pointed fragments dragged along by a moving
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inch

Figure. 3. Flute-casts in Plan (lefr), and sec
on the base of the bed of greywacké, an
scour-marks made in the underlyi

Figure 4. Flow-casts in
formed by a thick slu
the arrow.

plan (righg), and section (lefr). These were
dge of sediment movirg in the direction of
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current. The flute-casts (Figure 3 and Inset 5) fill in elongatg.
hollows that have been scoured out from the mud below by the
erosive activity of swift, ssdiment-laden water. By contrast, th.e
flow-casts seem to have been formed during or after the deposi-
tion of the greywacké itself, and represent (he structures formed
by the greywacké material sinking and sliding into the soft mud
below (Figure 4). Certain internal contortions, known as con-
volute bedding (Inset 6), also appear to be the result of internal
adjustments during the deposition of the greywacké bed.

Turbidity currents

To bring the threads of the argument together, then, the cur-
rent that emplaced the greywackés must haye been dense, so
as to produce grading and the groo.vc-casts; it must have been
swifl, in order to cause ripple-marking, to transport the coar‘se
sand, and 1o scour out the flutes; settling must have been rapid
so that coarse and fine material settied togcthcragd sotha‘t move-
ment of the lower parts of the bed was possible during the
deposition of the upper. There must ll_xcrchre have been a’dense
and rapid flow entering a region which was porm{nll‘y s!:ll. To
this flow the name rurbidity current has been given; it is pictured
as a mass of swiftly moving sedimeflt, held down on tl}e sea-
floor by its own weight, rolling rapldly down the c'ontment.al
slopes and out on to the ocean-floor. As 1t_ sloyvs down, it dfzposnts
its load; each individual greywacké bed is pictured as being the
deposit of a single flow, while thcAsha.les between the grey-
wackés represent finer products cameq in the ocean waters in
suspension. This is the only mechanism that comes near to
explaining the presence of sands on the floors of the .df:.cp-sea,
though it is true that no one has ever observed a turbidity cur-
rent in the ocean. Turbidity currents ma_y hor.vever'be sgep in
lakes and reservoirs; in Lake Mead, California, their activities
have covered the floor of the basin to a mean depth of one foot
since 1935, while in some places over 100 feet of sediment has
been deposited in that time, They can be reprodt_lced .exl.)eri'
mentally in sedimentation tanks and the hydraulic principles
determining their movement can be calculated. Nevertheless, .
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in the ocear} their existence remains a matter of inference, be-
cause .the highest velocity recorded directly on the sea-ﬂo:Jr is
only just over 25 centimetres per second, which would be
adequate to transport coarse silt but not sand.

The only convincing demonstration of water movement of
greater velocity is a somewhat oblique one. After an earth
quake on the Grand Banks, Newfoundland, in 1929, a i
bf.r of submarine cables broke on the do;vnslope ;id nUf;l
time of breakage of each successive cable was of :, e
recorded and the extent of the broken cables was detern‘:'ursg
a.fte'rwards. The only mechanism that satisfactorily explai sm;
tlmm.g and extent of the breakages is a turbidity curfe tn C1 ;
culathus show that this would have had a course of m e hdl-
400 mdes glpng a k50-mile front, and a velocity (at 2?63 : 'lan
f:??:l 'uslo{ngm) of 15 knots, i.e., over 300 centimetres per se:c])lnils

Is latter point the slope was less th: \
the current must surely have been :12111;1[: jr(l:g;:e’itsso :)1::;

momentum. Seaward of this, sampling has revealed more than

a metre of unconsolidated sediments, consisting of graded sand ,

and muddy silt, which is attributed to this current, An j

tant fact. is that this current was generated by an‘ nl:mpfor-
of. co'nsnderable magnitude, and as attempts b ea;{l qu..ike
sgentnsts to ‘trigger-off’ these movements by submy1 e explo.
sions have met with little success, it seems hikely that‘ tr}:ne explo
storms \fvould be quite unable to initiate them. It foliowc St;vere}f[
generation of a major turbidity current must be an exc'S da't l le
rare event. Now it is suggested that cach bed of oy mgk)f
represents a single turbidity flow, and it is possible tgrewac ©
the number of greywacké beds in the geological . gs(t;mste
;eprCScnt. Thus we can calculate the average length [c));rtl'o they
in the past elapsed between each turbidity currengt In Wlanlmstthz?t
works out at 100,000 years for the Cambrian pi;riod :d bls
tween 1,500 and 2,000 years for the Ordovician—Siluriar; aeriodes-
Since it is well known that mountain-building and carttlxj-movc;
ment were slight in the Cambrian, and reached their climax at
the end of the Silurian, these figures support the suggestion that
there is a connexion between earthquake activity and greywacké
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formation. We may picture the process somewhat as follows.
For several thousand years sands and silts and muds accumu-
late on the higher parts of the continental shelf, brought there
by the rivers and deposited by the sea, As they build up in
thickness they become more and more unstable, until an earth-
quake shock starts them moving. Rapidly increasing in momen-
tum, they roll down the continental shelf, down the steeper con-
tinental slope, and spread out over the ocean-floor.

Ocean-floor topography

The turbidity current hypothesis also provides a reasonable
explanation of some of the more puzzling features of ocean-
floor topography. At frequent intervals along the continental
shelves of the world there are deep channels, whose steep sides
have earned them the name of submarine canyons. These often
begin near the mouths of large rivers, und trench deeply into
the continental shelf, debouching at depths of between 4,000
and 6,000 fect below sea-level on to the ocean-floor. Their form
is similar to that of normal river valleys, and this has led some
authorities to suggest that they are really valleys formed origin-
ally on land, and since sunk below sea-level. The sediments into
which they are cut are, however, fairly recent in origin and the
acceptance of this theory would involve a world-wide uplift of
6,000 fect followed by subsidence within the last 20 million
years. This would in turn imply a withdrawal of water of quite
phenomenal dimensions from the oceans, so that this postulate
is by no means easy to accept. To suppose that there has been no
such movement, in other words that the shelf has remained rela-
tively stable since that time, means that some powerful agent
of erosion must have been in operation. It is possible that the
turbidity current may fll this role; since its erosive activities
would be most powerful where sediment supply was greatest, it
would tend to erode most deeply offshore from the larger rivers.
A funher point of great significance is the occurrence at the
foot of many of these canyons of a fan-shaped structure, such
as might be expected if a great body of sediment flowed down
the canyou and suddenly spread out on the sea-floor.
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In other ways the form of the ocean-floor may prove to be a
fruitful field of study. If the sediment was deposited from
‘volume suspension’ then the cover ought to form an even blan-
ket over all irregularities. But if turbidity currents flowing across
the ocean-floor were the major depositing agent, disposition
should be directly related to the topography. In the Eastern
Pacific, H. W. Menard has shown that irregular topography is
only found where a region is cut off from the submarine canyons
by barriers to turbidity flows; in regions to which turbidity cur-
rents could have direct access the sea-floor is smooth except on
the ‘lee’ side of high ridges. Tn short, the form of the ocean-floor
is more readily explained by the turbidity current hypothesis
than by deposition from volume suspension.

That ‘the present is the key to the past’ has long been the
fundamental tenet of geologists. In the study of greywackés, the
converse has shown its value; and by a nice combination of
evidence derived from both sources, a satisfactory working
hypothesis has been built up. The tangible evidence for turbidity
currents is slight, but by their nature that must be so. Geological
processes are so slow that the lifetime of man is inadequate for
their existence to be proved by observation. Nevertheless, no

other hypothesis fits so many facts so neatly; that in itself should
be persuasive, if not conclusive.

REFERENCES

Many useful papers, with full references to earlier work, are to be
found in:
“Turbidity Currents Symposium’, Society of Economic Palaconto-
logists and Mineralogists; Special Publication (No. 2), 1951.
See also:
Crowell, J. C.: ‘Directional-current structures from the Pre-Alpine
Flysch, Switzerland'. Bulletin Geological Society America, 1955,
68, 1351-1384. Kuenen, P. H.: ‘Graded bedding with observa-
tions on Lower Palacozoic Rotks of Britain', Verhandelingen
Koninklijke Nederlandse Akademie Naturkunde, 1953. 20, 1-47.
Menard, H. W.: ‘Deep-sea chanaels, topography and sedi-

mentation’. Bulletin American Association Petroleum Geolo-
gists, 1955, 39, 236-255.

SCIENCE AND TECHNOLOGY
OF METAL ADHESIVES

N. A.DE BRUYNE

ENTALLY adhesion is the r'esult of forces. due to
;21:?.3: ; atomic electric fields acting an]c]ross:j ;i;:e;rg:;ﬁi:
between adhesive and what may be called ; e.ac : imerlo,cmng
not in essentials an effect producefi by mec anslti;ﬁ nterlocking
between adjacent surfaces. There ¥, howev;r‘,t is probably best
tainty about the nature of these forces and ! shol:vs ably best
to content oneself by saying that CXPef}etfllcs ine ndhesive
good joint two conditions must be sa_us e ,l(at e adbesive
must iuex the adherends, and (&) the m‘ﬁ‘f“:: Ist f‘:;l }t?)e it
when the adhesive solidifies must not l::h elsge t.wo e
able first to look a little more closely a

TWO RULES OF ADHESION

The first rule ade to Insets 7 and 8 which serve to

1d be m . : -
ilhif::::ﬁee S;.c: of the rules. Both illustrations show a poly

i first sheet
f water, but, while the
under a stream © X 4 by the
?:Tgf;eaf:; ep[olyethyleﬂe (note how the w.m:::lxs ‘rgfr;l:z d wsirth :
f he second sheet had been previously s out OVer
surtace), the ith the result that the water spr ot chis
;D}:l nsenfbumxerf.:lrcd absorption measurements sutigce.:J :'faace o
. Infra- =

ﬂaeni?l:ga;:oduws carbonyl 8roups (>€=0) on
the polyethylene. |e given above we should expect
ding to the first 1uie g 2 ter, i.e., with
th;joi;v:zc?xiclaghesives of a hYdrOPg"l:Zt:: a:;: adhesion to
setting properties similar éoblhg::cg better than to unflamed.

hould bé¢ ot
f;;med ‘pofl::tt :zl?l[‘]:b:e I gives somé results of tests oD lap joints,
isisin .
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one inch wide with one inch overlap, made from aluminium-

coated duralumin strip. The adhesive was a polyethylene sheet
coated on both sides with an epoxy type*

adhesijve,
TABLE |
Tests on lap joints made with:
—_— T —
Unireated Polyethylene Flamed Polyethylene
e N
150 920
150 600
190 650
150 780
150 800
200 750
Mean 165 po\ungs I Mieian 750 pouﬁsﬂ

The second rule

To give an example of the second rule, i.e., that the internal
stress produced on solidification must not be hi

gh, we can try to
use polyethylene itself as an ad

hesive by melting it between 1wo
pieces of metal. If we simply use polyethylene by itself the adhe-

sion obtained when the polyethylene has cooled down is insigni-
ficant. If, however, we reduce the interfacial stress caused by the
difference in the shrinkage of the polyethylene and the metal,
then we do in fact get surprisingly good adhesion. What is done
to reduce the shrinkage stress js either (a) to pack the polyethy-
lene with glass fabric, or (h)to use a very thin layer of poly-
ethylene. With either modification good adhesion is obtained.

Significance of rules of adhesion

The fact that polyethylene sheet will stick to metals if its con-
traction is reduced is an example of what may be a general truth,
that in themselves the interfaciaf molecular forces are prob-
ably always adequate to produce good adhesion, and that weak

*An adhesive produced by condensin

8 epichlorhydrin with a poly-
hydric phenol.
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. . are some disturbing factors pre-
Js(:::lssniz;u;ts ;Y;L)S’SWC: Zrcletnl:::ion or inadequate contact between
adhesive and gdh:::tna?;ov::c(z;t\e»r this is so, but support for the
l.t is not qufnem hysical chemistry. The heat produced whet;
belief comes roml; with a liquid can be megsured. Th_ns heatt;
a surface is cove verted into its equivalent in mechamcfﬂ work,
wetting can be cog_ work by the range of molecular action (say
and if we divide | lSn deduce what the force of adhesnop should
b o) we C1a uid makes a large contact angle with a sur-
be. E\.fen where a .lq et poor wetting, the theor;ncal adhe;qe
fice'gll‘:;l:(;}:lecr;dwfioi the heat of wetting ?s conscls(e:;‘able anam
Stren hi ved 1n pra .
fact much grea(er ﬂ:;: ?i?;tﬂ:'l::li Olngsrt on goqd wpﬂing of Lhe;
Why then does dhesive? Photoelasticinvestigations showt ‘11
AN l}(jiiésive sets with a large contact angle,. thcrelvjve:j
Wherever the ad o of stress when an external load is app tlhel"
be a concentratio ason for the need for good wemng. An:i)
This may be one ridhcsive that tends to gather up -mto tnigf
reason is that :’m[ r on the polyethylene in Inset 7 .w11.1 n:)_ r}: o
similar 1o the “’;l ; Poor wetting may also be an indicatio o
duce an even ﬁ.m~ n oil film on the surface of the adheret;l .
comamm;sllqn, 1.&,; ertics of organic materials are crmca1 y
. The e]cctﬂCﬁL Ii;:: or not they contain per'manent molecueilt'
1qﬂuenced by Ny l? uch as wood, which contain such permalla :
dl.p()les' Materlla > Sbc ‘polar’, and materials such as pOl):cthy cx;f
Sipoles, are smgg:r which do not are called ‘non-polar -P’i:)up
and "amml_m anent dipole groups is the hy.drqu g o
the strongest perm ster (H-O-H). Now poiar liquids do n g
CO-H prient ¥ Tar solids, with the result that, as albl::i-
wet smpolh "°”‘§2an say in terms of the first rule that pola e
genfzmhzauo‘l»z“ sed to make strong joints between non-p(:’xy
hesives cannot be u strong adhesives are polar, and both epu
adgeri)?si;li'll)lfgr;al- adhesives are full of hydroxyl groups.
and p

i ith aldehydes,
e Adhesives made by reacting polyvinyl alcohol with

e.g., formaldehyde.
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Thus one cannot make strong joints with such adhesives to rub-
ber, polyethylene, or polystyrene until one has changed the sur-
face properties of the latter, for example by treatment with
strong acid or direct oxidation. Another way of improving wet-
ting is by roughening the surface as by sand blastingor abrading.

