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Editovial

It takes siz~mronths frém-the day it goes to the printers
for each 1ssue of Science News to reach the bookshops
‘With the best will in the world, we cannot at present cut
the time any shorter. The result 15 that though we try to
keep close on the heels of the laboratory workers, we
always run the risk of being six months out of date Science
sometimes advanées very rapidly indeed, and though the
facts do not change, their bulk expands, and their inter-
pretation 1s liable to any number of somersaults, Con-
sequently, we can offer no guarantee of perfection 1 our
teporting from the fronts of scientific knowledge. It is
inevitable that the reports will sometimes be nusleading,
because scientists themselves were musled at the time the
prnter started work. All we can promuse 1s that nothing
appears m these pages untd the research on whuch 1t 1s
based has recerved reasonable confirmation and acceptance
1n the scientific world: this means that 1t1s a part of current
thought, and not that 1t 15 a final conclusion More we
cannot do, if we are to act as gwide n the progress of
scientific rdeas and results.

Is Science a Closed Shop? The advent of the atom bomb
as the result of years of team work in vast laboratorics
filled with complicated apparatus, and the trend of pro-
fesstonal scientific research to use ever more claborate

1 £

lectron p 3
betatrons—and demand more and more techmcal traimng
of its recruits, 1s in danger of convincing the layman and
the amateyr natural philosopher that it 1s. There seems no-
place any more for the enthusiastic schoolboy or school-

master, the man with a screntific hobby for the winter
evemngs. the amateur naturahist working on his own ch

in fact the amateur and the lone worker still occupy a*

waportant place, :md this 1ssue of Science News
H
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on ammals 1t was Jater justified also, of course, by its
success, This success, however, was not immediately
apparent, not was it for some years generally acknowledged.
The result of the treatment reported from varous clinics
differed enormously  the vanations depended on the choice
of cases to be treated, the skill and duration of the treat-
ment, the period of subsequent observation, and the criteria
used to assess improvement or recovery. Even now, m
spite of many studies and hypotheses, 1t 1s uncertain how
malana brings about arrest and recession of the syphilitic
brain disease.

Many of the features m this history have been repeated
in the “shock™ treatments of the last decade. But these
treatments have been apphed to forms of mental illness
.in which 1t 1s harder than 1t 1s with general paralysis to
make a sure diagnosis, or to foretell the course of the
disorder, if untreated, or to judge the degree and per-
manence of whatever change for the better the treatment
effects. These illnesses are not associated with known
pathological processes in the brain, their diagnosis cannot
be much helped by laboratory tests, thewr course varies
greatly from patient to patient, and can be favourably
influenced by psychological and social treatment, there
is room 1n them for wide difference of opinion as to the
extent of a patient’s improvement or recovery, since it
depends, among other things, on an estimate of what he
was like before he became mentally ill—if he had all his
Ife been a man of lethargic temperament and careless
habits, for example, a reversion to that state after treatment
would have a different meaning from that which would be
gven 1t 1f 1t were the best outcome of treatment 1n'a man
who had before s illness been active and precise. All the
difficultses therefore which attended the investigation and

of malarial ¢ of general paralysis are

present and enhanced in the treatment of schizophrenia,*

affective psychoses, and other “functional’ mental illnesses
* Sec glogsary under “psychiatry” for all special terms




TREATMENT OF MENTAL ILLNESS n

‘The three chief methods of physical treatment that have
been introduced 1n the field—-all between 1933 and 1936—
make use of mnsulm, of induced convulsions, and ncision
of the frontal lobes of the bram. The insuln method was
developed by Sakel 1 Vienna, the convulsions were first
nduced by Meduna 1n Budapest, and the frontal operation
by Momz m Lisben Modifications have come from
workers all over the world

Insulin )
Sakel at first used msulin for overcoming the disagreeable
symptoms that ensue 1n opium addicts when therr drug is
abruptly withdrawn Although he used farly small doses
he ionall d severe of hypogly-
czmia—reduction of the amount of sugar cuculating in
the blood—and the effect of this on the mental state led
fum to use 1t deliberately for allaying excttement, and
(because of some speculations he made about the “*vegeta-
tive centres” 10 the central nervous system) for treating
schizophrenra. The essence of the method lay in the
admimnstration of a gradually increasing dose of insulin
until the patient was passing cach weekday into a deep
unconsciousness of coma (with, sometimes, a convulsion)
which was terminated after about an hour and a half by
giving lum sugar. Modifications have been mostly technical,
and 1 the mam the procedure now used s the same as
Sakel introduced. The number of comas vanes roughly
between thirty and sixty, spread over several weeks; the
patient concurrently engages m occupation and other help-
ful activities generally used as part of psychatric treatment.
Tt was clear from the beginning that this treatment could
not be administered safely by all and sundry: it needs a
special unit, with nurses skilled to detect danger signals
and doctors who know how to adjust the dose of insulin,
assess the depth of the coma, and decide when and how
to end it. In such hands the treatment is reasonably safe;
the chief danger consists in a prolongation or return of‘,
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unconscionssess in spite of the admmistration of sugar,
and the more experienced the people mn charge of the
“msulin umt” the less frequent is the occurrence of this
alarming complication, though even so 1t cannot be wholly
prevented. The other serious nsks, such as ntescurrent
affections of the lungs or heart, are rare in a well-conducted
unit,
Thc was 1 d for and
hreniz has d the condition for which it is
judged appropnate. 1t has been tried in othet mental ill-
nesses with little or no benefit Scluzophrenia, however,
15 not—hke general paralysis, or diabetes, or coronary
thrombosis——a well-defined disease with unequivocal
characteristics.  1he term 1s made to cover a wider range
of 1llness 1n one country than in another, and may be used
somewhat differently even by different doctors 1n the same
country, some restricting it to a smaller core in which the
symptoms are indubitable and mostly intractable, others
applying it to a more heterogeneous collection of distur-
bances, having certain basic features in.common but
dwerging widely in pattern and outcome The future of
the individual patient 15 1n any case hard to trace with
confidence: if he becomes well after insulin treatment it
cannot be certain that this would not have happened with
more routine methods of treatment Consequently the
results of treatment not cnly appear to differ widely m

reports from the chmcs in different countries, but they ,

cannot be judged through study of individual patients,
except where the patient has been 1l so long that his recovery
seems qune beyond hope—and such patients with long

ja are by consent un-
responsive to msulin treatment The fesults of the treat-
ment must therefore be assessed by statistical companson
of a sufficiently large group of insulin-treated patients with
another group, untreated with insulin but chosen to match
the insulin group in respect of all those factors which affect
prognosis: both groups must be observed not merely at
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the end of treatment or as leng as they are i hospital, but
~for two or more years afterwards to see how lasting 15
their 1mp. or therr 4
Such compansons have been made. The fullest 1s that
reported from New York State, The 1,128 patients of the
nsulin group had been treated i Brooklyn State Hospital,
the contro} group (876 patients) m other mental hospitals
1in the State Seventy-rune per cent. of the msulin group
had been able to leave the mental hospital as agamst
58.8%, of the control group The mnsulin patients spent
on the average 3 8 months less m hospital than the control
patients Aroung the patients who had to be readmitted
to hospital, the msulin patients spent on the average two
months more at home than in the hospital whereas the
control patients spent 74 months more 1n the hospital than
at home At the end of the period of study 59% of the
nsulin patients were at home, as aganst 449, of the “non-
treated” group Seventy-ome per cent of the insulin
patients were earnmg therr living, compared with 60 6% of
the control patients  Such results seem to show a decided
advantage 1 insubin treatment. They can, however, be
cnticised  the recovery rate 1s exceptionally high, and for
some of the subgroups improbably so: the Brooklyn
Hospttal receives a higher proportion than other New York
mental hospitals of the acute catatoruc cases {which on
the whole have a good outlook), and 1t discharges patients
very early, with in consequence a higher relapse rate
(42.57) among the discharged insulin patients than among
the drscharged control patients (31.5%) But even allowing
for these sources of posuble error the New York figures
make a strong case for the beneficial effect of insulin
treatment
The results of insulin treatment in the mental hospitals
of Denmark were collected in 1941. Of the 276 schizo-
phrenic pattents treated 162 were classed as having jndubi-
table schizophrema, 114 were regarded as slightly dubious
(though- they would almost certainly have been classified
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as schizophrenic in any American or English statistics).
Just over a quarter of the imdubitable schrzophrenics.
showed some improvement after insultn but half of these
relapsed within a year, for the “dubious” schizophrenics
the corresponding proportions were 50% improved, of
whom approximately 40% relapsed The authors of the
report conclude “only very few cases of indubitable schizo-
phrenia were cured but mn a certain number of cases an
improvement was obtained whuch justifies fully the con-
tinuation of this treatment. In non-typical cases of schizo-
phrema the results were considerably bettcr, and the best
results were ob d m psych

Tt is unnecessary to revxew funher the rather discrepant
reports, many of which are favourable The bulk of rcliable
observers make the modest but confident claim that insulin
treatment of schizophrenra éffects better results than any
other method, though 1t fails to benefit many patients,
especially those with illness of long duration and ominous
clinical features. Where observers compare the insulin
results with those ob d by other d
the supenonty of insuli is less evident {or is hardly evident
at all) 1n those chinics which had a very high standard of
therapeutic’ effort before “shock methods™ came on the
scene. It 15 true that for msulin
consider that 1n the clinics 1n question the new method
was not carried out thoroughly enough to give its best
results, but 1t 1s generally the case that those who worked
1 therapeutically active chinics are 1ess impressed by the
benefits of insulin than those who had previously taken an
unduly pessimistic view of the outlook in schizophrenia
and been disposed to think their diagnosis might have
been wrong 1if the patient recovered

‘The modus operands of insulin was, in Sakel's original
theory, upon the nerve cells and the hormones which, he
believed, exerted their activity especially in the “vegetative
centres” (¢ ¢, parts of the brain controlling internal organs)
His theory was elaborate and pretty well stillborn. Other
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explanations were put forward, most of them stressing the
interference with brain tissue respiration entailed by the
msulin, others pointing to the disturbance 1t causes in
the aulanoxmc nervous system, and @ few mnsisting on 2
m terms of ding death

and re-birth One experimental study, made on rats,
demonstrated that coma produced by mnsutin wonld restore
previously inhubrted condttioned reflexes, and this has been

, applied to what happens m human beings It 1s, however,
impossible at pres:nt to do more than describe some of

the phy i of 1asulin treat-
ment' knowledge of the relation these have to chimical
must await of the essential

borhly changes charactenstic of schizophrenia

Induced Convulsions

The treatment of mental illness by mduced convulsions
was based on the same sort of clinical observation s
Wagner-Jauregg's introduction of malana Some patrents
with the variety of schi become
well promptly after they had a spontancous convaulsion,
moreover, epileptic fits occur only rarely among schizo-
phremics (thus a Swiss mvestigator found only eight epilep-
tics among 6,000 schizophrenics) A Hungarian psychsa-
tust, Nyiro, therefore tried the effect of transfusing the
blood of epieptic patients into schizophrenics The
experiment was unsuceessful, but Meduna (following the
same line of thought, which supposed that there must be
some antagomsm between the two diseases) decided to
induce convulsions in schizophrenia. He made some
experiments on animals which satisfied lum that artificial
convulsions do not cause serious dareage to the central
nervous systen, and then by mjecting camphor and later
by i injection of p tetrazol, he
carried out the human thcmpeuuc expeniment. The results -
were sufficsent to encourage hum to continue; after he had
published hus results, the method was quickly taken up
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all over the world. It had the advantage over msukn that
1t was easier to agdmunister, not requiriag such close medical
and nursing attention, and the nsk to ife was shght There
were however other risks, presently to be mentioned .
Two major changes were effected 1n the treatment during
the next five years 1t was recogmised to be less effective
for schizophrenia than for melanchoha, especially the
melancholia of later bife, and instead of drugs an electric
current was used to produce the convulsions, The former
clinical observation showed, as did more accurate statistics
of meidence, that the theory of & supposed *biological
antagonism™ between epilepsy and schizophrema had no
substance, and that the mtroduction of this treatment had
therefore been a lucky shot m the dark, at the wrong target,
It was recalled that in the exghteenth and early nineteenth
century hor, il to cause com--
vulsions, had Likewise been recommended for various forms
of mental iliness, but no systematic trial of the procedure
had been made X .
Other acci or by ¢ of i igation led to
the of mduced I for drug-
made ones As Delay says of thus: If faut chercher pour
trouver, mais non pour Irouver ce qu'on cherche—cest
le paradoxe de mamntes psychol de la découverte. A
German pathologist, Spiel , had called i
to the sclerosis (hardening due to excessive fibrous tissus)
observed 1n a parucular part of the brain of epileptics, and
questioned whether 1t was a cause or consequence of the
fits, Cerletty, an Italian neurologist and psychiatrist,
deaided to the matter by induc 1si
fa dogs by the passage of an alternating current through
the brain, and with hus assocate Bini succeeded in doing
this without permanent damage to the animal. Further
observations on pigs at the Rome abattoirs convinced
Cerletts that 1t was safe to apply this method of inducing
fits to human betngs, as indeed some French and Swiss
observers had shown in 1903-7. Meduna’s method had
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certam obvious dlsadvantages—»mtravcnous injection is
difficult, ially after 1t has
been carnied out several times into the same vemn; and,
for a few moments before drug-produced convulsions,
patients often experrence a most distressing aura, the
memory of Which remains and makes them fear subsequent
treatment. Electrical methods of mnducing the convulsion
avoided this, and are now almost mvarnably used, though
there 15 some vanation 1n the technical Procedure,
ding to the Most p
have apphed to the bramn an alternating current of voltage
between 50 and 150 volts, for 2 peniod rangumg from a
tenth to half a second
The risks of the treatment are almost entirely due to the
motor excitation. Thus dislocations or fractures may be
caused by violent movements in the convulsion  chemucal
means can be eniployed to prevent such mushaps, but there
are n turn some objections to the routine uie of the drug
(curare) appropnate for this purpose. Respiratory and
circulatory compheations can usually be foreseen and fore-
stalled of there 1s thorough prelmmnary exanunation.
Patients with pulmonary tuberculosts or a number of other
systemic diseases may have their condition aggravated if
given convulsions: but it 1s mostly a question of weighing
the advantages agamst the nisks n the given individual
who has one of these diseases, rather than putting up an
absolute bar agamst treatment by coavulsions Some
observers, ponting to the severe damage to the bram in
and to the of memory
which may follow the series of convulsions, have concluded
that cell destruction must be reckoned as part of the price
that may have to be paid for ths treatment. but there is
no conclusive evidence that there are permanent changes
of any comsequence in a previously healthy brain after a
series of twelve or so convulsions. N
The results of this treatment are reported in a large
number of divergent papers, agreemng only sbout the
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dramatic recovery that may be seen in the muddle-aged
melancholic. The commonest view is that those mental
disorders 1n which emotional disturbance is most promi-
nent—termed the affective disorders-—respond so well to
convulsive treatment that 1t can almost be regarded as
specific for them, especially for the “involutional” forms -
that occur 1n late muddie ife At the other extreme are the
small number of weighty critics and statistical watchdogs
whose findings show that the recoveries produced 1n this
way are not always maintained, and that the total effect is
not appreciably different from that which can be obtained by
thorough p ¢ of the * shock™ kand.
Tt 15 possible to account for these discrepancies again by
pointing to different choice of cases, different length and
thoroughness of treatment, different critena of success;”
and emphasis can be laid on the consensus of intermediate
opuor, favourable to the treatment, as well as on the
improvement or recovery sometinies effected in mndividuals
when all other treatment scemed to have been futile, and the
prospect was gloomily mdicative of years of further iliness.
Butthe sober d by h e studres
like Dedichen’s from Norway (in which 1,087 convulsion-
treated patients whose subsequent history had been followed
for a year and a half or more, were compared with 797
chmeally similar patients treated without either con-
vulsions or insulin} is that certainty about this treatment
must wait on fuller knowledge of the pathology of the
disorders treated and the modus operand: of the treatment,
or on therapeutic expenments planned with as much care «
as if it were a question of crop yields to be studied at
Rothamsted. Without the former knowledge the results
of treatment in an individual case cannot be interpreted:
without the latter designing of experiments needless varia-
tions and disputed C]alms teave the field dangerously open
to “general lmprcssmns ‘
‘The modus operand is still doubtful. The explanations
offered are much the same as thosc for insulin treatment.
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The most recent ises that induced i
excitation of the hypothalamus (a part of the xmdbram) so
that, through the connections oi' this part of the bram with
the cortex, a state of heigh is prod
where vigiance had previously been depressed by discase.
This view of a French mvestigator 15 i keeping with the
concluston of others, that a disturbance of vegetauvc regula—
tion is corrected by the for the I
known to mfluence the f'uncuonmg of bodily organs. But
the evndence on which tbese physxologu:al statements rest
is P s are also un-
convincng

The combnation of mnsulm with convulsive treatment
yields results which are in some cases better than can be
obtained by erther method alone, but 1t is not yet possible
to predict which patients will respond to the combined

nor does of a group of

patients treated 1 this way show it to have a general
superionty over either msubin or convulsive treatment
separately.

Leucotomy
An equally empincal but more radical procedure consists
in making an 1ncision across the white matter of the frontal
regions of the two hcmisphcrcs of the bratn This was
mtmdue:d by Egas Momz in 1936 on the strength of some
about the 1 basis of
mental disorder and the function of the frontal lobes and
their connections His speculations on thus went beyond
what could be d and are not g 1ly acgepted.
The . operation, however, proved reasonably safe, and
beneficial to the agitated and excited patients on whom
Momnuz first practised 1t It has since been employed on
more than two thousand patients, chiefly 1n this country
and the United States It is not a lengthy operation, and
can be carnied out under local anzsthesia 1f the patient’s
mental state warrants this. It divides fibres connecting the
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anterior part of the frontal lobe with the dorsal median
nucleus of the thalamus, The subsequent mental state of
the patient may be like that of a person who has recerved
2 severe injury to the bran m an accident  he may become
tactless, .outspoken, careless, self-satisfied and without
mttiative But these consequences are by no means always
evident* 1n some patients even a skiled observer can
detect hittle amiss once the immediate effects of the opera-
tion have passed off, whereas in other patients the sub-
sequent condition amounts to a dementia, between these
extremes many gradations may be seen, parily dependent
on the previous personality and the illness of the patient
1 question, and partly on the location and extent of the
cuts made through the frontal white matter. Psychological
tests show that there 15 no tmpairment of formal intelligence
as a rule  the subjects gain as Iugh a score on standard
intelligence tests as they had before the operation In the
practical affairs of Life, however, many of them do not
behave intelligently, and a number of psy:holcglsts have
therefore tried to determme and measure the impairment
in adaptve funcuons which this practical mcfﬁcxency
connotes. It has been observed, for instance, that in the
well-known Porteous Mazes those who have had a leuco-
tomy {thc name commonly given in this countsy to the
ion) are at a smce they do not took
ahead. They do badly 1n other tests which are designed to
measure capacity to hold back 2 motor impulse’ or persis-
tence in attaining a goal one has set oneself. Study of the
deficrt produced by the operation is in jts early stages, but
has double importance: 1t will illuminatu (hc vmy in which
an interruption of fronto-thal.
benefits certain forms of mental 1llncss. and it will enable
us to assess the price the patient pays for the benefit The
price may be a high one. apart from gross disturbances
such as epilepsy (which are not unknown as effects of the
operation) permanent blunting of the patient’s sensitiveness
and restraint may have to be reckoned with. On the other
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hand, these résidual handicaps may be judged tmfling,
when set against the severe symptoms which the operation
relieves. Obwiously frontal leucotomy is not to be under~
taken lightly, after a few months’ tnal of less drastic
measutes, the decision calls for a thorough apprassal of
the social as well as the more narrowly medical 1ssues in
the indwvidual case,

The patients who benefit most are those who are cease-
essly harried by painful 1deas, or are given to outbreaks of
uncontrollable violence The more signs of emotional
tension beforehand, the more gratifyiog the result. Whether
the patient has a with
and hallucinations, or an obsesswnal 1llness with persistent
fears and mmpulses, the leucotomy, i effectual, will not
usually abolish the morbid 1deas but will make them
bearable and ummportant to him 1t 15, in short, an
operation to alleviate symptoms, rather than to end a
disease. The symptoms may be of the kind that make 1t
imperative for lhc patient to be nursed n a hospnal
because of hus of * after the
he may be no longer thus destructive and violent, so that
he can return to us home or at any rate lead a quieter life
1 the hospital In the recently collected findings of a
thousand patients treated by leucotomy in this country,
there were 364 recorded who had been violent before the
operation; 260 of these were improved n this respect
afterwards There were, in this series, 757 patients whose
illness had been going on for two years or more before the
leucotomy: after it 173 of them were able to leave the
mental hospital and were not known to have relapsed later,
Of the 757, 489 werc diagnosed *‘schizophrema” and 150
“manjc-depressive”; 159 of the former returned to live
at home, and 38% of the latter.

Empirical Treatment
1t is clear that these methods of treatment—insulin, con-
vulsions, leucotomy—are not specific or, as yet, rational.
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Like all empirical treatment that is not specific (in ¢ontrast,
say, to the use of quimine in malaria) their development
had to go through a hit-and-miss stage, the length of
which depends on the care with which the therapeutic
expermments are planned and conducted 1n order to disclose
the range and mode of operation of the methods and the
clmscal indications for their use And, like ail methods of
treatment in psychiatry that are not concerned with
diseases having an established pathology and course (in
contrast, say, to general paralysis) opimon as to their
efficacy has to be yjudged 1 relation to a recovery which
could have occurred without this intervention, either
because the 1lfness tended towards recovery anyhow or
because other methods of treatment were being employed
concurrently with benefit. It 15 mmpossible, of course, to
deal with the patient as though he were a laboratory
amumal and to abstan frdm domng anythmg to help him
except carry out the special physical treatment: if he
cannot sleep, sedative measures must be employed ; he will
take part in the orgarused routine and occupations provided
in the hospital; the doctor will see hum and lhelr conversa-
tions will ly have a th , and,
indeed, the special treatment itself induces a temporary
illzess and dependence which demands nursing or medical
attention to a degree that may have much psychological
effect upon the patient. In a slightly older method of
physical treatment—continuous narcosss {drug-nduced
sleep)—many psychiatrists believed that the virtues of the
treatment actually resided in this induced helplessness
which made the previously 1solated and ble patient
feceptive o ps)thologxcal treatment,

It is generally conceded that 1n the main the patients
who respond best to insulin or convulsions are those for
whom the prognosis would have been good m any. case:
the newer methods of treatment shorten the illness, it is
claimed, or prevent secondary products of the illness (e.g,
rescntment at bemg a long while in hospital), but they do
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° not, for the most part, turn a hopeless into a remediable
condition. This obviously jmakes it harder to tell how
much the special treatment has contributed to a recovery
which could have occurred without it Statistical com-
parison of ly large and well-matched semes of
cases treated and not treated by the method is the proper
recourse in such a difficulty- 1t has been employed by
L. S. Penrose and many other investigators.

Insulin, convulsions and leucotomy do not exhaust the
physical methods of treatment lately introduced into
psycluatric practice Continuous narcosis, brought mnto
use in 1922, has already been referred to 1t has 1ts success
in much the same kand of 1llness as convulsive treatment.
Drugs such as amphetamine sulphate (benzedrine) and
choline derivatwves have been employed systematically, A
“conditioning” method which makes use of a drug that
causes vormting has been effective with some addicts to
aleohol. Nitrogen inhalations , faradic stimulation; “electri-
cal narcosis™ ; artificially produced fever, sometimes com-
bined with convulsions, and “refrigeration therapy™ (in
which the temperature of the body 1s reduced below 85%)
have been tried, 1n accordance with some dubious theory or
dubious observation, and for the most part have soon
been dropped, as too dangerous or neffectual.

Pertodic Catatoma

The difference betwneen empirical procedures and a rationat
psychiatric treatment may be seent on companiag them with
Giessing's work on penodic catatonia.* Gjessing, a
Norwegtan psychiatrist, began about twenty years ago a
painstaking study of the metabolism of the very small
group of pattents in whom repeated attacks of catatonic
stupor or excitement occur in a regular scquence: the
condition is usually included in the Jarger class, schizo-
phrenia, and is by some thought to be a blend of schizo-
phrenic and manie-depressive illnesses. In a penod of

« Sex glossary undet “psychuatry™ for all technical terms
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Like all empirical treatment that is not specific (in ¢ontrast,
say, to the use of quinine in malaria) their development
bad to go through a hit-and-miss stage, the length of
which depends on the care with whuich the therapeutic
expeniments are planned and conducted m order to disclose
the range and mode of operation of the methods and the
clincal 1ndications for their use And, like all methods of
treatment in psychiatry that are not concerned with
diseases having an established pathology and course (in
contrast, say, to general paralysis) opmion as to their
efficacy has to be judged in relation to a recovery which
could have occurred without this intervention, either
because the iliness tended towards recovery anyhow or
because other methods of treatment were bemg employed
concurrently with benefit. It 1s mmpossible, of course, to
deal with the patient as though he were a laboratory
animal and to abstan frdm domng anythmg to help him
except carry out the special physical treatment: if he
cannot sleep, sedative measures must be employed ; he will
take part in the orgamsed routine and occupations provided
in the hospital; the doctor will see hum and therr conversa-
tions will y have a th ; and,
indeed, the specm.l treatment atself induces a temporary
lleess and dependence which demands nursing or medical
attention to a degree that may have much psychological
effect upon the patient. In a slightly older method of
physical treatment—contmuous narcosis (drug-induced
sleep)—many psychiatrists believed that the virtues of the
treatment actually resided in this mduced helplessness
which made the Iously 1solated and § ble patient
receptive to psychological treatment.

It 1s generally conceded that in the main the patients
who respond best to insulin or convulsions are those for
whom the prognosis would have been good i any. case:
the newer methods of treatment shorten the illness, 1t is
claimed, or prevent secondary products of the illness (e.g.,
Tesentment at being a long while in hospital), but they do
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came to anend, The patients he treated in this way remained
free from mental symptoms for years.

Patients who have true peniodic catatoma are few and
far between, and the results obtained with them cannot
be paralleled 1 other catatonic patients or in pattents with
other perjodic mental illnesses. But the object lesson
provided by this tiny group and the patient work of
Gjessing on them needs no underlimng.

A simular though less tellng object lesson 1s afforded by
tryparsamude, an arsemical drug, the product of extra-
ordinanily careful systematic research, which 15 beneficial
in frypanosomuasis and in general paralysis Pemcitin
100 is now being used for general paralysts. But Gjessing’s

_ work stands out since the condition he treated had been
regarded not as 2 symptomatrc psychosis, m which the
mental features are mamfestations of a known physical
disease, but as a form of schizophrenia

There are many who hold that psychoanalysis 1s likewise
an object lesson 1 rational therapy. If the theory of
psychoanalysis be accepted, then this gontenton must be
upheld. There is however stdl, as everybody knows,
much controversy about the correctness of the theory,
and some uncertamty about the efficacy of ghe therapy
1t is not necessary or appropnate to examne (be views and
evidence here, certamly psychoanalyss exercises a great
influence upon psychiatric thought and practice. It 15 now
more than fifty years since Freud and Brewer published

therr historic paper P and psych apy
have developcd during lhat half cenlury in very intimate
3 andifp hology rested on observations

as easily made and verified as those of somatic pathology,
lhcrc would now be httle chance to wonder whether

h is rational or incal. The same can be
s:ud of social methods of treatment which are now widely
utilised, through the agency of the trained psychiatric
social worker, Many methods have been brought forward
of late years to widen the scope or intensify the action
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of social and psychological treatment: “‘group psycho-
therapy” is such a method which now ococupies much
attention ln all of them, however, it 15 plamn that working
out a tech of ly modified in the
light of indvidual or collective expenence, is enforced by
day-to-day chincal needs, to the detniment of therapeutic
experiments planned writh something of the same care as a
laboratory investigation. This is almost unavoidable, as
anyone may see who reflects on the complexity of psycho-
logmcal aberrations and therr treatment, and knows what
strong pressure to do something active and confident 13
brought to bear on the physictan who undertakes such
treatment.

This pressure of human need, always an important
factor and the cluef mcentive 1n the development of thera-
peutics, has been responsible in psychuatry (as in other
branches of medicine) for some wrong turmings and hasty

In h , animal
ean give little help as lhe preliminary testing-ground for
remedies, since the main patterns of mental illness cannot
be reproduced in other animals. For that vast part of mental
illness which has as yet no known bodily basis, man alons
can be the subject of crucial expenment; and although
therapeuuc experiments on man can be daring, as Wagner
Jauregg and many others have shown, they cannot 1n a
normal society be well controlled. Fuller said of the good
phyucian that “he’ handsels not his new experiments on
the bodies of hts pavents, letting loose mad receipts into
the sick man’s body, to try how well nature in him wiil
fight against them, whilst himself stands by and sees the
battle: except 1t be in desperate cases when death must
be expelled by death.” The good psychiatrist, thongh he
recognises that the issues m mental illness are desperate
enough, 1s averse from over-bold enterprises in treatment;
‘but he is 1n the predicament, as other doctors have been
too, that he must either wait until research throws more
Tight on the causes and pathology of the diseases he treats,
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or he must try any new measures, from the outset, on
volunteers who are aware broadly of the chances of improve-
ment and the risks or uncertamnties the treatment presents,
This 15 m respect of new measures. for established treat-
ment, the psychsatust already has at his disposal a body
° of therapeutic experience and many procedures, both
rational and empincal The good results, though patently
insufficient, bear companson with what is attained in other
branches of medicine.



Detection of Meteors by Radar

DR. G. RABEL

What is Radar?

Tor a long time past Radio Direction Finding has assisted
in dstermuning the positton of a craft both 1n the air and
on the sea. The aenal used for this purpose 15 a frame
which can be made to rotate about a vertical axis. If the
frame is set edge-on to the direction from which a signal
is coming, the acnal gives maximal response. If it is
turred round by 90 degrees so that the plane of the frame
is perpendicular to the path of the signal, the response
is zero. Thus the bearing of a signalling coastal station
with respect to a ship can be ascertamed, and if signals
are taken from two or more radio beacons, the point on
a map where these lines of bearing intersect gives the
position of the ship.

R D.F,, then, requires the cooperation of some outside
station—though, it is true, this cooperation may be entirely
involuntary, as for example when an illicit transmitter
reveals its presence
“The distinctive feature of Radar, or Radiolocation, s
that it needs no cooperation whatever on the part of the
object but works on its own, by sending out signals into
space and watching the echoes which come back.

The fact that electromagnetic waves are of the same
nature as bight waves and can, like them, be reflected and
refracted (bent) was demonstrated by Heinrich Hertz in
1888. When waves pass from one medium inte another
medum of different electric properties, e.g., from air into
water, one portion of the radiation is thrown back into the
first medium, while another portion enters the second
medium and becomes refracted. For instance 2 stick lying
part in water and part 1n air looks as 1f it were broken,

28
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because the light rays from the under-water part are bent
on crossing the surface into the air.

If the boundary surface 1s smooth, ie, contains no
jrregulanites or npples of the same order of magnitude as
the wave length, the reflection 1s regular as from a murror.
If there are considerable srregulanities, the mcident rays are
scattered n all directions as when Iight falls on frosted glass.

