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EDITORIAL

IN our first issue we declared our policy to be one chiefly
of reporting WHAT'S COOKING IN THE LaBs., and
.the present volume requires a few comments in this light.
The history of Blood Transfusion up to 1914, for instance,
at first sight seems somewhat out of place, yet it reflects
the sudden and enormous increase in interest in the history
of science, which has taken place in the last three or four
years. Now, for the first time, historians as well as scien-
tists are beginning to be interested in the subject. But
aside from its importance and value as a part of social
history, the history of science has many lessons for present-
day sc_ientists on the nature of the scientific method, and is
a reminder of how often progress depends on the invention
of some new technique.

Other aspects of present-day scientific thought are
touched on in three other essays. Dr. Jeffreys offers a
possible solution of some philosophical problems in the

" light of current views in physics; Miss Heim explains the

psychologists’ view of intelligence; and Mr. Robertson
draws attention to the basis of some thinking in chemistry.
Applied science gets its mention in articles on colour
photography and the compass. In addition there are
short notes on recent discoveries.

Finally, Professor Wilson Smith and Sir Joseph Bar-
croft, both experts in their fields, give accounts of their
researches. The essay by Sir Joseph is in fact a scientific
paper in its own right, and includes reports of itlustrative
€xperiments in the form of tables. These give, perhaps, a
somewhat terrifyingly learned appearance to an article ’Ol‘
great clarity and simplicity. The few technical terms
which may puzzle are explained in the Glossary at the end
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8 EDITORIAL

Many readers were kind enough to write and tell us
what they thought of the first issue, and some made sugges-
tions for improvements; the inclusion of an Index in the
present and all following numbers is a direct result of this,
We are always glad to hear what you think (blame as well
as praise !), for only so can we make each issue better than
the one before it.

The Testing of Intelligence

DR. ALICE HEIM

L. Introduction

“Intelligence™ has been variously defined, by psycholo-
gists and others, as “the ability to profit by experience”;
as “capacity for abstract thinking”; as “the ability to
learn™; as “the capacity to make one’s way in the world” ;
as “the ability to adapt oneself to new situations” and—
very similar—as “the ability to solve problems.” Some
definers have stressed powers of association—the number
and relevance of associations formed: others have stressed
memory—the capacity for retaining and appropriately
recollecting what has been learned. Yet others have
hesitated to offer a definition, asserting merely that they
use the term “intelligence” to connote “that which is

tested by an intelligence test.”

Greater agreement, however, obtains among psycholo-
8ists as to the methods of assessing this ill-defined quality
and as to the uses to which such assessment should be put.
A study of established intelligence tests reveals that the
Subject (or candidate) who is to do well requires a high
degree of reasoning ability, quick and accurate powers of
observation and the capacity to carry out simple instruc-
tions exactly.

Evidently the combination of these abilities constitutes .
Something very similar to that which is generally under-
Stood by- “intelligence.” It has been established that

* people who have them to a marked degree tend to be
- Successful in high-grade occupations, i.e., highly skilled

jobs or work requiring clear and concentrated thinking

and that such people are liable to become bored and

inefficient in routine or over-simple occupations. On the

other hand, subjects who gain poor scores on intelligence
9



10 SCIENCE NEWS 111

tests prove unhappy and incompetent when they undertake
high grade work. i

In this article, the term “intelligence” will be used to
" connote the ability to grasp *essentials and respond appro-
priately to them. This working definition is intended to
cover both the layman’s use of the word and that which is
in fact assessed by psychological tests of intelligence.

This article outlines briefly the present accepted pro-
cedure in the testing of intelligence. As further data on
the matter are accumulated, it may well be that considerable
modifications in both theory and practice will be made in
the future.

Intelligence tests vary in the medium used: the majority
are paper and pencil tests but “performance” (manual)
tests of intelligence exist and are valuable, for instance, for
assessing the mental level of young children, or of adults
who fight shy of everything connected with paper and pencil.

The tests vary also in type: some of the paper tests have
a verbal bias, for example, the problems being presented
mainly in words: some have a visual bias, i.e., mental

manipulation of diagrams instead of words is required; -

some have an arithmetical bias, the questions being con-
cerned largely with figures. In the writer's opinion, those
intelligence tests which combine the greatest number of
biases are likely to be the most useful. The fluent verbaliser
for instance, is liable to have an advantage—in a sense a[;
unfair advantage—over the subject who tends to tl;ink
largely in terms of visual imagery, if the two are compared
on a test which is overweighted on the verbal side OF:\ the

other hand, the former may well find hj on t
-advantage if the test used has an exclusiv mself at a dis-

It is ofter} asserted that intelligence tes
because a time l}mit Is imposed. This criticism is justified
only up toa point: the subject who works fast and accu-
ra'tel)'/ wiil ce{taxnly do better in the test (just as he usually
will in real life) than the subject who works slowly and
accurately. But the latter will often gain a Bcttcryscorc

ely visual bias.
ts are speed tests,

’
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than the quick and careless, or the quick and stupid,
subject. In most intelligence tests the questions are arranged
in order of difficulty so that the fast-working subject is
handicapped by having to tackle hard questions which the
slower subject does not reach. If he is merely fast, he will
tend to make an increasingly high propartion of errors as
he speeds through the test. _

It is true that as the subject tackles more questions, so
his chances of guining a high score increase, unless the
test is hopelessly beyond him. To this extent the speed
factor does enter. However, experimental work \ylth
psychological tests has indicated that when unlimited time
is allowed, those subjects who work fast for choice tend to
gain better scores than those whose natural rate gf w'or}c 1s
slower; and when a group is given a test first with ll.mlte.d
time and then with unlimited time, a high correlation 1s
found between the two sets of scores. ~

Speed of writing does not play a part in paper and
pencil intelligence tests. the subject usually being reqmre_d
to choose one word from a number of given words, as his
answer. He has either to underline the solution or, if the
various possible answers are numbered. to give its number.

Il. The Conditions a Test should fulfil '
A great many so-called intelligence tests exist but com-
paratively few fulfil all the conditions which are desirable

for a “good” test, i.e., one which fulfils its function. We

are concerned here only with tests of intelligence, but most
of the following points apply equally to p§ychological tests
of specific aptitudes, such as mechanical aptitude or
judgment of shape and size.

1. Range. The test should yield a reasonably wide range
of scores. A test which does not ‘*spread out” the members
of the group who take it is of little value, either for applied
or theoretical purposes.

2. Distribution. The frequency distribution of the scores
should be fairly “normal.” i.e.. the majority of the subjects
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should gain an average or near-average score, the others
tailing off symmetrically towards the extremes, where a few
outstandingly good and outstandingly poor subjects are
found. .

Normality of distribution is desirable in practice mainly
because most of the present statistical methods demand it.
It is far more difficult to compare one set of test scores with
another, or with some independent criterion of proficiency,
if the scores form a very “‘skew’ curve.

It is sometimes maintained that a normal distribution is
desirable also on theoretical grounds—that mental traits
are in fact normally distributed. There seem to be two
answers to this:

(2) The truth concerning the actual distribution of

mental traits is not, and cannot be, known.

(b) By sufficient juggling with methods of scoring,
almost any set of test scores can be reduced to near-
normality.

3. Consistency. The test should be consistent (or
“reliable”). Clearly an intelligence test which ranks its
subjects in a certain order in January and in a quite 'different
order if they take it again in February is a doubtful practical
measure of mental ability. Which order is the correct one ?
Would a third testing produce yet a third rank order ?

The most satisfactory method of establishing test-
consistency is by test-retest. On this method a group of
‘subjects (at least 100—preferably more) will take the same
test twice, with an interval of, say, a few weeks in between
the testings. The correlation between the two sets of test
scores .gx'ves”a measure of the degree of consistency, or the
“reliability,” of the test. The subjects may well improve
on their first score; they should, however, improve in such
a way that their rank order remains unchanged.
hag:;}-em:e;t{)?t‘;zss;dls ;_tlnpracticable_thq method of “split
e rena ey be used. ere the test is given once but each

bj 1¢ 1s divided into two parts: either the score
gained on odd tems may be correlated with the score
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gained on even items; or, failing this, the scores obtained
by the subjects in the first half of the test may be correlated
with those obtained in the second half. A high degree of
relationship between the two halves is essential in a con-
sistent test. ) )

4. Validity. A valid intelligence test is one _whxc'h agrees
with some independent criterion of the subjects’ mental
ability—which does in fact test what 1s intended.

Test validation is as difficult as it is important, owing to
the difficulty of obtaining proficiency assessments which
are themselves valid. It is rarely possible to ﬁnd. some
objective criterion. The assessments are usually in the

' form of judgments made by on¢ or more individuals, on

the subjects who took the test. The judges must be assuxped
to be perspicacious, unprejudiced, honest, co-operative,
intelligent and knowledgeable. .

If test scores and assessments of proﬁglencx go well
together, it is usually inferred that the test is valid. If the
relationship between test scores and assessme.nts is weak or
non-existent, it may be inferred that the test is poor, or the
assessments are poor, or that the assessments refer to some
quality not measured by the test in question.

The validity of a psychological test 1s obviously one of
its most vital features. It is also the harde§t_to ascertain,
owing to the difficulties inherent in obtaining accurate,
independent assessments. It has, however, been found
possible to increase the value of assessments by the following
means: rating scales should be carefully coqstrpcted; the
assessor should be provided with clear descriptions of the
quality he is to judge: he should receive some training in
assessing; and two or more independent assessments
should be made on each subject.

The above four points are concerned with the more
theoretical aspects of intelligence tests. They can be
determined only by experimentation: by trying out the
test on a suitable group, examining its scores for range,
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frequency distribution, consistency and validity, altering
the test in accordance with findings, then giving the new
version to another group and so on.

There are also a number of more practical points con-.

cerning the structure of the test, which the psychologist
should bear in mind, during the process of devising the
test.

1. Examples. Easy exarpples of the test questions should
be provided at the beginning of the test, for the s

€ ! ubject to
solve in his own time, for practice. If he experien

ces much

difficulty, the tester should help him to understand the

problems but should not supply him with the answers.
The subject should think these out for himself,

These examples serve several pur
them acts to some extent as a “shock absorber”: the
nervous subject may recover from his “examinitis” as he
solves these easy problems for himself at leisure, and learns

that these are the type of question he will meet in the test
proper.

The slow as well as the perv.
examples, for they will give him
to the particular conventions used
to the type of subject who takes a
what is required of him but works
fast, when he really knows what he has to do.

The frankly stupid subject also benefits from the inclusion
of examples. He will still not gain a high score, but he wil
be less likely to feel resentful of the test than if he were
plunged straight into it—in which case he would very
likely obtain no marks at all. A score of nought is rarely
illuminating. If a test group produces many scores of

nought, it may safely be assumed that the test or the tester
1s open to serious criticism.