As to the real nature of the molecular forces that are primarily
respousible for adhesion, there is as yet no clear evidence
whether they are mainly physical forces, such as are responsible
for surface tension in a liquid, or whether they are due to a

stronger type of bond of the kind that we find when chemisorp-
tion takes place.

THE DISTRIBUTION OF STRESS IN A JOINT

When a lap joint is pulled, the a
uniformly over the glued area, w

1s subjected to a shearing strain which is least at the middle of
the joint and greatest at each end. But in addition to the shearing
stress, there is also a tearing stress. The extent of this concentra-
tion of stress at each end will depend upon the relative dimen-
sions and elastic properties of the adhesive and the adherends.
As a result, the strength of a Jap joint, even when Tupture takes
place in the adhesive, depends on the nature and dimensions of
the adherend. For instance, the rupture load with a given adhe-
sive and overlap increases as the thickness of the adherend is
increased. Figure 1 shows how complicated the stress distribu-

tion is in a lap joint, Yet for afj its complexity it is in fact suscept-
ible to mathematica] analysis,

In a butt joint under tensiop
of the joint rises as the thickne

pplied force is not distributed
ith the result that the adhesive

! Presence of the comparatively
rigid adherends which are being he}¢ together, In addition to

non-uniformity of stress from ap external load due to differ-
ences in the elastic and mechanical properties of adhesive and
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wn
(%)

g Y f. J. S. Ne ell: (ﬂ) is hc Sl’de View
u,si“ a lubhe] analoguc as was shown by L. b3 .Dﬂmarklﬂs a}']d the late F Iro Wi t viey

) i i i ’ ( ) thc gﬂd 18
Of a joint Wlthout 10ad on WhICh a IECtanB\llal xefEl ence g‘ld has beCn dlawﬂ b s]l()ws how

Fi 1. The stress distribution in the adherends of a simple lap joint under load can be demonstrated by
igure 1,
distorted under a load of 16 1b; (c) and (d) show the resuiting shear and tensile load contours.
i
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adherend, we must also take into account the effects of residual
stress due to shrinkage of the adhesive as it sets. The magnitude
of this residual stress will increase as the thickness of the adhe-

sive increases. Thus great care must be taken in drawing conclu-
sions from mechanical tests.

Monomolecular adhesion

When we pass from mechanical tests to attempts to explain
the relation between molecular constitution and adhesion we
find that much still waits to be done, since any change in the
chemical structure of an adhesive is accompanied by a change
in its mechanical properties, with the result that it is very diffi-
cult, for the reasons given above, to make deductions from
breaking tests. Thus it is possible both with epoxy and with
polyformal adhesives to find a close correlation of high statis-
tical significance between the rupture strength of the joint and
the concentration of hydroxyl groups in the adhesive, but is this
owing to an increase in the molecular forces at the interface or
is it just that the adhesive shrinks less or produces a more
favourable stress distribution at rupture or both? The truth is
we do not yet know.

Because of this difficulty of interpretation it is interesting to
see what happens to an adhesive when it is in the form of a
monomolecular layer on a water surface which under the condi-
tions of the experiments acts as an adherend. If such 3 mono-
molecular film is compressed laterally it shows a steadily in-
creasing pressure which finally reaches a maximum value at
which it stays constant, This s the so-called ‘collapse’ pressure
at which the film is a fully condensed monomolecular layer.
When further compression is applied the layer begins to break
up and slide over itself. The pressure-area curve is an isothermal,
equivalent to that of a gas, and from the numerical values and a
knowledge of the size of the molecules gne can work out what
portions of the molecule are tumned towargs the water. If, for
instance, one examines an epoxy resin and compares its iso-
thermal with those of partly and wholly acetylated derivatives,
it is found that any reduction in the concentration of hydroxyl

-
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groups greatly reduces the collapse pressure. Sdo }{e.re a.gag: tt:re_
influence of the hydroxyl g.rgutps seems to be decisive in
ini int.
mmmgti:h:' Sr‘r::t[l‘lg(:i] ?)fft:lti(]ic;ing interfacial forces betwee_n an
ad‘:;;?veeand an adherend is to exam:me the waylir:‘ whufi‘\h :
tal surface selectively adsorbs adhesives from solu ions. 1
[el:'eidence bere is again that hydroxyl bonds play a decisive role.

METAL ADHESIVES

Adhesives for metals, developed in the first plac.e f(l)r t(lileaax;rag
industry, are an intercsting[ r§cen(t‘di.etic::(:loo%:::le:i ugangv t;e .two
ical adhesive for metals 1o addl : .
?:zfifninta] requirements of good wetting .and s(t;jna'll sl:‘rcx)rt]ka;i?
must also be free from volatj1e§ and must in ad l;uor;is‘a :( >
duce volatiles during solidiﬁ;atlon: It.must al;o ue :ﬁecmd o
prolonged immersion in various liquids and be dnCOhCSion oy
wide variations of temperature. it must have gozhmcun ion as
well as adhesion. In addition, it must not be too l[naterials e
These are stringent requirement.s and not mar;ly T o
able to meet them all satisfactorily. Probqblyht e o e
ful have been plastics with epoxy groups 1n tdemmSirls R
of polyvinyl formal and phenol fc_)rmaldehy e tem{)ﬂatures
sives of both these types are hot setting and rcql.u{;e e

of from 145° C upwards to cause tlllcn: t(())rsaeltl.oven
i eated press, an autoclave, .
ap%lllhe:t:vye? :dhesivz is chosen, it is i»m‘portant tl:nat tgz l:?;t:i
surface be adequately clea;:\etc.l. AI¥TL221$Ca:gdllzfthgy e
‘i ' ilute solution o s
bes't p;;ﬁ: :: :h:;lmic acid, after which they must be wast}ed
Pe and ttepid water, because hot water causes the surface oxide
pn cold hange from a ‘Bayerite’ type of structure to a.mpch
e o 1y held ‘Boehmite' oxide. The cleaned surface is ina
s ):'ve state. Indeed, the electrical capacity of anodized
vlc?n?:i?r:f v!arics greaily with the humidity of the atmosphere.
alu

»These appear on the market as ‘Araldite’ and ‘Redux’ respec-
tively.
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Metal adhesives in aircraft construction

we?gw;etx; tlt;e years airc::ft designers, to keep down structure
, Dave improved the efficiency of their

. ) - structures a|
used materials with higher and higher static strengths, Figun:l g
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Figure 2. Graph showin
h .
over the period 1934~§6.°w the trend of des

8n stress rose steadily
shows how design stresses i i
br.ought serious diﬂicultieshiivter;;rslenFi::adﬂy’
this tet;dency has been a growth . vue 1
metal ‘fatigue’ is today the major i
In Figure 3, curve A shows th:e prv;;r:l.a};: tfr:xiac:;c; af’t desig o
recent years, d.ue to the use of higher design st e ife in
stronger materials; and B shows the fatigue life ofrte;ses andl .
themselves has become shorter as the static stren thC }tlnate.nals
Curves B and C show the relative fatigue lives ogf a]uas o,
alloys (17 8T, 24 8T, and 75 ST) under stress concentra?mmm
4 and 5 respectively. It will be seen that a reduction j e
const.ruction from 5 to 4 has a material effect on fati u";'; oo
It is because adhesive bonding of structures can dg o m
to help in the reduction of structure weight, in the rz:lzxrc};
, o

and this rise has

] . ple, the result of
in fatigue failures such that
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Figure 3. Curve A shows how fatigue life has suffered as design
stress has increased. Curves B and C show how the change from
17 ST aluminium alloy 1o 24 ST and 75 ST has decreascd fatigue
Life at stress concentrations of 4 and 5 respectively. (Figures 2 and
3 are from the Proceedings of ilie Fourth A nelu-American Aero-
nautical Congress published by the Roval Aecronautical Society,
London.)

stress concentrations, and in the attainment of smooth surfaces
and high torsional stiffness, that it is being so widely adopted in
new aircraft at the present time. It is now over twelve years
since the first flight of the de Havilland Hornet in which an
adhesive was used in gluing the main spar tensions boom to the
web. This machine was probably the fastest propeller-drawn
fighter made. Since then adhesives have been used in fifty types
of aircraft ranging from the Chance Vought ‘Regulus’ guided
missile, and Cutlass fighter, to civil machines like the Comet,
Britannia, and Fokker Friendship (Insets 9 and 12).

RIVETED VERSUS BONDED STRUCTURES

A lap joint made from two duralumin sheets a millimetre thick
with a 13 mm. overlap and a spacing between rivets of 15 mm.
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has an average shear strength of 1.44kg. persq. mm. of joint area
when rivets of 4 mm. diameter are used. A lap joint with rivets,
sheets, and spacing of the same dimensions, but with a 32 mm.
overlap and three rows of rivets, has an average strength of
1.76 kg. per sq. mm. In joints of the same dimensions, but with
rivets replaced by spotwelds, shear strengths of 0.77 kg. per
sq.mm. and 0.88kg. per sq. mm. can be obtained. If, however, the
same duralumin sheets with 13 mm. overlap are glued together
by means of hot setting adhesives, shear strengths of the order of
2.8kg. per sq. mm. are obtained. Thus the static strength of
joints made with adhesives exceeds that of similar riveted or
spotwelded joints when tested under tensile shear,

The results of similar comparative tests on structures under
compression are equally striking. Inset 13 shows the top surface
of a ‘Dove’ wing under test. The skin is made of thin sheet with
longitudinal stiffeners and it is under a compression load slightly
lower than the failing load. The stifleners are attached to the
skin by means of a metal glue and it wil] be seen that, although
between the stiffeners pronounced buckling can be observed,
along the stiffeners the skin is fully stabilized. When a riveted
wing is loaded in a similar way, this absence of buckiing along
the stringers does not oceur. Compression buckles run chord-
wise right across the surface between the rivets, and the differ-
ence in the distribution of buckling is a clear indication of the
greater stability of the bonded joint, which is thus able to
tolerate a higher compression loading before failure. Test figures
confirmed this result. In panel-lengths of 60 cm., adhesive bond-
ing showed a 23 per cent improvement in failing load over the
riveting method. Tests of a similar kind made by the Gloster
Aircraft Company and the English Electric 1.td have indicated
the superiority of the bonding technique to the extent of

25 per
cent and 22 per cent respectively,

Comparison of fatigue strength

A series of fatigue tests on bonded panels has been made in
Holland. Sevetral panels with ‘top-hat’ stringers were tested
under pulsating compression loads on the large pulsator of the
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National Luchtvaart Laboratorium at Amsterdam. In half the
specimens stringers were riveted and in tt}e other half they were
bonded to the panels. Compression loading a?tematcd betwee_n
1,000 kg. and 43, 60, and 75 per gent .respecuvaly of the static
fe,liling load. The results are given in Figure 4. Absencc of stress
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Figure 4. Comparison of the fatigue strength of similar ‘Redux-
bonded' and riveted panels,

i antageous. The
concentration in this test again groved ladvanltlligohcr s
fatigue curve for the bonded panels is consmfiergb )t 415gpe.r han
L i i ;. At a load of abou
that for the riveted spccimens. ; ‘ .
of the static failing load, the life of bonded panels is 15.4 times
i is.
ng as that of riveted pane
asllrc; 1ﬁe bonded test-pieces, fracture of the sheet o&:curref;l near
i ks in the stiffener flanges.
i rs and thus gave rise 10 cracks ir '
theds'tt":)f:;lneeﬁ\dhesive layers. Local failures in the adhesive layer,
and i y . :
which occurred in certain of the specimens, caused no apprec:j
able reduction in the load-bearing strength of t};js;ructu}rle ar;)
i i i th each sub-
' i diate general failure. Wi
did not result in immed!
sequent cycle the cracks increased very stowly and stopped at
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the points of zero displacement in the areas of buckling. Cracks
in the adhesive bond and cracks in the metal components
occurred after roughly the same numbers of cycles.

FURTHER APPLICATIONS
Advantages of lamination

In all the above examples the structures were precisely simi-
lar, whether bonded or riveted. This, however, neglects one of
the advantages of gluing which makes it possible to laminate
thin sheets together so as to follow the load contours and so
maintain uniform stress throughout a structure, This is one of
the most important feaiures of adhesive bonding because it
makes it possible to achieve what are, in effect, integral struc-
tures without the enormous complication and expense of
machining from the solid (Inset 15).

Moreover, where riveting is unavoidable strength can be con-

siderably increased by previously gluing on a reinforcing patch.
A substantial economy in production also results because the
additional local thickening permits the use of simple ‘cut
countersunk’ rivets, instead of expensive spin dimpling. Spar
flanges in which the cross section varies along the length can be
made without a milling machine. Even more remarkable, it is
possible to glue laminations in the flat and then bend them ina
rubber press into an angle section. One further point: in general,
bonded structures become cheaper than riveted structures as
s00n as a component exceeds a certain size. This is because the
time to set the adhesive is constant, whereas the time for Tiveting
is proportional to the area.

Honeycomb construction

In a strut, i.e., a structure under compression, we can think of
any applied load as consisting (a) of a uniform compression
stress acting equally everywhere over the cross section, and
(b) a couple tending to produce bending, buckling, twisting, or
other forms of ‘load dodging’. For a strut of given weight and

length, therefore, it is a necessary consequence that it pays to
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‘expand’ the material, provided that in doing so its elastic modu-
lus and proof stress do not fall off more rapidly than the density.
The reason for this is that while such expansion in no way
reduces resistance to the uniform compressive stress, it gives
stability to the structure to resist bending, buckling, and so on.
In this context we mean by expansion a growth in the dimen-
sions of the malterial without increase in weight. One thus
arcives at the utility of the idea of putting small holes into
metals, but a more practical idea is that of a honeycomb struc-
ture as shown in Inset 16. . .