The time a wave takes to go out to an object and come
back, depends evidently on the velocity with which it
travels and the distance of the target These three quantities
are connected by the simple equation
dl__%‘stance' or drstance=time X velocity.

il

The ume for the round trip can only be measured if
the moment of sending 1s precisely defingd, that 15 if the
transmisston1s interrupted  Fizeau was the first to introduce
this method when he undertook to measure the velocity
of light He used a toothed wheel to provide periodical
terruptions, To-day short ““pulses” of a limited number
of oscillations are sent out.

Fizeau knew the distance hus rays had to traverse, hence
by measuring the time they took he obtained their velocity.
The radiolocator knows the velocity of his rays, hence by
measuning the time he obtains the distance.

velocity=

The Cathode Ray Oscillograph
‘As the veloaity of radio waves in air 1s the same as that
of light, namely 300,000 kilometres per second, a signal
takes only 0001 seconds or one millisecond to travel
300 k., and only 0 00001 seconds or ten microseconds to
travel 3 km No mechanical device could react quickly
enough to make exact measurements of such time intervals,
and wherever extremely quick response is required, the
Cathode Ray Tube Oscillograph 1s put 1nto action

The main principle of this device, leaving out details,
is this: an evacuated plass vessel in the form of a cone:
contains a pair of electrodes connected to a battery, T
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negative electrode, called the Cathode, which is placed at
the narrow end of the tube, 1s heated by an auxthary
current so as to emit a considerzbic strecam of negative
clectrons. These wander towards the posiive electrode
near by, called the Anode, and as the anode has a small
hole 1 ats ceptre, some of them move on through it and all
through the length of the tube until they It the broad end.
This end 1s formed by a screen of fluorescent material and
cach tume electrons fut that screen, a bright spot of light
appears on it.

If somewhere between the anode and the sereen two metal
plates are fixed to the right and to the left of the tube, one
of them charged to a positive, the other to a negative
potentsal, the clectron beam emerging from the cathode
will be deflected towards the postive plate, and if the
plates are alternately charged posuively and negatively,
the clectron beam will follow suit and osedlate from the
Tight to the left and back.

In practice, one of the plates 1s connected to a condenser
which 1s periodically charged and then discharges itself
quickly Hence the electron beam swecps horizontally
across the screen and suddenly returns to the starting
point. This movement of the electron beam s called “the '
Sweep™ and the brght horizontal line it traces from left
to nght on the screen is calicd “the Time Base”. The
sweep 18 so adjusted as to work in umé with the pulse
transmitter. It starts at the utmost left corner cach time a
new pulse1s sent out and moves over the sereen with gniform
speed. Therefore the distance of a point on the time base
from 1ts left end can serve as a time scale, If another
electric field 15 applied perpendicularly to the fisst, that is
above the tube and below it, it deflects the clectron beam
upward :md downward.

{reflected) radio waves
supply the potential for the vertical electric field. But some
groomung is needed before they can produce the desired
effect. The waves are rectified, which means that their
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oscillatory electric force is transformed into direct current
by the omission of one half cycle in each full wave. Then
they are amplified because otherwise they would be too
"feeble. Thus prepared, it is they which deflect the electron
beam away from the time base.

The times at which such dewiations occur are easily
measurable on the honzontal base, and as the travellng
speed of electromagnetic waves is a known and constant
factor, the scale can be graduated in kilometres (or miles)
so that one glance on the scale provides direct, without
further computation, the distance of the target. If the
target movgs, the brght pulse spot moves along the screea
either towards the starting-poiut of the baseline or away
from 1t. In modern equipment the azimuth of the object
can also be read direct from a horizontal scale and the
angle of elevation from a vertical oge.

Only a few pulses are sent out m every second, becanse
it is essential for the method that the energy from the
reflected wave shall bave dred away before the next signal
goes out, A station may send out, say 25 pulses per
second, each lasting ten microseconds. That means that
the whole span of ume occupied by the signals is only
0000250 seconds, or as the wireless man puts it. “the

marks 250 mi *. This very small
“mark/space ratio” is ¢h: istic for radar
and explains the fact that very high pulse energies can be
obtained, Suppose the peak power to be 800 hilowatt,
the mean energy over a second would pevertheless only be

800X250 _ g3 pizowate or 200 watt,
100000¢

Wken the attention of the wircless world was called to
the fact that radio waves are reflected from layers of
jonised gas in the upper atmosphere (the Ionosphere),
scientists both here and 1n other countries set themselves
to study these echoes systematically and soon they observed
abnormal echoes of very short duration which seemed to
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come from passing meteors. A great mumber of these
transient echoes were noticed dunng the Leomd shower
of 1931, for imstance.

Sir Edward Appleton suspected that passing meteors
might be responsible for irregulanuies in the ionisation of
the upper atmosphere, and therefore careful watch was
kept over them

However, 1t seems that the main interest aroused by
this technique was at first directed to the practical mmpli-
cations of the phenomenon Could not terrestrial objects,
ships and aircraft, be detected by the same method? As
early as 1931, the British Post Office made experiments
on five metre wave length for this purpose iad it was
definitely established that a flying aeroplane, even if
invisible, can be detected by a ground receiving apparatus.

Tn 1935-6 the first explorng Staton was wstalled at the
east coast of England. Long before the war the system
had been made foolproof for unskilled operators, The

of the ph together with the
practice cf direction finding has thus generated in this
country the techmique of radiolocation The American
term Radar was later adopted because 1t is shorter.

Meteors
Meteors (shooting stars) as a rule become visible at a
height of 100 kilometres. As they enter the atmosphere
with a ternfic velocity, therr impact upon the gas molecules
of the awr has two effects. heat and jomsation. A brilliant
white hght flashes up and columns of glowing ionised gas
are left behind in the wake of the meteors, slanting down
towards the earth When they have reached a height of
about 70 kilomstres, the meteors are usually reduced to -
ashes, and vamsh

Most meteors are extremely small, like grains of sand,
their radius being a fraction of a centimetre and their weight
a few milligrams A small percentage of them are larger;
these manage to penetrate the atmosphere and to land on
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‘our earth, The well-known metearites are exceptionally
large ones.*
1t is now often assumed that most meteors, if not all,
are crumbs spilled when a comet hts on the atmosphere
of our own or some other planet. An impressive example
was supphed by the thrlung adventures of Biela’s Comet
When this comet, whose period is 63 years, came near the
earth in 1845, 1t consisted of two bodres which moved
side by side slowly separating from each other In 1852
they were farther apart. Nerther m 1859 nor m 1866 was
the cormet sighted at all, but on the 27 November, 1872, 1t
reappeared—thus time transformed 1nto & wonderful display
of meteors. Since then the shower has repeated itself
regularly, though with varymg ntensity +
It looks as if roughly speaking meteor showers keep
moving on the same track as their parental comet and that
hence meteors, ke the comets, belong to what has been
called *“the obedient famuly of the Sun”, which revolves
round the Master and follows im on his journeymgs
through the unverse
Meteors are known by two different names, a practice
which 15 liable to confuse the layman They have a family
name dertved from their real ancestor and a topographical
pame which designates their “radiant”, ‘the corner of the
sky, the constellaton, or to use for once astrological style,
* Even the small percentage of larger meteors 15 said to amount 1o
145, !X)O nullions a year and 1t 1s estimated that in 3000 years the mass
of the earth has mncreased by 1 rullion tons thanks to these aronals,
Hrwmr even a mullion tons 15 2 tnfle as compared to the total rass
of the
1 An amusmg comment to thus story 15 grven by C. Glwer m his
k on Comcts. Professor Challis n Cambridge s2w on and after
January 15, 1852, two comets mstmd of one, but “he was troubled
by many musgivings, having 1t evidently in hus head that po well-
behaved comet ought to dinde nto two_ On the 23th he was finally
convinced.” He expluned that be could not devote much time 10 2
comet caught g the sct ol‘muluplmhon ‘because he was busy searching
for Neptune. #1846 hard tuck ror the professor . . .
Hc and Awy share lhe sencus bhmc for losing for Fmgl.md h=
undisputed prionty tn the discovery of Neptuse and here be k
another opportunity for making a unfque ebservaion ™
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the “House” from which they seem to emerge. Thus the
Bielid shower 1s 1dentical with the Andromedids and the
shower connected with the Giacobini-Zinner Comet
which was observed in the autumn of 1946 15 also named
the Dracomds, N

It 15 rather surprising that a comet &r shower whose
pertod is anything between 3} and several hundred years
should, when 1t comes hack be met by us always at‘the
same time of the year and comung out of the same house.
We can only understand this phenomenon if we reahse
that the orbits of comets are very dufferent from that of the
earth, which 1s almost a circle. They are enormously
clongated ellipses of which only a short piece lies 1n the
neighbourhood of the sun while the rest stretches far out
mto space. A comet may come as near as five mllion miles
to the sun (the nearest 15 90,000 mles) and then escape
very quickly and run as far away as 3,300 million miles.
Such an orbit could almost be pictured as a very long pm
with 1ts head near the sun (perihelion) and 1ts pointed end
very far off If a body travels along such 2 natrow orbit,
it is plausible that when it comes back to the sun at all it
comes back to the same house so that we encounter 1t at
the same stage of our revolution round the sun

Another at first sight paradoxical fact is this: if the
pertod of 2 comet and 1ts accompanymg meteor throng
is n years, how 1s it possible that we do not encounter
members of this shower every n years only, but “much
oftener, in many cases actually every year? The answer
is that as the shower goes on, it distnibutes itself evenly
over the whole orbit and the longer a comet has sojourned
in our solar system, the more uniformly scattered is sts
meteor stream The Perseids, for example, or the Orionids,
are met every year in about equal strength, whereas the
Leonids, introduced into our solar system as late as 126 A.D.
(when Tempel's Comet came 1mto dangerous proximity to
the planet Uranus) are not so evenly disseminated yet.
On a bit of their track which takes three years to pass
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the earth they are closely packed and dunng these three of
theit 33 years’ period they provide beautiful fireworks
(unless another planet attracts them too much as happened
in 1899); for the other thirty years, only a few of them are
met annualiy.

‘We are now, at long last, prepared to come to the gist
of this story and to speak of its hero, the Comet Giacobini-
Zinner. A feeble shower from thus comet was observed in
1926 In 1933, thes earth passed the comet’s orbit at a
distance of 560,000 miles and the result was the finest
meteor display of this century. It lasted 5% hours and 400
meteors per munute were counted at the peak. In 1939, the
distance was much smaller but the earth passed the node—
that 1s the point where the orbits cross—4} months before
the comet did, and no meteors were seen.

In 1946, all to be exq
The earth was to reach the nadc only fifteen days after
the comet and only 132,000 miles off from its orbit. No
wonder that there were great expectations

Meteors and Radar

This tine 1t was not only astronomers but also radio
cxperts who stood at attention to await the slustrious
wisitors. ‘They had already gathered considerable knowledge
about meteors on former occastons. They were aware
that the radar sets used for the study of the ionosphere
were not suited for astronomucal observations and had
prepared a special directional beam aenal; that means
that instead of broadcasting mdlscummat:[y into space,
the aenal radated energy only into a narrow channel and
could be pointed 1n any direction.

Hey and Stewart had obtained hopeful results with
radio echoes on Januaty 3,.1946, when the Quadrantid
shower, and on Apnl 20-22, 1946, when the Lynd shower
was due. The echocs comncided to a certain extent with
visual observation. Also when beams from different
stations were directed towards the shower, and the direc-
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tions established from which the echoes were strongest,
plottng these directions on a chart revegled the radant
of the shower 1 good with other i

Thus gave confidence that the echoes actually came from
the meteors 1 question, but if radio echoes did no more
than just confirm visual observations, they would not be
the great triumph and promise for science they are.

In fact, thirty per cent of the echoes received appertained
to so-called telescopic meteors which cannot be seen with
the naked eye and are only detected 1f perchance they pass
through the field of vision of a telescope

Radio echoes do not come from the meteors themselves
but from the lengthy filament of highly conducting gas
which forms their trail or streak The echoes are observed
when the beam s directed at nght angles to the length
of the trail

In one set of observations undertaken by Dr. Lovell
and coworkers, about 1,000 echoes werc analysed. The
work was done on a frequency of 72 Mc (mulfion cycles),
per second, which corresponds to a wave length of 4.2
metre. The transmitter radiated 150 pulses per second,
each lasting 0000008 seconds. Peak power was 150 kilo-
watt The activity of the Dracomtd shower was confined
to a few hours on the 10th October from nudaight till
6 am The peak was reached at 3 40 with 168 echoes per
minute; five minutes after the peak only fifty echoes per
minute were left and at 6 a.m. the rate had decreased to
003 per minute which is normal in showerless times. The
very rapid nise and dechne impressed the observers and
further they noticed a dissymmetry between ascent and
decline which seemed to indicate that conditions before and
after the peak were somehow different, though what really
happened 15 not yet clear (see plates 17 and 18).

Most echoes were extremely transient, lasting hardly one
half second Visual observers were disappointed because
both bere and in America the weather was unfavourable—
too many clouds and at the same time too much moon-
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light, By combining the results of several observers,
h?‘YCVCf, a curve was obtammed which showed, like the
radio echoes, the very short duration of the whole shower
and its rapid rise and decline. The maximum really ob-
served was 16 meteors per munute, which, with some
corrections, grew to 37 5

But even the highest counts remained very far below those
of 1933 when the conditions seemed 50 much less favour-
able, Meteors, 1f no longer a by-word for sheer caprice,
are still not_the most rebable inhabitants of this world.

1. S. Hey applied an mgenrous method to measure the
velocity of the meteors m 2 smpler and more accurate
manner than astronomers could There 1s a famt trace of
an echo due to iomsation m the immediate proxumty of
the meteor. Then follows the mam echo from the long
ionised column, From the famnt trace assoctated with the
meteor itself as read off the time base the velocity could |
be computed and was, as an average from 22 cases, found
to be 22.9 km. per second—in good agreement with other
estimates. .

Almost 23 kilometres per second is really a remarkable
velocity. A meteor would travel from London to Cam-
bridge in four seconds, If meteors at such speed meet the
earth which tself speeds on at about 29 kmps, their
velacities add up to more than 40 and the fomsed trails
produced by such impact are easily detectable, For the
few meteors whose speed 15 greater than that of the earth,
and which therefore are able to overtake it, the energy
of mpact 15 given by the difference between the two velo-
cities which 15 small so that these meteors are not easily
detectable

‘But from naw on astronomers will no Ionger be depending
on what their eyes can see. They wll neither be depending
on good weather nor on the darkness of night for ther
work. When at a roectmg of the Royal Astronomical
Society Sir Edwatd Appleton inquired whether a maximum
of meteor echoes at noon which he had found, corres-
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ponded to any astronomical reality, he was told: “On
the distribution of daylight meteors the wisual observer
cannot say anything We must leave 1t entirely to the radio
observers to mvestigate these.”

The astronomer Mr. Prentice said: “This beautiful
new technique represents a major advance We feet like
the first of a dly armed
with new powers of observation.”

By means of the narrow beam aernial array, the meteors
of an individual stream can be studied 1n 1solation, and a
continuous record of the activity of a given shower can be
mamtained year by year, which was impossible hitherto.
Further, the fact that meteors can be observed in daylight
enables a search for new streams which can never be seen
by the eye. Indeed, quite recently, in 1947, Lovell discovered
the great Pisces-Aries-Taurus stream active from May to
July, far wider and nicher than any of the annual streams
with which we are acquamnted 1 the night sky.

When the European war was over, plenty of radar sets
and radar teams in tus country were unemployed, Sir
Edward was asked to find work for them and he suggested
they should detect sporadic meteors So there exists now
a ge and mteresting collection of data taken round the
clock for almost a year. The results are not yet available,
but already Appleton and Naismuth see their assumpiion
confirmed that 1t is these sporadic meteors which keep up
jonisation mn the upper atmosphere durng the mght We
can hear night programmes on the radio, not only because
the mmsauon produced by the sun is rctamcd but because

is b d by the timest

rh:!cors‘

Other Uses of Radar

Such a delicate detector of foreign bodses, 7e., of objec!s
with electric properties different from the air, cannot fail
to detect plenty of other things apart from meteors, ships
and aireraft. It seems that a complete picture of the land-
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s'3<’illels~0f1"ered to the flying pilot on some types of receiving
arrays, if only n the form of spots and lines o the fluores-
<ent screen.

When 1n 1943 high-powered transmitters were intto-
duced, even birds did not escape detection, and bird
«choes became such a menace for British coast watching
that radar operators had to be specally tramed to dis-
tinguish them from echoes of mulitary importance. Aircraft
<an usually be easily distingwmished by their greater speed;
oot so naval craft. At long range the echo from a bird
fiymg fully in the beam of a radio set can be equal m
strength and speed to that of a shup In fact, birds have
given rise to several E-boat scares and to at least one
wnvasion alarm, Even small birds 1n flocks can be a nuisance
to operators,

Heavy rain 1s also a reflector

Cloud Range Detection

A special kind of Radar which uses extremely short electro-
magnetic waves, namely those of the visible spectrum, has
ecently been appled to measure the distance of clouds.
A very mtense hight flash of one mucrosecond duration 15
produced by a Jugh voltage spark gap at the focus ofra
paraboloidal reflector. The beam 1s aimed at clouds and
the reflected flashes are recerved by another parabioloidal
murror with a photocell 1n its focus The task of the photo-
cell is to recnfy the waves (let only one direction pass),
then they arc amplified and displayed on the Cathode Ray
Screen os usual The distance of the reflected spot from
the time base ongn measdres the range of the cloud,

The Moon .

Epoch-making has become quite a phrase in modemn
engineering 1t cannot be denied that another epoch was
opened when for the first time radar came in contact with
the Moon Assumptions that cchoes might be obtained
from the moon were never taken seriously until Stt Edward
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Appleton categorically stated that 1t was possible. Less
than a year later his prophecy was fulfilled by the United
States Signal Corps. Wireless experts assert that the con-
ditions were of the utmost unsntabiity The equipment
was an ordmary and old-fashroned Army Signal apparatus
of such size that it could not be Lfted. Therefore the
experiments had to be performed when the moon had
just risen and was standing on the honizon That meant
that the atmosphere did its worst to attenuate the signals.
But nothing of all thts prevented a full success, and on
January 10, 1946, at 11.58 a.m, contact with the moon"
was achieved

An nteresting peculiarity of the moon echoes 1s that they
mamfest the phenomenon known as Doppler Effect. When
a source of vibration moves towards the observer, he
recetves more vibrations per second than the source emits,
so that, for example, the pitch of an approachung engine
is higher than when 1t 1s at rest. As the moon moved with
a relative velocity of 682 miles p h. towards the earth,
the reflected wave differed from the transmitted one by
227 cycles. The American experimenters bad caleulated
this effect beforehand and tuned their receiving set ac-
cordingly. The fact that this particular frequency was
recerved, as well as the time lag of 2.4 seconds between
transmiission and reception, were definite proof that the
echo really came from the moon.



Cave Science'
’ DR. MARIO PAVAN

THE study of caves in all their varied aspects 1s given the
general nafne of spelzology

Caves offer many different subjects of research to the
Student, and 1n the following pages we will glance briefly
at their principal aspects, dwelling chuefly on the biological
Tesearches which have been the writer's particular concern.

. . No less worthy of consideration, however, 1 the explora-
tive side of spelzology, which generally absorbs much
energy and makes especial demands on the speleologist.
Indeed it Tequures a form of “Alpmsm” whose chief
charactenstics are quite pecubiar 1t must be remembered
that if the locality 1s new, a genuine exploration has to be
made with all the unknown quantities and sutprises
1nherent m unexplored territory, and with the disadvantage
of being nearly always cut off from any kind of communica-
tioh with the outside world But if this were all it involved
it would still be a relatively simple affair.

The exploration proper 15 only started after a long series
of preliminanies rangng from locating the exact site of
the cave to transporting the necessary equipment and
making all the preparations Lined up together on the
ground for hunting and collechng are strange-looking
bandoliers made like cartridge belts but provided with
thick glass test-tubes, and in some cases, paurs of peculiar
steel pincers or leather harness with hooks and strong

tings; small cases
e

1] and h B
helmets with odd-looking lamps and flexible tubing fixed
on top, coils of rope, ladders of flexible steel cable, miners*
lamps, accumulators for under-water lighting, overalls,
+Traaslated by Teresa Magnant.
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floats, diving suits, field telephones, and other objects
which are of less bulk but just as necessary and precious
as the others. Then, if we are dealing with chasms, begins
the longest, most fatiguing and most delicate of all the
preparattons, the one on winch the outcome of the explora-
tion largely depends—th® putting together of the equip-
ment used 1t descending the abysses. The actual exploration
often presents extreme difficulties; chmbing down over-
hanging walls, wading through fivers or basins of ice-cold
water, negotiating cascades or under-water ‘stphons’ or
large serm-hquid deposits of bat guano, m whch there is
a nisk of smking and being swallowed up as 1z quick-sands.

All this often necessitates spending long periods under-
ground, which may stretch mto days on end, often 1n danger
of an unexpected storm bringing down enormous totrents
of water from which escape 15 difficult On August 25th,
1925, this misfortune actually befell the unlucky expedition
which was explonng the Bertarell: Abyss, when two men
were swept away and dashed to preces by the force of an
unexpected flood, while the rest of the party escaped only
with great difficulty after mndescribable adventures

Even greater complications and perils are encounféred
when explormg caves with vertical shafts, especially when
these are the site of water phenomena

Since hvely 1aterest has always been aroused by the' great
depth of some of the caves, 2 table 15 given below of the
principal caves of the world arranged n arder of depth,

{(Multiply by 3} times to convert metres to feet).

Cave Depth Locality
Spluga della Preta 637m  Veneua, Traly,
(Chasm of the Preta)
Antro di Carchia 55 m  Tuscany, Naly.
*Fledermaushéle 557 m Styna, Awstria
{The_Bat Cave)
Anou Boussoull 520 m. Djur]ura, Algeria
Abisso du Verco 518 m Guulna, Jtaly,
Abisso di Montenero 500 m Vmu.m Guulia, Italy,

*not completely explored
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Cave Depth Locality
Abisso Bertarelly 350 m  Venema Giulia, Italy
*Heane Morte 446 . Haute Garonoe, France.
Abisso Fredenie Prez 420 m.  Veneza Gulia, Italy,
Grotta Gugliemo 350 m  Lombardy, Haly.
Pozzo di Trebiciano 329 m Veneza Guilia, Htaly,
“Tana dell’ Uomo selvatico 318 m.  Tuscany, ltaly
e Wild Man’s Den)
N pmo abisso del Colle
Schitlenico 316 m.  Venema Guba, Italy,
Abusso Revel 316 m  Tuscany, ltaly.
Sarkotich 310 m Montenegro, Yugoslavia,
Gr(gx%a de1 serpentt 304m  Veneza Gulia, Ttaly
e Serpents” Cave)
Abune Martel 303 m.  Aridge, France,
Inghiottoro di Shivia 303 m Venema Guilia, Italy
(Gulf of Shvia) .

In France they have recently explored the Chevalier Cave
(Dent de Crolles, between Grenoble and Chambery) which
has 1ts own pecultar morphology, formed systematically
50 to speak by a tunnel with two mouths on opposite slopes
of a mountain and with a senes of wells nsing vertically
from the muddle of the cave to the sumnut of the mountain.
The distance from the outer mouth of the well to the lowest
mouth of the tunnel 15 658 metres.

Primitive human and animal Ife in the caves

Spelzology 1s ideed young; 1t has approached full status
and taken its place as a serious scrence only 1n the final
decades of the last eentury, mainly owing to the work of
the Frenchman E. A. Martel, From its first beginnings it
has owed a great deal to many other branches of science,
and throughout its h:fs always i
far-reaclung and intimate connections with the other
seiences.

c‘;n;:\m'alised interest in caves had already been aroused
in the rare obscrver as far back as the Middle Ages, but
we have few accounts of their explorations which are
worthy of r:cord,rapart fmmhnw.e-suuck reports of the
inevitable * rest” e R

or t of the rsub-

terranean’ regions.
enot completely explored
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A particular interest was awakened in their minds by
the mysterious ongin of underground caverns, and among
a variety of extraordinary hypotheses put forward on the
subject were some reasoned views ascribing that origin to
the eroswve action of water, The underground circulation
of water continued to be a favourite topic right up to the
nineteenth century  during this peniod the hydrology of
the caves was considered to be the largest and most import-
ant problem raised by spelzology: and 1t 1s not out of
the question that from a practical point of view this may
indeed be one of the fields in which the study of the world
underground will yield the greatest results.

In the course of these early investigations, layers of
fossibsed bones were discovered, which were considered
tangible evidence of the much discussed destruction wrought
by the hypothetical Flood

The discovery some tiume later of the remains of human
occupation revealed the customs and habits of a people
who had taken refuge in these regions tens of thousands of
years ago. All the articles of those distant times, fashioned in
the hardest types of stone (flint, crystalline rock, etc.), came
to light a few at a time, and along with them were found
not only the bones of animals now vanished from these
tegions, or even completely extinct, but also the remains,
though of course also fossilised, of our remote ancestors.

Such finds aroused at first—and it was not many years
ago—an unusual degree of interest, since they were held
to belong to the famous, though acccrdmg to present
opinton i man-ape, the link botween
us and the ammals which became the subject of lively
polemics between the supporters of this theory and those
students who rightly opposed 1t. The palzanthropologists
went on with their researches 1n this field in the hope of
one day discovermg the hypothetical ““Tertiary man”;
although this result has not yet been achieved, the dis-
coveries which follow from year to year are both important
and encouraging.
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The “spelzologists can certamly be given credit for
discovering most important traces of the art of primutive
man—marvellously preserved after tens of thousands of
Years<-in caves m vanious parts of the world and, especially
m Europe in the Pyrenees For example, there is the
statuette of a bison found by M Begouen m the Tuc
d’Audobert cave, and the headless statue of a cave bear,
whose origin is attnibuted to an era twenty thousand years
2go, which was discovered 1n 1923 m the Montespan cave,
thanks to the efforts of N. Casterct

These surprsing and sensational discoveries aroused
enormous interest all over the world, for they were destimed
fo shed new Dght on the much-debated problems of
primutive mankind.

Parallel with these celebrated studies there has in the
last few decades been a remarkable expansion in 2l the
other scjentific or practical fields of research, especially in

. gy, has brought to light
vast layers of fossthsed bomes of ammals now vanished
from the face of the earth, makig possible a better know-
ledge of the fauna and flora of geological periods remote
from humanity, and showmng up clearly the different
clmatic phases which followed one amother on each

i and which d the different
types of fauna and flora, of which clear traces remamn
the caves

31t seems to-day almost impossible that the European

: continent shouldl once have been overrun by elephants, or

by gigantic bears, or by Lons aad tigers,
but the fossils found n the caves bear certain witness to it,
In some caves in the Pyrenees they have found traces of
claws and fur left in the clay by Ursus spelzus, while in
other caves it has cven been proved that the rock walls
in very narrow passages have been rubbed smooth by the
friction of the bears’ fur as, perhaps for thousands of years
in succession, they pushed their way into the caverns where
they had thesr Jairs.
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The palzontological deposits found in caves are of
remarkable thickness—sometimes many feet—and often
very rich 1 precious fossil substances In the cave called
Bucco dell’ Orso (The Bear’s Mouth) on Lake Como in
Italy, for example, it has been calculated that there are at
least three hundred skeletons of cave-bears !

»

The practical importance of subterranean hydrology

The importance of geological researches carned out in the
caves 15 1mmediately obvious if we consider that one of
the endeavours of the geologst 1s to compile maps of the
eartl’s depths, proceeding by exanunatxon of the surface
evidence,

The help which can be denved from derect investigation
into the heart of the rock 1s, however, mited by the fact
that the existence of caves 1s not a universal phenomenon
but appears oaly in certain territories contaiming soluble
rock (calcium carbonate) Caves 1n other regions are due
to different causes possibly having nothing to do with the
dissolution of calcareous rock under the action of water.
They are rare and of neglgible importance.

‘The geologist can, In any case, study all the problems
inherent in the ongin, development, and destmy of sub-
terranean caverns, valuable discoveries can often be made
of the circulanon of underground water, with particular |
regard to 1ts practical utibsatron for hydroelectric power,
irngation, and the supply of water for the needs of man.

In connection with the supply of dnnking water to the
city of Trieste a lengthy mvestigation was made into the
subterranean hydrology of the Carso, \vhlch was sum-
mansed in mastcrly fashion by E. Bocgan n “The Timavo™,
a work published in the coll of da of the
Itatian Institute of Spelxzology (Postumia)”. As a result
the aqueduct serving Trieste uses water from the Randaccio
spring; which 1s fed from the subterranean course of the
Timavo-—the largest and most typical underground river
in Europe.
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It is 2 widespread belief that underground water is free
from impurities detnmental to the health of man, but
although we may drink such water quite freely when it is
distributed by modern aqueducts furnished with perfect
stertlisation plaats, there can be no such guarantee of safety
when the water reaches us without undergoing the special
punifying process. In actual fact water circulates through
the strata of calcareous rock by means of cracks which
are large enough to allow the passage of dangerous organic
wmpurities along with the hquid. It is very rare for water
flowing underground ihrough the fissures 1 calcareous
rock to be free from dangerous mnfectton Moreover people
living on the Iy get nd of the
of anumals which have died of sickness, and of offal and
domestic refuse by trpping 1t ali 1nto the caves The water
infiltrating into the ground then soaks up these depostts of
decaying matter and carries therr poisons and disease-laden
bactena to the distant spring, which is not suspected of
bewng anythuag but pure and wholesome. The anmals of
hygiene record numerous cases of epidemics and of whole-
sale and persistent poisomng whose ongin has been traced
to the deplorable practices described above, Sanitary
legislation has therefore intervened 12 many-countnes and
fortidden the throwing of any kimnd of rubbish whatever
into the caves

The Trou du Toro (Hole of the Bull) is a great gully
2,000 metres above sea-level 10 Spanish territory 10 the
Maledetta massif of the Pyrences, not far from the French
frontrer. The waters of the Rio Barranco are swallowed up
and engulfed withn it. The Spamiards had intended to
dvert the waters of this torrent before they disappear into
the Trou du Toro, but there were some who suspected that
the water spread underground and went to feed the
Garonne in French terfitory, 5o that its diversion within
Spanish terntory might iremedably weaken the flow of the
French mver, with grave consequences for the farming
population.
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In 1938, after courageous and patient investigatron, the
French spelzologist N Casteret succeeded in demon-
strating scientifically the correctness of this thesis, and the
international 1ssue it rarsed was settled 1n favour of France,
which, thanks to this expert student of caves, was able to
safeguard the terests of the vast area irngated by the
Garonne

In recent years the caves have been the site of important
work i geodesy carried out with dencate and expensive
scientific mstruments, and a parallel study has been made
of the singular meteorology of subterranean caverns, often
with strange and unexpected results.

As cosnuc radmatton 1s studied m all the layers of the
atmosphere, 1n the depths of the sea, and of fresh water, so
too this study has very properly gone underground in order
to find out the penetrative powers of these mysterious rays
through different types of rock and under varymg con-
ditions. This kind of research will not of course remain
isolated, but interesting posstbilittes are bound to develop
of transferring s results from a purely theorctical field
and applying them to the study of subterranean biology
and to mining conditions

Nor should we forget the important place taken by caves
1 the history of warfare, and above all the mulitary and
civil function they might assume 1n atomic warfare

The Unuted States are therefore carefully investigating
the complex possib of the vast coll of gallcries
in the Mammcth Cave 1n Kentucky, an enormous natural
cavern covering several mules.