The inclusion of examples helps also to counteract. to
some extent, the effects of test sophistication and ’test
coaching. In an intelligence test without examples to be
worked through, the completely inexperienced subjects are

poses. Working through

ous subject will welcome
time to accustom himself
in the test. We refer here
little while to understand
efficiently, and reasonably

- el s
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: i ho
e at a disadvantage. as compared with those~w
;lsél)tlaljln such tests in the past or been coa%hc?ea;r‘tjeess
subjects. The examples at the gb;g;ntr;]l;lf,e Z?b)»iiec?s wi .
a ki entary trainin
nfumilor with. poychologial tests. They help to.even
i r the group as a whole. .
thgl.gsg:jt}el;oof questions. As was 1nentlgf?1€dltab(1¥;, ﬁt:::
questions should be graded in order of dfl ;uac);,ty .
questions being well within the range 0 Csfively harder
group and the questions becoming }){Ogt:e'm ortance of
throughout the test, in order to minimise the imp
the speed factor. ] . .
1Thz relative difficulty of the questions 1s no? Ofbceo‘é‘:ti:
matter of the tester's personal opinion. 1t 'Ci‘:l? oolimited
mined only by giving the test to a group W ding to the
time and then arranging the questions accfort‘ \gxestion
ratio of correct to incorrect. answers, for ei‘lc ib'ects "
Apart from the speed factor, it is better lor Z S_l0 e of
work their way through to the harder que?“‘mo’n ertain
which may depend for their .understa.ndmg
points clearly illustrated in carlier qu_esuonfs.t he subjects is
3. Incentive. Unless the co-oplc:ratxo‘n1 0 Peyehological
gained, the test results will be of ht_tle v;} ue.‘acking o
tests provide full scope for leg-pulling, O{hse tester trained
cheating—unless the test is dgvzjsed, and :
with these contingencies in mind. i
I}rll an intellizen%e test it is a good idea t;’ Varyd;?f isx‘:bjf}(;::
matter and the types of 1921C3‘ PTmCle‘? u? 'illy bg less
questions as much as possible. The su fCts ¢ ) rietA
likely to become bored or antagonistic l.f they rtflie va - yn
and especially if they find some suggestion of humour i
1 ster. ) .
AT AR——
determining the success of failure of a psycho ogica
test. The best of tests \\'.1]1 produce odd results if the
tester is not himself familiar with \hc test or at ease in
the test situation, gives unclear, ambiguous or insufiicicnt
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instructions, stands over subjects while they are working,
or for any other reason fails to gain their confidence
and interest.

H1I. Differences between Psychological Testing and other
Methods .

Psychological tests differ from other methods of estimat-
ing mental capacity in two respects: they give a measure of
potentiality or teachability and they are wholly objective.

Let us compare them first with examinations and *“general
knowledge quizzes.” Both these aim at assessing acquired
knowledge. Success in examinations depends largely on
the memory of the candidate, the teaching he has received,
the conscientiousness with which he has worked and his
luck in the papers. The lack of agreement among exa-

* miners, especially in arts subjects, is well known.

“General knowledge quizzes” avowedly aim at testing
knowledge again; they are inevitably selective rather than
general in their subject matter; they often include “catch”
questions (which are bad for the morale of the subject in

;addition to being unenlightening to the questioner) and
their results are very dependent on the particular education
the answerer has received. R

The interview, perhaps the most frequently used method
of estimating the mental level of people for practical
purposes, is of course highly subjective and unreliable.
There tends to be far less agreement among interviewers
(wher any check is made) than among examiners, and the
self-consistency of the interviewer is liable to be low.

Tpesg ﬁpdings are to be expected, since interviewing is
an mtnns1ca-lly' unreliable method of personal assessment,
even when it is, as rarely, competently conducted. The
personglmes .of the two people (more, in the case of a
Boar(_l mtemeyv) react on one another and the candidate
may in fact display a particular quality to a high degree
with one interviewer, ind very slightly with another.

Certain social and temperamental traits can probably be
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assessed by a good interviewer more sat_isfac?orily th_an by
any other method, at present, but intelligence is not
amenable to assessment by this method.

Good intelligence tests are not open to the apove
criticisms. They are objective in the sense that the questions
and answers are capable of one legitimate interpretation
only and that the scoring of the answers is strictly ugxfgrt:&
Degrees of rightness are eliminated : the answer su mmb ‘
is either right or wrong and there is only one possibie
correct answer. Thus any number of competent testers,
using the same test on the same group, would obtain
almost identical results. This is true also of the same
tester, testing the same group at a dlf}'erept time. 4 ral

Intelligence testing, unlike examinations an C.geni :
knowledge quizzes, is concerned with innate capatity, d' ;
the abilities tested are not to any marked degree dependen
on the external environment or the education gf the subjpct.
As outlined in the Introduction, they cgmpnse rcasomngi
observation and response 1O instructlons—-_funflamentf
qualities whose presence or absence can be disguised only
with extreme difficulty. o

Some paper and pencil intelligence tests do nct))t ;xg{g:f
any reading at all, whilst others—those with a verbal bias—
demand a low standard as far as the actual reading is
concerned, far lower than is possessed by the average
literate adult. ) ) _

Intelligence tests are not desigaed to give any mfc_nr.n;auor;
as to the creative abilities of the subject. The ehc‘:‘ltmg‘ )
such information is probably incom?atxble wgth t'he Cl:lmcg—
of-answer” system, by which objective marking is achieved.
Nor, of course, do intelligence tests yield information on
the temperament or character of the subject.

Psychological tests do not give the whole story, evcr}
when tests of specific aptitudes are added to those o
intelligence. In order to obtain a complete picture of an
individual, he should be interviewed as well as tested, and
examined (in some cases for health, as well as for know-
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ledge or skill). His previous training and experience should
be considered.

Psychological tests are most valuabl
with one or more of these other data
subject does better on a test than mi

on other grounds. It may safely be assumed that he is at
least as intelligent as his test score Suggests: he may be
more so but it is very unlikely that he will be less so.

¢ when they conflict
» especially when the
ght have been expected

1V. Some Criticisms Answered

The most common objection to intelligence tests, that
they merely test speed, has been discussed above. Other
frequently met criticisms include the following :

1. Test results cannot be taken seriously ‘since the tests
tend to antagonise or frighten or amuse people.

2. It all depends when the test is taken - subjects’ scores
will vary according to their state of mind and of physical
health at the time of being tested, according to the weather,
the season and the time of day; according to home circum-
stances and the international situation; and different
subjects will be differently affected by these conditions,

3. Any paper test is a test of education and it is not fair
to penalise the people who have not had the chance of 4
good education. This is related to objection 4.

4. Everyone should have an equal chance, Tests give
grounds for unfair discrimination between people ;
should all be treated alike.

5. *I can sum up a fellow w
it’'s much quicker than giving
tests are a waste of time.”

Let us discuss these critici
occurred even to psycholo

they

hen he enters the room—

a whole test. Intelligence

$ms in turn. The first two have

. nologists and thejr importance has
been examined experimentally. As was suggested in

Section 11, the design of the test and the technique of the
tester can go a lpng way towards Mminimising inappropriate
emotional reactions. TIn fact some tests do give reliable
results and others do not. The value of any particular test

: 19
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: e imentation, not by theoris-
o bctg ?;&T;afgt?»t?u?:;:;?:lrmt effects these occurrences
ing as 'he S
will have. o jation in psychological
. ‘ ividual variation 1n psychc
t The” par}r]zlf:gegebs)u;;?isingly small. The t'ester is otc’;er:;
ests appea his subjects that they would have gaine ;
assured by dlal\"“\ys a better ') score if_ they had taken t’ g
different (an‘ instead of 3.0 p.m.: 1f'they had notfread
test at 11.0 d.m‘on the day of the test: if they had re Lége
?l;: r;‘\:/;p;[ﬁrgmg at lunch or the pub crawl the preceding
evening, is cny that these factors exert some
. it would behfo‘:::thséZr?::n_'\jS?t as t'ool'!sh as to derl\y tha&
taguenlcae (t)t?ezr er()le in determining exgmmanc;lrz) vrve:\‘/leis tal:]at
imt)t{rvpiexzT decisions. There is som\e evﬁdigci’[able psyc’h olo-
the differences between individua® 91 2 ndpmore significant,
gical test are for the most part greater, :(l)n at difforent times,
than differences bet}:\'een ﬂ:igjef?f spcirr?telligencc test score
The criticism that @ : is education is generally
g'epcgdi; nit l;e;)rlag::elaétge‘és? nmtatterial’ and rszur:tfhanTsjé
sgcsyies are le%s a function of the ;\:‘%]et;::eisi‘:ij lassessment,
examination resilt::f{ aa;\:saiilisxle correlation obtains t;e@ween
often. Itis t‘ru,e and intelligence test score, but this is dt}e
type of educatlo_“t nce of a reasonably efficient scholarship
mainly Lo the exis :rstem. The notable exceptions—the
?:?t;i ﬁe;ewﬁlfcfeﬂ )school.at fourteen, some y:tc}rs ba}ck(i
ose | lligence test score is well above avurag’e—an .
whose intellig duate whose intelligence 15 bar;ly average
the university €72 chologist's contention that intelligence
;-cton(fli rTmth:ssz:z the educational level of the subject but
ests do
his in.n‘at_e caz) :'mtii. our view, based on two implicit assump-
; Criticism * 1% -eryone 1s in fact equally gifted. (b) that
u('mS: @ tt‘1a:h‘::\reriys no “discrimination.” The falsehood
:}t}zg)u lisle;t':;em to most people who have devoted any
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thoug_ht to human problems and to everyone who has done
any kind of teaching or training of children or adults.

With regard to (b): there is of course “discrimination”

where tests are not used, but it is less fair to the individual
and more wasteful to the community. The use of psycholo-
gical tests brings us much nearer to equality of opportunity
than any other method.

Criticism 5: summing up a fellow the moment he enters
the room is certainly far quicker than administering an
intelligence test, and this school of thought is by no means
extinct. Its adherents are usually difficult to convince of
the error of their ways because they tend not to keep
follow-up records—*“what is the point >—more waste of
time—we know the answer.” They would probably admit,
however, that interviewers do not always see eye to eye.
If pushed, they might agree that very few interviewers have

this flair, or even that they personally happen to be uniquely
gifted.” !

V. Intelligence Testing and Vocational Psychology

Vocational psychology includes choosing the man for the
job (vocational selection) and choosing the job for the man
(vocational guidance). Intelligence testing plays an im-
portant part in bogh since it gives the vocational adviser a
good idea of the general level of the candidate’s mental
ability. Once this is known, a great many occupations can
be dismissed as not worthy of consideration.-

By means of testing large numbers of people in different
, occupational groups, psychologists have determined roughly

the level of intelligence required by different employments.
Each level naturally includes many different types of work
and there is considerable overlap between the intelligence
levels of the various groups of occupation.