A honeycomb panel consists of two skins enclosing the honey-
comb core; it is an ‘I' beam in which the web has been expa.nded
to fill all the space between the flanges. Qf cour§c, ‘here is no
point in using 2 honeycomb girder or strut in applications whe're
an engineer would use a rolled steel joist, or where only tensile
loads are involved. But when the loads are so small and lh'c need
to reduce weight is 50 great hat the flanges must be thin (sa_y
one-sixteenth of an inch or less), the hqneytcomb structure is
well worth while. Such circumstanc;s arise in a fuselage shell
or the floor of an aeroplane or car, in boats, 'doors, and tables;
in all such applications honeycpmb can give a’ ;trcngth-to-
strength weight ratio much superior to conventiona ‘sl.rucu;re‘;s.

The core of the structure is usuaily made of aluminium h'Olt;
corrugated and glued together to forma honcfyc}?mll:é tc; \Zo:-;b
the skins are then glued at the open ends of the 'brll )’a >
cells. The honeycomb panel has becn made posslx e estaof
cfficient economic¢ engineering structure by the developmen
strco)ngc r:fe:;lcaadl?ris;:i?r;s of honeycomb structures to an aircraft
d o r is that there is no distortion or buckling qnder .Ioad

CSI_gnC Iy before the ultimate strength of the panel is attained.
until S.hm;: )r difier markedly from the conventional skin and
. 'thls e ctures where the skin, as is so often the case even
grmgcr SIrud aircraft, has to be thin. Till now the aircraft
) h:gh-spcc had to ac;cpt the fact that nuch of his skin cover-
qulgner'ha]S fly in shear, will show considerable buckling even
:;%E?::lcl:g\j ]zads. Inset 14 shows a well-respected bomber
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on the ground, and under this gentle loading condition there
is considerable diagonal wrinkling in the sides of the fuselage.
This is not a sign of weakness, however: long ago H. Wagner
showed that such a thin skin, properly designed, must wrinkle at
a fraction of its ultimate strength. Nevertheless, in these d
high speeds and of laminar flow wings, such wrinkling can
tolerated, and to use a honeycomb strycture
solution, We may expect to see m

ays of
not be
1s one possible
uch more of it in future.
FURTHER READING
On fundamentals of adhesion:
Tabor, D.: ‘Basic Principles of Adhesion’,
of Applied Chemistry, 1951, 36, 621.

de Bruyne, N. A.: ‘Fundamentals of Adhesion’, Research, 1953,
6, 362.

Report on the Progress

Qn applications to aircraft:

de Bru?'nc, N. A.: “Structural Adhesives for Metal Aircraft’, Pro-
ceedings of the Fourth Anglo-A merican Aeronautical Confer-
ence (Royal Aeronautical Society, London, 1954).

The above papers give full references to the very large literature on
the subject of metal adhesives,

APPLIED BIOLOGY AND
ECONOMICS

S.A.BARNETT

GovEeERNMENTS of all complexions and in all countries are
increasingly committed to planning. Des»ite the controversies
which the idea of planning has aroused, many of the plans are
themselves acceptable to everyone, except in detail. Nearly
every country has a public health service, and modern industrial
communities cannot function without a highly organized system
of preventive medicine. In two ways this example is typical of
contemporary trends. First, the problem arose as a result of the
application of scicnce: physics and chemisiry were a necessary
basis for the industrial revolution which produced the mal-
nourished, diseasc-ridden people of the big cities. Second, the
solutions to the problem also came from science: in this in-
stance, especially from bacteriology and biochemistry. Of a very
different kind, but equally examples of successful planning on a
vast scale, are the schemes of couservation and development
such as the Tennessce Valley Authority or the Volga River Plan.

As increasingly large numbers of men and women come to be
employed in such planned activities, a iew problem arises. Very
generaliy, the question is: what is the optimum effort to be put
into any given activity? The object of this article is to give
examples which illustrate the importance of asking questions of
this sort, and to show how neglecting the scientific approach to
planning and government policy can lead to unnecessary in-
efficiency and waste.

PEST CONTROL

There is urgent need for quantitative assessment in economic
terms wherever attempts are made to control losses of food
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due to-pests. This is a suitable field from which to draw ex-
amples, since it is one in which scientific gnd admnnﬁlstratlve
problems are obviously interlocked. G. Orfixsh, an agn.cultural
economist working for a large commercial qndertakmg, has
published an economic study of pests and diseases of crops
which at least exposes the deficiencies of ‘estimates’ of losses,
and of savings through control measures; he politely calls most
of the published figures ‘intelligent guesses’ {I). No comparab-le
study has however been undertaken by the large body of dis-
interested government biologists.

Economic data are needed for each individual pest or group
of closely related pests. To illustrate the nature of the problem,
it is convenient to take at some length an example from a single
species. The common brown rat, Rattus norvegicus Berkenhout,
is generally present, in temperate regions, on farms, in food
stores, and in sewers, and at least in the port areas of the tropics.
In all these places rats are regularly or sporadically killed by
poison, traps, domestic predators, and other means, but, until
the last two decades, virtually no scientific study had been
made of any of these methods of extermination.

During the second world war the British Agricultural Re-
search Council supported an extensive study of rats as pests (2).
Most of the research was devoted to answering the question:
given the presence of rats in a relatively small area, what method
of killing them is most likely to give complete extermination?
This question had to be answered within the framework of the
available supplies of baits, poisons, and other equipment. One
of the fruits of the research was a routine technique of control
in which relatively unskilled men and women could be trained.
The British government therefore employed numbers of bio-
logists to give such training, and it set up a considerable organ-
ization throughout the United Kingdom to maintain a country-
wide attack on rats. This was part of a wider group of schemes
for protecting crops and preserving stored food.

Some organization of this sort was certainly necessary, especi-
ally since at that time large reserve stocks were stored for long
periods in government depots. It is probable that there resulted
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GREYWACKE PROBLEM

Typical greywacké sequence near Abervstwyth in which the
greywackd bands stand out as ribs. The major beds show convolu-

tions faintly, while the base of the middie bed has flure-casts. {Photo
Prof. ). H. Taylor.)

4. Base of a greywacké bed showing strong groove-casts. The cut-
rent flow was from right to left.

flute-custs with the same orientation. Silurian Grits. Aberystwith
(Phato: Prof. J. H. Taylor.)

The beds above and bhelow show

Futmr\ Macigno, near Fiesole

5 Base of a greywackd hed showing flure-casts. These were prob-
ably formed by the infilling of scour-marks made in the underlying

mud by a swift current Stlurian Gruts, Aberystwyth. (Photo: Prof.
J.H. Tavior)

Greswackd bed showing internal comvolutions (comvoluie bod),

< ltals (Photo: Prof. 1. H. Taylor)
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METAL ADHESIVES




L. Fuselage of "Dove’ showing use of metal
adhesives to attach stringers to panels,

12. Section of Bristol *Britannia’ leading edge \howing corru-
-gated inncr skin bonded with metal adhesive o the outer skin.

W f [ . n rtests Atng au load. The wrinkles ir e

,vlll_ ‘Dove’ u der test mulaty : - T k th
IL: ‘ '(l:pplcu'cd where 1t is glued to the I(‘ﬂL‘lIlldan] stringers,
SKin are s b

14. Wrinkling in the side of the fuselage of a bomber under the condi-
. | 3 h .
tions of load while sitting on the ground.



15. Helicopter hlade showing the use of adhesives to avoid the diffi-
culties inherent in machining from the solid.

16. The principle of sandwich construction using aluminium foil
honeycomb, to the open ends of which the pancis are attached with
adhesive.

Fg

Applied Biology and Economics £S5

a material reduction in rat and mouse damage in these depots,
The question asked here is: what evidence is there that this
effort was directed to the best economic advantage? s

To answer this fully we need to know at least three thinb.
First, it should be possible to assess the effect of routine controf
measures on rat populations. Second, an estimate of the losses
caused by given numbers of rats is required. Third, for the
area concerned, the approximate size of the rat population
should be known.

The Effects of Control

Studies of the effects of control on rat populations are difficult
to undertake, especially on a large scale, but some have been
made. Working at Oxford, A.D. Middleton showed that the
new methods permitted economic control on certain types' of
farms (3); but a later study, carried out by zoologists of the
Ministry of Agriculture in two Devon villages in which Tesi-
dences and farm buildings were old, showed that in more diffi-
cult environments satisfactory control is, on any standard, Jess
easy (4). Partial clearances of rat populations were followed
within six months by a restoration of rat numbers to ‘normal’,
that is, to the probable maximum for the area in the prevailing
conditions; on the other hand, very thorough clearances, involv-
ing at least two successive poisonings, had a much more lasting
effect — one which was still evident after a year. This had prac-
tical implications. In agricultural areas in England it was usual
for rat treatments, by poisoning or by ‘gassing’ with cyanide, to
be carried out at three-monthly intervals. A more economical
procedure would probably have been a really thorough opera-
tion once a year.

‘Where rats have plenty of cover and food,as D. E, Davis, the
American ecologist, has emphasized, it is difficult to reduce the
population to near zero; and if rz'n numbers are only brought to,
say, 30 to 50 per cent of the maximum, the survivors multiply at
their highest rate, and rapidly restore their numbers (5), Davis
and his colleagues, working in Baltimore, showed that both
growth and fertility rates increase in rat populations which have

C
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been decimated by trapping or other means: competition for
food and space among the survivors is reduced, and conditions
become miore favourable for those that are left.

In some environments Rattus norvegicus is exceedingly in-
accessible. This applies especially to sewers, of which old sys-
tems are commonly heavily infested and so constitute a regular
source of infestation of buildings, via the drains or burrows in
the surrounding earth. From 1943 onwards, therefore, a formid-
able effort has been devoted to killing sewer rats in all the main
towns of England and Wales. It was supposed that initial clear-
ances, by means of thorough poisoning campaigns, would so
reduce sewer rat numbers that later they could be kept down
with only a modest expenditure of labour and materials. This
policy may have worked in some places; but a study made in
1947-50 in some London sewers by a Ministry of Agriculture
research unit showed a very rapid restoration of the population
after a probable reduction of about 97 per cent (6). The evidence
was that this recovery was aided by reinvasion from the surface.
A more recent study, also by Ministry zoologists, suggests that
in some instances poisoning rats by baiting at the bottom of
sewer manholes (the only practicable system) may sometimes
fail to reach all the rats living in or visiting the sewers (7). Here
then we have a case in which great effort, over a period of more
than a decade, has been put into control, in advance of a satis-
factory knowledge of even the population dynamics of the pest.

The obstacles in the way of complete exlermination, and the
expense and administrative difficulties of even attempting it,
naturally suggest that environmental control, by the reduction
of cover and accessible food, and by repair of drains and sewers,
should be more profitable than ‘lirect destruction. Unfortun-
ately, in many environments, this would involve large-scale
replanning and rebuilding. At best, it can be only a very long-
term aim.

A similar situation arises in regard to locusts - another group
of food pests of world-wide distribution. There have been spec-
tacular successes in locust control since 1940, These have been
based on the discovery that locusts exist in two phases: in one,
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they swarm in vast numbers; in the oth.er, they exist assordina.ry,
large grasshoppers showing no greganops_ tendency. Swarming
depends on special cnvironmen}al conditions, and these o;cur
only in certain areas. For Africa these areasihave now <eent
mapped, with the result that a@vance warning of mcnpn?nh
swarms can be given, and the insects can be destroyed thf
ison before they become airborne. Despite th'e success o

T measures, B. P. Uvarov, Head of the Anti-Locust Re-
ls::i?:h Centre in London, ha_.s emphasized. that in th; long rutn
the remedy must be prevention, by changing the _env%-]o.nmc;mv:
in which the outbreaks start (8). In some areas thlS.W[ invo
an alteration in agricultural or stockbreeding practices.

Numbers and Damage

The examples of research on rat contt:ol described above z:ire
tional. They are based on a technlqu'e of'cens:us first de-
exgcpd by D. H. Chitty at Oxford — one which, in skilled hands,
Smbe‘ e zelia;ble results. This depends on laying surpluses c.\f a
can i:ll'd food such as wheat, acceptable fo rats, at many points
§tan infested area, every night until the amount eaten levels
in the i steady ma’ximum. A control measure may then be
off ?{tda and the census repeated. The result of the second cen-
appll_e y an estimate of the reduction in rat numbers eﬁecled by
e glVetS ol operation. The data from ordinary poisoning cam-
th? o rrovide no basis at all for estimates of ‘success’, and
Szjllg:;l;]i)ons of the rats killed, sometimes derived from such
: validity.
cvgs?'\rc::;t}ex:‘;i' ?;al rat p{)pulations, for a country, a county, or
therl]arge area, are also usually worth‘]ess. If to make a census
o farm or a large warchouse is difficult, to do so for an
i ?trative area requires far greater expenditure on field
admmlsh than has hitherto been allowed. (Such expenditure
rcse?;c of course, remain trifling compared with that on actual
wou ,1) Howevc;r, C.S. Elton and E. M. Q. Laurie at Oxford
o 'd the fluctuating numbers of rats in corn ricks in Eng-
esumai;’-he most important habitat for rural rats — and showed
1::.? ;ver a period of five years during which rat control was
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greatly expanded, little chan
tions (9).

Anocther example of a large-scale inquiry into rural rat
populations is that of the two villages mentioned above. In
them, minimum rat populations were estimated as 180 and 330
Tespectively; the corresponding human populations were 360
and 270, In both villages there was one cat or dog to every five
persons. These figures of rat numbers, undoubtedly under-
estimates, cannot however be applied to other habitats; they
merely indicate that inquiries of this sort are practicable.