Biospelzology* the study of cave vegetation
After this brief summary of some of the prmcxpal ﬁclds of

study and p i of practical appli Y,
we will pay hat closer ion to 1ts “biol gical
aspect,

The flora of the caves has aroused scant interest in
botanists, but they would in fact repay the most thorough
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study, since there arc many pamcular aspects worthy of
investigation.

The gher plants are only found 1 the areds near the
cave-mouth and those parts of the cave highted either
directly or by reffection from outside, which do not offer
conditions of Lfe differing excessively from the normal,
and thersfore gne nise to no outstanding phenomena.

In the lmcnor of the caves, where there 15 no hght at
all, the synthesis of the leaf-g pigment chl
cannot occur, and in consequence the flora consists cnmely
of saprophytes which live on decaying organic matter,
nstead of relying on photosynthesis

The fungi frequently found in caves, upon the usuaily
plentiful organic vegetable or animal remarns, often exbit
obvious cryptomorphtc phenomena, 1 ¢, alterations in their
usual structure which make it mmpossible to recognise the
species to which they belong, for i the majonty the
reproductive organs rarely redch matunty, and so thete can
be no examunation of the seeds, the usual determinmg

* factor n the identification of the different species In some
caves which have been adapted for tounsts, and have electnic
light installed (which 1s turned on at intervals), species of
the higher plants have succeeded—though with difficulty
—in developing near these sources of intermuttent hght,
making use of the little that they provide for photosyn-
thesis. As an instance we may mention the existence of a.
new variety of moss (Brachytegium velutinum var. spel-
corum Latzel) which developed near the “Grande Monte
Calvario” in the Postumia Cave 1,700 metres from the
entrance. This new moss formed a group with other
vegetation in proximity to a 500 watt lamp which was tumed
on for about 500 hours a year (see plate 26)

In recent yenrs mcnnon has been drawn to the common

of the black of n the Post-
umia Cave, and exarunation of the blackened patina has
revealed the presence of micro-organisms 1n various Stages
of development.
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1L Politi, who performed the preimmnary work, suggests
that the bacterial flora present on the concretions may be
at least partly responsible for the blackening of the surface,
stnce one suspects the presence of micro-orgamsms which
tzke up iron oxide and manganese oxide, salts with the
charactenstic brown or black colour of the discoloration.
The blackenung of the walls of caves 1s often, however, due |
to different, non-brological causes. such as deposits from
the dust-laden atmosphere, or particles of carbon from the
combustion of the hights used by visitors, or from the fires
of cave-dwellers in remete times Apparently identical
phenomena do not always spring from the same cause.

After this note on the study of vegetable biology we will
look at some details of amimal biology.

The fauna of the caves
If Iittle work has been done on the flora of the caves the
same cannot be said of the fauna, which has aronsed and
continues to arouse 2 most lively interest

The first documentary evidence of cave fauna proper
comes straight out of the prefustoric Magdaleman epoch,
for 1t 1s an incising on a fragment of a bison’s bone found
in the “Trois Fréres” cave at Ariége n the French Pyrenees.

The incision represents a cavernicolous insect (7Troglo-
phtlus) which has now disappeared from the Pyrences and
from the whole of Western Europe, but which stll exists
in regions further East (Italy, the Balkans, Asta Minor)
The unknown artist has transmitted in this fragment the
most ancient evidence we possess of real cave fauna, which1s
attributed to an age many (hous:mds of years past (Plate 28).

Prehistonic and other
animals (bears, hons, mammo(hs ete.) which go back to
an epoch even more remote than that of the Troglophilus
incising, do not possess the significance attributed to the
Iatter, since though these animals were presumably
the guests, even regular ones, of the caves, they were not
properly at home 1n the subterranean regions.
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Next we make a jump to G B. Trssino who, in the first
half of the sixteenth century, saw 1n the Covolo di Costozza
in the Veneto, some little fresh-water crustaczans (Niphar-
gus), referred to bnefly by F Leandro Alberth m his
“Description of the whole of Italy™ (see Fig 1).

No really significant event occurred, however, until
1768 when the first descnghon appcared of the “Proteus”,
that, to the Cave
of Istria, which became the most celebrated cavernicolous
ammal (see Plate 29)

In the last century the general flowering of science gave
a notable mmpulse also to research on ammal hife 1a caves,
whuch, 1t came to be realised, rarsed biological problems
which were both new and highly mteresting even from a

general poimnt of view. But while the few spcl:eologxsts
concerned ives with the new by
the animal population of the caves, the biological aspect
was somewhat neglected 1z favour of the systematic study
of zoology. This played the most imporiant part for a
long time, which 1s when 1t is
that the caves, even 11 our own regions, were—and 1a part
stll are—virgin terntory full of the most alluring new
things. To aite only one example from one of the regions
most studied by spelzologists—the province of Brescia in
Northern Italy—in the past twenty years of biological
research we have found at least fifty genera and species
hutherto unknown to scrence !

At the beginming of this century, Racovitza made a
survey of biospelzology and drew up a research programme
based on the subjects which seemed to him the most
mportant ones to mvestigate His work aroused the
attention of cave explorers and was a spur to the widening
of our knowledge of the Life of cavernizolous fauna,

“When considering zmmals in relation to their cave
environrent, 1t should immedrately be made clear that not
all those found in caves are inseparable from them. For
many years arumals were in fact grouped in three categories
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—those which lost their power of reproduction in a cave
environment (troglossem), those which retained this power
and could still rve i dayhght (troglophuli}, and those which
were compelled to spend their whole existence under-
ground, from birth to death, and could not survive m day-
light (troglobi). In 1944, the wrter extended the scope of
this division by pomting out that the troglossem only
arrive n caves by accident, whereas the troglophal actryely
seek out and prefer the underground dark.

Opimion 1s divided on the origm of the thurd group, the
compulsory cave-dwellers Some hold that 1n very remote
tunes there was no proper cave fauna; that following the
setting n of external chimatic condrtions unsuitable to many
forms of anmmal life, these took refuge n the caves, and
after a Jong penod spent 1n their new sun'ound.mgs they
became dent on the d of -life
underground and 1ncapable of returming to the outside
world.

Others suppose that through an actual organic tendency
in certain animals these were to some extent forced to seek
living conditions wluch only exist underground, and that
the origin of the ties which they have contracted with the
caves existed prior to their mugration into that world

One of the vanous other hypotheses finds the ongin of
the true troglobn in animals which came into the caves by

. chance and slowly scttled 1n these surroundings, giving
nise to all the troglobian fauna that we now know.

1t1s obvious that none of these hypotheses can be accepted
or rejected 1n its entirety Each one of them may correspond
to some actual case, but none of them can be accepted
outright as having a general validity.

When the distribution of cave ammals 1s studied mn further
dJetail, 3t is found that underground water, like the land,
shelters well-defined groups of animals. Even round the
mouths of caves, there is a characteristic animal population
made up of organismes which love damp, and seem to seck
out this it because the humidity varies less than

v
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does that of the normal open world Occasional caves
which are excessively dry, or subject to passing seasons of
dryness, often possess a fauna few 1n numbers and variety.

Light is nat a decisive factor 1n determining the poputa-
tion of a cave. Many other considerations are of much
greater importance: temperature, presence and degree of
decomposttion of vegetable and animnal remains, constancy
or renewal of the atmosphere, and the physical structure
and chemmical composition of the ground atself

Some of the troglobi which love a ugh bumudity can
pass indifferently from land to water and back again The
writer has repeatedly seen thus in different species of
arthropods in caves in Northern Italy; for example
Machilia, Trich and an il 11,
Sometimes, 100, aquatic animals are found out of the water,
for example a flat-worm (planarian), and an amphipod
crustacean cailed Niphargus This latter ammal 15 often

Figure 1

found in the waters of European caves, but where the cave
15 dry it digs out a lttle hole m clay with a tiy tunnef
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a fourth sertes should have been discovered, which is
comparable in all respects with the other three, except that
the radio-element from which 1t starts is not found in nature.

A natural first thought would be that the new form of
radrum which 1s mnchuded 1n this series should be of use in
medicine Thus 1s not, unfortunately, the case It 1s neither
long enough lived to be of practical use, nor 1s the radiation
which 1t produces comparable with that from natural
radium This gap has, however, been filled by another
discovery which also has only lately been published. It
has been found that a radioactive form of cobalt can be
made, merely by exposing normal cobalt to the intense
neutron bombardment provided in an atom:c pile; and
this cobalt produces radiation wiuch 1s very simular in
quality to that of radium itself It 1s, 1n fact, of somewhat
more umform character and medically, therefore, will
* probably prove more satisfactory to work with Moreover,
it can be made 1n guantities which could be large, compared
with those 1n which radium 1s normally used ; and, although
it lacks the “permanence” of radivm, rather more than four
years has to go by before the strength of 1ts radioactivity
falls off by half

The Photographic Plate m Research
Although attention tends inevitably to be focussed on the
release of atomic energy and 1ty consequences, nuclear
are more ide from the socral and
nternational aspects—in furldamental research. Here,
the man problems to be mvestigated are two. The first
15 to discover the nature of the forces which hold the
nucleus of an atom together. This may sesm cunous when
it has already been demonstrated that atoms can be induced
to come part~—and that on a wholly practical scale. None
the less, 1t 15 true that, although there arerideas in plenty,
these have not as yet been translated into any systematic
and certain body of knowledge—or even into a single
theory which makes sense. The second need, which ties

.

’
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up with the first, is for more knowledge about the funda-
mental parucles, already known or predicted in physical
research,

For both these purposes, two marn lines of research are
available. One consists in the design and butding of
equipment in which particles can be accelerated to higher
and still bugher energies This might be described as the
bombardment approach Its plans are measured 1 hun-
dreds of thousands of pounds, and in milhons of dollars
—and, from the nature of the case, will take time to mature.
The other main line of researchr 1s ope in which relatively
rapid progress 1s already being made, Tt 1s virtually without
cost, and consists in the use of special photographic plates
as so many mintature laboratortes 1n which nuclear changes
can be studied

* It 13 easiest to begin by assuming the result. Let' us
suppose that, for reasons unknown, the nucleus of an atom
explodes” at a point 1nside the sensitive layer of a photo-
graphic plate. As with any other explosion, a number of
fragments willt be produced which will fiy apart, 1a different
direction, and at different speeds Berng atomic particles,
however, they will 10 most cases be electrically charged,
aad, as such, they will affect the photographic plate 1n the
same way as would exposure to ight In other words, when
the plate has been developed the tracks of particles will
be found to have been recorded i 1t (see Plate 31).

As a research method, this was first systematically
developed by Dr. C F. Powell of the University of Bristol.
It 1s Jess easy than it sounds, because the emulsion of !he
plate shrinks dunng & ping and fixing—th
the tracks—and the tracks are in any case distributed m
three dimensions None the less, Dr. Powell was able, over
a period of years, to work out methods for recording
accurately the lengths and directions of the original tracks,
and for distinguishing between the different possible kinds
of particles.

The principal new development has been the ©
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of special plates, in which the number of sensitive grains is
greatly mncreased, and with the aid of these plates there
has been a sudden outburst of research, using the methods
which Dr Powell earlier developed. The particular value
of the method 1s that, pending the completton of the high-
energy laboratory equipment already mentioned, cosmic
radiation from outer space offers the only available source
of particles of the highest energies for bombardment Such
particles are, however, comparatively few and far between,
even at high altitudes in the earth’s atmosphere—for
cxample at & mountain-top laboratory, or during an atrcraft
fhight. And the special advantage of the photographic plate
is that 1t will record automatically all transmutations which
may be produced within 1t during the period for which it
is exposed. Durning the past six months, this has proved
the most useful of all available research methods, and the
samc will probably remain true also duning the next year.

Thirty Milion Volt X-Rays

Meanume, progress on what may be called the electrical
engineering front has been by no means negligible, and is
Likely within the near future to affect hospital practice, as
well as nuclear research. The medscal application arises
from the fact that x-rays are produced whenever a beam
of fast-moving electrons hits a solid target This 15 the
normal way in which x-rays are produced. What happens,
1 effect, 13 that the energy of movement which has been
given to the electrons 1s released in the form of x-rays. It
would be expected, therefore, that the higher the energy
level to which the electrons are accelerated, the higher also
will be the energy of the x-rays produced.

The first device for accelerating electrons to energies of
ten million volts or above was the “betatron™—a magnetic-
ally operated “whirligtg”, due to Professor D. W. Kerst
of the University of llinois. Later, it was suggested both
in Russia and the United States that, by a suitable combina-

tion of electrical and ic forces, el could be
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accelerated to still higher energies. To one such device the
name of “synchrotron”™ was given, and 1n autumn 1946 the
Munistry of Supply’s Telecommunicattons Research Estab-
lishment at Malvern attamed the disttoction of beng the
first laboratory m the world to make a *synchrotron™ work.
The mportant point was the purcly practical one that,
with the same bulk of equpment, and the same magnet,
they could produce electrons of twice as great energy as
with the earhier “betatron™ system of working

So far, the Malvern team has got up to 12 million volts
with “syachrotron”™ working, and has designed a 30 million
volt equipment, which 1s already complete except for the
magnet. It will probably be already in operationt by the
ume that these notes appear 1n print—and, by the sudden
stoppmg of the electrons, 1t will produce x-rays of the same
high voltage

The reason that doctors are interested s that x-rays
produce secondary radiation within the body The effect
becomes greater, as mght be expected, as x-rays of higher
energy are used, and 1t means that an appreciably greater
dosage can be produced inside the body than at the surface,
This 15, of course, precisely what is wanted m deep x-ray
treatment, since effective dosage can then be increased,
without any corresponding nisk of surface burns, At 30
mullion volts, it is expected that the greatest dosage will be
at a depth of about two inches, with a comparatively slow
falling off thereafter, and that the maximum ntensity of
radiation will be about four times that at the surface. There
are a good many ponts which will need to be checked up,
and for this reason a prelimmnary programme of physical
and biological investigation is being carried out The
principle, however, appears already to have been estab-
lished, and within the next year it may be expected that
the first test installations at hospitals will already have been
mads. After that, it will be a question of medical research
to decide how far up in voltage it is worth gomg, and of
engincenng Tesearch to determine the most econnmical.
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method of producing the necessary highes-energy electrons.
Meantime, we know already that the “synchrotron”™ wilt
do the job.

Cancer Yard-Stick

Cancer rtesearch has lately provided an ‘interesting link
between the methods of physics, chemistry and biology.
This has taken the form of 2 new test by which 1t is suggested
that the effi of any proposed cancer can be
vestigated. The origin of the test hes, not in medzcme
atself, but 1 the science of genetics.

™ In bnef, 1t has been known for some long period, that
the chuef vehucle for the conveyance of hereditary qualities
from ope generation to the next 1s provided by small
bodies known as chromosomes, which can be made visible
beneath the microscope within ths nucleus of every living
cell. These chromosomes are rod-shaped bodies, which are
charactenstic 1n size, number and shape for every form of
life—and 1t 1s supposed that the “genes”, the actual units
of heredity, are located on them. The picture which has
thus been obtamned provides an explanation in general
terms of the mam facts of heredity. But 1t does not, in
1tself, account for the appearance of new “‘mutations”—of
vareties, that 1s, which include qualities not directly
denived from erther parent. It was accordingly natural to
look for possible external factors which mught influence
the normal course of heredity, by changing i some way
either the chromosomes or the genes which they carry,
One such agency was found in x-rays--although, under
natural conditions, it may be cosmuc radiation which does
the job.

The effect of x-rays 1s, quite literally, to “knock the
chromosomes about”, and to do so with such violence,
provided the correct dosage is used, as to interfere with the
normal process of division by which the cells of the body
reproduce themselves and are replenished. This, in turn,
led to an explanation of the way in which x-rays, and for




PHYSICS FRONT 61

that matter radiation from radium, come to be effective
m the treatment of cancer. The answer, surprisingly at
first sight, 15 that there 15 no specific effect agamst cancer
at all. The only reason that cancer cells suffer more, under
x-ray bombardment, than do normal cells, is that they
multiply at a hgher rate—and 1t is dunng the dx\lsm'x
process that the ch are most The
probability that a cancer cell will be “caught™ at this stage
—or, more accurately, at one of the stages associated with
division—1s accordingly greater than for a normal cell.
This suggested, as a further sequel, that any other form of
Jattack against cancer might operate in the same way. It
\vas guessed therefore that, from the observed effect on the
the y 3f any
method could be qmckly gauged The first attempts to
apply this techmique have lately been made by Dr. C D.
Darlington of the John Innes Horticultural Research
Institution, and Dr. P. C. Koller of the Cancer Hospital
research umt, and are thought to be quits promising. It
should perhaps be emphasised, bowever, that the promise
1s as a method of investigation rather than as a treatment,
which 1t 15 not. A number of chemical substances which
appear to have some eflect on partscular forms of cancer
are, as 1t happens, under mvestigation at the present time.
This 15 where the chemical link-up comes 1n. But it 1s
probably more important for the future that a new yard-
stick has been found by which progress can be measured.

Structure of Wool

Another example 1n which progress in physical science has
affected biology 1s provided by the structure of wool. The
research weapon in this case has been the electron micro-
scope, an article on which was included in Science News 1.
It is also quite 2 good illustration of the way 1m which
additional evidence may lead to the scrapping of one
scentific picture 1 favour of another,

The original picture was bassd partly on the use of »
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x-1ays to show repetitions of physical structuré, and partly
on the extent to which wool fibres expanded in water. It
was due'largely to Professor W. T. Astbury of Leeds, and
s0 long as the labl d was confined to these
two lines of approach, it appeared both satisfying and
sattsfactory In brief, it was thought that woel fibnis con-
sisted of long chasns composed of keratin molecules, and
that the expansion of wool in water corresponded With
the unfolding of these chains

This was the simplest possible interpretation of the facts,
as then known, and 1t was generally aceepted as correct
—unti the electron mucroscope enabled wool fibris to be
directly photographed. Now that this has been done,
workers under the Australian Council for Scientific 2nd
Industrial Research have been enabled to put forward &
new picture winch, although less simple and “pretty”s is
more likely to be correct.

Thay bave found that wool Shiss consst, 1ot oy ,0’:
cham-like fibrils, but also of amorphous material whick
looks like so many loose beads thrown in a heap. In
addstion, the fibrils can be seen to be built up in sections,
the size of which corresponds with that of the loose beads
The nference is that the basic unit is the bead, and that
the fibrils consist of these beads, jomed endwise together.
1t follows also that the physical theory of the stretching of
wool, which had scemed so neat and cut-and-dned, witl
have to be reconsidered, and that the concertita metaphor,
which has so often been used to describe it, will have to
be abandoned What does sof follow is that there Was
anything the matter with Professor Astbury’s earhier
observation  Merely does it somettmes happen that a
theory, which at the time appears the simplest, 15 proved
fater, and by further evidence, to be incorrect.

Mucroscope Progress .
If the clectron microscope 15 already proving its value, the
optical microscope appears to be further from the end of
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its useful Lfe than some in the United States have been
ready to suggest. Two quite dufferent developments have
lately been attracting attention, either of which separately
would offer quite considerable possibilities. The first,
which came from Germany during the war, was the tech-
mque known as “phase comtrast” mucroscopy. This,
essentrally, 15 2 way of showmg up the structure of a
colourless matenal—for example, living tissue—without
having to mtroduce artificiat colour m the form of a stam.
The objection to staming 1s the obvious one that, even if
the stamn does not kill the organism or cells which 1t 1s bemng
used to show up, it 1s impossible to be sure that 1t do2s not
affect them And the advantage of the *‘phase contrast”
method 1s that, apart from the idlumination which s
inevitable with any form of mucroscopy, one does not have
to “do anythung” to the orgamsm in order to observe it
Incidentally, the microscope itself remains, 1 essentials,
as before The innovatton 15 stmply that a new optical
trick has been added to us workung.

,The same cannot be said of the reflecting microscope, as
dcveloped by Dr. C W, Burch of the Ugiversity of Bristol,
Here the changs which has been introduced 1s of a much
'more radical hind. In place of lenses, he has used a system
of muerrors to obtain his magnification. One of his main
reasons for dong so is that, whereas the properties of a
lens depend on the wavelength of hight with which it is
belng used, those of a muror do not. This means that it
should be possible, 1a theory, to use such a microscope with

- radiation which extends well mto the ultra-violet region—
and which is of too short a wavelength for the human eye
to be able to see, The powat here 1s that the shorter the
wavelength of the radiation used, the more detail should
it be possible to observe.

‘The hope, accordingly, 1s that with the type of mirror
system mntroduced by Dr. Burch, it may be possible for the
optical mucroscope to approach more nearly the limitew
of resolution already achieved by the electron micrc
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Nor will thuis hope, if realised, be 2 mere duplication.
‘Whether an electron beam is used, or extreme ultra-violet
radiation, some effect 1s likely to be produced on the object
under exammation. For this reason, it would be reassuring,
at least, to have two independent methods available. .

The main difficulties are practical. In order to produce
a high-power reflecting microscope, it 1s necessary to work
at least one, and preferably two, mirrors to special non-
spherical shapes Also, as with other optical equpment,
this must be done to the highest possible accuracy. In
describing lately the first such mucroscope which he has
made, Dr. Burch stated that it was necessary to “have a
great deal of patience, and preferably a little insomnia™.
In his second, which he expects to occupy him for two
years, he proposes to “go to the himnt”. He will bunld it
in collaboration with Mr. W. J. Bates, also of Bristol
University.

“*Memory” i a Mercury Tube
Although much has been published about the wonders of
valve-operated caleutating machines, 1t 1s only lately that
the most interesting fact has been made known about the
Automatic Computing Engine (A C.E. for short) now
under construction at the National Physical Laboratory,*
Teddington. This 15 the nature of the “memory” with
which 1t 1s to be provided

The question which comes first, however, 15—why a
memory at all? The simplest answer 1s that even a valve-
operated machimne does its calculations by stages, like any
other performer n anthmetic, and, unless at every point
1t “knows™ what to do next, much of the value of its speed
of working is lost. It is much better that it should be
“told” in advance what to do, and then left to get on with

“the job And that implies that it must be able to store up,

or “remember”, the instructions given it. In addition, it
is of obvious advantage that it should be able, without
stopping in its work, to keep some record within itself of
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intermediate answers, so that these as well as the final
answer can be produced 1f requured. Finally, if it is to *“save

, itself trouble” by making use of any of the standard forms
of mathematical table, it must be able, again, to store up
and reproduce any information of this kind which is given
to 1t

The form of A C E s “memory” 1s dictated by its working
treatment of numbers, These are represented. m a simple
code system, by the presence or absence of electrical pulses
at prescribed mtervals of time, roughly every milhonth of a
second. Anything which the machine has to “remember”
will take the same form—a sernes of pulses, punctuated by
“not-pulses”, at regular intervals Since electrical changes
travel, m any normal circuit, at speeds of the same order
as that of light, the first requirement 1s clearly to find some
way of slowing up their progress, and at the same time
perpetuating the particular pattern of pulses which 15 to be!
preserved This 15 done by providing a sort of endless
chamn circut i one leg of which a delay n transmssion
15 deliberately introduced. The delay-leg consists of & tube,
about five feet long, which is filled with mercury, and down
which the sequence of pulses 15 sent in the form of mechan-
seal vibrations. Translation nto this new form is achieved
by a mezo-electnic crystal, such as 1s used to provide the
pick-up umt of a radiogram.

This, however, 1s only one leg of the memory circuit. At
the far end of the mercury tube, a second crystat translates
the pulses back again into electncal form By this time,
they are getting shghtly distorted, although still identfiable
as pulses or not-pulses, which 1s all that is required. They
next pass to a “wash-and-brush-up” umt. Here they are
inspected and identified, and passed out again in standard
and correct shape to re-enter the mercury tube at the
onginal end. In this way the pulse pattern can be kept
circulating for as long as may be necessary, without any
cumulative change either in strength or shape. The elec-
trical part of the roundabout is covered practically
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instantaneously. The stage of physical vibration in the
mercury tube occupies roughly one thousandth of a second;
so that, m every sccond, the pulses which are being “remem-
bered” will make a thousand circuits of the system. Also,
stace the pulses are a millionth of a second apart, the
number of pulses which can be stored up in any one such
tube 15 also about a thousand In all, 1t 1s proposed to
provide A C E. with 200 of these memory tubes, so that
the complete equipment will be able to “carry 1a its head”
some 200,000 pulses. And, of these, some will represent
mstructions, others intermediate answers for later use or
reproduction, and others again trouble-saving numerical
tables

‘.
Upper Winds
Meteorology 1s one of those branches of science which has
Tong recerved more abuse than bouquets, One reason is
that, with weather forecasting an official service, 1t 15 only
human nature that we should remember its failures with
more readimess than we do its successes, Another, more
fundamental, 1s that the ocezn of the air is of enormous
extent and that, except at ground level, comparatively little
has been hnown titherto about jts behaviour,

In two dufferent directions radar 1s now comung to the
aid of the meteorologist. The first of these was a wartime
development and, m 1ts way, quite an obvious extension of
radar’s normal use This was the employment of radar
sets to follow to greater distances the small balloons which
are regularly released at sclected weather stations, to give
an of upper air Apart from the
greater ranges which are obtainable with radar methods, =
there is the further advantage that these test balloons can
now be followved under conditions when visual observation
would be impossible In this way, knowledg: of wind
movements up to a height of five miles or so has been
greatly increased.

The second deselopment is more recent, It 15 3n extension
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of the use of radar to record the arrival of meteors in the
earth’s atmosphere, at heights of 52 to 60 miles above the
earth, The comnection with meteorology 1s that it is not
the meteor itself which 1s observed, but the electrically
charged trail which it leaves i the ar behind it Usually,
this1s of only short duration Within a fraction of a second,
it melts away and can no longer be detected. But in a few
cases, such trails have persisted for long enough for their
1ate of dnft—representing the movement of the arr at the
height in questton-—to be measured. The greatest speed
so far reported was estimated at between 350 and 400m p h.
This, incidentally, 1s the ighest wind speed yet known.

But more unpomnl lhan lhe setting up of records is the
upwards dge of the phere which
this new method of observation will make possible

Prospecting—New Style

Prospecting for oil i1s beginning to acquire quite a Jules
Verne flavour—largely owing to the extent to which under-
sea fields are now being mvestigated. The first step towards
flamboyance was taken 1 Russia 1n 1936, when a magnetic
survey was carried out from the awr over 2 land area. This
has the great advantage that varations m the earth’s
magnetic field can bs quickly mapped over 2 large region,
and that irregularities due to small surface features are
conventently smoothed out The method was further devel-
oped during the war for submarine detection, and now
appears to be fully s:msl'actory—ap;\rt from the one serious
quahfication that 1t is one thing to be confronted with a
map showing magnetic vanations, and quite_ anothcr to
deduce from it the presence of il

At the opposite extreme comes the use of “bathyspheres™

—closed diving chambers maintamed at normal atmos-
phenc pressure—which was commended by A. Van
Weelden at a recent meeting of the Institute of Petrolenm
The bathyspheres ate provided with a tripod-type base to
give stability, and the job of the occupant is to chart the
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vanation 1n the strength of gravity, when he 15 moved from
one position to another over the sea bed. Ordmary dwving
bells have also been used for the same type of measurement,
although these are naturally much more lumted as to
depth of” operation.

The remaming method, like the gravity survey, is already
well tried 1n normal land prospecting. Ttus is the seismic
survey, 1 which an cxplosion 15 used to itiate muniature
carthquake waves. Sersmographs, stnular to those used
in hquake T d are then employed to record the
travel of the waves produced, which vary according to the
Iocal geology. In comparatively shallow water, the seismo-
graphs are lowered 1 water-proof casings to the seabed,
and the “shot-hole™ 1s cased from above the level of hugh
tide to a su.(ﬁclent depth to prevent leakage of sea water
Difficutties obviously increase with the depth. It 1s con-
sidered, however, that useful information can be obtamed
out to the hundred fathores Line, which is generally taken
as marking the edge of the continental shelf,

Apart from submanne prospecting, it can be faken Yor
granted that the magnetic method of air survey will be
widely used in future, both over Antarctica and other
regions which have so far been inadequately surveyed for
munerals. It should perhaps be pownted out, however, that
whatever method of survey 1s used, interpretation will
always remain difficult, in the absence of furly complete
geological mformation—and that can only mean test
drilling.

Another sub fal 1mpre in ical pros-
pecting has been in the casc and speed with “which gravity
readings of the highest accuracy cen now be taken. The
time needed for a single observation has been reduced from
five hours to, literally, a minute, and the weight of the
equipment necessaty from more than two hundred pounds
to loss than fifty. Recent oil prospecting in Great Britain
has been greatly speeded up as a result, and these advantages

+ would clearly be of even greater value in difficult country. -
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Radio Lens Problem
An vpusual problem has been presented to physicists by
a form of radio transmutting aenal which was developed
by the Admiralty Expermiental Establishments duru-g the
war, but only lately shown in public This particular set
was designed for operation on 3 2 centimetres, and one of
1ts obgects was to look as little like a radto tragsmitter as
possible. Removed from 1ts box, the complete aenal
assembly has the appearance of the side lamp of a car. And,
1 fact, the funnel part of the “larup™ turned out to be the
mouthpiece out of which the waves were literally being
poured What was unusual, for a radio aenal, was that
the “famp™ was fitted with a lens, made of polystyrene, a
plastic matenial which has been widely used as an wmsulator.
Even thts would not perhaps have attracted much comment
1n these days, but for the fact that the dameter of this
lens was no more than about 6 centumetres-—the equvalent
of about two wavelengths, on the frequency at which the
transmutter had been operated. The oddity will be obvious
to any physteist. Accordmg to all the rules, a lens should
not act as such, unless its dimensions are large compared
with the wavelength it 15 to refract

None the less, say the Admeralty scientssts, fhis par-
ticular lens really does behave as a lens should if of larger
size, and the radio waves from the lamp really are beamed,
as light waves would be, 1f they had been similarly focussed
The pornt 15 not, adruttedly, of any major importance. It
15 none the less Mumthating,  this age of the higher
physics, that competent research men should find difficulty
in explaining the working of so comparatively simple a
piece of equipment

Having said so much, it should perhaps be added that
various other types of unorthodox aenial have been success-
fully explained, The one which was most used in practice
was a tapered pol)s(yrenc rod about ten mchcs long {cight

gths). This asd 12 beam as would

quite an elaborate array of normal types—and the radiatson
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proceeds 1n the drrection that the rod is pointing, and not,
as with a conducting aerial, at night angles to it. Yet
another unusual zeral, the theory of which has been fully
worked out, consists of nothing more than a roll of card-
board, with the end left open in the direction of radiation.
This also has a strongly beaming effect, at the frequencies
for which it 15 intended, although for obvious reasons its
use under outdoor conditions is not recommended -~



Biochemical Aspects of the Soil”
PROF.J H.QUASTEL, FRS.