Neycrtheless., intelligence is a good starting-point for
vocational advice since an appropriate amount is
(though not, of course,
occupation. The man wh

. necessary
sufficient) for success in every
o lacks the innate ability will not
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make a good draughtsman, for instance, however_keentl;ui
ambition and however conscientious his work. Gw;n.t :d
his intelligence comes within the range of scor:is oti gamth d
by draughtsmen, it is then worth while investigating
Y vant factors.
t"lr"’}rxersf:h:inzci:lude his specific aptimdes—can he ccl{a;‘v zmg:
he good visual perception ‘; I;xs ti?lzlex?;l:t?; :‘; ?c ;1 acter
traits—will he stick at it? has 4 be
stability ? His educational and employmgnt cz;tgalgpée;;sdo
what standard of mathematics has he achiev d? h: }S he do
any mechanical drawing in his last po§t ) <11 hon
environment-—can his parents aﬁor_d the time an . che
he will need for training? His mter;st——how oesdoes
spend his spare time? His own vocagonal desxr:sff— foe
he want to become a draughtsman 7 if so, yvhy ? 1111 t(;
what would he like? His physique——wou!d |t. suit ;:la ¥
spend most of his time sitting indoors ? will his eyes v
the strain of fine work ? ) )
All tll?e:c factors are important, but if theb potglr;nta;
draughtsman has sufficient intelligence he may be snaﬁiy
compensate for some deficiency 1n, $ay, hp:::ver fo;'
aptitude or physique. It is extremely rz::& _g © sléil!ed
the unintelligent candidate to make g ; }:owever lled
occupation, however hard he may try an e st
backed he may be by his parents. Intelhgcmt:e v;hen it
important single factor to takc.mto accoun cn gvne
vocational advice, and the easiest to assess quickly
re .
» hably SUGGESTED READING '
il d Scholastic Tests.
112:;’115 yl:‘c‘x. : ];{:’:;ﬁ;:”ncc and Intelligence Tests.
Macrae, Angus : Talents and Temperamfnrs. Society. Part
Bartlett, Ginsberg, Lindgren & Tbouh;s . | Srud};’ (g' hoa;l y;hOds
U: So’cial Applications of Psychological Tests and Other Me X



Synthetic Emeralds

G. VAN PRAAGH

THE emerald is probably the most valued gem-stone: in
1933, for example, fine cut emeralds were about three times
the price of diamonds. The value of a precious stone is, of
course, liable to change once a synthetic material can be
produced, and, if it is difficult to distinguish the natural
from the synthetic product, then the effect on the value of
the natural stone is likely to be great. By a synthetic
mineral we do not mean an artificial imitation made of
some other material that closely resembles the natural
substance, but we refer to a material identical in every
respect with that occurring in the earth’s crust except that
it has been manufactured in the laboratory. ~
Many attempts have been made to produce synthetic
diamonds, dating back to about 1820, the best known
being that by H. Moissan in 1896. The problem here i; to
persuade carbon to crystallize in the close-packed hexagonal
form known as diamond. Moissan heated carbon dissolved
in iron in an electric arc furnace, and the high pressure
developed on cooling caused the carbon to separate in a
form which he believed to be diamond. It is now probable
that this was in fact not diamond at all but iron carbide.
Subsequent attempts to make synthetic diamonds suitable
for industrial purposes have been successful, but it remains’
true that_no sizeable brilliant diamonds, comparable with
the natural gems, have been produced.
Rubies and sapphires have for some years been success-

fully synthe§ized on a large scale, and before the war,
French, Swiss and German firms were making material
identical with the natural st

_ ones. These gems are trans-
parent forms of the mineral corund

ruby being coloured with chromi
22

um (aluminium oxide),
um and sapphire with
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titanium. Owing to their great hardness © on Moh’s szah
compared with 10 for diamonds) they are the JCWC}S (11155 ‘:;
bearings in watches, clocks and 2 number o ) e 11ca
electrical instruments, and it was for this purpose that a:ﬁe
st o e el e bt
war, t for production of synthet -
was brﬁill?in Br?tain. The principle of the method (;‘f r;:a:(mg
the material is to heat aluminium oxide to very hig hcr:\-
peratures at which it melts, and to control thecoqh;\g s? ctl b f?ea
large crystal is built up as the molten materia 5;))'1 12ms(.1

Emeralds are more complex chemically [h*‘{‘dr“ vﬁxsereas
sapphires. The latter consist o}f a simple oxi eil' m alu-
emeralds are a form of the mineral beryl, bery u lizin
mfinium silicate. One method available for. c:ryst:idhll.t i{:
such a substance would be to find a solvent 1n WE:En eiald
more soluble at high than at low temperatures. O
would normally be regarded as extremely }“SON xen
water. However, a German mineralogist, Professor Na the’:
of Frankfurt University, started in 1912 to _\;'orlf soor;ublc
problem of synthesizing these and other similar in o
minerals. His method was to attempt 10 Syn_tl‘“is‘zae teous
minerals by crystallizing them from water or ldl ute :lature*
solution in the neighbourhood of the critica te?}zpe‘zin .
of water. By 1928 he had succeeded in _S)tn eSc; bcg 1
number of minerals including felspars, mica an ldsryo'f
He was eventually able to make s.yntheftlc1 emera g
about 1 carat (0.2 grams) which are identica ‘}? every a);‘
with the natural gem-stone, and to do it in the course o
a few days. )

oyed was as follows:—

Eﬁsﬂfsthsgr: ng?ciw)n on to a “seed” crystal in much the
same way as one can grow crystals of common sal.t.from
brine. Nacken made use of the fact that.the solubility of
these minerals becomes appreciable at hngh temperatures
and’ pressures, and he used a technique for crystallizing
them from solution by sealing up the requisite raw materials

* See Glossary.



2% SCIENCE NEWS 111
ip an autoclave which was then heated to the critical
temperature of water. The autoclaves were made of steel
and consisted of a cylindrical vessel of about 30 ml. capacity
with thick walls, closed at one end with an internal screw
plig. The vessel was lined with silver and the seed crystal
was suspended from a silver wire attached to the plug.
The solvent, which was water containing traces of weak
alkalis, occupied about 207, of the volume at room tem-
perature. The raw material, consisting of a mixture of
beryllium oxide, aluminium, silica in the correct proportions
was placed in the autoclave, which was then closed and thé
temperature raised to about 370-400° C. It was main-
tained at this value for a few days. Under these conditions

the water is in the neighbourhood of the critical point and

completely fills the vessel. A very large number of experi-
ments were needed to determine the best conditions, but
finally Nacken was able to make crystals of beryl (colc:ured
green with a trace of chromium to turn them into emeralds)
that were up to 1 cm. in length and 2 to 3 mm. in width.
Four specimens are shown in Plate I. The only way in
which they are likely to differ from the natural gem-stone
is that they will be free from minor faults and inclusions
which always characterize naturally occurring minerals.

The History of Blood
Transfusion, 1628-1914"

GEOFFREY KEYNES

BLOOD transfusion for therapeutic purposes is now one
of the commonplaces of medical practice. Yet it is less
than twenty-five years since it came to be recognised as a
practicable procedure of wide application, and it is of value
to retrace in clear outlines the stages by which this im-
mensely important advance came about; and to under-
stand why its evolution was so slow, although its value in
saving human life is now so obvious. In the present account
particular attention will be given to the earlier efforts of our
predecessors in medical science, interest being often stimu-
lated- more by knowledge of the work of pioneers and
originators than by that of late-comers, even though it-is
commonly the refinements of knowledge and the perfec-
tions of practice that are the more difficult to achieve.
From the dawn of human history the vital importance
of the blood in the animal economy has been fully appre-
ciated, so much so that it was usually invested with many
mysterious properties, and was supposed to carry with it
the characters qf its owners, both mental and physical. All
the classical and medieval references to the therapeutic
value of blood are more related to magic than to medicine,
and this continued until well into the seventeenth century,
so that the true history of blood transfusion does not begin
until a relatively late date—it could not, indeed, begin until
the minds of the medical profession had seized the concep-
tion of the circulation of the blood, enunciated and pub-
li§hed by William Harvey in 1628. Although Harvey had
himself pumped water through the circulation of a dead

WA Friday evening discourse, delivered at the Royal Institution

April 9, 1943. Reprinted by courtesy of the British Journal of Surgery
25 .
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man, there is no evidence that he ever considered blood
transfusion in relation to his medical practice. In the same
year, 1628, a Professor at Padua University, Johannes Colle,
who may have known before of Harvey’s work, did seriously
suggest transfusion as a practical proposition, though he did
not perform it. During the next twenty-five years the con-
ception of the circulation was sinking in, but it was not
until after 1655 that the scramble for priority can really
be said to begin in relation to the practice of transfusion.

There were several phases to be gone through: (1) The
formulation in men’s minds of the idea of introducing other
fluids and drugs in solution into the circulation of an
animal: (2) The extension of the idea to include the intro-
duction of blood; (3) The preliminary experiments on the
circulating blood of animals; (4) The application of the
results to the therapeutic use of blood transfusion in man.
It was only to be expected that several minds in different
countries of Europe should be thinking along parallel lines,
and so giving rise to conflicting claims when it came to
deciding the question of priorities. As an example of this
process we may first examine the writings of a Florentine
physician, Francesco Folli, who published in 1680 a book
setting out his claim to be the originator of blood trans-
fusion. He stated that he read William Harvey’s treatise
on the motion of the heart in 1652, and thereupon formed
in his mind the idea that transfusion of blood should be
possible to cure diseases and to rejuvenate the aged. He
recalled that he had seen the precedent in 1645 when he
observed in Pisa a double monster in the shape of male
twins joined together by their livers and surrounding parts
of their bodies. Only one of the twins was able to eat and
drink, the other begng In many ways imperfect, so that it
was dependent fpr 1ts nourishment on the food taken into
the stomach of its brother. Nature had thus provided an
exalpple of blood transfusion, one stomach nourishing two
bodies through a common circulation. Harvey’s treatise
clinched the matter in Folli's mind, and he goes on: “This
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Figure 1

b

1 pointed out in my pamphlet on life culture’, whlc}: wa‘sl
published for no other reason but to make knownh ) ad
that blodd transfusion had been mvented‘ by me~ at the en
of 1654 and demonstrated to his Serene Highness Ferdinand
1I, Grand Duke of Tuscany, of undying memory. The
novelty of it had pleased him, or the fascinating ingenuity
or the considerable expcrimgm_al elaboration. T9 no one
else did | impart my idea, believing that if such un ‘vammn
were successful, Monarchs alone were worthy of it. .
Later in the book Folli describes in some detail the
apparatus required and the method of using it. He even
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postulates the presence of twenty young men as blood
. donors, so that the patient may receive every day the blood
of a fresh donor over a considerable period. The illustra-
tion (Fig. 1) shows his apparatus, consisting of a funnel
connected by a tube formed from a goat’s artery with a
gold or silver cannula to be inserted in the patient’s vein.

It is all very ingenious, but near the end of the book comes -

the confession which spoils it all. “Finally,” he says,
*“J know that I have said too much concerning the manner
of carrying out the operation, not having made the experi-
ment, . . . but I have done it solely so that everyone,
however simple and ignorant, could understand, be in-
spired, and even make the experiment with the least
possible expense, and to this end only I have written in the
vulgar tongue.” Folli did, indeed, decorate his portrait in
his book with the emblems of his supposed discovery, but
it all existed only in his imagination and his claim to be a
pioneer in the practice of blood transfusion can be firmly
rejected.

Another more genuine, though pathetically uhsuccessful,
attempt at transfusion was made by the eccentric Vicar of
Kilmanton in Somerset, Francis Potter. It was stated by
Anthony Wood that he had the idea of curing diseases by
blood transfusion as early as 1640, but he chose the hen
for his experiments. Later he wrote to John Aubrey that
*“] am as yet frustrated in ipso limine, but it is by my owne
unexpertnes, who never attempted any such thing upon
any creature before: for I cannot, although I have tried
divers times, strike the veine so as to make him bleed in
any considerable quantity. .

“I have prepared a little cleare transparent vessel (like
unto a blad«_;ier) made of the craw of a pullet; and I have
fastc_ne§ an ivory pipe to one of the neckes of it, and T have
put it 1nto a veine which is most conspicuous about the
lowest joint of the hinder legges; and yet I cannot procure
above 2 or 3 drops of blood to come into the pipe or the
bladder.” This was written in December, 1652, but it
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cannot be claimed that the Reverend Francis Potter had
greatly advanced the art of bloqd traqsfusion.