As for damage, there is an even more notable dearth of quan-
titative data. The complexities may be illustrated from the one
small group of experiments which has been done. Bagged wheat
Wwas exposed to attack by four small colonies of rats for periods
of 12 to 28 weeks. The net cost of the rat infestations at the end
was 18 per cent of the original value of the wheat plus the sacks.
This included labour. More than half this loss was, however, due
to damage to the sacks which were torn up by the rats for nest-
ing (70). It is often said that rats cause more loss of food by

. fouling than by eating, but in this instance all the wheat fouled
was, after cleaning, declared fit for human consumption, No

doubt the picture would have been different had the rats been
allowed to breed longer.

ge took place in these popula-

ECONOMICS AND HEALTH

The data above are all expressed in terms of rats as food pests.
Where rats are to any important extent disease carriers (as they
are in many countries) further difficulties arise. During a plague
outbreak in Malta the government employad, on rat control
alone, a labour force in the proportion of one operalive to every
4,000 inhabitants; the Services employed many more (11).In the
circumstances, this was worth while: it was followed, not only
by the collapse of the plague epidemic, but also by a marked
reduction in endemic typhus (also rat-borne) and by a general
decline in the rat population. Afterwards it was possible to keep
rat numbers low with a rclatively small, permanent Jabour force,
But there is no means of telling whether a similar effort would
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have been economically justifiable had rats in Malta been food
p&;: ;n:t’;in economic conditions it might be worth w‘vhile to
apply a large labour force, for a short period, to controlling rats
or other pests, on the assumption that .later, when a greatly
reduced pest population had been estabhsped, a much smaller
number of men could be employed on mamtepance work. ljhe
initial effort would then correspond to a capna} ‘outla_y whgch
would not have to be repeatc@. The exact conditions in which
such an outlay would be justifiable could, powever, be estab-
fished only on the basis of accurate quantitative data on the
{S.

eﬂ[cjcrl)sti?f';::nf;;i rabbits in Britain represented just this sort of
problem. Now, however, myxomatosis has made tt?e first stage,
of large-scale control, unnecessary : today the rabbit p;;pu}a;mr:
is relatively small, and it can probably bt? kept sma withou

omic expenditure on control, provnd_cd that lher? is an
::::?Jzte national plan and that the farming community co-

operates.
A General Problem

The example of rats is a convenient one, since therc. are ‘at
Jeast some facts which can be reported. But the probl'em is quite
ral. Locusts and rabbits have also 'been r'{lentngned', and
gen; Graham, the distinguished American biologist, in an
fc-imi.rab]e boc;k on land use, has assembleq many 'examples. of
the need for guantitative studl‘es ('12). H:{i cites an investigation
of a campaign against ‘vermlp’, in which many §nakes werlei
killed. About one-third were p{lot bl;cksnakes, which eat ;mt;a
rodents. Careful and conservauive gsnmates haye suggeste that
the destruction of these snakes, in twenty-six United States
nties, led in one pre-war year to a loss from rodent dan}age
f)(f)ucrops’ worth $132,000. Grabam quotes another American
authority, L. R. Dice: s e
ists advocate that scientific studies be made
‘b?glie:ni[:lag";r:::;tliol campaign, Lh?y are told thgrc‘ is nottnm(‘a1 to c]:;glzz
a scieatific study while a farmer’s crops are bemg eaten up
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poultry devastated. This excuse would be more satisfying if it were
not repeated year after year. . . . The ecologic and economic studies
of wild life which should be made in every region before initiating
a poison campaign are ... not now being made, and with a few
notable exceptions, never have been made anywhere by men com-
petent to conduct such studies.

If facts of this kind have still to be discovered in most fields of
applied biclogy - if, indeed, they are as yet not even being
sought — we must be very far from answering the type of ques-
tion put at the beginning of this article, For pests, the question
in a simplified form might be this: if, in a given area, one hun-
dred men are employed on pest destruction, will those men save
more food than they would produce if they were farm workers?
Or should there be fifty men, or two hundred?

A PROBLEM OF SOCIAL PSYCHOLOGY

Since a fully rational scheme of pest control is possible only if
this sort of problem is solved, and since the same principle
applies in far wider spheres of applied science, it is surprising
that such questions for the most part remain unasked. The
Report of the Working Party on the Nursing Services did raise
the question of the optimum number of nurses in different types
of area in England and Wales - in a minority report signed by
only one member (I3); but this is an isolated and rejected in-
stance of resort to reason. What is the source of the resistance
to this obvious line of inquiry? The answer is perhaps to be
found in a counter-question, often made in reply to the argu-
ment given above: does this mean that the work in question is
useless? Perhaps this starkly irrational response sometimes con-
ceals an unacknowledged feeling of guilt that the work or the
organization concerned is not objectively justifiable. It may
stem from the fear that scientific scrutiny would justify a cutting
down of establishments (although it might just as well have the
opposite effect). In any case, inquiry is always likely to lead to
a change of methods or routines, and to a demand for the
application of an adaptable intelligence instead of a capacity
to adhere unthinkingly to a set of regulations,
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It is not yet understood that the whole practic; of ﬁo‘:;?:;
and administration can be usefully made the subje
n.ent ific inquiry. Scientists themselves are for the mos.t pal:t not
cientife lel:iqto ﬂ';inking in this way. For some, the subject is t(_)o
accu_5_10ﬂ3 It is indeed political (that is, pertaining to the state, its
'P‘;’mlcal . { and policy), butthat is not a valid reason fpr regard-
_govgnme“ﬂ for polite discussion. The aim must be, in the long
ingit as o hole of administration to be imbued with the 9blef"
run, for l‘m‘wt‘n.'e and heuristic methods of science. Bgt this will
ive, qufxnma 1 ;vhen we are freed from the belief, still held by
be pos51.b18 onOYle that a scientist, being a manual workelt, is
inﬂuf.nual pe rlsjon’s who have made a special study of.ancx?qt
inferior to P;' Janguages. There is still a notion that ‘science’ is
literatt® anf machine or organization, into which certain sorts
some Sor! 2 be fed, and which may then, if rightly t.reated,
of problem ca:wcr Thé fundamental error here is the'belxef tlfat
disgorse o anson éf thinking or type of method which apr:»l}es
e ow range of problems coming under such fzfmll.\ar
only to 2 narrh sics achemis(l'y, and biology. In fact, sc1ent.1ﬁ.c
headints asdpthﬁnkir;g can and should pervade all hu_man activi-
n.1ethod's o o directed towards definable ends. T}.us was seent
ties which arh in the operational research of wartime, but the
clearly Cnou‘gll remains to be learned. The learning w1]! dcryanfi
full lesson o ducation both of administrators and thel_r scienti-
extensive 2 One of the former once said during a discussion
e Conezigz\ixisi;m' “You scientists are never satisfied’. Unfortun-

::‘efyrtgt?is is not always true. But it should be.
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THE ELECTRICAL CONSTANTS
OF FREE SPACE

W.C. VAUGHAN

EroM the time of Newton’s formula.tion of the laws .of
mechanics, almost every major advance in the ﬁe.ld of physics
has modified, to some extent, the contemp:orary attitude to.what
has come to be described as free space. Little sport of a history
of physical science during .the past two centuries }vould §uﬂit§e
to describe this trend in ideas, w_hlch has mlmmatefl in the
recognition of the free-space velocity gf electromagnetic wav.es
he most fundamental of all physical constants. T!le main
asurtpose of this article is to trace the consequences of this evol'u-
. in thought, and to show that implicit in the systems of units
:Jl:e[:ilby scientists and by engineers are two fundamental quan-
tities that are termed the electrical constants of free space,

BASIC STANDARDS

Measurements in mechanics require t'he prescription of tpree
pasic standards; a unit of length, a gult of mass, and. a unit of
time. From earliest times it was 1_'eahzed that several important
considerations governed the chonf:c of these standards. It must
be possible to define tbem unequivocally, they must be easy to
copy, they must be invariable. Fu-rthe.rmore, methods must be
available for subdividing and multiplying §ach standard. .If suf:h
criteria can be met, the size of the um.t may .be'arbltranl.y
selected. The essence of all measurements in physxcs .|s compaq-
son with standards; the ulumatc purpose in refining expelzl-
mental techniques is to facilitate or to enhance accuracy in
making these comparisons.
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Length

The first reliable standards of length were measuring rods.
When knowledge of astronomy had advanced sufficiently to
enable the dimensions of the earth to be estimated, it was natural
"to relate the measuring rod to the circumference of the earth.
This led to the proposal of a standard of length, the meire,
which should be one ten-millionth part of the distance from
equator to pole. Now it should be noted that to define a metre in
this way is to make the terrestrial distance the primary standard;
the measuring rod is then a secondary standard — obtained by
subdivision. In terms of such a definition, measurement of the
earth’s quadrant is meaningless: observations purporting to do
this, in fact, compare an arbitrary distance between two marks
on a measuring rod with a much larger standard distance. The
rod, not the earth, is measurad. As precision in comparison
improves, it becomes necessary to recalibrate all measuring rods
if their inaccuracies are not to be transferred to other physical
measurements for which they may be employed. Slight though
these corrections might be, continual readjustment of the prac-
tical sub-standard would be intolerable, The terrestrial stapdard
dimension is inconveniently large except for astronomical pur-
poses; moreover, there is evidence that it is not quite constant.
The international standard of length was therefore specified as
the distance between two marks on a platinum-iridium bar,
called the International Prototype Metre, deposited at the Inter-
national Bureau of Metric Standards at Sévres, near Paris. This
standard, it should be emphasized, is an arbitrary distance. It is
now known to be abont 0.02 per cent less than a ten-millionth
part of the earth’s quadrant.

Elaborate means have been devised for reproducing copies of
this standard, and in 1889 a number of these reproductions were
distributed by lot to different countries. In 1894, Michelson and
Benoit used an interferometer to compare the standard metre
with the wavelengths of three lines in the spectrum of cadmium.
This comparison has been repeated by other workers; recent
results using the red component of the spectrum of this element
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i illion from that obtained over
i fess than one part in a million : ned ov
g‘ﬁer:e);rs ago, The wavelength of the cadmium red line is in-
1 nzenienlly small for use as a standard of lquth. It c_ioes, hqw-
coer furnish a satisfactory sub-standard against which ?he in-
:\;ri;bility of the standard metre and the accuracy of copies can
be assessed.

Mass

i ith the metric standard of mass, the British
o co‘rin p(ah:sc:n::d. is of great antiquity. Originally it was
stanqa;d. s equal to the weight of 7,000 average grains talgen
speqﬁh o iddle of ripe ears of wheat. The present standard is a
fromft ? l:}num called the Imperial Standard Pound, preserved
e gtandard; Office of the Board of Trade. The metrif: stan-
a e f p ass, the kilogram, is a bar of platinum deposxted_ at
darg @ Tnl;'s L’mit was formerly defined as the mass of one litre
e 1ed1 water at the temperature of its maximum density. !t
o dl;t;ldesirable to link the standards of length and mass in this
wy but this does not furnish a primary standard. Indfed,
il the discovery of heavy hydrogen by Urey,_Bnck—
followmgnd Murphy, and the isolation of heavy water, 1n con-
wedd‘:ci of extremely refined experiments, an unexpected vari-
:\?{;Jify in the older specifications was revealed.

Time

The standard of time is the second..T.his is defined as the
86,400th part of a mean solar day. In this 1pstance the stapdar(;
i ::letermined from astronomical obsc".rvauon qf the period 9
i rih's rotation. This, however, is not quite constapt, its
;:lrce;;larity being measurable by comparisen \fvith the period oi

i i f a quartz crystal, Although a stxll. more constan
ylbratlon fotime is provided by molecular vibrations, it would be
Enterval o‘cnt to use as a standard of time any interval not
“‘)CO“V?nl lated to the mean period of the earth’s rotation. Adop-
d'm:dl) o ¢ new siandard would, of course, be necessary if the
v of_S_OI’ﬂ f the present unit were sufficient to prejudice high
varm::l;slg the few instances where it might seem justified, the
accu .
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The factor e in this relation represents some property of the
medium separating the bodies since this too was found to affect
the force. The term ¢ is called the permirtivity, or dielectric con-
stant, of the medium. Coulomb’s law applics even when the
charged bodies are in a vacuum; indeed, the force is then slightly
greater than under similar circumstances in air. Thus a permit-
tivity ¢, must be ascribed to free space. By means of Coulomb’s
law it is possible to define a unit of electric charge in terms of
the C.G.S. units of force and distance and the permittivity of
free space. If two bodies carry unit electric charge they will
experience an electrostatic force of 1 dyne when separated by a
distance of 1 centimetre in vacuum. This definition specifies an
absolute unit termed the C.G.S. electrostatic unit of clectric
charge. This definition regards e, as having unit value.