Introduction
LaND surfaces almost everywhere are covered with a layer
of unconsohdated debris which, above the bedrock, may be
very shallow or hundreds of feet 1n thickness. The debns
has been formed through transportation, or depostion, by
water or ice or by the wind, or by weathering. Physical
and chemical changes continually take place in ths variable
stratum of debris, which becomes a soil only as soon as
micro-orgamsms and plants become meorporated in it and
begin to bring about therr biochemical changes The
stratum of soil gradually develops a farrly well defined
system of layers, termed in sotl nomenclature “horizons”,
and the system of horizons which makes up the stratum 15
called a soil “profile”. The characteristics of profiles are of
great importance n soil surveys and soil classification
Usnally the uppermost horizon of a soil profile contains
much organic matter ansing from the deposition of leaves
and general decomposttion of plant material, 1t has a dark
colour in consequence. Under the horizon containing
vanable quantities of organic matter, comes the subsoil
which, whilst weathered, contamn very little organic matter.
The subsoil has a depth of 3 or 4 feet, in temperate regions,
2nd merges into another horizon consisting of the ongmal
soil material. The so1l is thus 2 natural body developed by
weathering and its charactenstics at any part of the land
surface are determined by local physical, chemical and
biological changes. These characterstics Jargely nfluence
the fertility of a soil.

This artcle is based upon, and contans the substance of, 2

lecture delivered by the wniter before the Roya! lnsmule of Chemistry
on Apnl 27, 1545,

7
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The soil is largely composed of mineral materials, organic ,
matter, air and water. The particles of miperal matter
differ greatly in size, from those that are coarse, such as
gravel and sand, to those that are mn a fine state of davision
such as sit and clay The orgamc matter 1s variable in
constitution, as 1t represents all stages of biological break-
down of plant material and all the products of metabolism
and autolysss, due to soil orgarusms. This organic matter
plays a fundamental part in developing the crumb structure
of soil so important to soil fertity The crumbs of soil
ctlubit pore spaces varying greatly in dimenstons and
occupied largely by water and air Water 1s held 1 these
pore spaces, and 1n the films of water at the soil-crumb
surfaces biochemical changes of great importance to plant
growth are continually taking place. These changes are
nfluenced by the access of oxygen to the water films, if the
access of oxygen 1s poor, as for example in waterlogged
conditions, anaerobic Changes occur whose biochemical
characters are very different from those obtaimng where
oxygen access 1s ummpeded. The farmer refers to sous as
varying 1n “tith”, a good “tilth” being defined as the
optimum physical state for crop production. An example
of a soil 1n good tilth 15 the black prairie soil of which the
larger proportion is made up of granules from one to three
millimetres in dizmeter. Such granules are stabilised by
a coating of waxy orgamic matter. The soil has a high
proportion of large pores and 15 readily permeable to air
and water. Soil fertility 1s very much dependent on soil
structure, for ¢learly plaat roots, in order to develop most
favourably, must have ready access to oxygen, water and
other nutnients. The chemst has been greatly concerned
with determining the availabiity in soils of essential plant
nutrients such as compounds of nitrogen and phosphorus or
of potassium ions and fons of many metals, which are partly
held in combination by the mineral matter (especially the
clzxy) of soif and partly by organic matter. which howcvcr

by i

is ly altering its
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~ the soil1s deficient in these nutrients, they must be supplied to

ensure good crop production; or if through some character
of the soil, nutrients are present but are not available to the
plant, means must be found to make them available.

The microbiologist has been largely concerned with
discovering the various types of orgamsms which exist in
soil and the types of chemical changes which they brng
about These changes vary very greatly, for they invelve
the very unportant processes of transformation of the free
nitrogen of the air into substances which nounsh both
microbe and plant and ultimately therefore all animal Lfe;
they ivolve processes affecting the states of combnation of
phospborus and sulphur 1 soil and the manner 1n which
iron or mang:mcsc or oxygen or carbon dmudc may take
part in ch wiuch the
of micro-organisms and plants

The study of the chenustry of all such changes accom-
plished by biological means under the conditions prevaihing
1n soil forms the subject of soit biochemustry. The writer
proposes in the ensuing brief article to examne a few
aspects of, and some recent results obtained by investiga-
tions in, soil biochemustry.

General considerations
Soil may be considered from at least the two following
ponts of view:

(1) It may be thought of pre-emincntly as a medium for
the growth of crops, all processes taking place within 1t
being judged primanly from their importaace 1a influencing
crop production.

{2) It may be thought of as a complex bmlogxcal system
in which hosts of organtsms are competing with cach other,
often for a lmited supply of food. They exercise profound
effects on each other’s development and chemical activities,
and establish between themselves a balance whicli is forever
changing with every change m the physical and chegucal
environment of the soi 1n such ar equilibrium, the plant
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The soil 1s largely composed of mineral materials, organic ,
matter, awr and water. The particles of mineral matter
differ greatly in size, from those that are coarse, such as
gravel and sand, to those that are 1n a fine state of division
such as silt and clay The orgamic matter is variable
constitution, as 1t Tepresents all stages of biological break-
down of plant material and all the products of metabolism
and autolysss, due to soil orgarusms, This orgamic matter -
plays a fundamental part in developing the crumb structure
of soil so smportant to soil fertiity The crumbs of soil
exhibit pore spaces varymg greatly mn dimensions and
occupied largely by water and awr. Water 1s held 1 these
pore spaces, and 1 the films of water at the soil-crumb
surfaces biochemical changes of great importance to plant
growth are continuelly taking place. These changes are
nfluenced by the access of oxygen to the water films, if the
access of ovygen 13 poor, as for example in waterlogged
conditions, acaerobic changes occur whose biochemical
characters are very different from those obtaining where
oxygen access 1s unumpeded. The farmer refers to sols as
varying i “ulth”, a good “ulth” beng defired as the
optimum physical state for crop production. An example
of a soil in good tilth is the black prarrie soil of which the
larger proportion is made up of granules from one to three
millimetres in dameter. Such granules are stabilised by
a coating of waxy orgamc matter. The soil has a high -
proportion of large pores and 1s readily permeable to air
and water. Soil ferttity 1s very much dependent on soil
structure, for élearly plant roots, in order to develop most
favourably, must have ready access to oxygen, water and
other nutrients. The chemust has been greatly concerned
with determining the avadabiity in sods of essentral plant
nutrients such as compounds of nitrogen and phosphorus or
of potassium ions and 1ons of many metals, which are partly
held in combination by the runeral matter (especually the
clxy) of soil and partly by organic matter, which however
is inually altenng 1ts ch by d If




-,

BIOCHEMICAL ASPECTS OF SOIL I

the soilis deficient in these mutrients, they must be supphied to
easure good crop production; or if through some charcter
of the soil, nutrients ate present but are not available to the
plant, means must be found to make them availablz.

Ths microbiologist has been largsly concerned with
discovering the various types of organisms which etst in
soil and the types of chemucal changes which they bring
about These changes vary very greatly, for they mvolve
the very important processes of transformation of the free
mtrogen of the air into substances which nourish both
microbe and plant and ultimately therefore alt animal life;
they tnvolve processes affecting the states of combynation of
phosphorus and sulphur in sotl 2nd the manner in Which
1707 or manganese or oxygen or carbon dioude may t2ke
part inch I fons which mfh thed t
of micro-organisms and plants.

The study of the chemistry of all such changes accom-
plished by biological means under the condtisons prevailing
10 soul forms the subjzct of sout brochenustry The wTiter
proposes 1 the ensumng bref arucle vo examing 3 few
aspects of, and some recent results obtained by mvestiga-
tions 1n, soil biochemustry

General considerations
Soil may be considered from at least the two followmng
ponts of view*

(1) It may be thought of pre-emineutly as a medw for
ths gromh of crops, all processes takiag place within it
being judged primarily from their i in
crop production, .

{2} It may be thought of as a complex biological systent
in which hosts of orgsnisms are competing with each other,
often for a limited supply of food. They exercise pyqfqtgnd
effects on each other’s development and chenucal activities,
and establish between themselves 2 balance which s forever
changing with every change in the physical and chemical
ensironment of the soil. In such an equilibrium, the plants
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plays an important part. The root cells form part of the
complex cell system of the soil and the development of the
plant becomes a function of the equilibrum condition set
up in the soll.

This second point of view, 1n fact, embraces the first, but
allows for a wider and more fundamental scope of investiga-
tion, The soul s studied, for its own sake, as a biological
whole Its metabolic events, under defined experimental
conditions, may be vestigated 1n a manner simlar to those
of any other complex system of cells, such as are presented
by isolated animal and plant tissues Progress n agri-
cultural chenustry within the last hundred years has been
due 1n the first place to the development of methods for
determining the composition of plants and of soils, and in
the second place to the recognition that soil micro~orgamisms
are responsible for a great vanety of highly important
chemicat processes taking place in the soil.

Liebig's views, faulty as some of them were, gave a great
stimulus to sol investigation, They were based upon
analytical studies and directly led to the work of Lawes and
Gilbert at Rothamsted, which formed the foundation of the
great fertilsser industnies of to-day., Liebig's pgreatest
handicap, however, was the fact that soil microbiology had
not yet made 1ts contribution to agricultural chemistry.
The demonstration by Hellriegel and Wilfarth 1n 1886 that
bacteria in soil infect legumes (plants of the bean, pea,
clover family) forming nodules which, on the roots of the
plant, are capable of fixing mtrogen,* followed seven years
later by Winogradsky's discovery of a soil organism which
can fix nitrogen independently of the plant, served to focus

ion on soil mt it as essential factors in
soil chemustry

The chemical aspects of soil mucrobiology have assumed
increasing importance as the factors contributing to crop

* That 13, of converiing the inert mitrogen gas of the atmosphere
1nto ammonia and mutrates, valuable fertiliser salts for the soil, and
foodstufs for the plant.
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duction have been iled. It is no
state that there is now no aspect of soil mncmbmlogy Wllhout
its bearing on the chemistry of the soil. This may be seen
not only in the transformations that nitrogen undergoes in
soil, but also mn the changes that affect other elements
essential to plant bic: sulphur, phosphorus, iron or
manganese The breakdown of organic matter so essential
for the development of the tilth or structure of a soil, the
varied organic transformations that convert a chaos of
comp]cx matcnals n the soil mto som:ﬂung rather less
di of carbon diouds huch plays
its vital part not only in the chermistry and physics of soit
but 1 testoring to the atmosphere the carbon essentral for
plant life—all these arc the direct results of biological
processes n the sol The bactkra, in view of their great
preponderance wn numbers and of ther known great
chemucal activities, are held responsible for many of the
‘biochemical changes taking place in the soil. In the trans-
formation of organic matter, fungi also have activities which
may, under certain conditions, exceed those of the bacteria,
‘The last twenty years have seen a great development 1n
our knowledge of the biochemustry of bactena and fungi,
The isolation and 1nvestigation of these orgamsms in pure
culture have not only resulted in increased knowledge of
their specific chetcal activities, but have also led to
discoveries that have rapidly advanced fundamental bio-
chemical kpowledge. The studies of the processes of
fermentation and of oxidative changes i yeasts and in
bacteria have given a new insight into the mechanisms of
breakdown of organic substances in the living cell, have
thrown light on the mode of enzyme action and have led to
the discovery of the parts played by a varety of vitamns in
metabolic pracesses Studies of soil bacteria and fungi
have resulted in the preparation from them of substances
whose antibiotic’ effects are of immense importance m
medical therapy.
How do these results, obtaired in pure culture and under
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defined expcnmental conditions, important as they are in
their help 1 the elucid of
processes taking place 1 soif ?

e soul has an extensive microbiological population,
made up of great numbers of species of bactena and of
genera of fungi, actmomycetes and algae as well as of
numerous families of protozoa, nematodes and other
mvertebrates. Some of the soil organisms have relatively
speciﬁc effects as in the fixation of nitrogen and the con-
version of ammoma into mitrite, or of mitnte nto nitrate,
but frequently 2 large variety of organisms can attack a
single Thus the of can
be brought about by many Linds of bactcna, havmg many
different morphological and istics,
by fung: belonging to widely different genera and by many
actinomycetes and other orgamsms. Proteins and fats may
be attacked by complex soil populations. The manner of
breakdown by 1solated organisms in pure or even in mixed
cultures of proteing, carbok or fats may be followed
in detail, but there can be no assurance that the same mode
of breakdown occurs under soil conditions until experiments
wath soil have actually shown this to be so. The environ-
mental conditions 1n sodl are altogether different from those
in the medsa in which metabolic studies of micro-orgamsms
are usually studied

Some conception of the enormous population of micro-
organisms 1n soil 1s provided by the fact that there may be
as many as 5,000,000,000 bacteria per gram of soil This
corresponds to a weight of over four tons of bacterial
substances per acre of soil. The numbers of bactenia
fluctuate very greatly, dcpend.mg on availability of food
supply. aeration hydro-
gen ion concentration of the soil and other factors. Direct
counts under the microscope made by Conn 1n 1918 gave
numbers of bactena of the order of 250%10°. Another
method gave counts ranging from 1,280 x 10* t0 2,160 10*,
Gray and Thornton improved lhe technique of bacterial




BIOCHEMICAL ASPECTS OF S$OIL 77

counts and obtained direct counts of the order of 4,000 10°
bactera in a gram of manured arable soil. Such figures
were over a hundred times those obtained by the plating
technique. Protozoa may reach figures of the order of
1,000,000 per gram of soil (amoebac 280,000, flagellates
770,000, ciliates 1,000, estimated on a neutral manured
arable soil at Rothamsted) Algae may evceed 100,000
per gram of sod. Actinomycetes and fungi, both of which
are dufficult to estimate, may have a combined weight m the
soil equal to that of the bacteria According to Waksman
and Starkey the numbers of actmomycetes range from a
few thousands to many mullions per gram of soil, whilst
fung: may reach over 100,000 per gram.

In such a complex mucrobiological population there must
exist numerous as yet unknown chemcal wmnterrelationships
affecting b and cell p Sym-
biotic associattons take place and annblouc developments
occur, Growth factors and cell poisons are elaborated
There is a constant disintegration of cells and a constant
growth of new cells greatly influenced by, and possibly
dependent upon, the breakdown products of the old. Cell
adaptation occurs and the enzymic equipment of cells
undergoes change i response to changes 1 therr environ-
ment. The study of an individual species of organism
remote from its normal environment mn the soil can do no
more lhan mdlcat: its possible metabohc behaviour in the

1 system by soil. To the
study of the biochemistry of soil as @ whole we must
ultimately turn for our data on 1ts metabolic events

NITROGEN METABOLISM IN SoIL

Niutrogen Fixation

Let us now consider some aspects of mtrogen metabolism
in soll Boussingault’s early expenments in 1837 made 1t
clear that fixation of atmospheric mitrogen takes place
during the development of legumes such as clover, peas,
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defined experimental conditions, important as they are in
their fundamental character, help m the elucidation of ’
processes taking place 1 soil ?

The soil has an extensive microbiological population,
made up of great numbers of species of bactena and of
genera of fungi, actinomycetes and algae as well as of
numerous families of protozoa, nematodes and other
mvertebrates. Some of the soil ‘orgarusms have relatively
specific effects as 1n the fixation of mtrogen and the con-
version of amumonia mto mitrite, or of mitrite into nitrate,
but frequently a large vanety of organisms can xttack a

single Thus the d of can
be brought about by many kmds of bactena havmg many
different mor hol 1 and ph istic:

by fungt belonging to Mdcly different genera and by many
actinomycetes and other organisms ,Proteins and fats may
be attacked by complex soil populations The manner of
‘breakdown by 1solated orgamsms in pure or even in mixed
cultures of proteins, carbohydrates or fats may be followed
in detail, but there can be no assurance that the same mode
of breakdown occurs uader soil conditions until experiments
with sotl have actually shown this-to be so The environ-
mental conditions 1n soil are altogether different from those
in the media in which mztabolic studies of micro-organisms
are usually studied.

Some conception of the enormous population of micro-
organisms in soil 13 provided by the fact that there may be
as many as 5,000,000,000 bacteria per gram of soil. This
corresponds to a weight of over four tons of bacteral
snbstances per acre of sml The numbers of bacteria

very greatly, d g on latality of food
supply, acration conditi hydro-
gen ion concentration of the soil and other factors. Dn'cct
counts under the microscope made by Conn in 1918 gave
numbers of bacteria of the order of 250x10%. Another
method gave counts ranging from 1,280 % 10* to0 2,160 x 10,
Gray and Thornton improved the technique of bacteral
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counts and obtained direct counts of the order of 4,000 10*
bacteria 1 a gram of manured arable soil. Such figures
were over 2 hundred times those obtained by the plating
technique. Protozoa may teach figures of the order of
1,000,000 per gram of soil (amoebae 280,000, flagellates
770,000, citiates 1,000, estimated on a neutral manured
arable soil at Rothamsted) Algae may exceed 100,000
per gram of sod Actinomycetes and fungi, both of which
are dfficult to estimate, may have a combined weight i the
soil equal to that of the bacterta. According to Waksman
and Starkey the numbers of actinomycetes range from a
few thousands to many mullions per gram of soil, whilst
fungi may reach over 100,000 per gram
In such a complex nucrobiological populatron there musl .
exist as yet unk chemical inter:
affecting beh and cell prol: Sym-
biotic associations take place and antibiotic developments
occur. Growth factors and cell poisons are elaborated
There is a constant disintegration of cells and a constant
* growth of new cells greatly influenced by, and possibly
dependent upon, the breakdown products of the old Cell
adaptatton oocurs and the enzymic equipment of cells
undergoes change m response to changes in their environ-
ment. The study of an individual species of organism
remote from its normal environment 1n the soil can do no
more than mdn::m: 1ts possible metabolic behaviour i the
system by soil To the
study of the biochemustry of soil as a whole we must
ultimately turn for our data on its metabolic events.

NITROGEN METABOLISM IN SOIL

Nitrogen Fixation

Let us now consider some aspects of mtrogen metabolism
in soil. Boussingault’s early experiments in 1837 mads it
clear that fixation of atmospherc mtrogen takes place
during the development of legumes such as clover, peas,
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and lucerne, whereas these fixations do not occur during
growth of other crops, such as wheat. Liebig (1843, 1852),
opposed to the view that free mitrogen of the arr is assmn-
lated by the plant, dered that atmospl
15 pnimartly involved. Ville (1885) showed that this cannot
be so. The classical work of Hellnege!l and Wilfarth in 1886
cleared up a complicated situation. They showed that soil
bacteria infect legumes, forming nodules which enable the
plant to use atmosphenic mtrogen, These bacteria, known
as Rhuzoba, were 1solated m pure culture by Benerinck.
They were thought at first to be capable of fixing free
nitrogen 1n the absence of the plant, but later work disproved
this. Siace there 1s no evidence that the host plant, i the
, absence of the rhwzobia, can fix atmospheric mtrogen, it
follows that some chemical nterchange between the plant
and the bacteria must take place 2 vno and be largely
responsible for mtrogen fixation. The excised nodules do
not-themselves take up nitrogen and the chemical associa-
tion between nodule bactena ang plant, which results in
nitrogen fixation, 15 unhnown.

Much, however, is known of the biological aspects of
this symbrosis or association between Thizobia and host
plant. Details of these aspects are outside the scope of this
article, but one important fact proper to the study of soil
metabolism should be mentioned. When the seed of a
legume germates n a soif containing rhizobia, the latter
are attracted to the region of the developing root hairs.
There, a product of the metabolism of the rhuzobia produces
a dsformation or “curhng” of the root haws. Such
curling is induced by a specific chemucal substance, for
extracts of the bactena are as effective as the Living cells
themselves. At the site of the deformation of the root hair
1he rhizobia invadz 1he oot tissue and proliferate, stimu-
lating cell division in the neighbounng plant cells, and a
nodule is formed.

There is evidence that the deformation of the root bair,
essential a5 a preliminary to the invasion of the rhizobn, is
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tished by indol tic acid, a ol
product of bacteria. It 1s known that indole-acetic acid
and related plant “hormones™ have but 2 transitory exist-
ence in soil, owing bly to speedy d by
other bacteria. It follows therefore that metabolic con-
ditions 1a the sotl 1n the near neighbourhood of the germm-
ating legume must be such as to enable a sufficiently high
of 1ndol tic acid to to bring
abouf the curlng response i the root hass Though such
a concentration may be small—ef the order of one part in
100000000——:.\ relatively high rate of production may be
necessary to counteract the local destructive forces at work.
Tt is known too that sndol acid at low
may be toxic to seed germination and that trypthopane in
presence of sott bastena will induce such toxicity. Thus
metabolic conditions n soll will greatly influence seed
germunation

Let us turn now to pon-symbiotic mtrogen fixation.
Winogradsky n 1893 found that an anaerobic soil organism,
Clostridium pastorianum, will fix free mtrogen when supplied
with the sugar glucose, the amount of witrogen fixed being,
proportiopal to the amount of glucose broken down. The
fixation of nitrogen 15 Immhubited by the presence of
ammonium salts and this wnhibition may be counteracted
by an increase in the glucose concentratton Thus the
1atio of carbohydrate to combmed mtrogen determines the
rate of fixatton of mitrogen An interesting feature of this
orgarusm 15 that 1t loses its power of mtrogen fixation
during prolonged cultivation on artificial media, but the
power is restored by culture of the orgamism once again in
soil. The soil factor responsible for the renewed ability
of Clostridnm to fix nitrogen 15 unknown.

Beyerinck in 1901 isolated from soil and mud two
aerobic orgamsms capable of fixing atmosphenic mtrogen.
They are Azofobacter chroococcum (the more common
form) and Azotobacter agilis (the moule variety) Unlike/
Clostridum, Azotobacter does not lose its power of
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nitrogen on p culture on synth y
media. A striking fact concerning Azotobacter 1s that it
requures for its metabolism the presence of traces of molyb-
denum or vanadium. A positive effect of Mo on the growth
of the organism can be observed at a concentration of 1-3
parts i 10% Burk and Horner have found that molyb-
denuma 15 not only required for the assimlation of free
nutrogen, but 1s also necessary for the utihisation of com-
bined nitrogen {in the form of asparagwe or mitrate) By tius
orgamism. Tungsten will to some extent replace molyb-
denum. Azotobacter and Clostridum are apparently the
most widely distributed non-symbiotic mitrogen-fixers® in
soil, and they are found also in salt and fresh water, oftenin
association with algae.

In and soils relatively poor in organic matter, micro-
orgausms form meore than thewr usual proportton (about
5 per cent) of the organic matter, and this 15 chrefly due to”
the marked development of Azotobacter under the alkaline
or saline condittons of such sous It 1s stated that in the
chestaut sotls of south-east Russta, where almost the whole
of the organic matter 1s 1n the form of micro-organisms,
there are up to 900,000,000 Azotobacter cells per gram of
soil.

The most important single factot influencing nitrogen
fixation 1n soils 15 the presence of mnitrate. Both with
Clostriduon and  Azotobacter the presence of utilisable
combined mutrogen dimimishes the rate of rutrogen fixation,
ammonium or mtrate being effectsve 1n this way. Ininbition
of fixation by Azofobacter 1s complete 1n the presence of
ammontum nitregen at a concentration of 0.5 mg N per
100 ml. The presence of nitrate or of ammonum salts in
the soil also makes legumes resistant to attack by Riuzobia,
fewer root haits and nodules being formed. The net result
is that, when excess combined mtrogen 1s available in the
soil, little or no fixation of atmospheric nitrogen takes
place. The presence of carbohydrates diminishes the effect
due to the combined mtrogen.
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Various factors fn soil mﬁuence nitrogen ﬁxanon. nmongst

which may be ioned mossture, 5
tion, aeration, soil structure, temperature, and the addmun
of fertiliser salts {e.g. phosphates and calcrum). Humus
has 2 beneficial effect on Azofobacter growth, possibly
owing to the iron contaed m 1t, though traces of molyb-
denum present may be a responstble factor.

It has to be remembered that in soil there 15 an abundant
flora of bactena and fungy, other than the mtrogen-fixers,
they will compete for the carbohydrates, which are the main
sources of energy for Azotobacter and Clostridmm It
Tias been d that, iated with the d
of 100 parts of avatlable organc matter free from mitrogen,
there may be fixed by the non-symbiotic bacteria about one
part of nitrogen. This works out at only about cight
pounds of mirogen fixed per acre of soil receiving a hberal
application of plant restdues per year, though 1t has been
stated that as much as 40 Ib of mitrogen per acre may
become added to some soils anmually as a result of the

of the ymbrotic 2

Ammonia Formation

It is known that the nitrogen compounds 1 plant residues
are broken down in soil to form ammonia so long as the
rato of carbon to mutrogen 1 the organtc matter does not
greatly exceed 10. Proterns and other mitrogenous com-
pounds are broken down in soil by a varnety of organisms,
the ulurmate nitrogenous end-product bemg ammonia.
Wh:\h:r the ammoma appears or not depends on the rate

of of other i in the soil req

the ammonia mtrogen for their own synthetic operations.
¥ there is ample utilisable pon-mtrogenous material, such
as carbohydrates, present, the ammoma nutrogen will not
appear, as 1t 1s entuely used for building up fresh bacteral
or fungal matter. Proteins being rich mn mitrogen yield
ammona in relatively large amounts. The production of
ammona in sail was long attributed to the large sporing
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groups B mycoides and B. subtilis. It ts now known that
non-sporing orgamisms of the Ps. fluorescens group are
active ammonsa formers

1t 15 evident that many organisms may be involved in
ammonta formation, the mechamsm of which m most
instances 15 unknown If the protemns are broken down to
ammo-acids, these, may yield ammoma by the action of
oxidase enzymes 1 the organisms, mcreasing hnowledge of
which 1s now betng derived from the study of antmal tissues.
Little 1s known, however, of the modes of breakdown of
mitrogenous organtc matter 1 soil and there 15 here an
mteresting and frwitful hine of investigation

Nurification

This important metabolic process of soil whereby
ammoma and organic nitrogenous material are converted
finally to mitrate was shown by Schloessing and Muntz,
from a study of the purification of sewage water by land
filters, to be a biological process. Warington showed that
soil mutrification 1s inlibited by application of chloroform -
and carbon disulphide and described two sets of organisms
apparently involved in the process, one which converted
ammonts to nutrite and the other nutrite to mitrate. In 1890
W, ky 1solated the or W

made 1t clear that the final fate of nitrogen m the soil is the
production of nitrate, which thereby becomes the main
source of mtrogen for the plant. Progress since the end of
last century has been extraordinanly slow. Stevens and
‘Withers in 1910 showed that nitrification in the soil differs
in at least one ymportant aspect from that 1n the artificial
media first elaborated by Winogradsky. They demon-
strated that nutrification 11 soil 1s mbubited far less by the
presence of added organic matter than jn Iaboratory meda.
They had already shown that nitnfication of cotton-seed
mea!l and of ammonum sulphate is more rapid under soil
conditions than in culture medwa. In 1915 Allen and
Bonazzi showed that sotl, even ignted soil, is superior to
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sand 1n supporting nitrification, and a number of workers
{Albrecht and McCalla, Conn, and Conn and ZoBell) ¢claim
that the presence of colloids 1n culture media influences
bacterial behaviour,

Meyerhof’s extensive studies on the metabolism of
Niutrosomonas and Nitrobacter, the orgamsms respectively

for the of to mitnte and
of mtnte to mitrate, have thrown much light on their
behaviour i artificial media. Ignorance, however, of the
details of nitnfication processes 1 so1l 1s largely due to the
dearth of swtable experimental work on the soil itself,
There 1s an immense hiterature on field and pot experiments
showing the nature of the end products after application of
organte mirogenous matter. This work 1s of hagh practical
importance, but 1t helps Lttle towards elucidating the
mechansm of mtrification in soil Attempts have been
made to correlate soil mtnfication with soit fertiity, but
the general relations between the results obtained with
culture mecia and those obtamned with soil are obscure.
Albrecht and MeCalla state that “the complenty of sand,
st and clay mixture as soil prohubits an accuracy great
enough to encompass all the various chemical aspects of so
delicate a process as minfication.”

1t has long been apparent that there 15 need for a quanti-
tative study of mitnfication processes 1n soil, and mndeed
there is need for a detailed study of all metabolic processes
known to proceed in soil, under the condstions actually
oblaming there,

For an accurate study of such metabolic events 1t 15
essential to havean appamtus w}uch willensure standardisa-
tion of soil ity of results.
Many observations have shown how " dufficult 1t 1s to secure
reproducibility of results without the most careful control
of conditions, There are difficulties due to the hetero-
genenty of the sotl, to variations 1n the water conient, to
variations in oxygen penetration 1n vanous parts of the soil,
to alterations duc to 1ts handling for analytical purposes.




84 - SCIENCE NEWS VY

A fresh method of approach has besn made by Lees and
the writer by devising an apparatus whereby a column of
soil (o the form of sieved atu-dried crumbs) 15 perfused
with oxygenated, or aerated, fluid by a circulatory technique. -
‘This enables the same soil solution to percolate through the
soil for an indefinite period. The underlying 1dea 15 to
treat the soil as though it were an intact organ and to:
perfuse fand through it as though 1t were an 1solated living
heart or kidney in the preparations famuliar to the physto-
logist. The sotl perfusate is adequately muixed and aerated
aud the perfusion 15 intermuttent, so that waterlogging of the
soil does not take place The process 1s continuous and
may be for an ind penod The
whose metabolism 1n the soil 1s being mvestigated 15 dis~
solved m the perfusion flmd, or mixed with the column of
soil -

Ths technique for investigating soil metabolism has many

including the foll -

{1) The water content of the soit is kept constant and
the water 15 homogeneously distributed in the soil through-
out the entire experiment.

(2) Maximat aeration of the soil is effected.

(3) The soil ttself 1s not handled 1n any way during the
experiment, analysis being confined to the constituents of -
the perfusate. The soil may be examined after any arbrtrary
time for analysis of 10ns adsorbed onto the soil

{4) Substances such as brological poisons or inlnbitors
can be added to the soil solution during the course of an
experiment and at any period corresponding to 2 known
metabohe activity of the soil.

(5} Gases entering the apparatus can be controlled;
metabolic events in atmospheres of oxygen, or mtrogen, or
carbon dioxude or mixtures of these gascs may be studeed.

(6) The soil solution can be replaced at any given time
by the solution of any metabolitc of which the transforma-
tions are the subject of study.

The velocities of metabolic events in the soil may be
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accurately studied by this technique The soil 1s, 1n fact,
treated os a brological whole, every effort being made to
ensure constancy of the environment in which the soil is
exercising tts metabolic functions.

Using ths apparatus 1t was easy for us to show that the
transformation of ammomna tnto mtrate 1s brological This
was mdicated from the speed of the transformation, which
followed the loganthmic “auto-catalytic™ curve typical of
bactenal growth, and from the effects of brological potsons.

Further expeniments gave fise to the conclusion that the
rate of nitrification of a given quantity of ammonmum
sulphate 15 a function of the degree to which the ammonium
fons are adsorbed onto-or combmed 1 the soil, on its
base-exchange complexes ,The greater the amount of
adsorption, the faster was the nitnficatton, This was shown
by comparing the rates of mtnfication of soils having
different amounts of ammonta adserbed upon them The
only tenable explanation of the results was that the adsorbed
ammonium 10ns are those which are preferentally mutnfied
by the soit orgamisms This led to the prediction that the
addition of sterile soils to a mitrifying so1l would mnerease its
rate of nitrification m proportion to the base-exchange
capacities of the added souls; thus prediction was venfied.

The 1nterpretation of these results ss that the nitrifying
bacterta grow on the surface of the so:l crumbs at the
sites where 1s held 1 b
and proliferate at the expense of such ::dsorb:d ammonunm
cations The rate of proliferation 1s proportonal, there-
fore, to the arca of soil surface on which ammonmum 1008
are adsorbed or combined and 1s thus a function of the

. base-exchange capacity of the sosl.