We may pass over other claims with equally, or even
more, slender foundations, and turn to consider the more
objective claims of the true originators of blood transfusion
working in England and France. The first experiments are
to be attributed to the ingenious mind and clever hands of
Dr. (afterwards Sir Christopher) Wren. Dr. Thomas Sp‘r‘at,
in his History of the Royal Society, 1667, records that ‘he
[Dr. Wren] was the first Author of the Noble Anat(_)mlca!
Experiment of Injecting Liquors into the Veins of Ammgls.
An Experiment now vulgarly known: but long since
exhibited to the Meetings at Oxford, and thence carried by
some Germans, and publish'd abroad. By thxs_ Opqratlon
Creatures were immediately purg'd, vomited, mtoxxgated,
kil'd, or reviv'd according to the quality of the Liquor -
injected. Hence arose many new Experiments, and chiefly
that of Transfusing Blood, which the Society has proseguted
in sundry Instances, that will probably end in e)ftraordmary
Success.” This was in 1657, and Wren’s experiments were
described by the great Robert Boyle in his Usefulness ojl”
Experimental Philosophy published in 1663. The Roya

. Society had been ‘started in London in 1661 and received its

Royal Charter in 1662, and it was this ‘.‘phllosophxc
assembly” of distinguished scientists that witnessed the
beginnings of blood transfusion. Among several persons
concerned in the experiments, chhard Lower, then a
doctor practising in Oxford, claims first place, though
preliminary suggestions and experiments had been made
by others. This is revealed by entrics in the Journal Book
of the Royal Society (quoted by Aveling):—

May 17, 1665. “It was suggested by Dr. W{lkxns that t'he
experiment of injecting the blood of one dog into the veins

ight be made.”"

Of:;:;tgit §I(1516gS “Mr. Thos. Cox related that‘ he hgd made
an experiment of injecting the blood of one pigeon into the

vein of another.”
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May 31, 1665. “Dr. Croon suggested that a cornmoﬁ

pipe might be used for both, thereby to have the bloud of
one dog suckt out by the other.”” (This is the first mention
of direct transfusion.)

June 7, 1665. “‘Dr. Wilkins reported that he by means of
a small pipe of brass and a bladder injected two ounces of
blood into the crural vein of a bitch.”

Robert Boyle had himself performed a similar operation,
and on April 18, 1666, he declared that he thought Dr. Lower
would be willing to prosecute the experiments at Oxford.

Lower’s celebrated book on the heart, published in 1669,
proves him to have been one of the great pioncers in
anatomy and physiology. In this book he states that he
proposes “‘to reveal the conduct of the whole affair [of
blood transfusion] and at the same time to show by what

. train of thought [he] first reasoned it out and undertook it.
and, finally, by what means and aids it was carried into
effect.” He goes on to say: “For many years at Oxford
I saw others at work, and myself for the sake of experiment
injected into the veins of living animals various opiate and
emetic solutions, and many medicinal fluids of that sort.
. . . But when, in addition, I likewise injected many
nutrient solutions, and had seen the blood of different

~

animals mix quite well and harmoniously with various ‘

injections of wine and beer, it soon occurred to me to try
if the blood of different animals would not be much more
suitable and would mix without danger or conflict. And
because in shed blood . the natural blending and
texture of the parts must of necessity change, I thought it
much more convenient to transfer the unimpaired blood of
an animal which was still alive and breathing into another.
I thought this would be more easily effected, inasmuch as
~ the movement of blood through its vessels is so rapid and
swift, tha.t I had observed almost the whole mass of blood
flow out in a few seconds where an outlet offered. Taking.

hope from this, T turned mind and hands to put the matter
to a practical test,
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“And first F tried to transfer the blood from the jugular
vein of one animal to the jugular vein of a second by
means of tubes between the two: but, seeing the blood
clot at once in the tube and block its own passage on
account of the slow passage of the venous blood, I soon
began to try another way, and guided, as 1t were, by nature
herself, I finally determined to ‘transfer blood.from an
artery of one animal into the vein of a second; and by
this new device to extend the circulation of .the blood
beyond the boundaries prescribed for it. .

?]‘As evervthing answered expectation as 1 w:shcd,dl
finally showed this new experiment at Oxfor_d towards
the end of February, 1665 [1666 new style], in an inter-
esting demonstration and under the most happy cxrcum-
stances. . . . )

“Having got ready the dogs, and made other preparations
as required, 1 selected one dog of medium size, opened 1'ts
jugular vein, and drew off blood, until it was quite clear
from its howls and struggles that its strength was nearly
gone and that convulsions were not far off. Then, to make
up for the great loss of this dog by the blood of a second,
I introduced blood from the cervical artery of a fairly large
mastiff, which had been fastened alongsifie_the first dog,
until this latter by its restiveness showed in its turn thag it
was overfilled and burdened by the amoqnt of the !nﬂowm%
blood. This was repeated several times in successton, unti
there was no more blood or life left in two fairly large
mastiffs. . . . In the meantime blood had peftn repqatedl_y
withdrawn from this smaller animal and mjectgd into it
such amount as would equal, 1 imggine, the weight of its
own body, yet, once its jugular vein was sewn up and its
binding shackles cast off. it promptly jumped down from
the table, and, apparently oblivious of its hurts, soon
began to fondle its master, and to roll on the grass. o clean
itself of blood: exactly as it would have done if it t}ad
merely been thrown into a stream, and with no more si1gn

- of discomfort or of displeasure.”
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Lower’s account of this is given at length because it is the
first description of a successful direct transfusion from
artery to vein, and so is of paramount importance in the
present history. Lower illustrated his apparatus in an

Tab.y.

Figure 2

engraved plate (Fig*2). He had at first used quills for
uniting the blood-vessels of the two dogs, but afterwards
decided that silver tubes could be more securely fixed in
the emitting and receiving blood-vessels, these tubes being
connected by a piece of the cervical artery taken from an
ox. They were provided with small flanges so that they
could be tied in more securely. The tube with a plate
attached was devised for inserting into the arm vein of a
human being.

These experiments were the subject of a series of letters
between Lower and Boyle, and were described in No. 20 of
the Transactions of the Royal Society, December 17, 1666.

Lov'ver was at great pains to establish the facts of his
ﬁxpenmgnts and their dates because, as he complained,

a certain Denis” was seeking to deprive him of priority in
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the matter and to claim it for himself. This was Jean
Denys, Professor of Philosophy and Mathematics at Mont-
pellier, and physician to Louis XIV. Denys wrote a long
letter from Paris in June, 1667, which was translated into
English and actually printed as No. 27 of the Transactions
of the Royal Society for July 22 of that year. It appears,
however, that the printing was done without the knowledge
of the Secretary, Henry Oldenburg, who happened to be in
confinement in the Tower of London at the moment..
Oldenburg was, however, released just in time to have the
lester suppressed so that it is not included in most existing
sets of the Transactions. It is now of great rarity.* Parts qf
it were published later. In this letter Denys describes his
preliminary experiments on animals which were similar to
Lower's, though certainly performed a year later, and
explains how these led to a resolve 10 extend them to
transfusing the blood of one kind of animal into the veins
of another kind. In March, 1667, blood of a calf was
therefore transfused into the veins of a dog, apparently
without ill effect. Denys then argues at great len_gth that
it would be expedient to use the blood of an animal for
treatment of disorders in man, and described how on June
15, 1667, he happened on a youth of 15 who had for
months been tormented with a fever, for which he had bgcn
bled by his physicians twenty times "0 assuage the excessive
heat.” “Before his disease, he was not observed to be of a
lumpish dull spirit, his memory was happy enough, and he
seemed cheerful and nimble in body; but since the violence
of his fever, his wit seem’d wholly sunk, his memory per-
fectly lost, and his body so heavy and drowsie that he was
not fit for anything.” Accordingly he was bled to the
extent of about 3 oz., and received in exchange about 9 oz.
from the carotid artery of a lamb. The change that ensued
was startling, and presently the boy was showing *“a clear
and smiling countenance” where previously he had passed

*Copies are to be found in the library of the Royal Socicty, in Dr.,
John Fulton's library at Yale, and in my owa.

¥
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the time in an incredjble stupidjty."‘ He had fcl't ‘‘a very
great heat along his arm,” which is the usual sign of an
incompatible blood, but there were no further _xll effects.

This boy had been transfused for therapeutic purposes.
Denys did his second transfusiqq upon an older man
“having no considerable indisposition,” and it was purely
experimental. The subject was supposed to have received
about 20 oz. of lamb’s blood, but again there were no il
effects, and it may be doubted whether the man received as
much as this. Indeed “he abated nothing of his jovial
humour” during the process, and when it was over zestfully
cut the throat of the lamb and fleeced it, that having been
his profession all his life! Denys afterwards performed
further transfusions, and he claimed to have cured a patient
suffering from ‘“‘an inveterate phrenzy.” On this occasion
the blood of a calf was used, and there can be no doubt
that the patient received a considerable amount, for he
showed all the signs of receiving incompatible blood—pain
in the arm, a rapid and irregular pulse-rate, sweating, pain
in his back, vomiting, and diarrheea; he afterwards passed
urine that was almost black with the hemoglobin of des-
troyed blood-cells. In fact, he was fortunate to have
escaped with his life.

Meanwhile in England the Royal Society circle had been
working up to the point of transfusing a human being. Our
best reporter is Samuel Pepys, who wrote in his Diary on
November 14, 1666: “Here [at thc Pope's Head] Dr.
Croone told me, that, at the meeting at Gresham College
tonight, . . . therc was a pretty experiment of the blood
of one dogg let out, till he died, into the body of another
on one side, while all his own run out on the other side.
The first died upon the place, and the other very well, and
likely to do well. This did give occasion to many pretty
wishes, as of the blood ot a Quaker to be let into an Arch-
bishop, and such like; but, as Dr. Croone says, may, if it
takes, be of mighty use to man’s health, for the amending
¢ of bad blood by horrowing from a better hody.” Other
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conversations followed, and a year later, under the date
November 21, 1667, Pepys wrote: “Among the rest they
discourse of a man that is a little frantic, that hath been a
kind of minister, Dr. Wilkins saying that he hath read for
him in his church, that is poor and a debauched man, that
the College have hired for 20s. to have soms of the blood
ofa sheep lei into his body © and it is to be doae on Saturday
next. They purpose to let in about twelve ounces; which,
they compute, is what will be let in in a minute’s time by a
watch. They differ in the opinion they have of the eifects
of it; some think it may have a good effect upon him as a
frantic man by cooling his blood, others that it will not have
any eflect at all. But the man is a healthy man, and by this
means will be able to give an account what alteration, if
any, he do find in himself, and so may be usefull . . .»
On November 30 Pepys dined at a house of entertainment,
and enjoyed good company. “But here, above all, T was
pleased to see the person who had his blood taken out.
He speaks well, and did this day give the Society a relation
thereof in Latin, saying that he tinds himself much better
since, and us a mew man, but he is cracked a little in his
head, though he speaks very reasonably and very well,
He had but 20s. for his suffering it, and is to have the same
again tried upon him: the first sound man that cver had it
tried on him in England, and but one that we hear of in
France, which was a porter hired by the virtuosos.”

The subject of this experiment was one Arthur Coga,
aged about 22, an indigent Bachelor of Divinity of Cam-
bridge, und brother to the Muster of Fembroke. It is
fecorded in the Philosophical Transactions that the experi-
ment waus performied by Drs. Richard Lower and Edinund
King at Arundel House on November 23, 1657, that is,
Over six months after the first transfusion experiment on a
human being had been done in Paris. It must be conceded,
M fact, that, although Lower had the priority in animaj to
anmal transfusion, Deays had the priority in anima) to

man. This cause for congratulztion, however, did ot last
‘A
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him for long, for in the next year, 1668, one of his patients
died, after the third of a series of transfusions, and the
widow instituted proceedings against him. . The case
aroused great feeling, and ultimately a verdict was given
against Denys. It was directed that in future no transfusion
was to be performed without the permission of a member of
the Faculty of Medicine of Paris. As the Faculty was

bitterly opposed to the whole idea, this permission was -

never given, and in 1670 an Arrét forbade the practice of
transfusion altogether. The disaster which had overtaken
Denys no doubt had its repercussions in London, and
although the Journal Book of the Royal Society records
that, as foretold by Pepys, Arthur Coga underwent a second
transfusion without serious effect on December 14, 1667,
this account was never published in the Transactions,
perhaps because, as reported by Sir Philip Skippon in a
letter to John Ray, “the effects of the transfusion are not
seen, the coffee-houses having endeavoured to debauch the
fellow, and so consequently discredit the Royal Society and
make the experiment ridiculous.” Indeed, nothing more
was heard of transfusions in England after a few further
animal experiments had been done in 1669.