A rapid advance in the understanding of electromagnetism
followed Ampere’s quantitative formulation of the evidence
from Oersted’s discovery in 1820 that an electric current pro-
duced a magnetic effect. As a result, it became possible to com-
pute the force between a pair of conductors due to the currents
they carry. In particular, it was shown that if two long parallel
wires separated by a distance rcarry currents 7, and I,, any small
portion of conductor of length 4 experiences a force

2114
= X [
r -
due to the current in the other. It is necessary to introduce into
this relation the factor u, characteristic of the medium separat-
ing the wires, since this too affects the magnitude of the force.
The factor p is called the permeability of the medium. From this
formula it is possible to define a unit of current, Suppose, for
example, that the two wires form a long narrow loop so that
they carry equal current in opposite directions. This current will
have unit value if each centimetre of one conductor cxperiences
a force of 2 dynes due to the current in the other when they are
separated by 1 centimetre in a vacuum. Here 11, the permeability
of free space, has been given unit value, and, since C.G.S. units
of force and distance have been employed, the absolute unit so
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tromagnetic unit of current.
defined is called '::hzurcr.e?l;sisetrgz consequence of the drift of
Now o Clecu]‘ a conductor; if one unit of charge passes
clectric charg” adoztgor in one second, there is unit c.urrent in the
a point 00 & OO0 ent of one clectromagnetic unit 1s t}:e pas-
circuit. This 2 cutl;-romagnetic unit of electric chargg in each
sage of one -el‘ec‘ the definition given in the previous para-
second. Implicit 18 have a definition of the C.G.S. electrqmag;
graph we therefore An important question nOW pr;scnts itself;
nelii'humll i{r‘;’sl:ﬁz'and electromagnetic units identical?
are the ele

MPARISON OF ELECTROSTATIC AND
ES}:CTROMAGNET‘C UNITS OF CHARGE

ulty compared these two uqlts
In 1879, p_‘yrlon an:oiegtﬂ:l?r::mb{ncd simptlicity with a high
by an indirect met 1f » high-voltage battery is coqnected tc})) a
order of accgmcl)’ ted plates, the charge they acquire Soon }:-
pair of well e © none can leak away. In this steady st::itef,t e
comes steady, Smccuostatic charge that can be compute ro;ln
plates have &7 elee oltage, the area of overlap of the plates, the
a knowledge of the ‘:hem and the material between them. .Neov;
distance separating nc'ClC 4 and the plates joined by a wire, :
if the battery & dl?lc?:e system is discharged. The number ©

unt ; is current can be
C;l"em» ﬂ(;:cslic units of charge catried by this cu
electroma

; an instrument known as a bal-
determioed from 140 ;;a:;:tiiic;fl the circuit. In this way Ayr tt(::;
listic galvanometer, & to show that the electromagnetic un
and Perry were ablel 03 « 10'® times the electrostatic unit.
charge was very nc;l;[‘:osta‘ic unit of charge, it was stated that z;

In defining the Z 14 be experienced by a body bearing (cl)n'e o
force of 1 d}’ne.f“'a similarly charged body was situated 1n z;
these charges l, etre from it. If each of these charges wcll;
vacuum 1 cen:lg\‘u fold the force between them wox:)ld els
i““casf:d 3; 10'%) times greater. Thus, if eth bc‘;dy C;(r:be
(3% 10 ) i unit of charge, the force cxpcneflce on_Ch e
elcCtmmagneu?l’he equation expressing Coulomb s law, whi s
9 x10°° dy:;liss's of the choice of units, will only yield this resu
true regar
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if e, is given the value 1/(9 x 10°°). This then must be the permit-

tivity of free space in the C.G.S. electromagnetic system of units.
From the relation for the force between two parallel conductors
that carry currents, a precisely similar argument leads to the
conclusion that in the C.G.S. electrostatic system of units, u,, the
permeability of free space, must be 1/(9 x 10*%).

It is evident that ¢, and u, must be electrical quantities of
some sort. If this were not so, then the equations in which they
appear would purport to relate electrical and mechanical quan-
tities; they would, in fact, imply that electric charge could be
described in terms of distance, mass, and time only. This would
deny the existence of purely electrical phenomena. The mechan-
ism of a force cannot be visualized; ¢, and y, are equallyabstract
concepts. Failure to appreciate this was responsible for the
attempts made to identify an ether in which electromagnetic
waves could be propagated. Maxwell's classical work had its
origin in a realization that the mystery of ¢, and u, could be
dispelled if they were considered together, As we shall see, suit-
able combinations of these two quantities evoke quite familiar
concepts. To understand this, it must be appreciated that the
two sides of any equation must balance not only arithmetically
but also in respect of the types of quantities which it relates.
Quite obviously, no equation can show a valid relation between,
say, distance and weight. If distance appears on the left side, the
quantities on the right must reduce to distance. By carefully
examining the two equations that were given earlier, it is not
difficult to show that these balance in terms of quantities only if,

€, X po=(time)* [ (distance)?
that is, if
1/ V¢, x p,=distance [ time.

Now distance divided by time is, of course, velocity. If the
quantities in the equations are expressed in C.G.S. units, then
the velocity will be in centimetres per second, As we have seen,

in the electrostatic system of units, ¢, has unit value, and p, is
1/9 x 10%°. Thus

1/ Ve, x #y=13 x 10" centimetres per second.

The Electrical Constants of Free Space 81

i i if the electromagnetic system
: e value1s obtained i
Exacl?) ‘.hccslz:‘lloyed. The velocity so calculated rglates to free
o umts'tl :s the velocity ¢ of electromagnetic waves in free space.
space: i

Thus, 1 /Go);.l‘,:C’-

i i ¢ll concluded would be true in any
is relation, which Maxw r
Th.ls rel stem of units, 15 oné of the two mqst’ important
COIISIS}CHI lscy own to physics. The other is Einstein’s equation
equations X

A R
hich relates mass and energy. It is significant that ¢* appears
which r

in both these fundamental relationships.
PRACTICAL UNITS

) o applied science must, of course,

The chotce of ‘:;::lsr ;ﬁi?:gglit?;or practical purposes in tech-
take into account tandpoint of the engineer, the system of units
nology. From the 'sme!re the gram, and the second, suffers fr9m
based on fhe cer;\t;t it le‘ads to a unit of work, the erg, whllch
Fh; drawba}Ck 1 mall. I {herefore became necessary to devise
is mconvemcmiy' : sy'stem of units which are mv'aluples of the
a so-called pl-a'mcaits Instead of the T8, the engineer em?lc_ws
absolute C.G.S.k Ul‘; er;ergy the joule, which is equal to 10 million
asaunit of work o al system, the snit of power, ie., the ra}e at
ergs. In this Pracuc - ihe watt. This represents the expenditure
whicp work is doze;;er second. The kilowatt is, of course, 1,000
of 1 joule of.wpre uivalent 1o 1.34 hoTsepower; the horsegowe;
watts, and tm‘s 15 -c:. it is derived from the f_oot, the pound, an
is not a metric fumd'amemal units. 1f 1,000 )oules'of energy are
the Scco"d.’ as unond the rate of working is 1 k!lowa?t, anc} if
expended in 1 Se; for'o"e hour, the energy cxp;nded is 1 kilo-
this is maintaine he quantity of energy co\loqu}ally referred to
watt-hour. This 18 fying the amount of electrical energy sup-
as a ‘unit’ when SP“;C Thus an electric fire that consumes energy
plied to 2 consllltg&)- watts will use one ‘unit’ per hour. Strictly
at the rate 0fk'fowalt-h our is not an electrical unitat all, butisa
speakmg-:f’cen;r gy. In the example quoted it refers to energy
measure ‘

ting: i he electrical enginect, neither of
he point of view of
From the po!
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the absolute systems is well suited for practical measurement.
Early experiments showed the electromagnetic unit of charge to
be somewhat too large for convenience, and the electrostatic
unit to be far too small. A practical unit, the coulomb, equal to
one-tenth of an electromagnetic unit of charge, was therefore
selected. The practical unit of current, the ampere, is then the
passage of 1 coulomb per second. The work done in carrying
unit electric charge from one point to another is termed the
potential difference between the two points. Unit potential
difference, called the volr, will therefore exist between two
points if one practical unit of work, i.e., 1 joule, is expended in
conveying | practical unit of charge, i.c., 1 coulomb, from one
point to the other. The volt is of the same order as the potential
difference existing between the terminals of a simple cell when
disconnected. It is fairly simple to show from these definitions
of the practical electrical units that when a current of 1 ampere
is maintained between two points having a potential difference
of 1 volt, 1 joule of work is expended in each second. The power
is therefore 1 watt. The practical electrical units are thus con-
veniently and simply related to the practical mechanical units.

If in a conductor a potential difference of | voit produces a
current of 1 ampere, its electrical resistance is said to be 1 ohm.
The resistance of a conductor depends on its dimensions and on
the material of which it is made, so that it is possible to specify 2
prototype standard ohm. Such a standard, called the Inter-
pational Ohm, consisting of a column of mercury of stated
dimensions at a given temperature, was approved by the 1908
International Conference on Electrical Units. The same meet-
ing also defined a secondary standard, the International
Ampere, as that steady current which would deposit silver at a
specified rate from a solution of silver nitrate. The prototype
standards for a practical system of electrical units thus came

into being.
GEORGI’S M.K.S. SYSTEM

In 1881, the First Electrical Congress in Paris had ratified as
fundamental the C.G.S. electromagnetic system of units. Recog-
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. . ; :7e of some of the units in this system
nizing {he 19‘;]0ﬂ;3‘:;22::11:1e meeting adopted at the same time
iiovienrgz;gteice; fnits, the ohm, the volt, the ampere, the: coulomb,

prac { capacitance, the farad. It seems mf:).cphcab.le t.hat
and a unit 0 nalf a century following this decision, scientists
for more than hould have tolerated three distinct systems of
and engmeetr)s Sluw and one practical. Although the pitfalls of
units, u.vo af Som one system 1o the others bedevitled the work
conversion rod o vanced workers alike, no real progress 10-
of students an ing the complications of this situation was made
wards amehorah} ﬁly satisfactory solution of the problem had
until 1935. A lgo sed in a paper published by Prof-essor
however beenl prThr;C: this failed to capture the support it un-
Georst in 159 i d seems attributable, at [east in pa_ft, 10 a‘{cept-
doubled\y ":,:::t:ble of systems having the sanction of inter-
ance as im »

national agreement.

. .o that the C.G.S. units are not, as
. It is worth nﬁz!n§;2e5322nﬁ]c international prototype stan-
is often thoughl, L will be recalied, are the metre, the kilogram,
dards: the lattsr,éeorgi‘s proposal was ag absolute system of
anq the second. hese international standards, to be known' ag
units ba,sed ont trom their initial Jetters. Thg outslandxpg
the 'M.I\.S. s}’sten;lem he pointed out, was that it a.clually 11.1-
merit of SUCh- o raétical units. The thousandfqld increase in
cluded ’the existing 1; 4 the hundredfold increase in ‘the unit of
the unit of WA ‘i of force a hundred thou§and times larger
length, gave'a m]‘)lavid Rowland suggested in 1904 that this
lha:n the dyne. ot appropriately be named the newson. The
unit of forcc'mrgease in the unit of length, together with the
hundredfold 18 dfold increase in the unit of fc?rce, lead to a
hur_]du:d-thousaﬂual o 107 ergs, namely, the joule. Because
umit O-f. work e(ilm:h,ldes the joule, and retains the se.cond as the
Georgi s’sys‘e‘:“nmst also include the watt as the unit of power.
unit of umei]lt «t will also include all the practical electrical
It fol]ows _! a 1 above. Here, then, we have an'absolute system
e me[[sl:?r’ncbraces the practical electrical units. The need for
:;l;x::lafe absolute C.G S. systems disappears.



84 Science News 41

Despite the undoubted advantages of Georgi’s suggestion, it
did not receive general acceptance until the Scheveningen-
Brussels meeting of the International Electrotechnical Commis-
sion in 1935, Even then, this body resolved that the new abso-
lute system should supplement, but not replace, the existing
systems. Support for the M.K.S. system was still restrained
when, three years later, the commission discussed at its Torquay
meeting the eventual replacement of the older systems. It was
to take tremendous advances in the field of radio technology
during the Second World War to convince large numbers of
scientists and engineers that the tedious complications under

which they had laboured for so many years need no longer be
tolerated.

Impedance of Free Space

Workers in the field of radio communication are concerned
with determining how energy in the form of electromagnetic
waves may be most efficiently launched into free space. The
transmitting aerial in these circumstances may be regarded as
a source from which energy is supplied to a load, in this instance,
free space. It is well known that the energy supplied to an elec-
tric fire in a given time depends on the electrical resistance of its
elements; moreover, this is the only property of the load that
affects the transfer of energy. More generally, we may regard
the load resistance as that which determines the rate at which a
load can absorb energy from a particular source. Accordingly,
the radio engineer requires to know the value of the correspond-
ing property to which he must match his aerial systems.
This is termed the resistance or, to be more precise, the imped-
ance of free space. Clearly this cannot be measured directly by
experiment, but its value can be deduced from a knowledge of
e, the permittivity of free space, and u, the corresponding per-
meability, the two constants of free space that have been under
discussion.

If the two equations given earlier are multiplied together and
their terms rearranged, we arrive at the following interesting
relation between the types of quantities involved,
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o (charge)’ (current)

€
a.  work 1
o
o ¢, chargeé curren . .
¢ is, from the definition given 1n a pre-
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| THE PARASITE’S POINT OF VIEW

¢ GEOFFREY LAPAGE

i ich is derived from the Greek words
THE WO?‘D parzs 1:;,0;’1 tlcl(?;ralso(ri food, means, to the average
para, beside, ageing a sponger, a hanger-on, a person who does
healthy hu‘m re ; anli this meaning makes us dislike the human
not earn biskeep: ard him with feelings stronger .thax? tl?aF.
paras.ne, or wt.: r::gwe are independent, self-supporting indivi-
We like to bt"'hgvl despise those who are not; and, when we
duals, ?”h" ne o that some animals, or that some plar:lts,
hear biologists s:{ransfer the meaning of the word j;stk ;
are parasiies, % creatures and recoil from them. We thin
scnbe.dv o |vhese ¢ plants as creatures that are unpleasant,ugl;;,
parasitic al}ln;azls‘ oanI:l as we learn more about tllien;, we fin
and pndesnra. c;iﬁcal’iOﬂ for this very natural attitu ;. _—
consxdcrable‘Jus doubtedly do human beings an hum a
o mll of harm; they cause illness, suffering, anf
society a gres’ dez other animals and plants a great deal o
death. They also ond many domesticated animals are severely
parm. MinY cropsz parasitic animals. The.harm that thei;e
harmed by variou els man to defend himself continually
animals do, in fact, comrl::vd a large company of biologists, mgdl-
jnarians z:md agriculturists 'are all the tlm::a1 trymbg,
cal men, veten,na]d to’ minimize or abolish the harm done by
all over the. wolr 'fhe job of these men is not, howeve_r, tc?r ;;las:s
parasitic anima lsiudgemems on the parasiticl way of life. detlor
moral or ethica Jr asites objectively, by scientific method,. ar.x !
job is to study p to speak, in the shoes of the parasite; cc)lr
put themsglveS, ;(:)d can the parasite be properly und'ersto_o .
only by (hs meten — and it often does happen — that blolcitglsts
Ifit shquld hapFi dislike of the animals they study, or even earﬁ
lose their natul’ﬂhat beauty of structure and that more difficu

against their activities,

to see in them t
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and more abstract beauty of adaptation shown by ali living
creatures, that is an outcome with which this article is not con-
cerned. The aim here is to show how the world looks from the ¢
point of view of a parasite. Especially this article tries to present
the point of view of animals that are parasitic; for parasites
may be bacteria, which are plants; or viruses, which are neither
animals nor plants; or animals, such as tapeworms, flukes,
roundworms, mosquitoes, horse flics, fleas, lice, and other para-
sitic insects which, with the ticks and mites, are more or less
familiar to us all. We need not be ashamed if we have experi-
ence of some of them, for no animal on the earth is free from
parasites, and man has been plagued by them since the earliest
days of his history.