The fact that probiferation of the nitmfying organsm
takes place or_ly nt those specific sites of the soil surface
where ons are leads to the 1
that when all xhcsc sites of the surface hae been occupied,
further growth of the organisms will not occur except to re-
place cells which have died and disintegrated. Remarkably
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few living mtrifying cells enter into the soil solution.
This leads to the conception of a bacterta-saturated soil;
that is to say a soil where the area of growth 1s imited and
cannot be extended owng to full occupancy of available
sites for probferation Such a soil should break down
substrates, used only by the orgamisms which enrich the
soll, at constant rates, and should not show the familiar
loganthmic course of metabolism which obtains during
prolferation A bacterta-saturated soil has many of the
properties of a brol 1 catalyst It d a sub-
strate at a constant rate which shows no mtial lag penod,
until the amount of substrate falls below a certain concentra-
tion, after which further decomposition seems to follow the
ummolecular law,

A very important use may be mads of bactena-saturated
soils. They may be made to yield information as to whether
any gtven substance 15 broken down by the cells which
saturate the sol For example 1t may be asked whether
methylamine which 15 quickly mtrified by soil orgamsms
is converted mto mtrate by mitnfying organisms alone or
whether additional orgamsms are required for a prelimin-
ary attack on the methylamme. To answer this question
a soil 15 prepared which s saturated with the bacteria
which convert ammomnum 1005 1nto nitrate. With such a
soil mtrate formation 1s perfectly regular and steady in
time. This bacteria-enriched soil 1s now washed with water
to free 1t from mitrates and 1t is perfused with methylamine.
If the nitnfying bactena themselves convert methylamine
mto mitrate the rate of conversion will be constant with

" no initial delay period. If they cannot bring about this
conversion and 1if another set of organisms must develop
prior to nitnfication, there will take place an jnitial lag
period followed by the familiar logarithmic increasingly
speedy course of nitrification The expertment proves
conclusively that, in the soil, nitrifying organisms cannot
themselves convert methylamine into nitrate, This tech-
nique is now being used for exploring the abilities of
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mtnfying organisms to break down a variety of nitrogenous
substances

Attention may now be given to the remarkable bacterio-
static* effects of potassium chlorate on the orgamisms that
convert mitrites nto mtrates Quite small concentration
of potassum or sodwm chlorate (eg, AM/10%, or about
11n ten thousand), have the power of preventing the develop-
ment of Nurobacter, whilst that of Nitrosomonas proceeds
undimiushed  The result 1s that when mitrogenous sub-
stances are mtrified 1n sosl 1n the presence of small quantities
of chlorates, mtrites but not mtrates accumulate.

Potassium chlorate acts as a typical bactertostatic sub-
stance. This may be showa by adding 1t to a soil already
enniched with nitrite-oxidising ,orgamisins  The presence
of chlorate does not poison, or nterfere with, the oxadation
of mitnite to nutrate With a bacteria-enriched soil the con-
verston of muinte mto nutrate procecds at a constant rate
uninfluenced by concentrations of chlorate which inhtbt
proliferation of the orgamisms mvolved Further investiga-
tion of the ph of chiorate b mdicates
that chlorate has the effect of greatly mereasing the mmtiat
delay pertod shown by Nutrobacter i the course of its
prohferation Ulttmately even 1n the presence of chlorates,
so long as these are not 1n too lugh a concentratton, nitnte
is attacked and ouidised Further work has revealed the
fact that chlorate bacteriostasis may be neutralised by the
actual presence of mitrates, which appear to act 1n a speeific
manner. Explanations for these phenomena are stull laching.

Manganese Metabolism

Let us now consider an entirely different aspect of soil
metabolism It 1s known that i addition to mitrogen,
phosphons, sulphur, calcium, magnesium, potassium and
on, which the plant must obtain from the soul, the elements
manganese, copper, boron, and zinc are also necessary for

* fe, 1t prevents the orgamsms from multiplyirg, but does not
It them
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healthy plant growth and even such clements as cobalt,

tybd tungsten, vanadium and selenium are reputed
to have beneficial eflects on certam species of plants The
amounts of some of these elements required for the healthy
nutrition of the plant may be exceedingly small. One part
of boron 1n twelve mitkions m a nutrient solution in which
beans are grown will suffice to maintain them in good
health A concentration of one part of molybderum in a
hundred milkions in a nutrient solution will ensure vigorous
growth to the tomato plant Deficiencies of these sub-
stances, as well as of major elements such as nitrogen,
phosphorus or potash, lead to a great vanety of plant
diseases

Now it does not follow that if an essential element is
present in the soil 1t 15 necessanly avatlable to the plant.

Manganese is essential for healthy plant life Tts deficiency
in sl (and soils rich m orgamc matter and lime are prone
to this deficiency), leads to plant discases such as grey
speck of oats or marsh spot of peas Its deficrency may
cause a substantial reduction 1n the yield of a potato crop
or complete failure of an oat crop But many of these
deficient soil di: d by i fon and analysis of
the crop—often contain relatively large quantities of man-
ganese. Thus it 1s apparent that manganese exists 1n the
sotl in at least two forms, of which only one is available
for the plant. So far asis known it 1s only the base exchange-
able manganesc—manganese cations,* most probably
wholly in the bivalent form—which is available for the
plant Manganese dioxide clearly 1s not available for a
plant, for this substance is known often to be present in
“manganese deficient” soils.

The question now arises as to why certain soils containing
ample g ities of are * deficient™

¢ Manpanese atoms exist jg solution as electnenity charged par-
ticles, each carmying two units of posiive chargz (bivalent), Ma++,
or three Mn++3+, or éven four Mo+ +++. Increrse of the positive
chirge i3 termed an owdatron.
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and why other soils contaming much less manganese are

“manganese avallahlc" This question 1s ntimately con-
nected with the t which
undergoes in sotl.

It has been shown by Mann and the wnter that when
manganous (Mn*+) sulphate 1» perfused through soil,
oudation of the mapganese takes place This oxdation in
neutral or shghtly alkaline soils (pH 60~ 79) is almost
entwrely accomplished by the mucro-orgamsms present
Thus is shown by the fullowmg facts —

(a) The rate of oxidation of manganese 1n soil at 70°F
follows the Iogarithmic or autocatalytic course expected

if organisms are le for the oudation

{b) The rate of oxidation 1n soil 1s greatest at a certain
concentration of the manganese above which the rate fals.

(c) Heatmg a so1t for two hours at 80°C or one hour at
100°C. eliminates 1ts capacity to oxidise manganese,

(d) A number of biological poisons retard manganese
oxidation.

It is possible 1n fact to discrinunate between biological
and of m soils by
means of a biological powson such as sodm azde, which
dnes not uﬂ‘ect the purely chemical oudation Non-

of take place to a marked
cxtent only 1n alkaline soils such as those that have been
ughly limed. It 1s well known that sotl contains orgamsms
capable of ovidistng bwalent manganese This has been
shown by Beyennck, Gerretsen and Nachlan, but 1t was
not hnown, until the present work was carried out, how
far manganese oxtdation i soil 1s accomplished by micro-
orgarusms. The usual view in the past has been that man-
banese largely undergoes autoxidation m the soil, that s,
that it chan,ges spontancously m the presence of air

Not only is bivalent manganese oudssed to states of
higher valency by sorl micro-orgamsms, but similar agencies
arc partly responsible for the reduction of ter-and quadri-
valent manganese 1o the bivalent form
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heahhy plant growth and even such clcments as cobalt,
molybd, tungsten, v: and fum are reputed
1o have beneficiat effects on certain species of plants. The
amounts of some of these clements required for the healthy
nutritton of the plant may be exceedingly small. One part
of boron 1 twelve millions m a nutrtent solution in which
beans are grown will suffice to mamtain them in gom‘l
health A concentration of one part of molybdenum ina
hundred mtlions in & nutrient solution will ensure vigorous -
growth to the tomato plant. Deficiencies of these sub-
stances, as well as of major elements such as rutrogen,
phosphorus or potash, lead to a great variety of plant
diseases,

Now 1t does not follow that 1f an essential element is
present 1n the soil it 15 necessarily available to the plant.

Manganese 1s essential for healthy plant ife. Tts deficiency
in soil {(and soils rich tn organic matter and lme are prone
to this deficiency), leads to plant diseasts such as grey
speck of oats or marsh spot of peas. Tts deficiency may
couse 2 substantial reduction 1n the yield of a potato erop
or complete fatlure of an oat ctop. But many of these
deficient soil d by ion and analysis of
the crop—often contan rc!auvely large quantities of man-
g:mes: Thus 1t 1s apparent that manganese cxists n the
soil in at least two forms, of which only one is available ’
for the plant. Sofaras1sknown1tis only the base exchange-
able manganesc—manganese cations,* most probably
wholly 1n the bivalent form—which 15 available for the
plant. Manganese dioxide clearly 1s not available for 2
plant, for this substance 1s known often to be present in
“manganese deficient” soils

The question now arises as to why certain soils containing
ample of are deficient”

* Manganese atoms exist m solution as electrcally charged par-
x.cm, each r.\rrymg twO tnuts of postitve charge (bivalent), Mn++,
Mn*++, or even four Ma+ +++, Increase of the positive

Sharge is etmed 4 ovdation:
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and why other soils containing much less manganese are
“manganese available. This question 15 intimately con-
nected with the metabolic tr. which

undergoes 1n soil.

It has been shown by Mann and the writer that when
manganous (Mn++) sulphate is pesfused through sotl,
ovidatton of the manganese takes place This oxidation in
neutral or shghtly alkaline soils (pH 6 0-79) is almost
enlxrc]y hed by the £ present,
This is shown by the follow:ng facts ~~

{a) The rate of oxidanion of manganese mn sodl at 70°F,
follov.s the loganthmic or amocmaly{-c course expected

are for the oxid:

(b) The rate of oudation in sorl is greatest at a certain
concentration of the manganese. above which the rate falls.

{c) Heatng a sonl for two hours at 80°C or one hour at
100°C. ehmumnates its capacity to oudise manganese

(d) A number of biological poisons retard manganese
ox{datron,

It posslble n facl lo discriminate between biolopical
and of 1n soils by
means of a biological posson such as sodwum aznde, which
do:s not afrcct thc purely chermucal owdation Non-
2 take place to a marked
extent only in alkalme soils such as those that have been
highly limed It 1s well known that sou contains organisms
capable of oudising bivalent manganese This has been
shown by Betjerinck, Gerretsen and Nachlan, but it was
not known, unnl the present work was camed out, how
far m soul is by mucro-
orgamsms. The usual view in the past has been that man-
banese largely undergoes autoxidation m the soil, that is,
that 1t changes spontancously in the presence of air

Not only is bivalent manganese oxidised to states of

“higher valency by soil miero-organisms, but similar agencies

are partly responsible for the reduction of ter-and quadri-
valent manganese to the bivalent form
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Under anaerobic conditions or in presence of a resprratory
poson such as sodwm azde, the equilibrium  shifts
markedly to the bivalent manganese side on the left and 1t
will be expected thet ultimately all the manganese will
appear in that form

Anothcr fncwr that should akso be consxdercd 1s the

of cattons as t
ese carbonate or as complexes in inorganic or organic
matenals.

1In the complicated conditions occutring in the field, the
equilbrum concentration of bivaleat manganese will
vary greatly according to the conditions that govern the
bacterial population and its reducing or oxidisig proper-
ties, ¢ £, mosture, acration, organic matter, temperature
and hydrogen 1on concentration.

Jt must be obvious that the manganese deficiency
problem 1nvolves many factors bearmg on the manganese
cycle and will not be cleared up unul much more work
has been carried out on the kinctics of this cycle,

Carbon dioxide and soil metabolism
Let us turn now finally to a brief cunsldcmtwn of nnothcr

lecule of great wmp m soil
dioxide. 1t 1s well known that the potentialities of (he sml
for the d ot oud of organic are

immense It may be regarded as the most effective digestive
system known Not only are cellulose, protemns and fats
brokea down 1n soil by a variety of orgarsms but more
resistant materials such 2s lignins undergo change, probably
into ¢ven more resistant substances such as humic acids.
Clearly oxidation of the total carbon deposited on the soil
by decaying plants and all forms of awmal life must
eventually take place, otherwise there would be a pradual
accumulation of dead organic matter piing up on the
earth’s surface. The organic matter of a sol receiving no
added materiat becomes gradually depicted as is shown by
the fact that about 30 mg of carbon dioxide may be



BIOCHEMICAL ASPECTS OF SOIL 93

produced per kilogram of soil of aserage fertility each day
for about 200 days of the year. Formation of about seven
tons of carbon dioxide for an acre of soul per year may
take place,

The capacity of the soilto produce miero-orgamsms that
will decompose organic matter seems to have no fimutation
Organisms have beedt found capable of oxidising and
utilising substances such as phenol {carbolic acid), benzene,

toluene, xylene and many polyphenols Gray and Thoraton
have found several kmds of bacteria that can oxudise the
cresols, toluene and I Keratn* is d

by strams of detinomycetes. Johnson and his collcagues
have isolated from the soil around a petrol-pump ofgarusms
which oxidise n-pent . n-octane,

and attack lubricating and paraﬂ'm otls

The amount of carbon dioxide evolved must be dependent
on the respiration of the soil, 1t 1s derived partly from the
activities of the micro-orgamsms present and partly from
the metabolism of plant roots The air of the soil 15 con-
siderably richer in carbon droxide than the normal atmos-
phere above, and the constant evolution of the gas by
enrichung the atmosphete at and above the soil level forms
a definite stimulus to plant asssmilation and growth This
is apparent from the work of Lundegaardh and many
others. The formation of carbon dioxide 1s important also
in brmgmg Into soluhon relatively msoluble soif minerals

, calerum and

Attention, however, should be drawn to the fact that
carbon dioxide is important 1 the assimilatory activities
of bacteria themselves. It yields the only form of carbon
that can be utilised by the immensely important autotrophic
organisms of so1], 1t plays an active part in the metabolism
of heterotrophic organisms (Autotrophs manage to exist
onan inorganic source of nitrogen and carbon diouude only;
heterotrophs require therr carbon 1n the form of organic
matter. Wood and Werkman first pointed out that pyruvic

* The protem of hatr, skin, hoof and horn




94 SCIENCE NEWS V

acid, a substance occupymg 2 key positton m metabolic
changes of the living cell, condenses with carbon dioxide
1n bactenial cells to form oxalo-acetic acid, which then
undergoes a series of brochemucal transformations, The
carbon dioxids 1s thus brought mnto the assimelatory
activities of the heterotrophic orgamsms responsible for
this change Using the stable 1sotope of Carbon C” 1t has
been found that the labelled carbon of carbon dioxide 15
present m the carboxyl groups of succimic actd synthesised
by the bacteria
CO,+HCH, CO COOH —HOO0C CH, CO COOH
The central position taken by pyruvic and oxalo-acetic
acids 1n many metabolc changes occurring in bacteria and
moulds imphes that free carbon dioxide 15 assimilated by
these organusms and 1s ultimately bwlt up 1nto therr sub-
stance
Wieringa showed that spore-formung organisms from
mud, belonging to the Clostridim group, can convert
carbon droxide and molecular hydrogen quantutatively imnto
acetic acid, an observation confirmed by Barker, Ruben
and Beck, using the labelled casbon techmque
It 1s known that carbon dioxide can be reduced by certain
orgamsms to methane, and an elegant experiment of
Barker and hss colleagues has shown that when the Methano-
sarcina methamca decomposes methyl alcohol 1 the
presence of radio-active carbon dicxide, the resulting
methane 1s radio-active. A part of the ccll material obtained
during the growth of a methane-producing organism is
shown, by making use of radio-active carbon (1n the carbon
dioude), to be denived from the carbon dioxide.
There are no observations yet on the possible part played
by carbon dioxide of soul in the nutntion and development
“of heterotropluc organisms probiferating there, but it is
clear from the facts given that 1t must be playing a highly
1mportant part 1n the general metabolic processes of soil.
It is not possible, in so brief an article, even to mention
* lughly interesting aspects of sulphiur, phosphorus, iron and
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hydrogen metabolism in the soil or to comment upon the
valuable work being carried out on the elaboration of
antibiotics by actinomycetes and fungs, wiuch must greatly
affect the biological equilibnum m soil Nor can we write
about the important symbiotic associations 1 soil, such
as the mycorrhiza which offer such interesting biochemical
problems It must be clear that soil biochemustry is a
wondcrfully rcmlc field for mvestigations of the chemical
interrel. of micro- and for the study of
complex biological systems in cvery way as Interesting as
the more famihar cell systems of aumal and plant tissues
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The Common Cold
ON another page (Plates 1-16) we show scenes from a
unique experiment now being conducted at Harvard
hospital, Salisbury, jomntly by the Minstry of Health and
the Medical Rescarch Council, to mvestigate the nature
of the commton cold Itis a long-term expertment on batches
of human voluateers, designed not to try out cold “cures”,
or even to find a cure, but to gair more seientific knowledge
about thss irritating and wastefo! disease, which is reckoned
to lose us forty milhon man-days of work annually Only
by slow, fundamental, panstaking work can we hope
cventually to solve this problem  the cure will only become
available when we know a great deal about the virus which
is responsible

Viruses are 1nfectious germs, usually very much smaller
than bacteriz, from which they can be separated by filtration
through collodion filters They cannot be seen through
ordmary microscopes, nor can they be grown in the tubes
of broth or dishes of jelly on which the bactena of diph- _
thena or scarlet fever or typhoid are culuvated in the
hospital laboratory They will only grow tnside hiving cells;
usually, that 15 to say, mnside the common expenimental
animals (mice, rabbits, guinea pigs, ferrets, monkeys) and
sometimes inside living eggs. This makes 1t more difficult
to study them In the case of the common cold virus the
position 15 worse still since the only hving thing where it
will graw is apparently Man himself. All the laboratory
ansmals arc uscless, Even eggs have so far not been success-
fully infected One of the first tasks facing the Cold
Recearch team at Salisbury acd the National Institute for
Medical h, Hampstead, is to find hing more

96




THE COMMON COLD
@

What a Virus looks ke

A portrait of the common cold wirus 18 pot avalable, and shy 7
actually the germ of cow-pox, as used in accnation against smaffpey
—quite a typical virus (magnified 35,000 tumes)

At Harvard Hospital, Salisbury, gencrously presented to ey, m by
Harvard Unwversity and the Amencan Red Cross in 1345, 3 5 cont
of ane mullon dollars, s now bewg conducted a e o e
Common Cold The investigation 1S UTIQUE 1N 11$ scale, poryy tppe
1 that ordinary people have volunteered 1n 1S1ge numbery gy qxer
mental ammals (see ov=-* -
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1 Ewcry second Wednesday,
volunteers between the ages o!
18 and 40 amye m pas at
the hospital  For ten doys
cach payr will live 1n 1solation
1n a little hut, with 3 bedroom
Fike this one

2 But lunch on the first day
)5 communal, so that the
doctor-in-charge, the matron,
and the admimstration officer,
can explatn the expennient,
and the rufes the volunteers
must follow 1f 1t 1s to be a
success,

3 They are asked not to have
contact with any other huntan
betng apart from the medical
stafl Afl the it food 1s brought
to them in ttwrmos canisters
left outside he hut door.

4 The huts themsehes” are
comfortably furnished, pro~
vided with books, telephone,
radio, and efectric ketthe,



i »
S Voluncers may go_for
~walks 1n the ‘grounds of the
. hospial, provided they keep
at least thirty feet away from
 other enuples and so avord
grang of reseimng mfection

6 There 1s also a recreation
hut which can be booked for
table tenms  Afier each
sessson, the bats and ball are
disinfected and the whole hut
ared for two hours before
anyone cfse may go n

7 During the first three days
- the health of every volunteer
1 carefully checked, ln-
.cluding & chest X-ray
shown here  Any “unuﬁ‘cul"
cold, caught before comng to
hospital, shoufd dectare Mtseil
1n this tme.

8 On the fourth da}'. the
expeniment  proper  begins.
»Snmc of the little bottles con-
tain cold virus in their waler,
« others do not, and oaly the
researchers at Hampstead who
packed them and semt them
know whech are which.




. Each_ voludteer recerver
some of the contents of on¢
bottle to the nose from 2
dropper

b
§
4
H
i

{
!
i
|

k...

10 Then the wait begins
Will the volunteer develop :
cold” Every day the medica
staff conduct a routine check
up

N I By

ay, th
3 " guincaspig " Yirues s oun
report on himself

12 Sor of dgu
pigs " (Ibou( one-lhlr of th
total} get cold:



13. Their garghngs and nose-
blowings are collected and
bottled, ready for dispatch
to Hampstead

14 They are sent packed in
dry-ice {sohd carbon dioxide),

. 1o preserve them re Dr
C. H Andrewes, FRS,
fcader of the research group,
receives the parcel n his
faboratory.

15 The specimens are wherled

round n this centrifuge, so

that all mucus and debns

collect at the bottom of each

bottte, and a clear liquid can
red off

16 “This hiquid 13 then passed
through a coltodion filter of
the type in the picturc, which
holds back all bacteria,

Now the laboratory rescarch
begns (see page 96) But for
the volunteers the expersment
1s over, and they retura home.

en the hospital cleans up
ready fo recerve the nest







Plates 19-25 Wlustrate Ran (p 104)
. 19 The structure of an ice crystal—black balls oxygen
, " atoms, white balls hydrogen atoms

° 20 Clouds over inland New South Wales on Eebruary 5th,
1947, The tops are about 22,500 fect and freezing Jevel
was 18,000 fect R







- 2 An anvi formed about twenty minutcs a0
med about tuen! Wpednu after ‘the
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Note the fact that
the  other clouds

25 Finat aspect of
the infected cloud.

have not grown.
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Descent into cave on a rope ladder

21



28 Prehustoric drawing
of

Grasshopper
Trogloptufus on a prece
of ‘bone from  the

Grotte des Trots Frires
10 the Pyrences



31, Atoms of the radioactive element thonum have been i mcor-

porated in the emulsion. of 2 photographic plate, At A o

B burst, ping off Taut. aneher parieies (hebims ocich
which hrave marked the emulsion in their passage * Two of the

tracks Jook fuzry because lhey are put of focus in uus micro.

photo of the plate, See page 5 N




32 Thomas Graham, first President of the ctzmmllsocxexy,

1841—1843 and 18451847
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C{m'\zment than a human volunteer in which to grow the
vius. A report put out by A. R. Dochez In 1931 that
mpanzces caught the cold has now been amply disproved,
and 50 far the present team has apparently drawn 8 blank.
They Jreported a few of their results from the first ten
months” work to the Royal Soctety of Medictae in May
of this year. Throat and nose washings collected from
people with colds on the first or second day of their illness
were centrifuged to remove mucus and then hitered through
collodion membranes 1 which the holes were on the
average only ) dihs of a in dia-
meter, Tl{xs 1s small enough to hold back all bactena, but
Iets the virus through The filtrate can then be used neat,
or after . \arious treatments, to infect volunteers. For
instance it was diluted with water, and shown to be still
infective when 100 times weaker than usual Tt was stored
at various temperatures and shown to be still wfective
aﬂcr°3 days at 4° C, or after 27 days in a reftigerator at
—10° C, or after more than four and a haif months at
_ =76 C. By dong further filtrations through membranes
with still smaller holes, unti one was found with pores too
small to fet even the virus through, an estimate of the size
_ of the germ was obtaned as something between 03 and
L5 ten-thousandths of a millmetre across, a distance
corresponding to about 200 atoms side by side
On the more chical meducal side, the results show that
most people go down with a cold on the second ot third
day after infection, while a few start 10 24 hours or delay
for almost a week The cause of thus variability is not
< known. An even more striking variabiliy is shown in the
hability of the volunteers to mfection Of 64 people
receiving a dose of the germ, no fess than 25 (about three-
eighths) failed to catch cold at all, and & further 11 only
had mild or very doubtful colds, so that less than half of
them were really ble. This 1
bore no relation to colds in the previous six months, for
. some volunteers in the immune groups of 25 had had
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them then, and some had not If we only knew the nature
of this immunity we might be able to stimulate people’s
resistance and ward off colds altogether. In spite of patent
medicine advertisements to the contrary this cannot yet
be done, and 1t is still a matter for research.

Pentellin and the sulphonamides are useless against
colds, and in fact no drugs are yet known to fight any
virus nfectior The difficulty perhaps arises from the
germ’s position mside the ltving cell, where drugs cannot
enter, or if they do, only at the cost of killmg the patient
as well as the disease In 1943 there was a rcport that a
substance produced by a mould, pemicillium patulum, and -
called patulin had proved powerful in treating colds.
Further tests on more people showed no sigaificant improve-
ment, however, and tests of thus kind are difficult to carry
out for a disease which usually only lasts a few days any-
how. It means very careful statistical comparison of treated
and untreated patients, and when this was done on Jarge
numbers, patulin failed,

Without Comment

According to Mr. Glenvil Hall, Britain wall spend sixty-
eight mutlion pounds of the taxpayers’ money on scientific
research in the year 1947-8 This will be dwided up for
the differcnt sciences broadly i the following way:

Medical research . . £698,000 (1% of the total)
Agriculture and fisheries  £2,070,000
Industrial research £14,780,000

Mulitary research . £49,73I:000 (73% of the total)

Flesh on Fire? -
A cut which gets infected becomes red, hot, panful, and
swollen; a boil 1s a similar infected swelling. How do you
regard this? Is the inflammation caused by the germs at
work, and should the doctor’s mm to be to suppress the
signs of enerny infil ? Or is the il jon aman-
jfestation of a vigorous body fighting back, and thercfore
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1 be cocouraged and promoted ? During the centuries
medical opinion has swung back and forth from one view
to the other. Before bacteria were known, inflammation
Inallness was welcomed as a sign of the strong patieat.
Plenty of pus oozing from a wound was a laudable state of
3“‘4'1"?, Just what the surgeon wanted to sec, because
€xperience had taught him {in the old days beforc enti-
seplics and penicillin) that the weak and old who showed
ttle signs of inflammation usually soon died. Or if this
did ot happen the patient was found to stay il for a long
time," with recurrent fever, and slow wasting, while pus
accumulated somewhere, dammed up and unable to escape
n the usual way from a wound. So a steady flow of the
sticky greenish or yellowrsh white find showed the situation
was under control

Then with the realisation that bacteria caused diseases,
and the invention of antiseptics, and an aseptic techmque
In surgery, pus became a sign of myading germs, some-
thing to be stamped upon and cleared out, sometimes an
indication of bad operational skill, always anathema And
$0 medical opinion swung the other way, and pus was
laudable no more.

Now we are enteriag an altogether new phase 12 opraion
on inflammation, a return to the older view that inflamma-
tion 15 2 natural reaction of a healthy body, and as such
10 be approved and encouraged, but a view based on a great
deal more knowledge than any hitherto, and therefore held
with much more d and with duminsshed
Preyudice. In the first place the expenimenters have taught
us that all sorts of things injected under the skin and mto
the tissues will cause inflammation and that this 1s there-
fore not synonymous with wfection Dead germs do as
well as the Living, bits of metal and other foreign bodies,
turpentine, “foreign™ proteins, all bring about 2 similar
change, Which 1s not merely visibly the same to the naked
eye, but even indi hable under the mi pe. The
small blood vessels in the nesghbourhood of the infection
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open wide and 2dmit a rush of warm blood from the deeper
tissues—hence the visible redness and warmth At the
same time the blood vessels become more permeable and
let fiud and blood protemn, containing antibodies, through
therr walls, and this causes swelling Also white cells from
the blood are attracted to the inflamed part, and the bone
marrow which makes these whte cells steps up production

All these changes follow the stimulus to inflammation,
whether germ ot other foreigner. How and why ? Professor
Valy Menkin of Philadelphia has for some years been
putting forward heterodox 1dcas on the subject, and now
at last they are gaimng some ground He argues that the
germ, the prece of metal, the turpentine, or other inflamma-
1ion-starter, acts by damaging the skin it reaches, and this
skin then gives off a number of chemical substances which
make the bload vessels open, the swelling appear, the white
cells mgrate. Some of these substances he can extract
from normal skin, and when mjected again they produce
some of th® symptoms of inflammation Leucotasin
attracts the whute cells, leucopoetin sumulates the phago-
cytes, and so on. These substances still need a great deal
of study by chemusts But the underlying tdea 1s fruitful
and probably sound. Inflammation is a complex natural
bodily teaction, carried out through the agency of hor-
mones. On its eficiency depends part of your natural
resistance to nfection, and the more that 15 learnt about
this subjeet, the greater the hope of ultimately preventing
all illness.

Dangerous Work

For some time now, research has been going on into a
disease of newborn lambs called swayback (see an earher
report in Scicnce News 3, page 52). This degeneration of
the lamb’s mervous system, leading to vurious kinds of
paralyses, is prevented by adding a fittle copper sulphate
10 the diet. Now comes a startiing medical report that out
of cight rescarch workers in & group studying snay-back
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w0 of three yrats ago, four have since gone down

Wil
_ with a nervoys disease, disseminated sclerosis This is

:’;dé:;";% 0t a very comman discase, s0 that 1t 15 starthng
ofds % of the tescarch group affected In 4, patches
the s!lfnc{’ﬂunn of nerve fibres occur scattered throughout
in n“p %1 cord and bramn, the patches stowly mercasmg
b Zl_ er as the years pass, and the symptoms produced
semic icfly those of a creeping paralysis Hithesto dis~
dkmna!cd sclerosis has been regarded as a non-infectious
Mos(T of unknown cause and rather ineffectsve treatment
P y it went its own capricious course 1n spite of the
b:“““- and medical scientists were blank as 10 how to
2311\ to fnvestigate it, to improve this unsatisfactory
siuation, It seemed likely that the lead to a solutton of
the problems would come, 25 so often, from some quite
other and unrelated branch of scrence

Perhaps that is what has happened now. Perhaps o
refation betwcen swayback and dusenunated sclerosis will
be Tevealed, and this chance ebservation on the upfortunate
scientists 15 no more than a straw i a possible wind

Incidentally there ts another aspect to the matter. Up
0 now there has been a great divorce between medical
Tescarch and investtgation of animal health Yet funda-
mentally both sciences ars aimed at the soluton of simifat
problems, and it is to be hoped that the lmking together
ug‘ swayback and dissemimated sclerosts §a only the bepm~
ning of a closer collaboration betiveen veternaty scientists
and the doctors.

Jaundice .
People turn yellow 1n sickness from varions causes, and
jaundice 1s therefore not a disease but a symptom Some-
tirmes 3t is a wign of sudden blood destruction, as when
malarial parasites wreck the red cells on a large scale, and
the sudden rush of decomposing red pigment stains the
skin, and eyebatls More often it1s the result of a blockage
of the bile duct, ot of damage to the liver aselt,
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molecules would have to be pushed up the steep slope of
the repellent forces

POTENTIAL ENERGY

DISTANCE

Figure 3

The attractive and the repeilent forces balance each other
at D. This corresponds to the distance between the mole-
cules 1 their solid or liquid ‘phase’ The actual length
depends of course on the substance. The plateau on the
night where the forces vamsh again characterises the
molecular distance of the gaseous or vapour phase.

Pown in the valley at D, the molecules of solids and
liquids rock left and right in therr thermal dance. Every
now and then, one gets an impulse which carries it right
out of the potentral valley on to the high plateau of the
vapour state. It is then said to evaporate Obviously those
jerky molecules which the bonds of ion,
and rofl out over the brow of the potential slope, will be
just those which oscillated most vigorously and had there-
fore much kinetic cnergy even in the lquid phase. The




RAIN 107

mean of the molecular kinetic energy is continuously
onesed by this escape of the fastest molecules, that i to
527, a hquid is cooled by cvaporation The opposite
)uppcns \\hc[\ a fast vapour molecule hus the surface of 2
hquid. The impact will sock all the surrounding liquid
molecules, and the icreased kinetic energy of their thermal
dance will make itself felt as increased heat—the so-called
heat of condensation.