Nevertheless the noble experiment of transfusion in man
had gained great notoriety, and some of the authors of
text-books felt that they had to include an account of the
procedure in their writings, though without inquiring too
closely into the therapeutic results. One of the earliest
illustrations (Plate 7) was published by Elsholtz in his little
book, Clysmatica Nova, in 1667. He was very quick off the
mark in giving an account of the experiments carried out in
various countries,

Another representation (Plate 6) is that given by Purmann
in his surgical text-book published at Frankfurt in 1705.
Experiments had, of course, been done in Germany as well
as in France and England, and the author had seen a
transfusion done at Frankfurt in 1668, when a young man
reccived lamb’s blood with benefit. The Frankfurt lamb
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seems to be controlled almost solely by an admonishing
finger, and no doubt Purmann’s memory of the incident had
again idealised the difficulties out of existence, though he
does remark that usually transfusion helps but little.

Now that we know more of the grave dangers attending

. the transfusion of more than a smaill quantity of the blood

of any animal into man we feel no surprise at the disrepute
into which the operation fell after the year 1668. Animal
blood, whether it be of dog, lamb, or calf, contains proteins
Which are totally incompatible with those in human blood.
The transfused blood-cells are rapidly destroyed and the
symptoms of anaphylaxis follow, causing the death of the
patient if the amount of foreign protein introduced is large
enough. Little, therefore, is to be recorded of blood trans-
fusion throughout the eighteenth century, though towards
Its close, in 1794, the active mind of Dr. Erasmus Darwin
was occupied with its possibilities. In his Zoonomia he
Suggested blood transfusion for the treatment of putrid
fever and cancer of the esophagus, and for other conditions
of impaired nutrition. He described the transference of
blood from donor to recipient through goose quills con-
nected by a short length of chicken’s gut, which could be
alternately allowed to fill from the donor and emptied l?y
Pressure into the patient. Again, however, this remained in
the realm of good ideas, the operation riever being actually
Performed. It was not until well into the nineteenth century
that any serious revival of the operation was attempted.
We are now approaching the real crisis in the history of
_blOOd transfusion, the moment when the first transfusion
n the modern sense was performed. During the seventeenth
¢entury there had been much playing with ideas, and in the
earlier stages, as related, attempts had been made to use
the blood of animals therapeutically, though usually, be it
Noted, to treat senility, insanity, or chronic diseases, rather
than to meet the emergency of severe blood loss. Partly this
may have been due to the difficulty of arranging an animal
transfusion at short notice, but more, perhaps, to the pre-
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occupation of the medical profession with the supposed
mental or semi-magical effects of transfused blood rather
than with its value in replacing blood that had been lost.
The hero of this critical period was James Blundell, a noted
physician, physiologist, and obstetrician, born in 1790.
From 1%14 to 1836 he was lecturer to Guy's and St
Thomas's Hospitals, and during this period he made
netable contributions to abdominal surgery and to know-
ledge of blood transfusion. Th; Dictionary of National
Biogrophy records that he left at his death in 1877 a fortune
of £350,000, but makes no reference to his work on trans-
fusion. He was, nevertheless, a pioneer in this ficld, and he
was stimulated to make his researches by realisation of his
helplessness in face of the severe and often fatal hemorr-
hages which might follow childbirth. As he rightly observed
in 1834, ““for the original operation the presence of some
animal in the bed-chamber was necessary; what, then, was
to be done in an emergency 7 A dog, it is true, might have
come when you whistled, but the animal is small; a calf or
a sheep might, to some, have appeared fitter for the pur-
pose; but then it could not run upstairs. In this condition
of it, the operation, little more than a name, was great in
its danger, but of small advantage in those very cases of
sudden bleeding in which it seemed most required.”

At the same time he was saved from making the bad
initial error of his predecessors by the observation of a
colleague, Dr. Leacock of Barbados, that the blood of
animals might be harmful to human beings, or indeed that
the blood of any one species might not serve for any other
species. He therefore carried out a long serics of experi-
ments on dogs, showing firstly, like Lower before him, that
an animal which had been bled almost to the point of death
might be revived and restored to health by the blood of
another dog, thus proving his initial contention that human
lives might be saved by blood transfusion. He then showed
that, if the exsanguinated dog were transfused with the
blood of a.sheep, it invariably died, even though there was
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a partial recovery at the start. These experiments sounded
the warning against the transfusion of animal blood into
human veins, and first established the modern doctrine of
incompatibility of the bloods of different species.
The historic date to be assigned to the first transfusidn
of human blood is December 22, 1818, on which day
Blundell read to the Medico-Chirurgical Society an account
of the transfusion which he performed with the help of a
celebrated surgeon, Henry Cline. The patient was moribund
from inanition due to obstruction of the outlet of the
Stomach. Blundell thought that he might benefit from a
trunsfusion, and that in any event no harm would be done
by the experiment. The man received 12 to 14 oz. of blood
from several donors by means of the syringe in the course
of 30 to 40 minutes, and he temporarily improved, though
he soon relapsed, and died 56 hours after the transfusion
His disease was incurable, and nothing could really have
been expected from the transfusion. but evidently Blundell
Wwas determined to start cautiously. When reading his
Paper he apologised for being prolix about a single opera-
lion, but justified the recording of every detail by the fact
that it was a new departure. He was conscious, in fact, of
the historic importance of the occasion, though he can
Scarcely have anticipated the time when transfusions were to
€ numbered by thousands and perhaps by millions. After
18318 Blundell performed more transfusions as occasion
offered. In 1824 he recorded six operations, including the
one already mentioned, chiefly for exsanguination, but his
attempts were uniformly unsuccessful in saving life owing
to the fact that at least two of his patients were already
dead when he transfused them, and the remainder too ill
Or fecovery to be possible. This was excessive caution, and
statistically his operation failed, but he had established a
Drecedent and a principle which was all-important. He
Persevered, and performed further transfusions. The record
of a successful transfusion by Blundell is printed in The
Lancet for 1829. 1t was done for hemorrhage after child-
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birth, the patient receiving 8 oz. of blood from the arm of
his assistant during the course of three hours, and making
a good recovery. It is claimed for him that he performed
ten transfusions in all, of which not more than four can
have been successful. Allowing for the two patients who
were dead before he began, this means four successes out of
eight attempts. Blundell was undoubtedly the first operator
to transfuse human blood into human patients, and to him
all honour is due.

It is interesting to make some note of how Blundell
carried out his transfusions. At first he used a simple form
of brass syringe and cannula, sucking blood out of the
donor’s vein and then injecting it into the patient’s vein.
But this did not satisfy him, so he invented a strange and
clumsy-looking instrument called an “impellor,” which was
funnel and pump combined, as may be scen in the diagram

Srin Tiighed RAZIE 16290y K.l Sva 3 Tmtars Srem Zarvoptd
Figure 3

(Fig. 3) publisbed in his book of 1824, The outer compart-
ment, shaded in the diagram, was filled with warm'water.
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The donor's blood was made to flow into the funnel-shaped
part above, and the action of the pump at one side forced
the blood along the tube to the cannula inserted in the
Patient’s vein by means of two oppositely-acting spring
valves below the funnel. The impellor was fixed to the back
of a chair 10 give it stability, and also to accommodate the
blood-donor while tlood was flowing from his arm into the
funnel, "

Later he invented another instrument, the gravitator, in
which gravity provided the motive {orce for pushing the
blood into the patient’s vein. This consisted of a funnel at
the end of a long flexitle bracket connected by a tube with
a cannula which was buckled to the patient's arm. The

Tab. 1.

Y

Figure 4

Other end of the bracket was again fixed to a chair (Fig. 4),
b}lt this time the blood donor had to stand. while ha watched
his blood gushing into the funnel. .
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Blundell was at pains to show by experiment that the
blood was not injured by its passage through an instrument,
and that the introduction of a few air bubbles into the
circulation was quite harmless. Earlier observers had
thought that the smallest amount of air in the circulation
was rapidly fatal. Blundell thus established so many
fundamental points that it is difficult to exaggerate the
importance of his work in the history of blood transfusion,

Blundell also collaborated with two other experimenters.
Doubleday and Waller, who worked with a much larger
animal, the horse. One of their experiments consisted in
connecting the jugular vein of one animal with the carotid
artery of another by means of a long elastic tube with a
stop-cock at either end near the blood-vessels. One horse
was then bled until it showed the signs of impending death—
the stop-cocks were opened so that the blood flowed from
the second horse into the first, which quickly recovered.
This established, not only that recovery could take place
after extreme exsanguination, but that a relatively small
amount of blood was needed to effect it. For the second
horse, so far from dying in saving the first with its blood.

remained quite unconcerned, so that it was clearly um
necessary to replace the whole of the blood that had beer

Figure
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lost or anything approaching that quantity—a very import-
ant fact from the point of view of the human blood donor,
who would not usually wish to risk his own life even if it
were to save another. One of these experimenters, Dr.
Charles Waller, himself practised blood transfusion to save
women who bled in childbirth, and reported on instances of
this in 1825 and 1826. He was writing about it again as
late as 1859, and then illustrated his method with a wood-
cut, showing a funncl, a 2-oz. syringe lined with tin, and a
two-way tap connecting them with a cannula entering the
patient’s vein (Fig. 5). His patients in 1825 and 1826
received 4 and 84 oz. of blood respectively given with the
syringe, and the lady whose life he claimed to have saved in
1859 received $ 0z. These quantities would now be regarded
as too small in view of the condition of exsanguination for
which they were given. Doubleday, in 1825, gave as much
as 14 oz., which was bold, particularly as his patient re-
marked after she had reccived only 6 oz.: “I am as strong
as a bull.” The effect was indeed strikingly satisfactory,
the patient's pulse-rate falling within a short time from 140
to 104,

Other operators during the nineteenth century were
employing otlier methods of transfusion, and one of the
chief cxponents of a more direct or immediate manner of

Figure 6
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transferring the blood was Dr. J. H. Aveling, another
obstetrician. He relates that he experimented in 1863 and
as a result invented in 1873 the simple apparatus illustrated
(Fig. 6). “It consists,” he wrote, “of an indiarubber tube
to form an anastomosis between the emittent and recipieat
veins and a little bulb in the middle to act as an auxiliary
heart. With the exception of two silver tubes to enter the
veins and two stop-cocks, this is the whole of the apparatus,
and I carried it about in my pocket to every confinement I
attended for eight years until at length the opportunity for
using it arrived.” This was in 1872 when he found a lady
aged 21 in extremis from hemorrhage after childbirth.

She received 60 drachms of blood from her coachman, and"

gl‘h‘%\iﬂ

the incident is recorded in an admirable wood-cut (Fig. 7).
She soon recovered enough to be able to remark that she
was dying, though, Dr. Aveling added, “the mental im-
provement was not as marked and rapid as I anticipated,
but this was perhaps due to the quantity of brandy she had
taken.” The coachman, he was pleased to record, was not
only collected and cheerful, but able to make several useful
suggestions during the process of transfusion.