Approaching our subject in this way, we may first ask what
we mean by the term parasitic? What, that is to say, is the scien-
tific meaning of the two words parasitic animal? Basically we
can say that parasitism is simply a method of getting food.
Some animals, the typical carnivores like the lion and the woif,
get their food by killing other animals; they feed on flesh. Other
animals, such as the ox or horse, are herbivorous; they get their
food by killing and eating plants. But parasitic animals also
feed on animals or plants, so it is not the kind of food that dis-
tinguishes the parasitic apimal, but rather its method of getting
its food. Unlike the carnivores or herbivores which consume
apimals or plants, the parasites learn to live either inside, or on
the surface of, the bodies of the other organisms from which
they get their food. They form an association with these other
organisms; the animals or plants with which they associate are
called their hosts.

Parasites do not necessarily Kill their hosts. Unlike man, who
cultivates animals and plants for the purpose of killing and eat-
ing them, the parasitic animals ~ the successful ones, at any rate
~ preserve, so to speak, the goose that lays the golden eggs. They
always, however, inflict some kind of injury on their hosts. They
must do this, for they feed on the tissues and tissue-fluids of
their hosts and, in doing this, they inflict other kinds of harm.

They may, for instance, (a) nibble off portions of the hosts

The FParasite's Point of View 89

body; human hookworms, for instance, suck in, bié ?l;:a:r;:li
' ful pharyngeal pumps, plugs of the lining of the s
Powet: o P ibble off portions of these plugs of living tissue
wiestine and i d cutting plates inside their bell-shape'd n:louthsf;
with the ieeth a::]ood in prodigious quantities; (b) inflict in vari-
they glso suck s small injuries on the tissues of the host; this
e dlﬁ-e e 'wayand inflammation with subsequent per manent
couse :r.mauon tomical make-up of the tissues aﬁAected,le.g.,
changes in the 3785 or even tumours of various kinds;
formation ofh SC:;;?:S“::;‘ channels such as blood vessgls or'the:
() block up t j J that bring bile from the liver to the intestine;
ducts (bile d\ll]c > row, mechapical pressure oo the tissues of 'tf:l
(d) exert, as.l.«’-yegsult that these tissues are destroyed or vi ,
best, wn}T lh]: :n are occluded; (¢) remove from t,he host, noh
channels in the her essential elements of the host’s food, su‘c'
only blood, 54’ ¢ ‘tamins: (f) introduce into the host, bacte'na,
as the sugars and ‘:_‘ nisms; (g) produce substances that poison
V;m;es.lozgéhg;:ui (h) parasites may lower resistance (immu-
the host; , anisms.
nity) to diseases cau;ct‘;: zvg;ziilovslglicb parasitic animals injure
These ar¢ som: . serve to show that parasites cannot be wel;
their hosts are e'{'he host suffers inevitably; an.d the host, @
come 10 the host. o the parasitic animal. The 1nﬂamma'tnons
course, reacts aga_l: - nimals are but one form of the host's re-
caused DY parasluk in changes in the tissues of the host, in the
actions; they resu issue, of of fibrous tissue that walls the para-
formation of scar-ti lhel:Wise limits its activities. The immunity
sitic animal of (i)s another form of reaction against param.tl;:l
that hostZ d?w‘ﬂo?or pstance, a very important means by whic
animals. This 15, If against malarial parasites. There are also
man defends h‘msaction all of which constitute what we c_au
other forms of 'reatoms’ of the disease caused by the parasite.
the signs a“‘.i h mnpimal which thus provokes the host to reatft
The parasitic iot tsolf get off scot-free. It suffers from ; et
against 1t, do;S host: and we find, when we trace its hlstowht af
reacuonsfolit}e ihc p;msilic way of life, produces, in all kinds o
its way O '

(3 (If S y i y hat can
i ““al Chang S
Pams“lc an ’
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be grouped together as changes due to parasitism. In general the
structure of the parasitic animal is simplified. The structure of
some parasitic animals may, indeed, be so profoundly altered
that they no longer look like their relatives, Few people, for
instance, would believe, unless they were told that it js $0, that
the small, reddish, wormlike or almost shapeless Creatures we
sometimes see in our fish-shops attached to the gills of plaice,
sole, and other fish, are relatives of shrimps and crabs. It is only
by studying them carefully, and especially by studying their
development, that we realize what their relationships are, It is
then that we find that there appears, in the course of the develop-
ment of these creatures, a young stage, which appears only in
the life histories of Crustacea, This is proof that these remark-
able parasites are also Crustacea. They are, of course, far gone

in parasitism, so far gone that they must live attached to their
hosts.

Among human
attach themselves to their hosts. We find

suckers, or hooks, or
heir hosts.
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. soft
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ba;{ahi ]c? Sti c)fhe modification of existing orgaflsnzoine a more
nced by form their original 'fl:lDCl_IO O this
? urpose;.l or tgnfre Among the most striking I?St:f(l::;ssuckiug
are the modfcations of the /295 e host nd o suck
. S .
i hem to pierce the itoes, tsetse flies
;f:ebjz)sot(;) ::s tiliz;ue juices. The jaws of mols(?nugl:t):fi’stylets; and
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Fig. 1. Life History of Human Hookworms,
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Most parasitic animals, at some time during the life history
of the individuals, reproduce sexually like this. .The sexes t-nay
be in separate individuals, as they are in iqsec'ts, t.lC_kS, and mites;
or they may be in a single hermaphrodite individual, as they
are among the tapeworms and flukes. But, whatever thle distribu-
tion of sexes among the individuals, sexual reproduction alwa.\ys
effects an interchange of genes between male an_d femnale to give
a zygote, or fertilized egg. It is when’we consEder the descFr‘\-
dants of the zvgote that we see how different kinds of parasitic
animals increase their chances of survival and of establishing

themselves in a host.

DIRECT L1FE HISTORIES

Human Hookworm

Consider. in the first place, the life history of a human ho9k-
worm sho“:n in Figure 1. The adult male and fen_1ale, }Vhlch
are about 0.3 to 0.3 inches long, live in the sm§11 mtes(til.n.e of
man, nibbling off portions of its lining and sucking pro 1%(:us
quantities of biood from small arteries thlat they ferret out. ;:Iy
produce fertilized eggs, which pass out in the faeces or: nz’; 1‘;
ground. From each fertilized egg a single young worm (lar i
hatches out, feeds on bacteria in the soil, grows, and cventuz} hy
casts its skin to become a second larval stage (larva 2), which,
in its turn, feeds and grows till it becomes the thnrfi and las‘:
larval stage (larva 3). This third larva cannot feec_l. It is enclose
in the cast skin of the second larva and must. live on rftser\f/es
of food in its body until it makes contact with the skin of a
human being, or is carried by the hands or in §ome other waly
to the mouth, or gets into food or drink and is swalllowed. t
then infects man. This, as biologists say, is the infective l:-arval\;
stage. Its job is to make contact witha host and to establish itse
inside. It is the only one of the three larval stages that can do
this. 4 ‘

In this life history the infective larva.can .mfcct man either
through his mouth or by penetrating hlxs skin. Usually hook-
worms enter man through the skin, espema}ly when peo?le wo.rk
with bare feet and hands in warm, moist soils where the infective
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larvae have developed from eggs in human
on these soils. These conditions prevail,
fields or tea-plantations in the East or in
tive larvae are sheltered beneath the su

Looking at this life history we see th
direct life history. The parasitic animal
one host to another through the medium of its infective larval
stage. It leaves its host in the form of the fertilized egg, goes
through a period of development in the world outside, and then
passes into a new host, It must therefore live in two worlds, One
is the world outside inhabited by larval forms which tive 4 non-
parasitic ife and are exposed to the risks and dangers common
to all non-parasitic animals;

the other is the world inside the
host, which the older larvae and adults inhabit. This, too, is a
hostile world, for the host will always (ry 10 get rid of the para-

site,whose task is therefore formidable. It has 1o become adapted
to both these worlds and also to quick changes from one to the
other. The greatest danger, no doubt, is 10 the non-parasitic
younger phases that live outside and encounter frost, drying,
sunlight, and changes of temperature, all of which kill Jarge
numbers of them,

How does the hookworm meet these risks? It must overcome
them or fail to make contact with a host and so complete its life
histery. Even if it does suceessfullv enter a host, it still must
ensure that both males and females do so: for unless they do,
and unless sufficient numbers attain maturity, succeeding
generations will not be provided and the species will not survive,
Its principal handicap is that only a single lurva is derived from
each fertilized egg, and from each larva only a single male or
female adult worm. Numerous larvie are therefore required, for

many fail to find a host and many succumb to the risks of the
outside world.

faeces deposited
for instance, in paddy-
Mines where the infec-
rface of the earth,

at it is what s called a
can pass directly from

Because one larva only comes from ¢
must be numerous; and this, in fact, is exactly what happens.
Each female hookworm produces, when her egu-production is
in full spate, some 30,000 eggs a day. A hookworm can live in
the human intestine for S vears or so, and the hookworm culled

ach fertilized egg, cggs
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the American murderer can live for 15 years, While this rate of
egg-production is not kept up all this time, clearly the number
of fertilized eggs produced is prodigious.

This, then, is one of the ways in which Parasites meet the risk
of failure to become established in a host and the added risks
of destruction in the outside world. What other answers do they
find? One of them is not so much the preduction of large num-
bers of fertilized eggs as multiplication of the number of infec-
tive phases that are derived from each fertilized egg. This device
multiplies the chances of infecting a host. The life history of the
common liver fluke of cattle and sheep, shown in Figure 2
shows how it works. This diagram also illustrates certain oth
important features of parasitic life.

’

er

INDIRECT LIFE HISTORIES
Liver Fluke

An important feature of the liver
hermaphrodite,
female sexual o

fluke is the fact that it is
Each individua! fluke contains both male and

rgans. Cross-fertilization between different in-
dividuals nevertheless occurs and is probably necessary,

rate at times, so hermaphroditism itself confers no
advantages. An adaptation shown by one group of fl
however, an advantage in the sense that it helps fert;
These flukes, called schistosomes, live in the blood v
man and other animals and the different
individuals. Fertilization of the eggs of th
assisted by more or less permanent attachment of the male to
the female, the male schistosome holding the female in a groove
formed by the folding over of the edges of its body.
What other principles of parasitism does the Jife
the liver fluke illustrate? The adult worm
of the livers of sheep, cattle, rabbits, an
hosts, including man, and there they produce fertilized eggs,
which, like the eggs of the hookworms, pass out in the faeces of
the host. From each egg a single larva, a miracidium, hatches
out. It is covered with short protoplasmic hairs {cilia), by
means of which it swims in moisture on the pastures on which

at any
special
ukes is,
lization.
essels of
sexes are in different
ese unisexual flukes is

history of
s live in the bile ducts
d many other vertebrate
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; iracidium cannot, however, directly
!wsts e anr(:ef;::é Po]set Tgain. It must itself first becorpe para-
u'1f'ecf th.e . different kind of host. In this particular instance
§mc inside a'[s way into and become parasitic in an aquatic or
m bpbr.e :xs snail, Inside the body of the snail it start§ ona
an amph b 1ti lic:'ation. The miracidium becomes a kind of
process of m sIr, on the walls of which develops a third larval
sac, the spar:}c , 'fhe rediae may then produce a second genera-
stage, fhe 4 - d from these the fourth and last larval stage, the
tion Of.redlae :lm s. The cercaria is the infective larval .stagc‘. 1t
cercan® dg ot ;:w vertebrate hosts. It leaves the snail, swim-
alone o p fectil[1 but soon casts off its tail and settles down on
ming _thh o 1-' on grass blades near the edg«_as of pools and
aquatic plantsho e it makes for itself a protective envelope or
streams and Ederthis cyst it waits until it is eaten by a sheep or
cyst-wall. Tosi ;, t as this host crops the paf,tulre. Man may
cow or (?ther ;f Sby eating watercress and similar uncooked
become infec” hich the cercariae have encysted. Once it 1s in
salad pl;;lx:lst ho:c:rcaria’ which is, in fact, already a young fluke,
the mouth,

way ver ows there i ult herma-
Kes its way to the liver and gr s there into the ad
ma

phrodite parasit;.

Comparing this
that the liver fluke has mu
larval phases, i.e. the num

£a i i f the hookworm, we see
lite hlStOl'lYtiW ]lit:dﬂi;ionumbcr of its infective
bel: of infective ce;f:aria‘e, cz;‘c!:) ,:f,
- uring the life histories of s

whic'h isa Wt;n;la;qi?ggliigl:i:nl)in thgis way may ?gcrease the
species of f.lu ° o phases derived from each fertilized ege 10
number of mf:i:h:eepF"r example, it is estimated that a .smgl:
a re-ma‘[‘k;ble in gthé cercariae of one of the three species ©
snail dise argn lgive in the blood vessels of man (.Sch:stoso;na
flukes 1ot = o on liberating about 3,500 cercariae a day for
mansa{!i) ma?' gt'me and that the total number set free by. a
" con31deF3b : lba 100.000 to 250,000. It is clear that a species
single sna Fm;y s enom’wusly increased its chances of survival.
that f!oes th.ls :IaliVEIY enormous increase of the number of
POSS'b!y this 1§ derived from a single fertilized €sg has been
potem:ald ?:;uthse restriction of this particular fluke virtually to
provoke

D
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one final host, namely, man, with the consequent reduction of
living room, so to speak, for its adult phases. Some tapeworms
show a similar multiplication of their larval phases, Forinstance,
the larval phase of the small tapeworm of the dog (Echino-
coccus granulosus), which takes the form of a cyst called a
hydatid cyst, may contain thousands of tapeworm heads, each
of which may become an adult tapeworm should the cyst be
eaten by adog.