Water Yapour in the Atmosphere
There are always some vapour molecules over every Jiqmd
surface, Qccasionally they will fall 1n and condense, whilst
others take their place by evaporation If the number of
ﬂmsf reaching the liquid from the vapour is equal to those
Ieaving the Tiquid we say that the vapour is saturated, or
in equuitbrium with jts hiquid.

~The heating of water increases the violence of the thermal
dance, and thus enables more molecules to escape from the
Poteatial valley of the liqud state A vapour which 1s to
be in equilibrium with warm water must therefore contamn
mare molecules than one which 1s saturated relative to a
colder surface. The saturation pressure mcreases accord-
ingly with the temperature.

Cold air can contarn but few vapour molecules. When it
mMoves over a warm ocean, the number of molecules which
it receives from below becomes much lavger than the
number of those which fall back The moisture content
of the air must thus increase Enorpious quantities of
water vapour are supplicd mn this way to the icy winter
winds of Canada and Siberia, when they flow out over the
Gulf Stream or the warm currents of the North Pacific,
Much vapour also reaches the atmosphere i the fresh
trade winds in therr passage over Jukewarn tropical seas.
In addition to these, but ona minor scale, every relatively
warm and mosst sutface may serve as a sousce of atmos-

pheric vapour,

cnnverbgly,.relativﬂy warm air cooled from below loses
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some of its vapour to the surface by condensation, Dew is
an example of this  afer sunset, the Jand cools quickly,
and the warm rught aur deposits mossture on it. But the
number of water molecules which evaporate from the
surface of our planet is very much larger than the number
of those wInch condenss upon it The difference is made
up by a host of enterprising molecules which are of par-
nicular mterest to us, and which we shall follow upon their
adventurous journey

The Formation of Cloud Drops
Much vapour 15 carried upwards by vertical air currents.
These currents anse from the lacal heating of arr, or by
1ts flow across a mountain range, or by the convergence
of horizontal air streams. Unfortunately we know as yet
very little about the detarls of vertical currents, such as
their extent or thewr speed When arr nises it expands The
molecules spread over a larger space and thewr kinetic
energy decreases In other words, ristng air cools. Sooner
or later 1t gots cold enough for its water vapour to become
shightly super-saturated. If at this stage there was a water
surface with the same temperature available, the moist air
would lose more molecules towards it than it could gan '
The excess mosture content would then decrease by con-
densation. As there are no permanent water surfaces in
the free here, the vapour molecules tend to build
them from scrateh, They find that by no means easy.

The uttractive force between two single molecules 1s much
smaller than the force with whieh a whole group holds one
of their number. This can be seen immediately in Figure 4,

—E

Figure 4b
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:Ct:'\elcdtheyc hbemgcn the individual molecules 1 repre-
force by ‘hSc ematically by the tin lines, 2nd tho rosultant
"micaly: e arrow X. This resuliant fores 18 always
piiiic o the surfoce, Its effect 15 suilar (o that of the
ol ISm:‘ss in 4 tennis ball. It compels any grou? of
Thisccu 5 in the liquid phase to assume & spherical shape
com roundness is characteristic for all small drops A
“mpmuon of Figures 42 and 4b now shows immeduately
e un molecule in the plane or shightly cuned susface of a
mg*“ group is held by more bonds, and hence by a larger

ulting force than one i the strongly curved surface of
4 small droplet. In the fatter case the valley of potenual
encrgy must be shallow and the molecule has i beiter chance
of escaping on to the platean of the sapour phase The
stall droplet therefore tends readily to dmnterate by
evaporation, whilst the large one has amore stable character

In particular, two molceules wall suck togsther ot ant
average for only about the hundred-mithonth part of &
secoud. 1f a cluster of three is to fornl, @ nrd vapour
molecule has to meet the pair withun this interval The
trio can then expect to retain thew assocation some
fundred times as long as the first parr When it 15 jorned
by  fourth one, before it breaks ups 1he guastet will Live
even longsr . . . and 5o on

The average natural cloud droplet contains about 500
billion. molecules, This 15 a very larse figure. There are
about two mulliard men on earth, each of whom has prob-
ably less than five thousand hais on tiis head. The number
of ail the hayrs on oll human heads 18 smaller than the
number of molecules the, averag? cloud droplet.,Such &
large group can only gather from modest bezunamngs if
there are a great mumbes of molecular collisions within 2
_sufficGently short interval. In order to create these conditions
we need o toghly s\lpcbsalumtcd vapour, {¢, a vapour
which contains many more mofecules than are recgssary
1o maintain equilibrivm with the droplet ance it has formed
Perhaps this can be made clearet by an extension of th
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simule used for the interpretation of Figure 3. In,the first
nstancé we have now no potential energy valley corres-
ponding to the liquid phase, but only the high level plateau
of the vapour state Let us imagme that the plateau is
covered by a stretched elastse cloth which hides innumerable
small hollows beneath. Picture the molecules as smooth
like marbles, rolling at random upon the cloth, Singly
each marble 15 so light that 1t rolls easily over the covered
cavities. Yet 1f a sufficient number happens to meet simul~
taneously above one of the hollows, their combined wesght
may be sufficent to dip the cloth When that happens, the
molecules become trapped together 1n the depression, and
they cannot as easily roll apart

The chances of such an event taking place increase wn!h
the number of marbles on the cloth, and the time nterval -
which they spend together on colhision before bouncing
apart. In a vapour these factors can be related to the s
pressure and the temperature. From these the chance
oceurfence of mol gatherings 1s caleulable. It appears
that on an average only one drop will form in a cubic
cenfimetre every thousand years, when the vapour pressure
is three times the saturation pressure. At fourfold saturation
pressure oneg drop could appear every second. Finally,
when the vapour pressure is five times the saturation
pressure a thousand muikion drops mught form This is
borne out qualitatively by laboratory expermments with so-
called cloud chambers,

Atmospheric vapour pressures are at the very most only
a fraction—perhaps a few per cent-—above saturation value,
so0 our,stmple picture of drop formation cannot be correct.
We must imagine then that the cloth 1s already depressed
into the hollows by small weights, which have been placed
there beforehiand. The marbles will then quite easily gather
in these existing depressions. In the real case our weights
are actually small fragments of substances which have the
property of ing water les. Most sut
have this property to a greater or lesser degree, It can be
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observed in glass for example, when morsturc droplets form
on the cold window of a warm reom. Ordinary cooking
salt attracts water molecules so strongly from the atmos-
phere that its grains begin to clog the salt cellar on any
moist afternoon.

Although the atmospheric condensation ‘nucler’ must
cach contain millions of molecules, they are yet too small
to be seen in the mucroscope. The majority of them are
probably made up of (a) salt particles which are the residuc
of evaporating sca spray, (6) small blobs of mtnc acd
which is formed by highting discharges, or perhaps n
the wake of cosmic rays, and () of particles which come
from the smoke of natural fires or from man-made com-
bustion. Dust which s abundant m the aw exerts no
particularly strong attraction upon water molecules. The
number of condensation nuclet 1s atways suflicient for the
formation of cloud droplets whenever the vapour pressuse
tises a fraction—a few per cent at most—above saturation
value,

Why Glouds do not Always Ramt
There is a great difference between the cloud droplets
which first form around the atmospheric condensation
nuclei and the drops which make up ram The cloud
droplets are so small, and they smk so slowly, that they
evaporate after a fall of only a few mches below the satura-
tion region. That 1s the reason why many clouds have such
~ 2n even, well-defined base Ram drops on the other hand
are some million tumes as heavy They fall fast, evaporate
slowly, and they can reach the ground even through a
relatwely dry mtervening layer of arr There 15 never enough
water vapour in any cloud for 2il cloud droplets to grow
to rain drop size Only a fow can do so. Obviously there
rust be an agency which allows some droplets to grow
whilst others rematn small. ¥/hat 1s the mechanism of this

selective process?
One possible factor 15 the unequal size of the droplets.
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Above we have seen that the small ones evaporate more ,
easly Thetr disappearance will inerease the host of vapour
molecules which can be gobbled up by the bigger drops.
As in some parts of the animal kingdom, we find a tendency
for the biggest and strongest to grow still further at the
expense of their smaller brothers.

Tt thus curvature effect ceases to be effective for droplets
above a certam size The surface force and hence the rate
of evaporation 1s practically the same as it 1s in a flat water
surface for ail droplets with a diameter larger than about
the ten thousandth part of an mch The average cloud
droplet’s diameter is roughly five times as large. This
fact suggests that many cloud populations are actually the
final product of the selective evolution, which may have
started from unequal sizes in the begtnning,

In some clouds the droplets do actually grow beyond
that stage, yet the further growth 1s exceedingly slow. Tt
tequares & pralonged sojontn of the droplets w2 Sughtly
super-saturated surrounding. Conditions of that kiad may
prevail 1 slowly nising air currents, and m warm clouds
which are cooled by radiational loss of heat. Even then,
these clouds seldom produce more than a fine duzzle,
whose small drops may reach the carth provided the Journcy
15 not 100 dry.

The big drops which fall from rapidly changing storm
clouds with a high base cannot have grown this way.
Their occurrence 18 now often explained by a theory which
postulates that they have been born as tiny ice crystals in
the upper part of the raining clond.

Ice Crystals and some of their Properties

Tho qualities of crystals can be largely explained by the
structure of their molecules A planct's force of gravity
depends only upon the distance from its centre, On the
other hand the attraction which molecules exert upon
others of their kind varies not only with the distance but
changes also with the direction Som¢ directions are
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greatly preferred If conditions were sumular on our carth,
““.aPPIG might be a hundred tmes as heavy i China, say,
asitwould be in England In acrystal, the molecules arrange
themselves now in such a way that cach one meets uts
neighbour in the direction of 1ts maximum attraction

The water molecules in particular consist of one oxygen
2tom and two hydrogen atoms If we think of the oxygen
atom as being 1n the centre of 4 three-sided pyramud or
tetrahedron, the two small hydrogen atoms will sit on two
of the corners, each of which carries @ small posive
electric charge. The two remaimng corners have an equal
negative charge. They serve as potnts of attachment for the
positive corners of the neighbourmg molecules The result-
mg ar 1s shown ity 1n plate 19 which
fepreseats the oxygen atoms as black balls, and the hydrogen
atoms as white It can be scen that the tetrahedral character
of the water molecule leads to a 1
the erystalbsation form of ice

In ice the molecules are so onientated as to be held by the
strongest possible bonds. They cannot escape easily as those
from liquid water This small rate of molecular escape
from ice can be made good by recaptures from a vapour
which itself contamns relatively few molecules The crystal
therefore persists 1n equibbnum with a vapour of lower
pressure than does an open water surface The difference
of saturation pressure between crystals and drops 1s much
larger than.that between drops of unequal stze

The potential energy of tce moleculcs, with thewr strong
mutual ties, is necessanly lower than that of the molecules
1n liquid water When a water molecule freezes to a crystal
it falls, symbolically speakudg, into a very low pit of the
potential energy. In doing so 1t gams kinetic energy which
appears as heat passed on to the surroundings, just as in
the case of the store which hits the ground after a fail.
This heat 35 called the heat of crystallisation

The opposite happens on melting With nsing tempera-
tures the thermal oscillations of the molecules become
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more vigorous, This mereases thewr chance of jerking out
of that potential enerpy pit, which chardcterises the ice
phase When that occurs to a sufficiently large number,
the regular crystalline arrargement is disrupted and the
crystal melts The heat which is necessary to bring this
process about—the so-called heat of fusion—must be équal
to the heat which was given up during the freézing, process.

The collapse of the very open structure of the 1ce crystals
causes a reductron of volume Inice, the molecular arrange-
ment needs much space, 1t is therefore hight and floats
upon the more densely packed water. '

The Importance of Crystallisation Nuclet

The bwlding up of a crystal, solely by the chance collision
of vapour molecules, is even less probable than the forma-
tion of drops in that way. Although the attractive forces
have always the tendency to bind the coliding molecules
so as to form a regular lattice, they are opposed by the
kinetre energy of the thermal motion. Only below perhaps
=~70°C. 15 the thermal energy weak enough to make the
formation of pure tce crystals directly from a vapour at all
probable. At ugher temperatures drops rather than crystals
will form in the first instance, when the super-saturation
is suffictentty high.

Conditions are different 1n the presence of swtable
nucles At temperatures below freszing pomt, the vapour
molecules will tend to attach themselves to any ewuisting
surface or edge which recalls the structure of ice. By their
combined forces any later amving molecule will be orien-
tated 1n such a way as to take up 1ts nghtful place in the
crystal lattice ¢

It seems however that most of the crystals which occur
in the atmospherc are not built up from vapour molecules
at all. They arc formed by the freezing of droplets, This
event does not occur at the ordinary freezing temperature
of 0°C. Perhaps the reason becomes clear 1f we consider

_that the water molecules have to be moved slightly apart
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before they can click into their place i the crystal lattice
We may thus imagine the molecules of e and water as
lying in adjoining potennal salleys Because of a potential
ridge between the two, 1t 1s impossible for the molecule
of the liqud phase to fall—~plonk—into the deeper furrow
of the jce phase. It has first to pass over this energy hump.
Only at very cold temperatures 1s this obstacle reduced to
a kind of shoulder 10 a slope which leads farrly drectly
from the potential level of the water phase down mnto the
pit of the ice phase. Because of this potential ridge pure
water may be cooled to very low temperatures mdeed
Liquid ‘super-cooled’ water drops have been observed
down to -——72°C

The stiming of a super-cooled liquid may bring some of
the molecules 1nto the right A uny crystal
germ formed m this way will immedrately grow very fast,
and st will continue domng so uatil the whole mass 1s sohd
The hberated heat of crystallisation may actually heat the
water duting the process  Alternatively, the freezing process

, may be precipitated by the wmtroduction of switable nucler

Sot, stones and rock will always offer some surfaces which
favour crystallisation. That 15 the reason why ponds and
rivers freeze first along therr banks and why these bodies
of water can never be cooled much below the ordmary
freezing point. - .

Fhe air, too, contans many crystallisation nucler which
float about as very fine dust particles Some of these will
become embedded m cloud drops As yet we can only
conjecture their nature They are much too small to be
seen However we do not know that they are not very
efficient as a centre for crystalitsation, for they only begin
to act at temperatures of about —I3 to —15° centigrade.
Clouds which are warmer than that usually consist of drop-
lets alone.

The crystalisation nucler are apparently much less
frequent than the ordinary condensation nucler. Yet few
and inconspicuous as they are they seem to have an



16 SCIENCE NEWS V

nordmately large effect on our lives, and upon the whole
aspect of this planet

Ranbearng Clouds

Let us now consider a cloud at freezing temperature which
contains both crystals and droplets. Both a crystal and a
drop of the same surface size will be reached by the same
number of vapour molecules But the rate of escape from
the 1ce ts smaller than that from the water-surface. There-
fore the crystals grow much faster than the droplets

Within a short tume the former wall tte up so many vapour
molecules that life becomes too dry for the latter. The
droplets cannot take it They evaporate and thewr former
molecules attach themselves to the crystals The process
will continue as long as there are droplets about, Mean-
while the crystals are growing larger and larger. Eventually
they form heavy flakes which fall towards the earth, When
they come down to freezng melting ievel, the flakes thaw
and cach forms one or several big rain drops  During their
further fall the ramdrops may swallow those of the little
cloud droplets which kappen to be right 1n their path. That

fortifies them suffictently to survive even long dry passages

down to the ground.

The effect 1s shown schematically in Figure 5. The small
low cloud on the left does not even reach up to freezing
tevel 1t contains a population of modest droplets alene,
and st wall not rain as a rule, Equally Lttle effect may be
expected from the hugh cloud above with 1its exclusive ice
crystal society. Even when a cloud rises above freezing
fevel, as that 1n the muddle, 1t will preserve its character
as a homogencous group of droplets. Only when the drop-
fets are carricd up to such lofty heights that some of them
,do attan crystal status, does the process of rain formation
start, Itjs the beginning of the Jost molecule’s return journey
back to the sea.

Not all rain forms in this way. Particularly in the
tropics, precipitation has been quite often observed (rom
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clouds, which did not reach up to freezing level It appears
1hat these tropical ran clouds are at least ten thousand feet
desp. Whilst falling through such a massive cloud, the
drops have much ume to grow by condensation and by
occasional collistons with each other Yet ever on the
equator, all really violent downpours seem to come from
clouds which reach well up mto the crystal region We
may conclude, that although not necessary in every case,
the existence of both crystals and droplets within one cloud
will 2lways greatly facttate ramfall

Man as Ranmaker

The argument so far represents the current jdeas on the
bhysics of ram The development of these ideas during
the Iast fifteen years suggested some possible alterations
in the traditional rain-making methods of ths witch doctor
and the medicine man. Might 1t not be possible to sow
tiny erystal germs into those clouds which mise above
freezing levet, but which do not quite reach the naturat
level of crystallisation? Such germs should grow like
seeds i fertile soil. When they have grown big encugh,
they might hring the water down to the earth
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It has now been discovered that very large numbers of
small crystal germs are formed when molecules colhde m a
very celd and highly super-saturated vapour High degrees
of super-saturation can be achicved sunply by the rapid
cooling of moist air One way of domng that is to bring the
air suddenly nto contact with some very cold substance,
such as solid carbon dioxide—or dry ice, as 1t 1s often
called The temperature of sohd carbon dioxide is —80°
centrgrads, It 15 so cold that it wall hurt your skin seriously
1f you keep 1t 1n your hand When a lump of carbon dioxide
1s put on a table 11 a room, 1t seems to give off something
resembling the bhush smoke of 2 cigarette. This smoke
conssts of tmy water ice crystals which form in the air as
1t eddies past the lump. If we drop a small pellet of the
substa. through the at h billions of tiny 1ce
crystat germs form in 1ts trail If all these small crystals
would spread throughout a cloud of super-cooled droplets,
each one of them might grow to become a big snowflake,
and hence a raindrop If this were the case, one grain of
solid carbon dioxide would be sufficient to release an nch
of rain over several square mules In reality, the tiny germs
do not migrate sufficiently They remain in a relatively
limited region, where the competition between them for
the available water vapour 1s so large that only a fraction
has a chance to grow. How many will actually do so
depends on the type of cloud into which the carbon dioxide
has been sown In particular it depends on the amount
of water, on the temperature, turbulence and other physical
properties, At present we know very little about these
factors inside clouds. Empurical tests have shown however
that a hundred to three hundred pounds of granulated dry
jce are ample to sumulate an appreciable fall of rain from
suitably sclected clouds

Instead of forming crystal germs spontancously by rapid
cooling we could sow particles of other substances into
super-cooled clouds, Provided the structure of these part-
icles is suitable, they wall serve as nuclei for crystallisaton
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at a level which is lower than that above which the natural
nuclei begin to act. Clouds which are not supercooled
could be affected by bung spray:d with a hygroscopic

b “Thase subst bind water molecules strongly,
and this property causes big drops to form around them
Recent reports indicated indeed, that ram has been pre-
cipitated in Russia, by the dusting of clouds with Calcrum
Chloride, which 1s a very hygroscopic chemical

Once erystals are made to grow by any sort of method
the heat of crystallisation will be released The corres-
ponding gan of heat 1n the whole cloud mass 15 much
greater than the amount of cooling mn that part, through
which the carbon dioxide had been dropped. The infected
cloud thus becomes shightly warmer than the surrounding
aif, Warm air nises, and that often causes the remarkably
fast growth of thunderclouds mto the sky Something
stmilar happened on some of the tests, when artificial
crystal germs were planted i clouds over New South Wales
The clouds shot up in a most spectacular way, and when
they towered high above all the other clouds, ramn came

i

girceaft track and’ the two areas wher

F = 1 of the
1gere 6—Radar n,;‘;:l ;hocs A observed to form
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out of their base Plates 20 to 25 illustrate one of these
cvents (see also the map, Figure 6).

To those who carried out the test, this was a thrlling
sight Unfortunately we are not sure as yet how easily it
can be repeated When these first experiments were planned,
it was obviously desirable to pick out the most favourable
condittons  For all we know at present such conditions
may rarely occur.

Before ram-making cegses to be a gamble, it is necessary
to learn something of the physical properties of various
cloud types, and to observe how often they occur in a given
region This 18 a fundamental investigation which will
occupy scientists for many years It involves great theoretic
and instrumental difficulties, such as computing the rela-
tions between vertical air currents and the temperature,
air pressure and moisture, or measuring the sizes and
numbers of cloud droplets from fast-flying aircraft.

If successful, this investigation ought to teach us some-
thing more about the physics of clouds. That is a satis-
factory and legitimate aim n itself. With luck, we may
get the additional benefit of learming how to cause a slight
increase of ram in certatn areas. Perhaps we shall ‘find a
way of choosing the place on to which it falls, Any dis-
covery of that kind would be of great importance to the
people who Inne 1n the semi-and parts of Australia, India
and other similar regions Without further fundamental
mvestigations we cannot say what will or will not be feasible

One thing 1s certain, At present we cannot make rain
We can only trigger it off from suitable clouds Ths fact
alone should preserse us from ram falling according to a
departmental schedule as trains follow the ratway time
table, For the time being at least, we will be still caught

t—with or without 11 d we need not fear the
fading of an old experience which 15 vared, often stimula-
ting and never quite predictable




Roads are being made
Waterproof

C. 5. JONES

MANY types of synthetic resins—patticularly the melamine
groups—are conung to the fore both 1n the manufactyre
of plastics, and the processing of textle fabrics for crease-
resistance and ants-shrinkage. They also have another use—
to make roads “waterproof™. They are, of course, largely
used in those sections of the testle processing irades
where proofing agamnst mosture penetration in fabrics s
desirable, but their application to other substances, such
as soils, is a striking innovation 1t comes from experiments
which were undertaken in the U S during the war period
It was noticed that miles and mmles of roads, on which
heavy trucks would travel during the winter months,
turned to seas of mud after torrental ram, and remamed
1 that condition until the sun’s rays turned them mto
dust-covered hghways Most of the roads were too far
off the beaten track to allow them to be paved or treated
with creosoted layers, yet somethung had to be done. It
was Dr. Winterkorn, a soil expert, who emigrated from
Heidelberg to U.S.A. in 1931, who accepted the challenge
He got on to the nght track, strange to say, through an
vnrelated problem that arese tn Flonda Citrus trees in
certain districts were dymg, apparently the particular soil
in which they had been planted would not ubsorb water.
Dr. Winterkorn deduced that the soil must contain some
kind of 2 “waterpracfing” agent. He followed up the
clue, tested scores of materials, and found that a number of
resinous powders would waterproof surface soil when mixed
with it in 2 ratto as low as 1 to 200, He set to work on his
thesis. Tn collaboration with a chermeal manufacturing
121
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firm he developed a resin from pine stumps. A mxture of
this resin and Portland cement was evolved. Appled in
disc form and rolled mnto the ground to a depth of a few
inches, 1t was found that the surface was impervious to
ram, of snow penctration. Thousands of mies of **durt”
roads have siace been treated, and reports prove that they
have remained dry through seasons of torrential rains and
are likely to do so for some years hence.

But, 1t 1s pointed out by the inventor, it would be a
mistake to assume that anyone can sprinkle any road with
this “magrc powder” and end the mud nwsance for all
time. On the contrary, to effect satisfactory and per-
manent results soils must be analysed, and experts must
apply the correct type of resin stabilizer. This is all the
more necessary when 1t is borne 1in mind that acid and
alkalme soils react differently. No known resin will water-
proof sand, nor wall it stand up under heavy traffic,



How Messages are
Transmitted along Nerves

DR, W. A, H.RUSHTON

Introduction
As soon as amimals cvolved even to the stage of quite
small collections of cells, 1t became necessaty for them to
arrange for the transport of chemicals between the central
region and the outssde 1t also was advantageous to have
some degree of communication between different parts, and
from the first use was made of the transport system to
distribute potent ch 1 {hormones) These
hormones are synthesised by certan cells, and may be
Iiberated into the circulation as a result of spocific sumuli
and so carried to remote parts of the body The particular
feature of the hormone 1s that it will act upon certam cells
and not upon others, so that a special kind of response
may be elicited This has proved a very successful bio-
logical device, and physiologists continue to find mote and
more ways in which our own bodies depend for healthy
working upon the scores of hormones Grculatng 1 our
blood

But as a means of communication, the hormone system
has two important hmitations 1t 15 slow, and 1t 1s poorly
localised In ourselves, where the chepucals are poured
into the vemns and carried round 1 the blood stream, it is
obvious that the message cannot be sent faster than the
blood travels It takes about 20 seconds for the blood to
complete the circurt of body and lungs, and so we cannot
expect to obtain by hormone a response to any stimulus
within 10 seconds Again, smce the blood 1s distributed
to every part of the body, the hormone, after thorough
mixing 1n the lungs, must broadeast its message mdifferently
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no matter what may be the site of stumulus This slow
reaction and poor locahisation, however, 15 no drawback
where the processes of growth, digestion and general
chemical equilibrum are concerned, and 1t is in this domain'
that hormones are particularly effective

But when we turn from considerations of vegetative
existence to the relation with the environment, a quicker
and preciser system becomes essential A prime require-
ment 15 for the orgarusm to react appropriately to danger
or food. and, on the whole, survival rewards hum who
appreciates the situation most accurately and does the right
thing quickest, whether flight or pursmt

The nervous system 1s the biological response to these
needs. Nerve fibres are like telegraph wires m that they
transmit messages fast and far with no transport of material
and little expenditure of energy. Information from the
outside is received by specialised cells, the sense organs,
and these transmit nervous impulses which very quickly
reach muscles or glands and stumulate them. It s rate to
find 2 direct connection between a sense cell and a muscle
—a private lme, as it were. A private line system between
each sense cell and every muscle that 1t might require to
exaite would be very unsatisfactory from two aspects, It
would require an enormous number of nerve fibres, and
worse stul, there would be no co-ordination of the often
quite conflicting *“orders” sent out from the various sense
organs Thus from the very beginmng of nerve cvohution
there has been a tendency to centrallse the nerve con-
nections so that a central exchange receives the messages
from the sense organs and relays them (to muscles and
glands) more or less modified in accordance with the totality
of the information recened

1t seems obvious that an ammal will not be able to react
very well to externat condstions unless it has good informa-
tion about those conditions, and this information is entirely
supplied by the sense _orgags——cclls specualised to respond
primarily to mechanical or chemical changes in their
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surtoundings. Th:ear and the eye are w onderfully claborate

examples of such speci; where
and photochemistry arc enbsted to enable the cells to
appreciate waves emanating from distant abjects, and hence
1o give us some fnformation about the remoter world.

'ﬂzcmlts perhaps one exceptran to the statement that all
outside information comes to us through the sense organs,
namely the case of telepathy We havs a considerable body
of mth;r scattered evidence that perception may be directly
Smnsrmlt_cd from one mind to another wathout any sensory
intervention. But because 14 15 hard to obtain the con-
dluo.ns for successful telepathuc transmussion, and becausc
the implications of telepathy are derable, we must,
f} present, be careful a5 to what we build upon this founda-

ton,

Ttedoes not seem as though telepathy should affect very
greatly the idea that our wformation about the outside
world is entirely supplied through sense organs These
organs would ndeed not necessarily be our own, bit a
very great body of our information 1 any case is at second
hand-—read and heard by our own eyes and ears but byed
in our imagmnation through the semses of the narrator,
.Whnt telepathy brings new 15 that among the assortment of
impressions which pop mto conscrousness from our own

tous mental there are 1 im-

-
pressions which come from someone else’s mental processes,
and may carry the authority of hus sensory perception

Even accepting telepathy, therefore, our concept of the
outside world 1s dertved from the impulse patterns in sensory
nerves—indeed this 1s probably unplicit in what we mean
by “outside world”

The part played by nerves in the body 15 so remniscent
of a telegraph system that 1t is easy to overlook the fact
that the message 15 transmutted by an enfirely different
application of electricity 1a the two cases. To 1lfustrate
this difference let us constder two familiar ways in which
heat may be transmitted,
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if a metal rod has onc end warmed in a flame, heat will
pass along the rod and the temperature will rise even at
quite a distance from the flame, especially if the rod is -
lagged with a thermal wsulator. Contrast this system with
a hghted cgarctte. Here too apphed heat may result in
the propagation of a temperature rise to a more or less
distant region, but the mechamsm of propagation is
obviously very different The metal rod 1s throughout
quite passtve. Heat 1s applied, and leaks away where 1t can.
“ The metal conducts well, the air or other surroundings
conduct badly, so that most of the heat passes down the
metal, and thus will penetrate some distance with gradual
loss of intensity Any increase mn the temperature of the
source results 1n a proportional increase mn temperature
everywhere in the rod.
The cigarette, on the other hand, 1s in active combustion.
Tt 1s not the heat of the match which 13 conserved and
down 1n the ad ing glow. The match is
the trigger which releases the chemical potential of the
tobacco, etc, in the cigarette, and the glow 1s the mani-
festaion of the energy liberated by combustion at the
moment The intensity of the glow will thus not depend
upon the temperature of the match (provided that this is
adequate to hight the cigarette} nor will the brightness
decline with the distance of propagation. ,
Now tclcgraphtc propagation is like the metal rod, and
nerve like the For the
wire transmits the electric wave owing to good conductivity
along the wirs and good insulation in other directions,
and the size of the wave 15 proportional to the intensity of
the applied electnic charge, and gets weaker with distance.
But jn nerves the activity spreads from point to point by
the release of local electnic potential, So the impulse does
not dinupish with distance, nor does its size or nature
depend upon the strength of stimulus which excites it to
actwvity (the All-or-None relation).
This is an astonishing limitation. It scems so obvious
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that a strong evternal strmulus suck as 2 bright keht or 2
severe pinch must set up a larger wmpulse m the nerve
fibres than a slight sumutus But though, of course, the
nerve message is not the same for strong and weak stimuli,
the difference does not lie w the size of tmpulse conducted,
for this depends, not upon the external stimulus, but upon
the local conditions of 1he nerve, Smce the only knowledge
that we have of the world cutside oursclves comes through
our sense organs and thetr nerves, 1t follows that the shuft-
ing pattern of scnsory impulses comprises the totality of
what we know of the Universe, of Mankind and of every-
thing outside us. ANl else ts the fabrication of our mind
Our familiar mcture of the outside world must therefore
be fargely superfluous, but that it tallies well enough with
external reality 1n certasn rarticulars is shown by the steady
advance of verifiable knowledge, eg, the prediction of
echipses ’

We cannot pursuc the fascnating questton why our
concept of the outside world appeats so very different from
any concervable wintegration of.the palerns of nerve im-
pulses. It must hie tn the properties of the mnd which is
not solely, not even chiefly, concerned with exact apprecia-
tion of facts But in the study of the nerve impulse we
view at feast the bricks from which the mind must build
its edifice of factual knowledge.

The Kind of Nerve Studied
While a rerve 1s t the iving body st 1s rather inaceessible
and thus most sccurate measitrements are only practicable
after it has been dissected from the dead amumal and set
up in special apparatus. It mught well be thought that nerves
in this state were so morbund, that the information
obtained front them was inapplicable to living conditions.
Fortunately this 15 not so .