Aveling, after describing what he believes to be the only -
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instances, seven in number, in which the direct method of
transfusion had been used in this country up to 1873,
claims as some of the principal arguments in its favour that
the blood passing quickly through the tube is physiolo-
gically unchanged, and that “the chances of coagulation
are small, because the blood is removed from the action of
the living vessels for only a few seconds, and glidas smoothly
through the indiarubber tube without being exposed to
the ajr.»

All through the history of blood transfusion there was
one main technical difficulty militating against the success
of the operation, namely, the tendency of the blood to clot
and so to block the tubes and other contrivances used in the
process. It is probable that during the earlier transfusions
of animals’ blood some of the patients owed their lives to
the formation of clots, for had there not been this technical
obstacle it seems certain they would have received enough

lood to kill them. As it was, a transfusion was to some
extent a self-limiting process, and once the value of the
transfusion of human blood as a life-saving measure had
€en established, attempts to make it easier by preventing
th? CIOtting were bound to follow. One of the first to try
this was Braxton Hicks, an obstetrician of Guy’s Hospital.
He was advised that phosphate of sodium was an effective
anticoagulant, and in 1869 he described a series of trans-
fusions given with the help of this reagent. In his paper he
_ﬁTSt described attempts at transfusion in the old way. Thus
1N treating a woman for post-partum hzmorrhage he com-
Plains of various difficulties such as the faintness of the
husband who was serving as donor. In addition to these
Complaints he goes on to say: “The apparatus employed
Was the funnel and syringe of Dr. Blundell [still in use after
years]. The coagulation of blood was the greatest
rouble which interfered with the performance of the
Oberation. The instrument had to be washed out three
times, owing to coagulation during the check of the supply
rom faintness of the blood-giver, but T believe no clot was
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injected into the vein.” Accordingly in 1863-4 he per-
formed four transfusions using blood mixed with one-fourth
its volume of a solution of sodium phosphate; unfor-
tunately all the patients died, and the poisonous properties
of sodium phosphate may have contributed to this result.
An attempt, however, had been made in the right direction.

Considerable use was also made of defibrinated blood,
that is to say, blood from which the clot has been removed.
This method was employed in 1835, and later by many
others including, in 1873, Sir Thomas Smith who used it at
St. Bartholomew's Hospital for transfusing an infant
suffering from hazmorrhage of the newborn. His apparatus
on this occasion included a wire egg-beater and a hair sicve
with which to remove the clot. Defibrinated blood has been
used up to recent times by various operators, but the
process results in removal of a large part of the protein
content of the blood and many of the cells, so that it is little
better than a transfusion of serum besides adding much
labour to the technique.

Although so much of the early work on blood transfusion
had been doane in England, and although its revival in the
nineteenth century was started in England, yet most of the
references to it up to 1874 are to be found in the works of
Continental writers. Nevertheless, an important modifica-
tion was introduced into the technique of the operation in
1857 by Higginson, who applied the principle of a rubber
syringe with ball-valves for transferring the blood from the
receptacle into which it was drawn to the vein of the patient.
Higginson’s syringe is now used for a different and less
noble purpose, but it was successfully applied by its inventor
in a series of seven transfusions which he duly reported.
One patient was suffering from extreme weakness which
was attributed to the too protracted suckling of twins.
Higginson gave her about 12 0z of blood from a healthy
female servant, and a state of quietude followed her previous
restlessness. A few minutes later the patient was seized
with a rather severe rigor. It did not last long, but led to
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4 state of reaction and excitement in which she sang a
hymn in a loud voice. The final result was good and
Higginson reported that some benefit was obtained from
five of the seven transfusions.

Throughout the nineteenth century the main use of
transfusion was in the practice of obstetrics, and in 1873
an inquiry was carried out by the Obstetrical Society of
London into its merits. The result does not seem to have
been very encouraging. and transfusion was still regarded
as a procedure that was only to be used as a last resource.
Even at this date there was an attempt in Germany to revive
the use of lamb’s blood and a treatise on the subject was
published by Hasse. Sentiment, if not science, seems to
ha_ve suggested that there was something repulsive in
br}nging a lamb into the sick chamber and mixing animal
with human blood, but it was remarked in a discussion on
the subject that “it was only taking lamb in another form.”

Science, however, was taking note and was disturbed by
the number of severe reactions and even deaths that
followed transfusions not only of animal's, but also of
human, blood. These effects were for long attributed to the
Introduction of air-bubbles into the circulation in spite of
Blundeli’s demonstration of their harmlessness years
bpfore. Finally, however, in 1901, the presence of agglu-
tinins and iso-agglutinins in the blood was detected by
Landsteiner and by Shattock working independently in
Vienna and London. In 1907 the four blood groups were
determined by Janskvy in Narway, and the work was
fepeated by Moss at Baltimore in 1910. This was an
advance of fundamental importance since it now became
Possible to eliminate most of the fatalities due to incom-
patibility of blood. A test could rapidly be made to
determine the blood groups of both donor and recipient.
 In the vears following this important discovery various
Improvements were made in the technique of transfusion.
Direct transfusion from artery to vein was re-introduced
and often used, though a scrious objection to the method
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was the impossibility of knowing how much blood had
really passed into the patient. Use was also made of the
principle that clotting of blood is prevented or delayed by
allowing it only to come into contact with surfaces coated
with a smooth layer of paraffin wax. In 1913 the Kimpton-
Brown paraffined vessel was introduced, and this was used
extensively in the United States of America.

The final advance was made in 1914 when the use of
sodium citrate as an anticoagulant was made possible by
the work of Lewisohn in America and of several other
workers in different countries, who all arrived indepen-
dently at the same conclusion, thus again giving risc to
rival claims of priority. It was proved that sodium citrate
was at once effective as an anti-coagulant and also harmless
in the quantity that was needed, and the first transfusion
of citrated blood was- performed by Professor Agote of
Buenos Aires on November 14, 1914, a date which is,
therefore, of the greatest importance in the history of
transfusion. A method had at last been discovered which
approached the ideal, since it united the four cardinal
virtues of simplicity, certainty, safety, and efficiency. The
“extraordinary success” predicted by Dr. Thomas Sprat in
1657 was now about to be realised, though there had been
an unfortunate time-lag of 257 years.

Agricultural Front

Scope of Agricuiture

As a natural science, agricuiture overlaps with botany and
zoology, physiology. chemistry, and other academic sub-
Jects, because essentially it deals with the proper feeding
and the maintenance in health of animals and plants of
cconomic importance, and the control of their lives in
specialised directions for the production of fruit, milk,
wool, etc. Thus the laboratory discovery of plant hormones
ﬁnds practical application in the rooting of cuttings, the
Increase of fruit yields, the discovery of better weed-killers.
Laboratory studies of vitamins and other food substances
show the way to better feeding of livestock, and richer
milk yields. The application of genetics in cross-breeding
leads to new varieties of plants and animals able to with-
stand disease or inclement weather. Some of the more
recent developments of this kind are discussed in this
section of Science News.

But agriculture-is also an industry, and this has always
to be borne in mind. The introduction of a scientific
method in market gardening and farming is not merely a
matter of overcoming the farmer's traditionalism (which
may have its germ of sense too), but also one of economics,
4nd the cost of everv change must be calculated. The aim
of agriculture, is to get a large yield of good quality for the
Minimum cost of starting materials and expenditure of
labour, to get it not one year but every year, and to be able
to choose the season of the year in which it is harvested.
This is quite a different goal from that of the laboratory
scientist, who rarely counts the cost. Various scientific
“improvements” may be absolutely unworkable on a farm
because the materials required are too expensive, or because
the process requires a skilled technician, and farms have
o be run with farm labourers. In industry complicated

49
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processes can have specially trained men to guide them.
O_n a farm this is impossible, because the work changes
with the seasons, and a techmical expert would be un-
employed most of the year. ‘“‘Agricultural Front” does
not deal with these problems of farm cconomics and
administration, but they are ever present in the background.
o another.way, the practical nature of farming has
influenced the development of a scientific agriculture. It
has often been much simpler to kill a sick cow than to try
and find out what is wrong with it, and as a result there is
still an enormous field of ignorance in animal diseases, and
animal physiology generally. Do cows sweat? Nobody
has ever bothered to enquire, yet on the answer may
depend the whole possibility of improving the wretched
Indian native cattle by crossbreeding with English Jerseys.
In the face of nature’s whims, the farmer has developed o
resignation and fatalism which the scientist is now trying
to soften and make unnecessary. The general advance of
science helps agriculture, and penicillin cures the cow’s
infection of the udder, as well as human diseases.

More Light on Potatoes =

The war really brought the potato into its own. Chemists
have analysed potatoes for vitamins, for protein (meat
value) for fats: and not only old potatoes but new potatoes;
not one variety but hundreds; not only the potato as a
whole, but the different parts of onc-—the core, the cortex,
the section just under the skin which the cook always peels
off. Physiologists have been busy too: how much potato
can a rat stand ? will'a young rat continue to grow on a
potato diet? Pathologists have sought the reason why
potatoes grown in England get persistently diseased, so
that we have continually to import fre,} seed potatoes from
Scotland, where the potato remains healthy. Engineers

have told us how to make a dehydrated powder of potatoes, -

w_hich can be reconstituted with a little milk or water to
give excellent mashed potatoes with no loss in food value.
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Most important of all, the botanists have asked themselves
whether we are growing the best potato possible: they
remember that most of the potatoes grown in Europe are
from a rather chance selection brought back from America
by Sir Walter Raleigh—some hundreds of years ago now.
So they sent a special expedition to the ancestral home of
the potato, in South America, where most of its relatives
were also most likely to be, and they brought back samples
of as many different kinds as possible. Some of them were
funny-looking things, tather like battered sausages, with
purple skins and green insides: real wild potatoes.

Many of them have now been studied at Cambr.idge,
with a view to secing whether it would be worth while to
breed from any of them. The chemists have analysed, the
physiologists fed them, and the botanists.have studicd
their agricultural properties. What sort of soil and weather
suit them best: how much vegetative growth (leaves, egc.)
does each plant produce; the time and quantity of flowering
and seeding; the time of maturity; the degree of tuber
production: the resistance to diseases, especially virus
diseases ; these are the kind of problems which interest the
agricultural botanist. Many of the properties they investi-
gate are inheritable in whole or in part, and can therefore
be passed on by suitable cross-breeding, which can thus
combine in one f)lant advantages possessed individually by
three or four different varieties. '

One property. in particular, on wlluch {hcy recel‘uly
reported goes under the general heading of ‘“VYernalisa-
tion.” Qﬁite a while ago the Russians discovered that the
flowering and ripening times of cereals could be altered by
giving the young seedlings an intensive period of hgh‘t or
heat treatment for some days. By applying this technique
they werc able to grow wheat further north than ever
before. The short summer was no longer a bar, because
pre-treated wheat would ripen quicker. The same has
recently been found to be a property of the rice plant.
If 7-day secdlings of ricc are given a six weeks’ course of
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eight to ten hours daylight per day in the warmth, they
grow up bigger and mature faster, even when the course is
over, whereas under continuous illumination or the normal
long summer day, and at low temperatures, their growth is
slower and more prolonged. The controlling factor is
€xposure to short rhythmical periods of light.

In the case of the potato, 75 clones of § species of South
American potatoes were compared, and the differences of
reaction to light and heat were apparently inheritable.
Some kinds gave no tubers if the plant was given long days
of light, or if it was kept warm; other sorts were quite the
reverse, and tuber-production benefited by just these con-
ditions. It appears that the actual total light the potato
seedling gets is more important than the lengths of “day”
it is split.into ; a different situation from the case of the
cereals,

How light influences plants and plant growth, not only
at once but for months to come, is not known.