Pork Tapeworm of Man

The life history of the common liver fiuke of sheep and cattle
reveals that a species may increase its chances of survival in
another way. Its vulnerable larval phases are all, excepting the
miracidium, protected either inside the body of the snail in
which the earlier larval phases develop, or inside the cyst-wall
that encloses the infective cercaria. Other species of parasitic
animals which are intermediate hosts also protect these Jarval
phases in these ways. There are some that go even further. They
develop inside intermediate hosts that are eaten by the final
hosts,sothatthe larval phases of the parasitic animal never enter
the outside world at all. The pork tapeworm of man (Figure 3)
passes out eggs that are eaten by the pig and develop in the
muscles of the pig into a larval stage called a bladderworm
(cysticercus) in which a single tapeworm head develops. If man
eats pork that has not been cooked sufficiently 1o kill the
bladderworms, the tapeworm head in the bladderworm develops
into the adult worm. The beef tapeworm of man has a similar
life history, except that its larval stage occurs in the ox and man
infects himself by eating beef containing these larval stages.

Malarial Parasites

Human malarial parasites (Figure 4) never enter the world
outside the host at all. The female anopheline mosquito sucks
them up from human blood and they pass, after developnient in
the mosquito, back into the blood of man when the mosquito
later on takes another meal of blood. This elimination of the
need to enter the world outside the host has certain disadvan-
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tages for the parasite, especially when it is narrowly restricted,
as human malarial parasites are, to one Kind of intermediate
host (man), and to the females only of one kind of final host
(anopheline mosquito), but it does remove at least one of the
major risks of parasitic life.

The use of an intermediate host, whose body protects the
vulnerable larval phases of the parasite, is certainly an advan-
tage, but against it must be set the fact that the life history then
becomes what is called an indirect life history. The parasitic
animal must become parasitic twice, or when more than one
intermediate host is used, more than twice, in the course of one
life history. The liver fluke cannot pass directly from one sheep
or cow to another; it must first become parasitic in a different
animal, in this instance an aquatic or amphibious snail. The
snail intervenes between one generation of adult flukes and the
next. It is therefore called the intermediate host. In it the larval
development of the parasite takes place. In the other host,
which need not be a vertebrate animal, the other larval phases
and the adults of the parasite live and reproduce their kind,
This host carries the final stages of the life history and it is called
the final host, or sometimes, though less usefully, the definirive
host.

We have noted already that parasitic animals with indirect
life histories must become parasitic at least twice during each
life history. They therefore become dependent on at least two
hosts. This may seem, at first sight, to be a disadvantage, but it
is, in fact, much less disadvantageous than it seems. For the two
hosts, the intermediate one, in which the larval phases develop,
and the final one, in which the adults live and reproduce, usually
live in situations which enable the eggs that lcave the final host,
or the first larvae that hatch of them, to enter the intermediate
hosts. Thus snails live on pastures which sheep and cattle nor-
mally graze, or in pools and slow-running streams on the pas-
tures; and the habits of both the snails and the sheep and cattle
favour the transference of the larval phases of the parasite from
one host to the other.

The fact that the habits of the intermediate and final hosts
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inside the final host. This is shown by the life history of a human
malarial parasite illustrated in Figure 4.

' In this instance the final host, in which the sexual reproduc.
tion occurs, is an anopheline mosquito. This host sucks up
human blood in which the parasite has formed the mother cells
(gametocytes) from which its male and female sex cells are
derived. The male and female sex cells are formed in the food
canal of the mosquito and there the male fertilizes the female
cell. A ;ygotc is thus produced, which is exactly comparable 1o
a ;:‘emhz_ed ©gg. From it, by a series of divisions thousands of
fmnute' individuals (sporozoites) are formed. Thlere is thus an
1mmedxatf= enormous multiplication of the number of indivi-
duals derived from the zygote (=fertilized egg). These indivi-
duals (spoyozoites) congregate in the mosquito's salivary glands
and when it sucks human bloed, the sporozoites are injected into’
man. They pass to the cells of the human liver and there they
undcrgp n?ultiple division which still further increases the num-
bcx.' of individuals derived from the product of the single sexual
union. The individuals thus formed ig the human liver pass into
the blood, enter the red blood cells and, growing there, destro
these cells. When growth has been completed, each in’dividua);
undergoes further multiple division and libera:tes a number of
descendants into the blood, which then attack other red blood
cells. Multiple divisions of this kind may be repeated many
times, so that enormous numbers of individuals may be pro-
duced. Eventually, however, multiple division ceases and the
individuals grow up, not into individuals which divide, but into
mother cells of the male and female sex cells. 1t is these,: that are
sucked up by the mosquito when it takes its meal of blood and
the life history returns to the point at which this description of
it began.

This process of non-sexual multiplication may produce
astonishing numbers of the parasites. It has been estimated, for
instance, that the protozoan parasite Eimeria tenellq wi:ich
causes coccidiosis, can produce about 1,800,000 individ‘;als ind
.or 5 days, and that the human malarial parasite that causes
malignant tertian malaria could, if unchecked, produce enough
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individuals to infect and destroy some 10 to 20 per cent of the
red cells of the blood, that is to say between three and six million
parasites.

These two examples of ability to multiply are, it is true, excep-
tional, but they show that Protozoa resemble bacteria and
viruses in this respect. The ability to multiply no doubt increases
the power of the parasite to establish itself in the host and to
maintain itself there, but, if it is excessive, it is a disadvantage.
It enables the parasite to deliver a mass attack on the host, but
the attack may kill, and the death of the host means death to the
parasites in it. In any event the host fights back. 1t may, for in-
-stance, develop immunity, Human beings, for instance, develop
anh immunity to their malariat parasites, and this curbs the power
of the malarial parasites to multiply, so that people repeatedly
exposed to infection suffer relatively little, whereas immigrants

into malarious areas are quickly overcome by the mass attack
and may be killed.

PROTECTION OF THE YOUNG

What other methods do parasitic animals use to facilitate infec-
tion of the host and survival of their species? Lack of space will
not permit us to mention them all, but methods by which the
young of the parasitic animal may be protected and given a
better chance of infecting the host may be briefly described.

One of the advantages of having an intermediate host,
npamely, the protection afforded by its body to immature larvae,
has already been mentioned. But the egg itself, upon which
everything depends, may also be very effectively protected inside
a thick and resistant shell. The eggs of the large roundworm of
the pig and man can, for instance, survive outside the host for
as long as five years. The first lasvae that come from the eggs are
usually very vulnerable and may be destroyed before they meet
with a suitable host. The intermediate host may itself be the
victim of accident and the larvae in it may be destroyed at the
same time. But some species of parasitic animals avoid these
risks by relying on the fact that the intermediate host is normally
eaten by the final host. The larval phases of the beef tapeworm

The Parasite's Point of View 105

f man develop in the muscles of the ox, and unless the beef
of ma

; ither raw or not treated in
s m is eaten by man, €
-containing the

nner that the larvae are killed, this tapeworm cannot
such a mal

reach nl;!an-mem od used by some parasites to protect their young
Another

insi e body of the parent female
is to develop ‘.“‘Tﬁu::e;gigg, tfl;r inst:nce, lives its whole life
that produoﬁf“-hccp and the female lays, not eggs, but !wmg
in the woo! © sturn ;nto the chrysalis stage, sO that the risk of
larvae readyf tc)his species becoming detached from th.e host on
the young 2 "t must live is greatly reduced. Tsetse flies, which
whose §urface i the trypanosormes that cause African tfypano-
transmit 0 mall:‘ lacvae ready to turn into the ghrysalls stag'e,
somiasis, 8150 13 in sheltered positions, such as in warm, moist
and they I?e:h;:;en trees, where conditions for their further
soil or un
devclf>p meot a:)fg ;?:c'ing the young where the ch'fmces of their
Tl_ns pracdm‘:nfcction of the host are favourable is well shown
survival e lts whose larvae are parasitic on eggs ot larvae of
by son.w m:Cw“h their ovipositors the adult female_s of these
‘_)thcl' st aily pierce the eggs of the bodies of the insects on
insects actu oung will develop and place their eggs, or, if they
which el yd potl eggs, their larvae, inside the bodies of the
fay latvat re to be the hosts of the parasitic phases of the
anim?ls tbaLtSame insects are even able to detect whether a pros-
life hlstol')” f(:)r their larvae is already occupied by the e:ggs or
pective o ther insect. Incidentally these insects are, like the
lm:f oﬂfi:: :nd bot flies of horses, examples of animals whose
warble

‘tic. the older phases and adults
hases only are parasilic,
young P

. itic animals. i
bel;ldg 0:"2"‘91?5‘;; warble flies and bot flies reminds us that
enti

e hairs or feathers of a host is
attachment Of);ht:yev%fxsic;osgrlne insects secure for their larvae
anothet meth 1o survive. The lice of man and other mammals
good f;hances his, their eggs being called nits. The warble flies
and birds 4o ihei’r eggs to the hairs of their hosts, and they can
gf Clzt-(sleafr;t instantaneously, while they are on the wing, an

0 })



106 Science News 41

act that is one of the marvels of animal skill. The eggs are glued
to the bases of the hairs in a position in which the hatching of
the eggs is favoured by the heat of the body of the host and in
a position from which the larvae can readily peneirate the host’s
skin. On the other hand, the larvae that come from the eggs of
the bot flies of horses enter their host through its mouth and
their hatching is favoured if the horse licks the eggs; and these
eggs are aftached, it is interesting to note, not to the bases of
the hairs but nearer to their tips, where licking can affect them,

PEACEFUL COEXISTENCE

The instances given above of the adaptations used by parasites
to establish themselves in association with their hosts and ta
maintain themselves in these associations, so that their species
may survive, are only some of many that could be described.
But the facts piven may be enough to show that parasitic
animals, seen as living beings battling in the natural world, are
by no means the lazy, unpleasant creatures that the word ‘para-
sitic’, as used of the human hanger-on or sycophant, suggests.
On the contrary, theirs is a difficult and risky way of life, not in
any way less exacting than that of animals that get their food in
other ways.

For the parasitic way of life is, in essence, just a particular
method of getting food. If parasitism involves, as it certainly
does, dependence on other animals or plants for food, this does
not distinguish the parasite from its fellows in the world of life,
If, indeed, dependence on other living creatures were the only
criterion of the parasite, man himself would have to consider
whether he is not the greatest, the most destructive, and the most
cunning parasite in the world. For he breeds animals and culti-
vates edible plants, only to kill and eat them; and everything
that does him harm he seeks to exterminate.

Destruction of other living things, either because they are
needed as food, or because they are enemies, is, of course, no
more than an expression of the instinctive urge that man shares
with the parasite to survive in a difficult world; and for this
reason man will go on trying to exterminate parasites. For man
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HIGH-ENERGY PHYSICS

PLANS and ideas for the acceleration of nuclear particles to
high encrgics were discussed at a conference held lately in
Geneva by the European Organization for Nuclear Research
(CE.R.N.). The object of the conference was one that came
paturally to C.E.R.N. The reason for its existence as an organ-
ization is that the biggest machines needed in nuclear research
are now so expensive that only the United States and the
U.SS.R. can afford, as individual countries, to build them; and
C.E.R.N,, formed by twelve countries, is engaged on a machine
budgeted, in round figures, at £7,000,000. The object of the con-
ference was to find ways of building such machines which shall
not become too astropomically expensive as the energies
reached are increased. And the upshot was to bring from Profes-
sor V. L. Veksler, of the U.S.S.R., a suggestion for a wholly new
mechanism of particle acceleration; from speakers in general an
enlargement of ideas already talked about between individuals,
and to some extent published; and from Dr J. W. Blamey, of the

University, Canberra, a progress report on

Australian National
the construction of what may fairly be called a ‘poor man’s’

proton synchrotron.
From this multiplicity of material it may be useful to go back

to the beginningand consider what is the object of these machines,
and what are the main types which already exist, Both ques-
tions have been discussed in earlier numbers of Science News.*

*For example, in the articles by P. E. Hodgson in SN3I, by R. M.
SN38$ (correction in SN36, p. 122), and by G, Feldman in

Tennent in
pes of accelerators. the key article was by L. L. Green in

SN35;onty
SN22.
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The object, in the most general terms, is to enable observations
of kinds, which hitherto have been limited to the comparatively
small number of particles provided naturally by cosmic radia-
tion, to be made in the Jaboratory, with larger numbers of par-
ticles available, and with the energies of the particles known.
For comparison, the highest useful energy of cosmic radiation
is of the order of 10'® electron volts; and the highest energy
planned to be reached by a machine is 5x 10" electron volts
(50,000 MeV). In terms of energy, the advantage of cosmic
radiation is of the order of 10,000 to 1. But the frequency with
which primary particles of cosmic radiation of all energies enter
the atmosphete is only about one per square centimetre per
second; the energy of each particle detected and used must be
individually deduced; and occasions when particles of the
highest energies engage in collisions with nuclear particles under
conditions which can be usefully studied are of extreme rarity.
On the other hand, even those machines which produce particles
of the highest energies produce them at the rate of 10 or 12
pulses a minute, and in each pulse tens of thousands of millions
of particles are accelerated. There is thus a continuing pressure
irresistible on every ground but cost ~ for the transfer of new
areas of research from cosmic radiation to laboratory-accele-
rated particles.