If an ammal is killed quickly by almost any method
{e 2., decapitation), though the antmal 1s dead, the nerves
of the body are alive. They remain capable servents,
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though lacking a master, Even after being dissected out
they continue to respond to electric shocks in just the same
way as they did in the living animal, and they may survive
in thos state for many hours or even days So most of
the observations made upon carefully dissected nerves
apply pretty well to nerves undisturbed in the body.

Now 1t nught be thought that the nerves of man would
show particular properties not exhibited in animals, whose
nervous systems are less specialised. It appears, hav\cvcr,
that \l has been d upon the nerve
cenm:s, which become more and more elaborated as we
ascend the evolutionary scale. The simple transmission
line—the nerve fibre—~remains essentially the same from
its earliest appearance 1n the sea anemone, through worms
and crabs and squids, to frogs, dogs and man The study
of human nerve conduction therefore need not wait upon
the rarc opporturuty to dissect out a living human nerve,
for atmost any creature will serve. Frogs have been most
commeonly used, but we will first consider the giant nerve
fibre from the squid, which on account of size may be
studied more directly.

The Resting State
The giant nerve fibre of the squid is nearly a millimetre
in diameter, which 15 some hundred times as thick as the
nerves 1n our body This nerve is a cylindrical tubs whose
wall is exceedingly thin and fragile, and whose contents
are so flwd that they flow out of the cut end unless it is tied.
To understand the cigarette analogy we must learn what
is the nature of the stored potential energy, and in what
manner it is rcleased so as to propagate an impulse,

ki dy g SEA WATER v s vy
Nerve 1S — D=
TULARA VTR TN

Figura 7
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The electrical conditton of the fibre’s interior has been
found by inserting a finc electrical probe, Fig 7 shows
the nerve bathed an sea water to keep it from drymg up.
Down the centre 15 a fine wire sealed 1n a glass capillary
tube to nsulate it except for (he tip, T. The greatest care
15 ne=ded in inserting the tube, since the nerve s fatally
damaged if its wall 15 touched But with sufficient skill,
lh; tube may be introduced and left m position down the
middle of the fibre with so Lttle disorgansation that the
nerve survives and conducts impulses quite normally.

Now if the wire 15 connected as shown through a volt-
Tacter V to the sca water bathing the nerve, the instrument
will record the potential across the nerve membrane The
voltmeter must not draw current, and actually a valve-
amplifier was used 1n conjuaction with & cathode ray tube,
50 that sudden changes 1n membrans potential due to the
passage of the nerve impulse could be stantly recorded.

Now in the resting state there 1s found to be a potential
difference of about 1/20 volt across the nerve membrane,
the inside being negative This 1s analogous to the chemical
Potentral of the ntenior of the cigaretic and may clearly
be the source of the energy requued for the propagation
of the impulse.

Those who associate electricity chuefly wath metals may
be surprised to learn that the nerve is able to make its
battery without metal pieces and with no other ingredieats
than are to be found 1 sea water Such batteries are of
10 use in electrical mdustry, because they give hardly any
cutrent, but they anse in general whenever two different
salt solutions are brought m contact,

In the case of nerve, the battery of 1/20 volt is directly
related to the chemucal compositton of the flud inside the
nerve. This fld can be squeezed out and analysed. and
it 15 found to contain potassium mn a conceniration 30
times that of sea water. Why does not the potassium leal
out into the sea water? The obvious suggestion is that
the nerve membrane is “‘potassium-tight”, but this is not
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the case If some potassium is added to the sea water out-
stde the nerve, it will enter the nerve, actually going from
the difute to the concentrated solution, as may be proved
by durect analysis. But if potassium can pass through the
membrane why does 1t remain concentrated inside? The
reason ts electrical. Potasstum in solution has a positive
charge which must always be neutrahised by association
with another chemtcal negatively charged, eg. Wwith
chlonide particles in sea water. Now inside the fibre the
negative particles are part of the nerve protoplasm, so
when the potassium seeks to escape from the interior it is
held by its attraction to the protoplasm An equilibrium
1s thus reached where the tendency of the crowded potas-
sium particles to leak away 1s exactly compensated by the
electrical potential difference (negative inside) impelling
these positive particles to return. From the known potas-
stum concentrations in sea and in nerve 1t 1s possible to

leulate the 1 1 difference necessaty to
restrain them. This agrees with the value found by the
expenment of Fig. 7.

We thus conclude that the resting potentiat difference
actoss the membrane 1s dug to the fact that the mstde of
the nerve contams concentrated potassium which could
escape, were 1t not for the electric attraction to the fixed
protoplasm

+40

L]
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" The Active State

Now, turmng again to Fig 7 let us consider what happens
when the nene is excited by applying 2 shock through the
eloctrodes S, situated some distance away from T If the
shock 13 weak, nothing wiil be recorded, and 1f in succession
stronger and stronger shocks are applied, practically
nothing will be seen 1n the voltmeter record until suddenly
the response shown in Fig 8 appears. Shocks stronger than
this “threshold” value contimue to gne just the same
tecord. The response 1s therefore hike the crgarette glow,
which is not elictted at all unless the Iighter 15 hot enough,
and which is of the same brightness no matter how much
hotter than threshold the lighter may be (All-or-None).
This record, then, 1s related to the energy release of the
nerve in actwvity, and repays closer wnspection The time
scale is in thousandths of a second (msec } so the changes
are exceedingly rapd The vertical scale gives the potentiat
of the mside relatne to the sea water as zero, and shows
that the resting condition (1/20 volt negative) swings over
momentanily to about 1/20 velt posiive. The wave 1s
preceded by 2 tny upward notch This represents the phy-
sical spread of the sumulating shock It 1s the only thng
recorded when the stimutus 1s below threshold strength,
and it serves to show the exact mstant When the shock was
applied. The short interval between the application of
the shock and the begrmmng of the nerve response is the
time taken for the nerve impulse to be conducted from S to
T. Records obtamed when S 1s moved further and further
from T show corresponding increases in the interval
between the notch and the wave mn the records, and from
such companson the impulse is found to travel at 2 con-
stant spoed of about 20 metres per sec (=45 mph).

In suggesting that the electric wave s analogous the to
glowmg reaction of the cigarette e have imphed that the
wave 15 the eaergy change responsible for propagation
Suppose we had suggested that the wave was analogous
to the smoke gven off from the cigarette, this would have
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equally satisfied afl the relations so far considered, but it
will take away much of our mterest if it turns out that the
clectric record 15 only a by-product of the effective process.
Put another way, our engineering nterest in the fire of a
steam engmne will be very dafferent if we believe it to be
there to drive the engne or only to warm the engme driver,
Our 1nterest 1n the electric wave 1n nerve will thus depend
upon satisfactory answers to these two questions: “How
could the wave be the actual mechanism of propagation 7
“What are the grounds for believing that this possibility
1s in fact true ?"

We know that nerves can be excited to activity by an
electrical shock, and indeed we have just considered an
example of this. But the electric wave of Fig 8 1s itself
an clectnic shock, which, though weak, 1s mtimately applied
to the region of nerve just beyond the place which 1s active
at the moment Certainly 1t 1s concetvable that the “action
current” stimulates the next region, thus making :f active,
so that 1ts action current excites the next region, and so
on  Does this in fact happen ?

MS‘ ESSSRY m >
NERVEZZIZL T R
coLDp [-—.——I
Figure §

The proof of this 1y given by the expeniment of Fig 9.
Tf the nerves, say, of our hands become very cold they cease
to conduct, and we become numb A nerve 1s dissected
from a frog and the region 15 cooled {as shown) unti) the
impulse ansing from the shock S, 1s just unable to pass.
Now it is known that a current applied to a nerve will
spread for several milhimetres away from the site of appli-
cation, Thus despitz the fact that the active conduction 1s
evtinguished in the cold region, wemight expect to find some
“action current” spreading passively mto the region S,
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This expectation can be quantitatnely verified, so there 1
no doubt that current does spread 1 advance of the active
region. But the pount 1s “Does this current excite™

If a sccond shock 15 applied through the clectrodes S, the
strength required to excite may be much dimiushed if the
shock is timed to coinctde with the wave of current spread
from the exti hed mmpulse In f2 abl i
S, may stillexcite 1f only 10 per cent of 1ts normal threshold,
50 there can be no doubt that the spread of action current
which is S0 per cent eficctive at S, would bz fuly effective
very close to the active region Hence the record of Fig 8
shows the essential process of conduction

Exeration
We have obtained some understandng both of the nature
of the resting potential m nerve and of the mechantsm of
propagation. To complete our causal piciure we must
know why an applied shock causes the sudden osciliabion
of potential shown in Fig 8. This n essence is the question
put by Gahan two centuries ago when he first discorvered
electricaty, and we still are unable to answer it. It may,
however, be worth indicating briefly the direction 1 which
the answer 15 berng sought

When 2 nerve ts active 1t 1 found that potassium leaks
out Now we haie secn that potasstum 1s corcentrated
within the nerve and only constramed there by the elec-
trical force across the membrane So that 1t 1s not surprising
1o find that when this force 1s reversed (Fig 8) the potassium
rushes out for one mitlisecond under combined action of
diffusion and electricity. But we still need to square this
situation wath the conditions of electrical neutrality wathin
the nerve fibre. 1t potassium cannot leave in the resting
state because it 13 bound to neutralise the protoplasm, in
actwvity it will also be held unless relreved by the ntro-
duction from outside of some other positive particles, for

instance, sodium
As 15 well known, sea water consists chefly of a solution
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of sodium chlonde, but the inside of the nerve contains
hitle sodium, so that there is a dispanty of sodium across
the nerve hike that of p but in the
opposite direction. Now the sodmum cannot be restrained
by the electrical forees, stnce these actually urge positive
particles inwards (as we have seen) So we must conclude
that the nerve 1s Iike a ship which will not allow the sodum
of the sea to accumulate within, esthzr because 1t 1s “sodum-
tight” or because the pumps are kept working (as recent
work with radio-active 1sotopes suggests)

Now suppose that a shock breaches a hole m the ship’s
side so that sodum pours n—for, though no visible hole
is made, the electrical rest of the nerve memb
suddenly falls nearly to zero, The mrush of positive
particles may well cause the positive swing of the potential
seen in Fig 8, and sodium will replace some potassium in
the protoplasm and thus account for the observed escape
of potassum to the exterior But how does the shock
“breach a hole” in the nerve membrane? We are familiar
with the matenal property of “giving way” before too
great a stram. The safety valve will yicld, or the botler
will burst, or the string will snap, or the electric imsulation
will break down, if the applied tension 15 excesstve. Not
so is the membrane response

There is 2 mare subtle set of devices which we know
well—knots, buckles, ratchets, catches and fnction jams of
all kinds The trick about these things is that if you would
foosen them you must first oppose the motion which is
your ultimate object. Swell your belly and you may burst
your belt, but it will never unbuckle that way If you would
ease yourself, first tighten a little

227/l 1111

Figure 10
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The nerve mechanism hies in this class, for an electne
current will only stimulate when it passes through the
membrane in the direction opposite to that of the active
discharge. The curremt has first to depolarise the nerve,
Le., 1o lessen the resting clectric stram Thus lifts 2 restrain-
ing catch, and now the system rapidly discharges until the
fall of the catch agamn restrains 1. A row of bricks standing
on end can propagate & wave of collapse (Fig 10) in this
way. Each brick 15 a “catch mechamusm® 1n that it needs
the ceptre of gravity to be lifted a lttle before 1t can fall,
and the fall of each releases the catch of the next

1
The Living Nerve
We have considered the propagation of a single impulse
* along a stretch of nenve fibre, but to view this in its pers-
pective as & bodily activity needs some extension both 1n
time and space
Normally jmpulses follow each other down a nerve fibre
in more or less rapid sequence, which brings us to the
question of the Tecovery process, mamtenance and fatigue.
Again, the signuficance of an wmpulse tran Lies i what
it does at the other end of the line, and this involves nerve-
muscle action at one end and central nervous coordination
at the other.
The present account of nerve conduction will therefore
conclude by touchmg upon these questions i order to
show the nerve impuise a little more clearly in its biclogical

setting

Recorery . 5
As soon as the wave of activity is ended at any place in

the nerve, this place is ready to conduct a second wave
The fastest nerve fibres of our bodies can conduct up to a
thousand impulses per second, though they are rarely
called upon to exceed half this frequency. .

The fact that a nerve is ready to conduct again as soon
as the last wave has passed, shows that the resting potential
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energy is not all used up (as in the case of the cigarette)
and this is confirmed by the return of the wave (Fig 8) to
the formier resting potential level instead of to zero.
Eather, like the escapement of a clock, the catch falls
again before very much of the potential energy has run
down, or else, like a water closet tank, there 15 connection
with a much larger reservorr, so that the tank may be
emptied by the local action but is then rapidly refilled
from the reservoir. This last example constitutes quite
a good analogy for what in fact 15 found. The discharge
from the tank is independent of the strength of stimulus
(All-or-None relation). Immedrately after the discharge
there 1s a short pertod durmg which a second discharge
cannot be obtawned, no matter how strong the stimulus
(absolute refractory period). And following this there is
an interval during which the sttmulus required 1s greater

f
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Figure 11—Records of perve impulses from the eye when a hght
is switched on. The top line in each group shows the jllummated
period, the thick black Iae with fringe is the nerve-impulse record,
A to E, progressively brighter light.
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and the discharge tesulting 1s smaller than normal (relative
refractory persod),

Tl}ls latter property may be of great importance in
helping us to appreciate the world outside us We have
seen that the only way in which a nerve fibre can vary its
message is by altermg its shythm But the mnformation
which it seems to convey 15 about the strength of stimulus
(e g., brightness of Light, seventy of a pinch, etc) not its
thythmic quality. Stnee a strong shock 15 needed to excite

.3 second impulse rapidly after a first, only an intense
stimulus will be able to generate the nghest frequencies
of impulses, Taversely, it is Likely that strong stimu
at the body surface are inferred when a fast tramn of im-
pulses arrives at the bram

Wb abwwe threstold

O o e T e

foo

10000~

05 sec
2—Records of nerve impuises from the ear i response 1o
Jouder sound ‘The lower white fine fn each record shows
lating sound 1s made .

Figure 1.
fouder and
when the stmul
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It would be misleadng to suppose that the foregoing
was the only or even the mam causal chain between the
intensity of stmulus and the nerve pattern received by the
brain, but 1t shows one way in which the bram may
appreciate stunulus strength, despite the unvarymg size
of nerve tesponse Actual records from a single nerve
fibre of the eye and the ear are shown m Figs. 11 and 12.
The stronger the light or sound, the more closely the
impulses follow each other, but there 1s no change in their
size.

Fatigue and Maintenance
We are famihar with one idea of nerve fatigue—the con-
ditron whach 1s cured by sleep, or a holiday, or even a change
of work. Whatever this phenomenon may be, it certainly
15 not a property of conduction in the nerve fibre, For
nerves will continue to conduct impulses at the rate of
100 per second for hours on end without showing any sign
of fatigue, and 1n cases of complete “nervous exhaustron™
the nerve fibres still appear to be normal. No, nerve
fatigue is an.affection, fot of the fibres but of the nerve
centres (brain and spinal cord), which have some properties
very different from those we have been considering. But
though our nerve fibres arc unfatiguable m ordinary ctr-
cumstances, they need a more or less constant blood supply
1f they are to maintain therr function

If we stay for some time with one knee crossed over ths
other, the upper foot may “go to sleep™ and become quite
numb Many péople suppose that this is because the artery
‘behind the knee has been compressed and so the foot is
deprived of its blood supply. You may satisfy yourself that
this is not the case, however, on the nest occasion that your
foot goes to sleep For, while maintaining the “numbing
position™ of the legs it 1s casy to insert a finger behind the
knee and feel a clear space there with no contact, far Jess
compression, upon the region where the artery runs. More
convincing still, the pulse may be distinctly felt in the foot.
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There are two ph‘ces on the foot where a pulse may nor-
-, Tally be felt, though not so strongly as at the wrist. One
is in the midline in front at about the level of the ankle
bones, and the other is just behind the inner ankle bone.
These pulses may be felt to beat quits normally when the
foot is “asleep”, proving with certamnty that legcrossing
does not cut off the blood to the foot.

What is compressed, however, 15 a nerve which tuns
aver the bone (neck of the fibula) on the outer aspect of
the Jeg just below the knee This comes nicely m contact
with the knee-cap of the lower Ieg and so the nerve 1s
pressed between the two bones But, it may be asked, “If
the nerve is pressed near the knee why 15 1t the foof that
becomes numb 7

Perhaps you have given this nerve 3 knock (as 1 often
have) when carrymg a suitcase You will then have noticed
that in addition to the ordinary senS: off being knocked,
there is a special tingling chiefly 1n the foot

Nearly cl\)rcryone has expemenced a smular thing on
knocking the “funny bone”, though the mner aspect of
the elbow is stryck, the special tingling 15 felt in the region
orlﬂ:;v“‘i‘?;; ?ng;\rt'onucal dissection we trace the course of
these nerves which lie near the surface at knee and elbow,
1t is found that the fibres end 1 the very places where the
tingling is felt. So 1t appears that 1f we bumg or paralyse
a nerve trunk, we get tingling or npmlgncss ‘referred” to
the place where the fibres have their distant endings

This result is a necessary consequence of ghc {dea, stated
earlier, that our only information og’ the uutS{da is CDnVc)_'ed
by netves 1n unit impulses. For since the impulse which
arrives at the central nervous system 1s the same whether
it starts at the merve ending or is generated by a bump
on the “funny bone” half way up the nerve, the centre
cannot distingwsh between the two and simply says “T
am petting impulses in the fibres which normally conduct
fmrfthe Inttle finger”. In the same way when the leo nerve
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1s compressed, the impulses from the foot cannot get past
and so the foot feels numb ,

Now suppose the Jegs are at last uncrossed. Withmn a
nunute, feeltng returns Pins and needles’ This intense
sensation s certaly localised 1n the region which had
been numb and 1t arises as the direct result of Lfting the
compression. Is it possible then that the sensation does not
artse 1n the foot at all but only in the place on the nerve
trunk which had been compressed? This indeed"is the
truth (though 1t 13 hard to beligve 1t while you are feching
the pricks in your foot), for pins and needles may still be
obtamed apparently from the foot, when the nerves just
below the compressed region have been quite put out of
action by mjecting them with the local anzsthetic novocain.
Since now no sensatton of any kind can actually be con-
veyed from foot to brain, the pins and needles must really
be ansing near the knee, but they are referred to the nerve
endings precisely as 1n the case of the knock on the “funny
‘bone™.

When we have pins and needles we try to keep our foot
very still, because tapping against the ground, or indeed
any movement, makes the condition worse. This must
mean that, though pins and needles can occur when all
wnpulses from thc foot are blocked by novocain, neverthe-
less the cond is d when impulses do get
through. Tt thercfore appears that the region of nerve
released from compression is in a very irritable state and
capable of generating nerve impulses on its own, and it is
clear that this irntability is further increased by impulses
arriving from below.

In what way does compression block the nerve impulse ?
A block can occur owing to deformation of nerve structure,
but recovery in such a case takes many weeks, not just a
minute or two. In crossing the legs the compression does
not affect nerve structure at all, but it closes the minute
blood vessels that supply the short stretch of nerve com-
pressed Careful measurements have shown that the foot
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will only become numb when the nere 15 squeezed suffi-
clently 1o close the vessels. A compresston tw o or three tumes
s great has no greater paralysing action—for if the vessels
are shut the blood supply 1s stopped, and 1t does not matter
hO_W much tighter shut they are made Normaliy, the blood
fings oxygen and food to the nerve and removes the waste
products so that the arrest of errculation mught paralyse
through stopping any of these things, but 1t 15 probable
that otygen lack ts the most umportant Parts of the bramn
are n_xpid.ly paralysed by deficient oxygen and one loses
consciousness within a munute or so of removing oxygen
from the lungs The nerve trunks, however, may be deprived
of oxygen for about a quarter of an hour before becoming
paralysed. This is partly because of the great efficiency of
nerve fibres whose mamtenance and actvity 1s conducted
with extremely small oxygen consumption. A frog's merve’
conducting 250 impulses a second takes three days to use
up its own volume of oxygzn Though active human nerves
would use more than thus, it 1s clear that a very small store
©of oxygen upon which the nerve could draw during asphyxia
would account for the survival ime of some fifteen mmutes
We may thus largely leave aside the question of main-
tenance in considenng the normal working of nerves seeing
that their demands are so smell and easily satesfied, But
1t must be remembered that 1n the long-term balance-sheet
there are nutritional factors, such as vitamin B, which are
essential
Moreover, beneath this still mask of meticulous efficency
lies the hiving face of an organic umt which once grew out
to form 1ts present structure and, if ever injured, will grow
again in the attempt to re-establish ats severed continuity

The Action of the Nerse Impulse

The nerve ympulse is conducted along the fibre by the
electnical mechamsm we have considered Its action is to
stimulate another cell, ¢ g., muscle, gland or another nerve
cell It is natural to suppose that the second cell 1s also
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stimulated electrically by the nerve action current. But
where tlus has been most carefully studied 1t is found not
to be the case.

In considering earher the objections to shmulation by
hormones, we noted that the chemical message travelled
too slowly and was broadcast too freely, Both these
objections would be overcome 1f the hormone were secreted
not by one general gland discharging #s products through
the blood stream, but by & sprinkling of minute gland
elements situated onc at the termmation of each nerve
fibre For the message would travel swiftly down the
nene, and the hormone would be mtimately applied to
the structure at its termination In the case of every nerve
whuch conducts away from the central nervous system it
has been found that there is in fact such a hormoune secreted.
The hormone s not the same for all nerves, but 1 each
particular case 1t 1s found that the next cell (muscle, gland
or another nerve cell) is sensitive to the external application
of this particular hormone. Thus there is strong reason
to suppose that the nerve ending stimulates by the mtimate
application of a punute dose of hormone.

Acetylcholine

Cervical
Sympatheuc
arglon
Spinal e
Cord

Adrenalin

.

Figure 13
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Fig. 13 shows schematically the sympathetic nerve relay
which runs from the spimal cord to the beart and makes it
beat faster. The first nerve runs out from the spinal cord
to a nerve centre (ganghon) 1 the neck. Here it secretes
acetylehohne, which hormone will excite the second nerve
leading to the heart The second nerve ending secretes a
different hormone, adre.alin, which acts upon the heact
-and quickens the beat The heart 15 quxckemfd in the same
way when adrenalin, synthesised chernically, is injected into
avein and in thus manner carnied to the heart, or when the
adrenal gland (a typical hormone-producieg gland) pours
adrenalm mto the general circulation. In the latter cases,
however, the cffects are not smply confined to the heart
but are widespread, and appear after 2 greater delay owing
to slow blood transport. .

“We hase spoken of the special propertics of the endings

~of outgowng nerves What of the 1coming nerves that
ramafy tn the tangle of the central nervous system; do they
operate by electrcity of do they also scercte g single
bormone or one of many?

As yet we do not know. There are many close analogies
between central nervous conduction and he periphera|
conduction where hormones are found to act, Byt we
may not conclude that hormones must act centrally too,

* because there are many central features which paye o
peripheral counterpart Moreover Namrc.lm 2 trick of
end result by totally different ands of

producing the same o
mechamsrs, 50 we MuSt eXETCise CAULIOn in the appticyyion

of analogy.
The reader must therefore be left to speculate for himself
> how far his nervous coorduation, h15_rclnforoements and
due to the accumulation ang antagomsm,

his inhubitions a1¢ 1
the deft and tho destruction, of chemical gges5y b

brain.



A Century of British Chemistry
DR.¥ SHERWOOD TAYLOR

IN thus year 1947 the Chemical Society is celebrating its
centenary, which, but for the war, would have been cele-
brated m 1941. This 1s therefore an occasion when we
may well consider the achievements of our countrymen
dunng the portentous century that Lies behund us

The science of Chemistry 1s concerned with the distinctive
properties of the different kinds of matter. It sceks to
connect these properties with the fine structure of matter
and through this knowledge to prepare new kinds and to
use those already known to the best advantage.

1t follows then that the history of theoretical Chemistry
is largely concerned with the discovery of the invisible
structure of substances, and modern chenustry begins with
the Atomic Theory of John Dalton, who adapted a theory
which had been current for two thousand years and more
to cxplam the rclauonshxps bctwecn the quantities of
To him we
owe the ideas of amrmc weight and of the chemical formula;
1deas which oniginated three caprtal problems in chemistry ;
first the relationship between the relative weights of atoms
of elements (atomuc weights) and the proportions in which
those clements combine; secondly the manner in which
the atoms of the elements are grouped in molecules, and
thirdly the nature of the forces that group them.

Sir Humphry Davy, who founded the theory of clectro-
Jysis, supposed that the atoms in 2 compound were held
together by the mutual attraction of positive and negative
clectrical charges upon them. Berzelius, in Sweden, who
developed Dalton's theories to the stage of a practical
foundation for chemistry, held a similar view, supposing
that every molecule, and every group within the molecule,

144
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:onslsgcd of two portions held together by electrically
opposite attractions. Thus, the dualistic theory of chemrcal
combination, was true for clectrolytes—acids, bases and
salts—but could not give an adequate explanation of the
formule of orgamic compounds Fatal to the dualistic

theory was the discovery that electronegative chlorine could
be substil hyd m d4

¢ for electrop a
without marked alteration in sts propesties, and the dual-
istic theory, for orgamc compounds at least, had gradually
o give place to various rype-theorses. These theores, put
forward by Dumas, Gerhardt, Laurent and others, accepted
the exj: of classes of ds, and 1n writing their
formulz grouped the atom-symbols so as to make apparent
the chemical reactions these classes had i common, but
these formule were not generally considered to represent
actual molecular structure, but only to set out the atoms in
groups expressing the charactenstc reactions of the
compound

As late a5 the exghteen-fiftses there was no certamty about
atomic weights * Thus some gave carbon the atomic
weight of 12, others of 6, some gave oxygen as 16, others
2s 8. The formula C,H,0 with carbon as 12 and oxygen
as 16, expresses the same composition as the formula
C,H,0, with carbon as 6 and oxygen as 8, but the two
formule make quite different statements about the structure
of these compounds Thus even 1 1850 1t was doubtful
whether alcohol was & compotnd of ether and water or
ether was a compound of two molecules of alcohol minus
water: for both views agreed with the formule In 1852
one of our finest chemists, Alexander Williamson, settled
this question by synthesising ether from the fodine com-
pound of aleohol and the sodium compound of alcohol,
and so showed 1t contained two molecules of alcohol He
was thus led to formulate alcobol and ether on the water

type.

o te, relaye atomue Weights, compared with hydrogen=1, not
absolute weight 10 gramme
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H CH, " CH,
(¢} o o

H H cH,

water alcohol ether

Here he is, m effect, giving to an atom of oxygen the
power to combine with two groups—what was later called
a valency of two.

Tn 1852 Edward Frankland took a further step forward
and, as a result of his studies of the organic compounds
of nitrogen, phosphorus, arsemc and antimony, came to
the conclusion that an atom of these elements would
combine with three or five atoms of hydrogen, chlorine,
toding or oxygen (O=8) A.S Couper, 1 1858, mtroduced
the 1dea of the quadnvalency of carbon and the familiar,
valency bond of today Couper unhappily fell 1ll and it
was left to Kekulé to develop these ideas. In tlus year,
Cannizzaro wrote his famous pamphlet which estabhshed
true values for atomic weights, and these, with the idea of
valency (combiung power) and valency linkages, allowed
structural chermstry to begin 1ts course.

The relationshups between the valenctes, chemical
properties and atomuc weights of the elements 1s bound up
with the Pentodic Law of Mendcléeff The central idea of
this, that there were relationships between the atomic
weights of chemically simiar elements, came near to dis-
covery 1n this country, for the tables of the elements put
forward by John Newlands and by William Odling con-
tamned the essentral 1dea of Mendeléeff, though thcy lnckcd
the masterly exp of the evid and
of the consequences that distinguished the work of the
Russtan savant

The greatest contnbution of British men of science to
the pmblem of the between the val
properties and atomic weights of the elements was the
prilllant series of researches, employing physical tech-
niques, that Ied up to the theory of the structure of the
atom. We may first remember the hypothesis “of Will:am
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Prout (1815) that all atonme weichts were exact multiples
of that of hydrogen, which, although contrary to the facts
then known, was found sfler the discovery of isotopes
to have a substratum of truth Then we turn to Wilham
Crookes’s investigations of cathode-rays (1879), which
seemed to lum to contam a ‘fourth state of matter’.
1. J. Thomson in 1897 proved these rays to consist of
streams of negatively charged particles very much hghter
than the bghtest atom These particles, later called ‘clec-
trons’, could be elicited from every hind of matter and
formed the first evidence of a factor common to all the
elements At ths time X-rays had been discovered by
Rontgen and this had led to the researches of Becquerel
and the Curies, which established the exstence of radio-
activity and its assocation with certain mefals The nature
of this phenomenon was first made clear by Ernest
Rutherford and Frederick Soddy, who showed that radio-
activity was the disintegration of atoms and that the
radioactive clements were bemng transmuted into other
elements. Soddy's discovery of isotopes, clements of
apparently identical properties but different atomic weights,
explained the anomalies that had been noticed m the
Periodic Table, and, since that date, F W Aston’s invention
of the mass spectrograph, a development of 1. J Thomson’s
posttive ray-apparatus, has shown that almost all elements
are muxtures of tsotopes. The disintegration theory of
radioactaty led Rutherford 1n 1911 to put forward the
nuclear theory of the atom, giving evidence that 1t con-
sisted of a positive nucleus, mumute but possessing nearly
all the mass of the atom, surrounded by a cloud of electrons.
“The mucleus of the hydrogen atom he called the proton. |
This theory gave a theoretical foundation for the periodic
table. The number of the element 1n the table, starting
from hydrogen as 1, was taken to be the nuclear charge,
and this was proved by H. G J. Moseley who, uttlsing
Bragg's method of X-ray spectroscopy, was able to deter-
nine the atomic nwmber of an element from the frequency
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of the X-rays emutted by 1t when used as target in a cathode-
ray tube. On these British researches Niels Bohr founded
tus brilliant theory of the structure of the various atoms,
and the groups of electrons that characterise the clements
of each group of the penodlc (able This work also led to
the und of bination, for N. V.
Sidgwick, gathering together a number of partial explana-
tions, showed how the Bohr atom accounted for the three
different types of valency—the electrovalency of salts, 1he
covalency of orgamic ds and the dil
valency of the ammines and other such compounds, and
thereby opened up many new lines of research

This work has thus brought us to a useful, if not complete,
knowledge of the relationship between the different types
of atom, and of the manner in which they combine The
deduction of the arrangement of the atoms 1n the molecule,
mdicated by the structural formulae of chemical compounds,
has been perhaps the principal work of chemusts durmg
the past century It 15 impossible to recount the various
methods employed, for each compound presents a different
problem  suffice 1t to say that reasoning based on observed
properties and reactions has settled the formule of all
the simpler compounds known to us, and in recent years
this has been supplemented by several physical methods

But in chemustry we do not deal with single atoms or
molecules but with aggregates of them—solids, liquids,
gases, solutions and muxtures—and so the study of the
physical properties of the various chemical compounds
has proved to be necessary to the understanding of their
chemical reactions. No part of Physical Chemistry, as this
study is termed, has been more important than the investiga-
tion of the properties of gases The first president of the
Chemical Society, Thomas Graham,* discovered the laws_
of diffusion of gases, which gave us a new means of deter-
mining their densities and the first physical means of
scparating two gascs, A tremendous amount of funda-

¢ See Plate 32
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mental physical and mathematical work on the \metic
theory of gases was done by such men as Clerk Maxwell,
Joule and Kelvin, though thts belongs rather to physics
than to chemustry, but a very important contribution, both
theoretical and practical, was made by the many British
chemists who studied the hiquefaction of gases. Davy made
2 beginning, and Faraday, between 1823 and 1845, liquefied
all the known gases that could be condensed by cooling
to ~110°C at pressures up to SO atmospheres. Certain
gases resisted hus efforts, and Thomas Andrews in 1869 put
forward the theory of the critrcal state, and thereby showed
the impossibility of Lquefying gases above their cnitical
temperatures Efforts to Iiquefy such gases as oxygen,
nitrogen and hydrogen continued to have small success
untd 1895-6, when Linde in Germany, and James Dewar
and William Hampson 1n Engfand, made use of the Joule-
Thompson principle (1853) that 2 gas 15 considerably
cooled when 1t is allowed to expand from a state of hugh

p This, bined with ive cooling,
led to the Liquefaction of all known gases by 1898, in which
year Dewar hquefied hydrogen. M. W. Travers, mn 1900,
made a small and simple laboratory plant for this purpose
and so opened the way to the low-temperature rescarches
which have been essential to so many of the discoveries of
the last forty years. .