Trace Elements

A number of dnimal and plant diseases are now being
traced to the presence or absence of particular minerals in
the soil. It seems that in addition to iron for making blood,
animals, and probably man too, require other minerals.
It has been found that chickens need thirty to forty parts
per million of manganese in their food, or they develop a
discase known as Perosis which principally affects the
bones: the legs are deformed and the wings unusually
short. In Australia and some parts of Scotland, sheep
become anaemic unless they are given doses of cobalt. One
of the most recent discoveries on these lines is the investi-

gation of Swayback in lambs. This disease is found in

nost counties of England and Wales, especially Derby-
shire, where one in ten lambs born alive has it, in Australia
and probably in South America, Sweden, India, and South
Africa. 1t is a degeneration of the nervous system, the
lambs are blind and unable to walk or stand, or at least
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suffer from muscular weakness, and they usually get worsc
and die, so that the farmer can suffer serious financial loss.
This is especially the case since the disease occurs spora-
dically, and as many as 909, of the lambs on one farm may -
be affected. ) )

Investigation has shown that health_y mothers give birth
to diseased lambs—sometimes to a mixed brgod, some of
the children being normal—and that the disease is not
infectious. A mother who has borne an ill lamb can suckle
a normal lamb without a bad effect. Neither is it a here-
ditary disease. If a diseased lamb can be got over the
disease and survive to maturity, it produces healthy off-
spring. ) )

So research swung back to the idea that there might be
something wrong with the feeding of the sheep, and_ poisons
were looked for. It was found that pasturelands in sway-
back areas often had a great deal of lead in the grass,
“bellanded” as the farmers said, am.:l the_ ewes were
certainly getting plenty of lead into their bodies. On the
other hand the sheep with the most leagi oftqn had normal
lambs, Things might have stuck at this point for a long
time if scientists had not grown aware of the importance of
traces of metals in the food of animals and plants, They
knew that cobalt is required in traces by sheep for normal
health: perhaps some other mineral would cure swgyback.
Such is the case; provision of a copper sulphate lick pre-
vents the appearance of the disegse.

Exactly what the copper does is no,t apparent. It may be
that the growing tissues of t}}e lambs nervous system need
copper as part of their machinery of growing gnd function-
ing. Or it may be rather that the copper in some way
daffects the microbes which live in the young lambs’ intes.-
tines—for another revolution in scientific thought is the
realisation that the germs which normally live in our
intestines and those of animals play a vital part, making
vitamins and other special substarces which the body

needs. Not all germs can do these jobs. und if the wrong
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sort grow they may be useless to the body, or worse.

What lends some support to this second interpretation
of the effects of copper is new knowledge about a disease of
cattle, an unpleasant diarrheea, which occurs chiefly in
areas Qf Somerset. It is thought that the disease is due to
poisoning by a mineral, molybdenum, since the pasture
(especially the clover) has a molybdenum content six times
the normal. But dosing the cows daily for ten wecks with
copper sulphate again prevents the disease. So it does look
a little as though it may be the bacteria in the cows’ gut
which are really the sensitive agents in these mineral
diseases, and that copper is a way of controlling them.

This is not always the case, though. Alkali disease,
prevalent in the Middle Westerh States of America, is
disease of horses, cattle and pigs in which the hair falls out,
the horn of the hoof sloughs, and the animals become
listless and emaciated and often die. It has been traced to
the presence of selenium in unusual amounts in the soil.
Some, but not all, grasses pick it up, and the animals feed
on the grass and get selenium into their bodies, where it
behaves just like its close chemical relative, sulphur. Now
sulphur is an important part of hair and skin and hoof, and
selenium takes its place, as a very shoddy substitute. There
is plenty of selenium to be found in the hair that falls out.
Here, then, the mineral interferes directly in the animal's
economy. The remedy has been to search for species of
p!ants which would grow on seleniferous soil without
picking up the toxic mineral.

Selenium apparently does not harm the plants them-
selves. But the presence or absence of other minerals in soil
may be. very important for plant growth. The most wide-
spread instance of this is probably the need for boron (the
main e}ement in boracic acid) in one part per million or
so. Without it plants are stunted, or develop brown dead
areas in their tissues. The brown heads of cauliflowers may
bc due to this (see Plates 4 and 5), the brown heart in swedes:,
and so on. Copper is essential too, but more than a certain
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amount is poisonous to the plant. A further catch in
studies of this kind is that an essential mineral, such as
manganese, may be present in the soil, yet somehoyv not
available to the plants. A simple chemical estimation of
the total manganese in a soil is thus misleading. From
recent work it seems that soil bacteria may by their activi-
tics control the amount of manganese which is available,
on thewration as it were, to plants. Little is yet known about
s0il bacteriy, and this is one of the pres2nt spearheads of
rescarch,

Fresh Eges and Ripe Bananas . )
Preserving eggs has for some time been a dlfﬁcull'busmess;
freczing breaks the shells, and waterglass is ainuxsanc.c for
bulx preservation, and not of high efficiency cither.
Recently the U.S. Department of Agriculture has been
experimenting with a method of oiling the eggs. All the air
is sucked out of the crannies of the shell, and then oil
allowed to soak in its place. At the end, the egg has .all the
pores filled up with oil, yet it can be handled like an
ordinary egg and does not require to be kept under oil or
in a solution. Better understanding of preservative methods
comes from the realisation that eggs go stale and bad .nol
because of hucteria getting in and starting a fermentation,
but as part of a natural process of ageing l;admg .to the
death of the livine egg. The egg bas a certain coqtmuqus
metabolism: it i« “breathing out” carbon dioxide just like
the human and the hen but, unlike them, it requires no
oxygen. If this carbon dioxide accumulates ip the egg’s
neighbourhood, it slows down the metabolic reactxoqs
which produce it and so postpones the day of the egg's
decay. Scaling up the shell has just this effect: c;_xrb.on
dioxide can no longer escape into the air, but collects inside
the egg and acts thus as a preservative. ‘

The same principle applies in the storage of apples. The
fruit is alive after it has been picked from the tree, and
continues to take in oxygen and give out carbon dioxide,
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burning up the starch in its pulp. When all its starch reserve
is exhausted, the apple dies and turns the rusty brown
colour inside, which is also found in bruised fruit. This
process leading to decay can be slowed down, however, as
in the case of eggs, by an accumulation of carbon dioxide.
The fruit is stored in the cold (but not frozen, which would
kill it), and in the dark in an atmosphere containing ten per
cent. of carbon dioxide. In this way it will keep twice as long.

Apples also produce another gas, relating to the natural
gas from oil wells: ethylene. This gas has the property of
making the apple ripen. As a result, if apples are stored
close together in a quiet corner of a room. the ethylene they
are all producing will accumulate and make them ripen
quickly. If, however, they are spaced apart so that gas
from one apple cannot affect another, and properly venti-
lated so that air carries the ethlyene away, they will ripen
very slowly and keep well. As little as one part of ethylene
in a million parts of air is sufficient to ripen apples, and an
eight-ounce apple produces as much as one cubic centi-
metre of pure ethylene gas in its lifetime.

Ethylene will also ripen other fruit-—pears, lemons and
bananas. This is useful in the case of the banana, for
instance, since the fruit can be picked green and unripe in
the West Indies, and be ripened on arrival in England, so
that it is perfectly fresh. The same gas is also useful for
ripening wheat. Bread made from freshly threshed wheat is
greenish, soggy, and poor in texture. The normal loaf is
baked from wheat which has been stored for a month or so,
but if the baker is in a hurry, he can treat his fresh wheat
with air containing one part per thousand of ethylene, and
a normal loaf is obtained straight away.

New Weed-killers

Weeds are important not only because they tend to crowd
out the crop plant and steal its food, but because they may
act as hqst to various infectious diseases of plants. The
downy mildew (fungus) which attacks lettuce passes the
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winter on thistles and wild sunflowers: the winter phase of
the leaf-hepper insect, which infects sugar beet with *‘curly
top” virus in the spring and summer, hibernates on thistles ;
so the complete elimination of thistles would remove thesc
diseases, But the complete destruction of weeds is very
difficult, for their root systems and seeds survive long in
the soil in spite of chemical applications, and hand weeding
is laborious and expensive, in fact one-third of the cost of
producing onions and carrots goes on weeding.

Older methods of weed-killing aimed at destroying all
vegetation with a suitable poison dusted over the ground—
sodium arsenite, borax, or common salt, for instance. In
time rain washed the soil clean and then the crop plant
could be planted afresh in the hope of growing weed-free.
To clean up one square rod of land in this way needed
250 1b. salt, or 15-30 lb. borax, or 3-4 Ib. arsenite.
Another way was to spray dilute sulphuric acid: the broad-
leaved plants caught the full force of the spray, while the
fine leaves of grasses, and rlants with waxy coverings,
escaped. One gallon of acid in 50 gallons of water was
enough to spray 14 acres of onions, and the cost was about
a quarter that of hand weeding. Various oils were also
tried in spray form. Paraffin is said to remove dandelions
from lawns, and weeds from carrots and celery, but this
technique is expensive. A related method which has been
used successfully with two crops is a specially designed
flame-thrower. This also is very expensive, since it needs
a trained man to operate ii, but of course it is quicker, and
less of a strain on his back.

More recently various chemicals have been tried. One’of
the best known, “Sinox,” the yellow dye sodium dinitro-
orthocresylate, was developed in France in 1933. Its use
illustrates the general principles on which weed-killers are
based. For instance, it may be used on a field of mustard
when the weeds are about 3 to 7 ins. high and have threc.
to seven leaves. It can be used in fields of established
transplanted onions until their shoots are {0 ins. high. It
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must never be used on peas before they are 3 ins. high or
after they have produced their first buds. Lucerne and
red clover are killed, if they are younger than four to six
weeks old. In other words the aim in weed-killers is to take
advantage of the fact that some plants grow faster than
others or may have started growing earlier in the season;
and of the additional important fact that a plant is not
equally sensitive to a poison throughout the whole of its
life. In general, seedlings are much more sensitive than
grown plants, and there are also various “physiological
crises” of temporary increased susceptibility, such as the
onset of flowering, during the full life cycle. .
‘The latest development in the war on weeds comes in
fact from closer study of plant physiclogy. In Science
News I, Dr. Thimann described the plant growth hormones,
chemical substances produced by the lving cells of the
plant at various times, which cause the formation of new
roots, or leaves, and flowers and fruit. In common w_'lth
many other laboratories, that of Imperial "Chemical
Industries at Jealotts Hill was interested about.l936 m
experimenting with these newly discovered chemical sub-
Stances, trying variants on the natural hormones, and
testing the effect on the plant of different doses of thesq
plant drugs. They found that whereas small amounts ‘.)t
hormones, such as 10 parts per million of «-naphthylacetic
acid, were very beneficial to plants, increasing the dose to
100 or 1,000 parts per million was detrimental, the over-
stimulation resulting in a short period of rapid abnormal
growth, followed later by death, This effect was not found
with all plants: thus putting down 25 Ib. a-naphthylacetic
acid per acre in a field of oats cleaned it of weeds such as
yellow charleck, greater plantain, and yarrow, without
harming the_oats. Wheat, barley and rye could similarly
be weeded chemically. The best time for putting the killer
down in this case was found to be just after sowing. In

such _circumstances, 84% of the expected charlock never
germinated at all !
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Later work partly in conjunction with a Government
Sponsored body, the Agricultural Research Council,
developed cheaper substances. 1 lb. per acre of 4 chloro-
2-methy]-phenoxyacetic acid kills off all corn buttercups
and marigolds, and all the poppies. 2.4.5. trichlorophen-
OXyacetic acid, in 500 parts per million, kills the perennial
bindweed (convolvulus), on nursery fruit trees. It also,
incidemally, will kill Irish potatoes. Much work has been
done along similar lines in the United States, while the
possibilities of these new substances are also being investi-
gated in the tropics. The Institute of Tropical Agriculture,
at Mayagﬂez, Puerto Rico, for instance, recently reported
that sugar cane and coffee crops could be safely weeded
with a 0.3% spray of 2.4 dichlorophenoxyacetic acid.