Machines for the acceleration of charged nuclear particles to
these very high energies have three requirements in common.
There must, first, be a source of the particles {usually protons)
and, in the case of the bigger machines, means for their pre-
liminary acceleration up to an energy such that the final machine
can use them. Secondly, conditions of high vacuum must be pro-
vided, in order that the particles accelerated should be scattered
as little as possible by collisions with gas molecules. Thirdly,
there must be means for keeping the particles together, or at
least enough of them to provide a useful {inal output.* This
means that there must both be a focusing effect — whether in the
main design or added to it — and also stability in point of time;

spossibly only 1 per cent of the particles injected, in the case of
the bigger machines.
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gives the highest energies — the magnetic field remains constant,
but the electric field is varied to take account of the increase in
mass of the particles during acceleration, as the speed of light is
approached. This modification — the beginning of pulse opera-
tion — was suggested independently by Professor Veksler,
already mentioned, and by Professor E. McMillan, of the Uni-
versity of California, in 1945. It enables the particles to reach
the limit of energy set by the magnet.

We arrive now at the proton synchrotron, the most advanced
type of machine already working. From this point onwards the
aim is to reduce the size, weight, and cost of the magnet needed
for particles of a given energy. In the proton synchrotron, the
magnetic field, as well as the electric field, is varied. As a result,
the particles can be made 1o follow roughly the same orbit at all
stages of acceleration. There is thus a transition from the circular
shape to ring-shaped or annular, and a reduction in the size of
magnet needed. But the focusing of the particles is weak, and
the paths which they follow are not, therefore, closely limited.
In the University of California ‘bevatron’, the largest of these
machines yet working, the width of the vacuum chamber is
about 1.2 metres — small compared with the orbit radius of
15.2 metres, but leaving room still for reduction — and the width
of the pole tips is 1.68 metres. The weight of iron in the magnet
is about 10,000 tons, and the protons reach an cnergy of
6,200 MeV. In a Russian machine, now approaching comple-
tion, the weight of iron in the magnet is 36,000 tons, and the
energy reached will be about 10,000 MeV.

For a more economical approach to higher energics, there are
two main alternatives, each at the stage of prototype construc-
tion — and the new ideas discussed at the conference. The first
alternative is to use a stronger, more precise, system of focusing.
The vacuum chamber can then be of smaller cross-section, and
a further saving on the magnet can be effected. With this ap-
proach, there can be no reduction in overall size; so long as iron-
cored magnets are used, the curvature of the particle tracks is
still limited, and the circumference of the machine increases
remorselessly as the final energy of the particles is increased.
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of the C.E.R.N. machine is increased to 200 metres, so that a
cricket ground, as it has been said, could be placed in the middle.
But by strong focusing, the vacuum chamber is reduced to an
elliptical section no more than 15 centimetres wide by 8 centi-
metres deep; and, although the energy reached will be four times
as great as in the ‘bevatron’, less than a third as much iron will
be used in the magnets. The precision of control which is being
demanded implies precision also in construction. This applies
both to the material of the magnets and 1o the accuracy with
which they must be positioned. The uniformity of magoetic
properties which is demanded is without precedent, and the 100
sections of the magnet have to be positioned with a mean error
of not more than 0.6 millimetres radially and 0.3 millimetres
vertically. After a survey of local ground movements, it was
decided to support the magnet units on pillars resting on bed-
rock. What is to be seen at the present stage of construction is
a concrete-built tunnel such as might house a double-track rail-
way. Yet all of it, supporting pillars and magnets, will be in aid
of that small vacuum chamber, less than a hand's span across.

The Australian solution leads to a great reduction in size for
particles of a given energy. Compared with the Russian proton
synchrotron, designed for nearly the same energy (10,000 MeV,
Russian; 10,600 MeV, Australian), there is a reduction in orbit
radius in the proportion of about six to one, and there is no use
of iron in the main magnet. On the other hand, the frequency
of pulses is reduced from five a minute to one every ten minutes,
and there is a host of new problems. To obtain the advantage
of a high peak magnetic field (80 kilogauss) from an air-cored
magnet, extremely large currents must be used, They are got by
short-circuiting an alternating current generutor - a similar
approach to that developed in the 1920s by the Russian physicist
Kapitza. In the Australian plan, four discs of mild stecl, each of
19 tons weight, are to be spun at 900 revolutions per minute
petween the poles of a magnet 12 feet in diameter; and peak
currents of up to 1,600,000 amperes taken from the discs through
jets of molten sodium or sodium-potassium alloy. Under this
treatment, the rotors are expected to ‘brake from 900 revolu-
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energy to be imparted to a particle by a medium moving at high
velocity past it. The ‘medium’ might, for this purpose, be another
group of charges, a highly ionized gas {plasma), or electro-
magnetic radiation. And for a useful effect, the particles acceler-
ated (e.g., protons) must consist of a geometrically small group,
when the extent of acceleration produced should be propor-
tional to the number of particles present. For this reason, Veks-
ler proposed the name ‘coherent’ for this general mechanism of
acceleration. Theoretical investigations by half a dozen or more
workers, he said, made it clear that between the statement of
the principle and its realization there were ‘a good many com-
plicated problems’. In a following contribution, Professor Ya.
Feinberg referred to possible experiments on the use of high-
speed oscillations in an ionized gas as a source of acceleration,
and stated in discussion that by the next such meecting they
should have the answer. In Professor Veksler’s view, this ap-
proach was suitable for the acceleration of nuclear particles to
‘not too great energies’; for acceleration to very high energies,
he was more hopeful of electromagnetic radiation as the medium
of acceleration, notwithstanding that very great powers would
be required.

The C.E.R.N. meeting on high-energy accelerators was, in its
way, a counterpart to the conference on atomic energy, held a
year earlier, also in Geneva. It was the first at which contributors
from all the principal countries concerned have met in extended
discussion, and the opportunity was quite obviously appreciated.
It was followed by further sessions on the detection and count-
ing of nuclear particles, and on research in high-energy physics.
Included in the latter was a review by Professor E. Segre, of the
University of California, of work on the antiproton, or negative
proton, the discovery of which was recorded in Science News 39.

The proceedings of the conference, which included other aspects of

high-energy physics, are to be published in full by the European
Organization for Nuclear Research (CEE.R.N))
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genetic effects. Standards of the latter kind will be needed even-
tually, none the less, for other purposes, including the peaceful
development of atomic energy. There are thus two main - and
quite distinct — interests in the report: the immediate need for
a watch on strontium-90, and the scientific problems presented
by the long-term requirement of arriving at standards of total
permissible irradiation.

The position about strontium-90 can be summarized in figures
from the report. The maximum level accepted by the Inter-
national Commission on Radiological Protection for adult
occupational workers corresponds with 1,000 micro-microcuries
of strontium-90 per gram of calcium in bone. For a gencral
population, including young children, a limit of 100 micro-
microcuries is suggested. The greatest strontium-90 activity
which has so far been found (in the skeletons of one-year-oid
children) is 1.2 micro-microcuries per gram of calcium. But the
effects of delayed fall-out must be allowed for: and if the con-
centration ‘showed signs of rising greatly’ beyond 10 micro-
microcuries, there would be cause for ‘immediate consideration’.
In sum, therefore, there is no immediate cause for anxiety, but
neither is the margin in hand large.

With the long-term development of atomic energy, it may be
expected that fission products will be produced in power stations
to the extent of 1,000 tons or more annually. But strontium-90
is unlikely in this case to be a limiting factor. Partly for use, and
partly as a help in disposal, it is planned to separate both this
isotope and also caesium-137 from the mixed fission products
produced. With most of the strontium-90 removed, the addition
to total radiation will be a relatively more important conse-
quence of the large-scale operation of nuclear power stations
than it is of thermonuclear explosions. Also, although any stan-
dard within reason could be worked to, it will be necessary, if
only for economy, to arrive at more rationally based figures than
seem at present to be possible. Finally, for the purpose of work-
ing to these figures, it will be necessary to take uccount of all
sources of extra radiation, medical and industrial. Of these the

use of X-rays in diagnosis makes the bigpest contribution to
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for research, The practicability of an experiment designed to
determine directly the difference in mutation rates between two
human populations exposed 10 markedly different dosages of
natural radiation has been under discussiog since the Geneva
conference on the peaceful uses of atomic energy. Suitaple
populations with a ratio of ten 10 one in natural dosage are said
10 exist in India, and there are also other possibilities. In most
countries, and certainly in India, there would be need for a
major effort in medica] organization to secure the required
notifications on which estimates of mutation rates could be
based. There are clearly many different experiments which could

The Hazards to Man o

f Nuclear and Allied Radiations,
H.M.S.0., 1956.

London,

ROYAL SOCIETY CONVERSAZIONE
Among many interestin

tus is that the characteristics of individual specch can be most
economically analysed in terms of the movements made by the
talker's vocal organs: and that, this done, an acceptable repro-
duction could be synthesized electronically, The signals needed
to convey information from analyser to synthesizer would then
take up only a small fraction of the lipe Space occupied by
normal telephony — perhaps as little as a hundredth. The analy-
sis, though in fact acoustic, is thus unrelated 1o the conventional
study of the wave forms produced in speech. A first distinction
is made between sounds of a humming character like the vowels,
and those of a hissing character like S,SH, and F. The analyser
notes the loudness of these twg 1¥pes, and also the pitch of the
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Museum (Natural History), and Mr G. R, Coope, Professor
F. W. Shotton, and Dr L. Strachan of the Geology Department,
the University of Birmingham. These remains have been pre-
served, many in a surprising state of perfection, in a series of
black bands in the lowest 10 feet of a gravel pit at Upton War-
ren, midway between Bromsgrove and Droitwich. The gravels,
which are up to 29 feet thick, were laid down by the River Sal-
warpe at the time of the Irish Sea Glaciation. At this time, the
ice front was some 20 miles to the north, and shallow pools on
the flood plain became colonized by plants and animals. It is
these pools which are now represented by the black bands in the

gravel, needing only to be washed to reveal this fantastic rich-
ness of organic material.

Duration of Insect Flight

An apparatus for the study, in free flight, of insects which,
like aphids, fly upwards towards the open sky and are then trans-
ported by the wind, was shown by Mr C. O. Booth and Dr J. S.
Kennedy, of the Agricultural Research Council’s Unit of Insect
Physiology at Cambridge. The apparatus is, in effect, an air
treadmill in which flight is maintained by balancing the insect’s
attraction to light against an air jet, the strength of which is
recorded. The interest in the case of the aphid (which was seen
in flight) is that it will settie down to feed and muitiply on a new
host-plant only after a certain amount of flying time has been

putin. The use of the apparatus is 10 enable the flight response
to be studied.

HONEYBEES AND PRAWNS

In the paragraph published under the above heading in Science
News 40, it should have been made clear that the account of sex
reversal quoted from Dr Carlisle referred to the Mediterranean
prawn, Lysmata seticaudata. There are only two other species
of decapod crustacean which certainly reverse sex - Pandalus
borealis (in which the phenomenon was discovered earlier than
in Lysmata and Calocaris macandreae. 1 am indebted to Dr
Carlisle for this information.
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His queries, to which the future will be the answer,
idle speculation. Successive chapters deal with radio
radio-spectroscopy; the future of farming and of

efforts to surpass the physical achievements of his
review of the organization of living matter,
man in the future will be able to
past.
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AUTOMATION, FRIEND OR FoE? by R. H. Macmillan (Cam-
bridge: at the University Press, 1956), pp. 100, 8s 6d,
The social implications and re
become headline news sooner than

ion, not as something explosively
new, but as the continuation of a process, albeit accelerating, that
has been going on for the best part of two centuries

‘This is the background

against which Mr Macmillan hag brought
together this valuable little book, It started as a number of talks in

the BBC Third Programme, developed into a series of lectures given
at the Royal Institution, and now appears in expanded form. The
author has considerable gifts of clear €xposition, and, at the present
vital cross-roads in technological history, hig book deserves to be
widely read. Anyone who takes the trouble to read its hundred-odd
pages will have a far better picture of automation and its implica-
tions than can be derived from scare headlines in the press, Those

who wish to follow up the subject will find a valuable guide to further
reading and a useful index.

THe MiCROBE'S CONTRIBUTION To B
Kluyver and C. B. van Niel (Harvard : Unj
don: Cumberlege, 1956), pp. 182, 32s.

The guinea-pig has long held pride of place as the biologist’s living
experimental tool, but to think that only ‘macro-biology’ contributes
to our understanding of living processes is 1o gct a distorted picture
of the whole field of biology. To correct this Misconception is the
function of this book, which is based on the ‘John M. Prather’ lec-
tures given at Harvard in 1954 by A, J, Kluyver, the distinguished
Dutch micro-biologist and professor at Delft, and his American asso-
ciate C. B. van Niel, who also started his micro-biological career at
Delft. Their book is directed particularly to general biologists and
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are taking place,
that are Jjfe itself. These Processes are under
the control of other chemicals called enzymes, whose ways of work-
ing are discussed in detail ~ hoy they work in ha

mins and hormones assist them, how their fajlure spells death, how
a drug can spike the 8uns of a diseage germ by i
enzymes out of action, and how it is that such a minute quantity of

cyanide can kill 3 map in an instant, 1 a nuishel] he gives scientific
embodiment to the scriptura] phrase: ‘we are fearfully and wonder-
fully made’,
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P.SYKES was born in 1923 and graduated in chemistry at the Uni-

Yorsity of Manchester in 1944, subsequently obtaining an M.Sc.

Moving to Cambridge he received » Ph.D. in 1947 for
Wwork on the chemistry of the Penicillins. &s now & University Lec-

surer in Organic Chemistry at Cambridge, and bas worked for a
numbuotyuuonthechemim-yofvitamin B,; main i
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Has i

", story of science.
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. past en years, and has given many broadcasts on scientific topics,

London, qualifyi in 1948,

He became a member of the Royal College of ghy:ic%nnz of l?::-

don in 1949 and took the M.D. in 1953. Hag beea a lecturer in
Anatomy at Cambridge since 1953,

J. W. MILLEN received his m,

medal in 1943 and D.Sc, in 1955. He has been a lecturer fn
Anatomy at Cambridge since 1950,

Drs Woolam and Millen have collaborated closely in the study of
the circulation of the cerebro-spinal fluid and the vascular supply
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