The contribution of British men of science to the theory
of the structure of solids has been fundamental During
the nineteenth century our countrymen took only a modest
partin cryst:xl]ogmphy, but 1n 1912 came the epoch-making
discoveries of W H and W. L. Brage, who developed
Lane's discovery, that X-rays are diffracted by crystals,
into thejr famous method of iterpreting crystal-structures
by means of measurement of the ntensities of X-rays
reflected by crystals at different angles. Within a few years
they discovered the fundamental patterns or “lattices’ that
determined the form of the chief hinds of crystals, and as
time went on they were able in many cases to discover the
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exact posmons of the atoms 1n the molecules of chemical
h the ct had spent a century in
deducmg by ndirect means. They showed the distinction
between the structure of bodies 1onised 1 the sohd state
and those not 1onised, and they proved that true salts are
completely omsed as sohds. Thewr methods ssttled the
constitution of the oxides The fruitful conception of the
giant molecule, the solid whose atoms are inked by chemicalt
forces nto a hwork that i through the
whole mass, was a revoluttonary and fruitfyl one X-ray
methods have proved capable of mdicating to us the struc-
ture of such complex compounds as the sihicates, and of
many complex orgamc compounds such as rubber, proteins,
synthetic plastics and the Iike. The electron-diffraction
methods, developed by J. M Robertson and others in
recent years, have enabled us to make exact maps of the
lecules of orgamc pounds and proved luable in
discovering the structure of peruciilin Thus the study of the
reflection and diffraction of X-rays and electrons by matter
has not only openced up to the chemust ficlds formerly
deemed maccessible, but has wonderfully confirmed the
notions of therr structure that the chemusts of the nineteenth
century had deduced from their reactions and has become
a valuable tool for the discovery of the structure of
molecules
The state of ‘solution’ has recetved a good deal of
cnhghtcnmcm from British chemusts The diffusion of
and the ph of osmosis were
first studied by Thomas Graham 1n 1850, and even earlier
much attention kad been given to their electrical propertles,
The theory of electrolysis was chiefly developed in this
country Davy's discovery of sodium and potassum in
1807 by passing an electric current through their melted
compounds astonished the world, and his work gave a quali-
tative idea of clectrolytc phenomena Faraday in 1833-4°
wmade the absolutely fundamental rescarches which led to
the precise quantitative laws of clectrolysis that bear his
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name, and this work was followed up by Daniell, who also
{tke Grove, Smez and others) invented 2 useful elzctrical
cell. The practical side of electrolysts, namely electro-
plating, was developed n the years round 1840 by John
Wright and the brothers Elkington.

In the great pertod of clectrochemical research no
English chemist attamned the emmence of an Arrhemus,
Ostwald, or Nernst, though a good deal of valuable work,
especially on the hydrolysts of salts, and on conductivities,
was contnbuted by Englishmen 1 this connection the
work (1910) of Harold Hartley on the conductivities of
solutions other than water 1s particularly potable

The chemist studies not only solids, liquds and gases,
and solutions or homageneous mxtures of these, but also
the heterogeneous mixtures which are grouped under the
name of colloids The study of colloids was wmtiated by
Thomas Graham, the first President of the Chemical
Society, in the years 1861-4. Faraday had indeed 1nvesti-
gated the brightly coloured gold sols (fine suspensions of
particles of gold in water), but Graham first distinguished
the class of colloids—substances which in solution diffused
slowly or not at all, did not form crystals nor show the
definite reactions of crystalline substances of the samo
chemical class. He mtroduced much of the termnology we
still employ, including the words colloid (kofla, glue—the
substance Graham considered to be typical of the class),
sol and gel, and he discovered the process of dialysis, by
which colloids could b2 purified. We have since learned
that colloids are mot a class of chemcal substances, but
rather a state which most, 1if not all, substances can assume,
The importance of colloxd studies for biology was cleatly
understood by Graham. In 1892-5 Harold Picton and
S. E. Linder came to recognise the important phenomenon
of electrop, 5 “the 1 of a dissol b as
a whole from one pole to another when we immerse, in
the liquid, electrodes connected with a galvanic battery”,
a process which has proved to be of practical value in many
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mdustrial processes. They, likewise grasped the fact that
there was a continuous series of grades of solution passing
from susp throngh coflordal sot to crystailis-
able solutions. The theory of collowds was much further
developed by € G. Donnan ard his school who onginated
the theoretical study of emulsions, which has now been
translated imto practice in numerous mdustries concerned
with rubber, milk, lubricants, detergents and many other
products,

Since 1912 extremely interesting work has been done on
mono-fayers. In 1912 W. B Hardy showed that if the
‘stray-field” of force from the molecules in a Jquid were
unsymmetrical a surface skin must be formed having all
the molecules onented m the same way The Cambrnidge
School under Rideal, and N. K Adam at Southampton,
have made extensive studies of surface pressure and have
shown that these films can exist in states analogous to the
solid, iquid and gaseous states.,

The researches we have hitherto described are concerned
with the structure of atoms, molecules, and aggregates of
molecules—solids, liquids, gases, solutions, collords; but
the most characteristic part of the chemist’s work is the
study of chemical change—the recording and explanation
of the manner in which compounds react to form other
compounds This agan involves an enormous number of
particular researches 1nto the behaviour of every known
compound, but nevertheless there are some general prin-
ciples that apply to all types of chemical change Much
theoretical work has been done on the factors which wxll
increase or decrease the of contacts or coll
between molecules, The effect of concentration or dilution,
high or low pressures in gases proved fairly easy to study,
but the effect of temperature and of catalysts (bodics
present in minute quantitics, which alter the speed of
reactions without themselves being changed) was a much
more difficult task, by no means complete even now. The
measureraent of the rate at which chemical change takes
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Place is therefore of the first importance. One of the earliest
studses of the rate at which chemical reactions proceed was
the rescarches of A Vernon Harcourt and W Essen m
1866, on the reaction of permanganic and oxalic acids,
and Sir James Walker's studies of the rate of change of
ammonjum cyanate mto urea (1895-1903) added greatly
10 our knowledge The method used by Hartndge and
Roughton (1923) for studying ‘ery rapid reactions was
most ingentous. They chose two reactants which underwent
awisible change on combunng, and passed them at a known
very lugh speed through two arms of a Y-shaped tube,
the extent of thetr reaction could be esttmated by the extent
of visible colour change, ard the ime that change took by
the distance along the stem of the Y at which 1t was
apparent. A Lapworth (1904) and K J P Orton (from
1909) studied the speed of reactions of organic compounds
and began the frmtful work of deducing therr mechamsm
from their velocity, work which has since been carried
much further by Robert Robinson and others. A. Lapworth,
Robert Robmnson and C. K Ingold have mvestigated
organic reactions from the point of view of 1omc reaction-
mechanisms, while W A Waters and D. H Hey have
shown that free radicles or atoms are concerned Other
workers (Polanyi, Hinshelwood) have investigated the
nature and de of the forces R

The work of C N. Hinshelwood, smee 1922, on the Tate
of reaction of muxtures of gases, has been of great import-
ance He has established the broad validity of the colliston-
theory of reaction-veloctty, formerly held on rather slender
grounds; he has shown how the nfluence of molecular
structure, solvent and other features on reactivity could be
analysed and interpreted m terms of activation energy and
probability factors *

The phenomenon of catalysis was, from the first,
extensively studied m this country. Davy m 1817 and
Faraday 1n 1833 iavestigated the catalytic action of plat-

, * Sec “Not too fast, not t0o slow™ 10 Science News I.
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inum. Willam Deacon 1n 1868 discovered the process of
making chlorine by the reaction of hydrogen chloride and
atmospheric oxygen 1n the presence of a catalyst, and this
catalyst (a copper sait) he selected on theoretical grounds
and not, as is usual, by a chance observation, The puzzing
effect of drying 1n inhet Js t
was first noticed by Mrs Fulhame 1n 1794 for the case of
catbon monoxide and oxygen, which react with difficulty
when dry Thus was rediscovered by H B Dixon n 1884,
and H. B Baker devoted a lifetime’s work (1885-1929) to
these phenomena of intensive drymng, which still remain
obscure. W A Bone, from 1902 onward, investigated the
effect of surfaces i promoting the burning of hydrocarbons,
and so was led to the invention of surface-combustion as
a means of industrial heating Since catalysis is of the first
interest both in theory and industrial practice, great
attention has been given to 1t 1n recent years The study
of the adsorption of gases by solids has proved to be
fundamental to these studies

One of the most important conceptions of chemical
kanetics is the chain-reaction,® wherein the reaction of one
molecule mparts to another the energy needed to cause it
to react, thus giving rise to linear sequences of reacting mol-
ecules The name of Hinshelwood may perhaps be singled
out as the leader of the chuef school of this type of research

The cffect of light upon chemical reactions was first
studied 1n connection with photography. Thomas Wed}-
wood and Sir Humphry Davy {1802) produced images
on paper treated with silver nitrate, but could not fix them.
Niepce and Daguerre, on the continent, showed how to
produce permanent photographs, but their methods gave
only one picture, and modern photography was imttated
by W. H, F. Talbot who produced the first permanent
photograph on paper {fixed by concentrated sodium
chloride solution). In 1839 Willam Herschel discovered
fixation by ‘hypo’ and in 1841 Talbot discovered develop-

v See “Chans” 1n Sclence News i
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ment by pallic acid. Talbot used only waxed paper
negatives, but F Scott Archer i 1846 introduced wet
collodion plates, while the dry gelatine films, which have
been developed 1nto the modern type, were wmtroduced by
R. L. Maddox (1861) The work of I Hunter and V. C,
Driffield (1890) on the speed of plates 15 well known
Dr. S. E. Sheppard, n 1927, made the important discovery
of the *sensinsing spechs’ on the silver bromide grains in
the emulsion, which led to the possibility of producing
plates of high and uniform sensttvity  Stace 192Quinfra-red
sensitising dyes have been much developed i
In the field of pure photochenustry, we must note the:
fundamental law of J W Draper (1841) cnunciating thaty
only light actually absorbed can produce photochemical.
action Much work has becn done on the effect of light
upon the reaction of hydrogen and chlonne, but some :
obscurity sull rematns, after nearly 2 century of study: -
and the same may be said of the most important of all
fons, the pl h of carbohyd by plants,
greatly studsed by E C C Baly The chicf activity m photo-
chermustry at the present day is the study of the decom-
posttion of organtc vapours by light
¢ importance of our coal, gas and metallurgical
industries has prompted many of our chemists to the study
of the combustion of fuel gases Sir Itlumphry Davy's
discovery of the safety lamp arose from his researches into
flame and explosion- Faraday made further contributions
A new era began 1n 1880 with the work of H. B. Dixon on
the rate of explosion and 1gnitton temperatures of various
explosive muxtures of gases A Smxthelhls showed us how
to obtain specimens of gases from the mter}or of flames,
The problem of the fhechamsm of combustion of hydro-
carbon gases has been deeply studied by W. A, Bone and
s collaborators between 1892 and 1912, H. T, Tizard
and D. R. Pye m 1922 did much indeed to clear up the
problem of detonation of fuel-gases i the cylinder of the
nternal combustion engiwne, but there is here snll much
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covalent and co-ordinated compounds of the metals, and
the sp: lattonships of therr compounds The most
recent devel of altis the production of new &f

and 1sotopes by bombardment of elements with neutrons
or other particles, but this so-called nuclear chemistry,
which culminated 1 the trumph of nuclear fission and the
synthesis of several new elements, such as neptunium and
plutonium, 1s really a branch of physics, though chemistry
<has played an mdispensable part in the separation of the
new elements from the parent mass.

So much for the field of pure morganic chemistry; we
must now pass to a bref survey of the British heavy-
chemical industry This industry began well before the
pertod of modern chemstry Ward and Roebuck founded
the sulphuric actd mdustry in the exghteenth century: later
came Hill’s substutution of pyntes for sulphur, thereby
furthcr Iov\crmg thc price of the acid. Charles Tennant’s

of powder d the demand for
chlorine and thereby for sulphunc acid The Leblanc
process for making soda, though first brought 1mto use in
France, was chuefly developed here, and led to the mvention
of several processes for disposing of its waste products.
Willtam Gossage (1835) began the conversion of the waste
hydrogen chlonde into hydrochloric acid and Willam
Deacon (1868)-showed how to convert it mto chlorine.
Very important also was Weldon's method (1868-70) of
recovering the mangancse used 1n the manufacture of chior-
ine. The treatment of the other by-product, alkali-waste,
was made possible by A, M Chance’s process for recovering
sulphur fromit Despite these improvements and economies
the Leblanc process had to give way to the Solvay process,
which, although a Belguan invention, was largely perfected
in this country by Ludwig Mond, who in the course of
these researches invented the Mond producer, and was led
to the discovery of nickel carbonyl, which could be used
to separate pure nickel from all other clements—so founding
another industry.
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Returning to the manufacture of sulphuric acid, we must
note the wvention of the Glover tower (1859) which
further brought nto practical use the Gay-Lussac towers
invented 1n 1827 Meanwhile Peregnine Phalips i 1831
invented the ‘contact’ process, though 1t was not till 1875
that W S Squire and R. Messel made 1t capable of mdus-
tnal application

Many sndustries must be left almost unnoticed n a
brief survey, but the work of Accum and others (¢ 1819)
on the recorery of ammomum salts from ammonacal
Iiquor of the gas-works was the first step towards the
fertiliser industry that developed from 1t Iate m the mune-
teenth ceatury The real founder of this industry was
J. B. Lawes, who invented superphosphate 1n 1842 and
thereby agatn increased the demand for sulphuric acid The
Portland c:ment industry was also developed 1n this country
by a number of wmventors and manufacturers

Some of our greatest discoveries have been 1 metallurgy,
We may mentton the cyamde process for separating gold,
and the processes of Parkes and Pattinson for separating
silver from lead But by far the greatest were the researches
that have led to improvements tn the manufacture of 1ron*
and steel, Though these belong as much to engineering as
to chemustry we must remember the names of Bessemer,
Stemens, Gilchrist and Thomas, Hadfield, Roberts-Austen
and other metallurgists as founders of our modern industral
developments.

Between 1750 and 1880 Britain was the leader mn the
heavy chemucal industry, but 1 the years 1880-1914 she
fell behind. In the last thity years, however, the chemical
ndustry has taken 2 fresh start and the British chemical
industry s the most important in the eastern hemusphere,

This defection and pevival is even more noticeable 1n the
field of orgamc chemustry

Some of the earliest Brutish work on orgamic chemistry
was important as throwmg hight on the problems of valency
and atorme wesght Such was the work of Williamson on the,
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constitution of alcohol and cther, and Frankland’s classical
on the or ds. The werk
of Couper has already been ‘menttoned 2s contributing to
the 1dea of graphic formule and the work of Alexander
Crum Brown 1n proving the equivalence of the four valencies
of carbon was an essential step towards modern organic
chemistry Kekulé’s discovery of the nng-formula for
benzene was made 1n England-—on the top of a bus, we
are told—and W H Perkin’s synthesis of hexahydro-
benzene from hexylene bromide and sodium was a strong
piece of evidence for 1t
It may be said that in the minetcenth century organic
chemustry was more cultivated on the Continent than
England, though we can record a number of picces of work,
such as Frankland and Duppa’s famous acetoacetic ester
syntheses and W. H. Perkin’s fundamental work on the
anlme dyes In late years, however, and especially since
1920 there has been a great revival of orgamic chemistry,
so much so that the greater part of the Journal of the
Chemical Soctety 15 devoted thereto It is impossible
ndeed to do more than allude to some of the main trends.
On the theorencal side, the influence of groups of atoms
already attached to the benzene nng upon the position of
attachment of other groups added to the ring later, has
been much studied n this country, e £, by H. E. Armstrong
(1887) and later by Crum Brown and Gibson, whose well.
known rule (1892) predicted the true results in a majority
of cases. Since that time a mass of most important work
the h of organic has been
done, and Lapworth, Lowry, Robwnson and Ingold,
between 1920 and 1926, wmtiated the electrochemical
theory of the course of organic reactions They envisaged
a drift of electrons to onc end of a molecule, caused by
induction and also by another effect, the electromeric.
This dnift activates or deactivates the aromatic nucleus (the
benzene ting), the attacking reagent secking the point of
high electron-density. The clectromeric effect, mentioned
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* aboxe, proved to be n remarkable consonance with physical

studies of resonance. This work has explamned a great
number of organic reactions which had never been satis-
factonly accounted for The wark of Thorp and Ingold
on tautomernism, of C A Waters and tus school on free
radicles, and the work of Sidgwick and lus school on the
apparent cases of bivalency of the carbon atom have,
indeed, gone far to remove the anomalies of classwcal
orgame theory

Much work and ingemuty and imagmnation have been
expended on unravelling the structure of natural organic
compounds, The group of ferpenes (including many per-
fumes, essenttal ods, and also rubber) were mvestigated
by W. H. Perkin (jun) and by Wiham Tilden, the first
to synthesise Tubber The alkalowds were also mvestigated
by Perkan, but the pre-emunent work in this field 1s that of
Robert Robmnson The chemusiry of the carbohydrates
has been largely elucidated m this country. The work of
C.F.Cross and E 1, Bevan on cellulose led to the discovery
of viscose, cluef source of artificial silk T Purdie, J. C.
Irvine, W. N. Haworth and E. L. Hirst have carred on
the tradition begun by the methylation techmque of the
first-named and have transformed this difficult branch of
orgamc chemstry Some progress, largely through X-ray
methods, has been made towards the investigation of the
protems, the matenal of hife, but there 1s stilf a great deal
to be discovered in that field The natural colouring matters
of plants have been successfully nvestigated, chiefly by
Robinson The vitamins, of which the discovery was due
1n a large measure to the pioneer researches of Sir Fredenick
Gowland Hopkins, have received a great deal of attention.
The D group of vitamuns and certam of the hormones
belong to the group of steroids which have presented par-
fieular Jties 1 thewr ind Targely
by Heilbron, and by Robinson and their schools We
may mention here the remarkable work of Hanngton m
synthesising the active principle of the thyrord gland and
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the great work done at Oxford and elsew here in the investi-
gation and attempted syntheses of pemerilin by the team of *
workers headed by Sir Howard Florey.

The British organic chemical industry was founded, we
may thunk, by W H. Perkin, who, in 1856, when only
eighteen years of age, discovered the famous dye, mauve, and
set up the first synthetic-dye works. In 1869 he synthesised
alizarm, the active principle of madder In the penod
between 1856 and 1887 British chemists and firms wutiated
a great number of important dyestuffs and groups of dye-
stuffs, but from the cighteen-eighties onward Germany
captured more and more of this ndustry. Moreover, since
the same kind of equipment and personnel is needed for -
the synthesis of drugs as of dyes, the new synthetic-drug
industry which began in the eighties was atmost entirely
German The war of 1914 gave us a rude awakening, It
was necessary to buld up a fine-chemical industry at short
notice, and between the wars 1t was not allowed to lapse.
Such remarkable dyestuffs as celadon jade green, phthalo-
cyanine, and the ammnoanthraquinone dyestuffs for acctate
silk have been discovered and produced n this country.

The British finechemical industry has contributed
splendidly to the conquest of discase The production of
synthetic vitamuns is an example, but the greatest has been
the investigation and production of the chemotherapeutic
agents such as sulphapyridine, sulphathiazole, sulpha-
diazmne and most recently penicdlin, Rarely can any
industry have saved so many lves.

Mention must be made of the production of plant-growth
substances, selective weedkullers, and such insecticides as
gammexane, which have proved wnvaluable in horticulture.

Finally we are to admure the new and flourishing plastic
industry, first developed in the U.S A. and on the continent,
to which the research workers of Imperial Chemical
Jndustries have made remarkable contnibutions, such as
perspex and polythene, and further developments are to
be expected. . .
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_Never, we may think, has British Chemistry, pure and
apphed, been in so thriving a state, and, given the means—
men and material—1t must prove to be among the greatest
of our national assets.



GLOSSARY

Aura  The first symptoms heralding the onset of 2 fit, € g, an un-
pleasant sensation of smell

CRITICAL STATE A gas or vapour can often be hquefied by
compressing 1t, thus hiqud air 15 made But above a certan
temperature, charactenstic for each gas, this 13 no longer possible,
and no amount of compressing wili hquefy 1t as long as 1t 13
hotter than this critical temperature

DETERGENT A soap or any other substance which lowers the
tension between o1l and water {or any other two phases) and
permuts them to mix

DiaLysts  Sheets of matenal such as cellophane, or other membranes
such as sausage-skin, dned pig's bladder, etc, have such very
fine pores 1a ther substance that they will let small molecules
through, but offer a complete barrier to large molecules, which
are too big to get through the holes This provides a way of
sorting out molecular sizes, getting the big molecules pure of
the small ones The muxed solution 15 placed i a closed bag
of a membrane and immersed 10 running water, the small mole-
cules wander out into the water and are carried away, the large
ones are held behund 1n the bag

ELECTRON DIFFRACTION Although electrons are  several
thousand times smaller than atoms, and atoms themselves
“empty space” nside, and spaced apart at regular ntervals in
a crystal, a beam of electrons does not pass straight through a
solid and emerge unchanged the other side, but 1s bent and
scattered in varjous durections 1o a manner remumuscent of the
glstening of a spider’s web in sunlght. From mcasurements of
the ntensity and direction of cloctron scatterng, deductions can
be made of the arrangement of atoms m a crystal, stnce the
diffractions depend on the Interatomic spacings

QOsmosis  The “attraction™ into a sceipermeable bag (as t Dualysis,
q v ) contunung large molecules, of water or other solvent, which
res to dilute the can‘ents to bring them to the same strength
as the pure solvent outside.

PsYCHIATRY The stady of mental illness, as distinct from Psy-~
chology, which 1s the study of normal mental processes  Mentat
diseases are often divided into two groups: aewroses, in which
the illness upscts only a part of the sufferer’s hfe and he 1s aware
of his abnotmality; and psichoses, in which the illness pervades
and distorts the whole persomlity 1n a way the patient 15 quite
unaware of—what 15 commonly called madness or funucy.
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Psychoses may commence as the sequel to infectious discase or
train damage (from drioking too much alechol, for example),
of be completely brought on by wornies and othet meatal or
psychogepic causes  They are charactensed by vanous collections
CFsymefoms

arc false sense , for example heanng vorces
speaking tn onc's ear, though one 1s alone and i sience.

Delusions arc false beliefs which cannot be shaken, no matter how
much indubitable proof and demonstration to the contrary be

offered
Obsessions are 1deas or delusions which take possession of the mind
to the exctusion of all elss—for instance, a man who 1magines
that he 15 surrounded by spies, that everyone 1s watching him,
that every harmless passer-by 13 2 member of the secret police
1t 15 difficult to discern amidst the varymg combinations of
symptoms that mental patients show whether there are any truly
distinct diseases  However, most authorstes recognise the division
to schizophrenta and manic-depresstve tnsamity, and some add
further distinct varieties such as Melancholia (profound depression,
oflen with delusions) ard Demennia (progressive deterioration and
loss of mtellectual power—reasonng, memory, will, wath
insanuty), which others regard only as symptoms
15 d by 3 from the real world
mto a dream world of one’s own imagiming All emotiona)
response to other people 13 lost, and the sufferer's laughter and
tears relate only to events 1n his dream  He lapses Into silence,
1o longer listens when spoken to, does not reply, may smile
suddenly to hunsclf, and sit for Jong pertods stanag mto vacancy,
apparently domg nothing  There are many forms of schizo-
phrenua, classified according to the predommant symptom
Catatoa 15 2 form m which the patient becomes melanchobic
and stupid, and stands for long peniods mouontess 1 one place,
or will even passively hold any statuesque pose one cares to
rrange um (- Schizophrenia tsually gets progressively worse
Mantc-depressive nsanty, on the other hand, 15 an 1llness of excessive
emotion which comes 1 waves or cycles Periods of extreme
escitement (matira) alternate with periods of normahity or profound
depression In other words, there 15 a distutbance of emotion or
affect, and this 13 therefore an affective psychosis
Most psychotic symploms are only gross exaggerations of
charactenistics found m all normal people The diagnoss of
mental 1llness 3 a specialist’s job, and this brief account 1
ntended only as an wmtroduction to the techmical terms of the
subject and may prove most musleading 1f used as part of a
“Home Doctor™
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THE COMMON COLD

—a plan for its prevention

Eve ear, many thousands of people

sucec?s,sfyuﬂy avord colds with the lfelppof

Serocalcin. Its use, both in the preven-

fion and treatment of the common cold,

has given consistently sansfactory results.

Serocalan 1s not infallible, but its record

15 such that 1t merits a traal by everyone

subject to colds.

Prevention of Colds.

Two Scrocalan tablets are taken daily for 30

days  In many cases this gives 3 to 4 months

immunity from colds

Treatmest of an existing Cold.

Three wblets are tsken three times daly,

Comsmenced mn the early stages of 2 cold this

often dlears up the attack 3 or 4 days
= Serocalan 15 suitable for adults nd chuldeen.

The immunisiog course of 60 Serocalcin
tablets costs 8/53d Treatment pack
of 20 tablets - 3/4§d.

All wha suffer from colds are invited to send 18
Harwoods Laboratones Lid., Watferd, for deserip~
tive booklet * Immumty from Colds™

SEROCALCIN
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LOBSTER SALAD Lyan Doyle
ADAM AND EVE AND PINCH ME A4 E. Coppard
DRAGONS l}RB EXTRA Lewis Hastings
HIROSHIMA Jobn Hersey
ANTIGUA, PENNY, PUCE Robers Graves

ANSON'S VOYAGE ROUND THE WORLD

ENGLAND'S GREEN AND PLEASANT LAND
W Roberison Scott

LABOUR'S FIRST YEAR J.S. D Hall
AFTERMATH F M Wilson

PELICANS
PLATO AND HIS DIALOGUES G Lowes Dickmson
THE SCIENCE OF SEEING /s Momt and A Pine

ENGLISB LETTERS OF THE ]9TH CENTURY
ted by James Aitken

THE PERSONALITY OF MAN G. N M Tyrrell
THE PYRAMIDS =~ I E. Edwords
THE BLEAK AGE J. L and Barbara Hammond
THE POPULATION OF BRITAIN Eus M Hubhack



SCIENTIST IN RUSSIA
by Eric Ashby

In 1944 the Austrahan Government, on the imitrative of
the Mimster for External Affairs, decided to send a seientist
for a year to the Austrahian Legation at Moscow. It was
Mr Ashby’s good fortune to be selected for this mission.

In addition to the techrical information which he sent
to his Government 1n official despatches, he collected a
great deal of other information of interest to scienttsts, to
educationusts, and to the general reader. This unofficial
account of hus visit contains that matenal, and embodies
the results of his visit whaich he was not obliged to embalm
m his rumeographed reparts.

His book tells how scientific research and education is
orgamsed 1n the U.S.S.R.; of the relations between the
scientists and the Government and State authonties: of
the public attitude to scientsfic work and contains among
other good things a very human and amusing account of
a journey to the Far North

Everyone who 18 1nterested 1n the scientific work wlnch
is being carmied on under the auspices of the Soviet Govern.
ment will find much material 1n thys book of the greatest
importance. It wilt be of special interest to all concerned
with education, by reason of the very full information it
provides on the orgamsation and syllabuses of schools,
colleges and universtiies and other higher educational
institutions,

A Pelican Book
(A186)



THE INVENTOR
"AND HIS WORLD
by H. Stafford Hatfield

1 of gens, 7 d by 1nd 11sts whose pride
was in the excellence of their product rather than the
magnitude of their dtvidends, made Brstawn the proneer of
industnialism. Up to 1880, all the world tumed firs 1o
Britain when in search of the jatest and best We lost that
proud place to others, not because our mventive genius
prtered out, but beeause the controt of our resources passed
from men with pride 1 technical excellence to financiers
who serve tbe nterests of their shareholders.

Thas book 13 a survey of the whole ficld afinvention, which,
gs everyone now realises, we must cultivate intensely or
“perish We cannot earn our hving, as we conceive living,
by mass production of standard articles. We must eam
the wages of high skill, turning a shilfingsworth of raw
material into a pound: of goods btainable else-
where. All expertence shows that such goods are created
by mdmidwal inventors, who have found thus country very
unreceptive 1n recent tunes This book 18 addressed to such
men, to explain them to themselves and to the public at
{arge, more particulasly the manufacturers who find them
difficult, and the legistators who have failed to create a
patent law which ensures them a due reward under modern
conditians. Nationalisstion of industry creates a new and
bopeful situation for the inventor, since poneer invention,
so often a dead loss for one firm after another u}l technical
success 15 attained, is 10w a busmess which, if properly
pursued, will benefit the industry as a whole.

- A Pelican Book
(A178)




PENGUIN OCCASIONALS

PENGUIN FILM REVIEW
Edited by R. K. Neison Baxter, Roger Manvell, and H, H,
Wollenberg
Free of any financial ties with the film industry, Fim
Review provides the wtelligent film-goer with a survey of
the international art form, as entertai and
as a social influence.

PENGUIN MUSIC MAGAZINE
Edited by Raolph Hill
A commentary on music and on musical affairs writien
by professionals for the amateur and the newcomer to
music. Among regular features are reports on musical
actvities in the provinces and overseas, on Opera, Ballet
new music, records, and books.

PENGUIN NEW WRITING

Edited by John Lehmann
A muscellany of cntical and creative writing Its contri-
‘butors include many of the world's leading writers and
artists, but the cditor also publishes 1n his selections much
interesting new work by new authors.

PENGUIN PARADE

Edited by J. E Morpurgo
Commentary and informative wnting by authorities on ail
forms of social and artistic activity 1n Great Britain and
abroad. Short stortes, poems, and enitical articles, illuse
trated 1n colour, on contemporary and earlier artists

All one stulling per lssue, or five shillings for four
Issues (including postage) from the publishers

RUSSIAN REVIEW
Edited by Ldward Crankshaw

The life, culture, resources and political activities of the
1.5 S.R. objectively discussed.
One shilling per lssue