These new weed-killers are the cheapest and most
Powerfu] yet discovered. They can be sprayed or dusted
On, they are non-corrosive and non-irritant, and harmless
to stock. They are most effective on young plants, especi-
ally in periods of rapid growth on moist soil and well in
the sun, Their discovery has come. not through a direct
Searching for better and better weed-killers, but as an
offshoot of academic scientific work designed to satisfy the
Curiosity of scientists interested to know ‘“how plants
work.”  Fuller understanding of the natural chemical
Substances governing the plant’s life has enabled us to turn
their substances against it, to its own downfall,



Scientific Method and
. Philosophy
DR, HAROLD JEFFREYS, F.R.S.

CURRENT discussion of scientific method is largely con-
cerned with the ancient questions of realism versus idealism,
and causality versus indeterminism. Much less attention 18
given to the problem of scientific method itself: what can
we find out by making and studying observations ? When
this *problem is seriously tackled it is found that the two
questions first mentioned can be stated in several forms,
some of which can be definitely answered one way or the
other, while others are demonstrably unanswerable by
scientific methods and therefore have nothing to do with
science, o

A realist holds that there is a “‘universe existing xf}de-
pendently of our thought and our examination of it,” to
use the words of Prof. Dingle. An idealist holds, on the
contrary, that he i$ inventing a universe for himself as he
goes along and that it has no existence apart from his
thought. Most people are realists and many would con-
sider idealism to be merely wrongheadedness. But whe_n
we try to examine the grounds for realism we find that ‘1t 1s
extremely difficult even to say what we mean by “exist,
and one modern school of logicians has decided that the
problem is a pseudo-problem and is merely a matter of
what language we choose to use, However, many people
think that they know what they mean by it, and [ am
personally inclined to agree with them. But when we
come to the more advanced problems of science we meet
Guestions like “Does the electron exist, or is it merely a
product of our imagination ?’; and the idealist answer
may be given by people who have no doubt whatever that
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their chairs and tables do exist. The same people may
reject all attempts to investigate the interior of the earth or
the origin of the solar system as ‘“‘speculation.” They are
realists in everyday affairs but idealists in relation to more
advanced knowledge. Now this suggests the further
Question: “Is there any stage in the arguments that lead
some people to assert the existence of the electron where a
principle is used that is not used in the assertion of the
existence of a chair ? This leads us to consider why we
believe in the existence of a chair. A man may say, “Well,
T can see it and feel it.” But without further analysis this
begs the question. He has visual sensations of brown
patches, which vary continuously in shape as he moves
about; but none of these sensations is the chair. He may
have also tactile sensations of pressure, but none of these
15 the chair either. In fact the chair is not itself experienced
but inferred from sensations. The point is that by thinking
of an object with a definite shape and size and suitably
coloured (though the word colour applied to an object
Certainly does not mean the same as the same word applied
to a visual sensation) one can predict an enormous number
of sensations; and comparatively few sensations are
enough to infer enough properties of the object to predict
all the other sensations. The realist considers this a suffi-
cient ground for asserting the existence of the chair, but
Fherc is no other observational ground for doing so. The
1dealist, however, would say that the chair is a mental
construct, which he finds useful in classifying and predicting
Sensations. But he would attribute to this imaginary chair
all the properties that the realist attributes to his supposed
real chair, and would infer the associated sensations by
exactly the same method and therefore predict the same
Sensations, Consequently there can be no observational

_Means of deciding between realism and idealism: they

differ only in regard to the indefinable notion of 1:ealily
1tself, and this notion, whether we accept it or not, is not
used in the process of deriving properties of the object from
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a few sensations and using them to predict new sensations.
The fact that we cannot define it does not show that it is
meaningless: a definition can only state the meaning of a
word in terms of something more elementary, and there
may not be anything more elementary. To most people
reality does convey some meaning; but so long as a
realist and an idealist confine themselves to the subject
matter of science, that is, the making and discussion of
observations, they will proceed in precisely the same way.
We can believe in the reality of objects or not as we like;
the decision will not make the slightest difference to science
or to everyday life, though it may to philosophy.
Now if we consider the evidence for the electron we find
that it is of just the same kind. The electron is not a
sensation, but it does help to classify and predict sensations.
The most direct evidence for its existence requires rather
elaborate apparatus and careful experimental technique,
but the essential principles are the same. Its propertics are
determined so that they will describe a number of actual
observations and their consequences are then developed so
as to predict other observations. There is one new feature:
whereas the notion of a chair helps us only to predict
sensations relating to things that are easily seen to be
chairs, that of electrons also accounts for those relating to
things that are not at all obviously electrons. It explains,
for instance, why a lump of metal holds together, why it
conducts electricity, and why its conductivity varies with
temperature. But if this is a new principle it would appear
that there is better reason for asserting the existence of
electrons than that of chairs. But if'we grant the realist
position at all there is no ground for denying either. It is
unreasonable to assert the existence of chairs and deny that
of electrons on the ground ghat we can experience chairs
and not electrons: we cannot experience either, but both
l}clp to explain experience. The chain of inference is longer
for the electron, but the links are tested.
The attention of scientific workers was called to the
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gir::tleeer?u l;)f\rca.hs;'n versus idealism in the middle of the
Who gn _century ‘by Emst. Mach, an Austrian physicist
foundutin 1m;;ortam w"ork in sho»\"mg the experimental
wont astrn 0 Lhc‘ !a“s of mechanics. Unfortunately he
Scienes ay in thinking that the prob{em was important for
of the ,dang. he overlooksfi a rqall’y important one by use
experiencm }x]guo‘us tgrm descriptfon.” We can describe
Cxpérience that we have actually had: we can also describe
ight hae that \Ye expect to have.{and experience that we
involucs nVc if we were suitably sn.u;'xted_ The first type
does. Theo J?fercncc bcyond’thc original dflul., the second
genoralin second type requires u new principle, that of
Was ta Ig)/'z. The first serious aitempt 1o understand it
Which alq Y Kar_l Pearson in the “Grammar of Science™,
sentati contains some improvements on Mach’s pre-

™ lon of mechanics.
fundaemneeeglfor an understunding.of gcn.cralization Is quite
an Objecltl . I‘t is not worth while to tuvent or postulate
Sensatin ltl)nvless.we find that we can co-ordinate many
tions o7 s1 y doing so. The Nautical /ﬁxlmaqac’s predic-
output ofP anetary positions, an engineer s estimate of the
advice 1o a fnew dynamo. and an agricultural statistician’s
all gcneralz'l a.rmer~about the‘uullty of 4 new fertilizer are
abouy e 1ilzatxons trom experieuce. So 3r'c‘ my expectations
restrictey | avour pf my next meal. I}Jow if our reasoning is

radition ;)]tra.dmona'l logic such inferences are impossible.
Pl'Oposiz}; .ogxc admits only three uiternatives about any
. n: complete certainty, absolute denial, or blank
relationse.beln pure mathematics it deals only with logical
admitted | tween nothing in particular, and is frankly
until s :) have nothing to do with se‘psory experience
mathemat'h extra hypotheses are supplied. In applied
of then ics these are supplied, usually without mention
Guenen o”[rxllgm,vapd' resu]t; are deduced as exact conse-
we car éa hus .It 1S xmpossxblc to sav anvihing ac all unti

Gcneral)i, it 'wuh certainty. .

zations from experience are not, however, made
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with certainty. . To say that they are involves the fallacy -

kncwn in logic as the undistributed middle term. It appears
in accounts of scientific method in various forms. Thus it
may be said that a quantitative law is a description of the
observations; but that refers only to the observations that
have yet been made, and an infinite number of laws would
. fit any finite number of observations. To infer any new
observation from it we must select a particular law from
this infinite set; and without some rule not contemplated
in traditional logic there is no means of making such a
selection, or therefore of preferring any prediction to any
other. Conversely, if we say that we learn our laws from
experiencé we can avoid the fallacy of the undistributed
middle only at the cost of admitting that there are valid
inferences that are not made with certainty. We must, in
fact, choose between three alternatives. .

(1) Prediction is meaningless: then all practical men are
wasting their time, the sun may rise in the west to-morrow,
and human relations that depend on people understanding
one another’s language are impossible.

(2) Prediction is made deductively, not from experience,
but from some general principle alleged to be logically
certain; if experience plays any part at all it is only to fill
in a few details. This is the attitude of many modern
theoretical physicists. However, their general principles and
their results differ even within the very limited field of
knowledge where they have been applied; and at the most
we can regard them only as guesses worthy of proper test
by experiment. , :

(3) Generalizations from experience can be valid infer-
ences, but are ndt made with certainty. But in that case
traditional deductive logic is admitted to be inapplicable
to either ordinary life or scientific method.

There are no other alternatives; nobody believes the
first; the second is very doubtfully applicable at all, and
has nov been applied to the fundamental problems; the
third is generally accepted, but asserts the inadequacy of
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deductive logic. It demands the notion of a degree of
Teasonable confidence, of which certainty and impossibility
are the extreme possible values; but the former, while it
may be approached by a generalization or an inference
from one, is never quite attained, )
The need is indeed obvious without this discussion if we
consider the kind of inferences that we actually draw.
References to “'exact science” suggest that physical measures
are predictable exactly. This is not true. However care-
f““)’.\\'e try to repeat the conditions there is always a
Margin of variation unexplained. Everybody that has ever
ade observations is fully aware of these facts. Very few,
ho\"ever, have grasped the consequence, that any theory
of inference that can make only exact predictions or none
at all is for that reason inadequate. We must have a theory’
:hat deals with the probability of variations of different
dmounts. Such a theory was given by Laplace at the end of
the eighteenth century. Heisenberg's uncertainty principle
‘f of the first importance in physics, but the idea that it
-l;ontams any startling novelty in philosophy can be attri-
O(\:lcted only to igxlorapge. Such' problems are of everyday
Sayu’rlr)cncf:: but traditional logic has nothing whatever to
Ireat‘;douF them, .That gk);s not say that- they cannot be
Maths mgthematlcglly;. 1t 1s perfectly p<_)s'31ble to generalise
physi Mmatics to give it greater elasticity, and modern
oweslsts have done mgch in that direction, They have,
i;lade er', shown a curious r;luc}ance to. recognise the
Saturaqtugcy'()f tradll{onal lqglg ;tsclf, being .apparently
maticale Wltb the naive rel-iIPStIC 1dca§ of applled mathe-
bilit fteachlpg_ Yet traditional logic denies the possi-
;CStr};ctO h!earnmg from experience. and it is right if we
that this to mean learning with certainty; if we believe
degre € can learn _ﬂiom experience it must be with different
es of probability.
reasoc ,nbollion of probability as a statement of a degree of
(1654de e conﬁdepce goes back gt l.cast to James Bernoulli
1705), and is quite explicit in the works of Bayes
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(d. 1761), Laplace (1749-1827), and a number of other
writers. Other definitions have been attempted, but they
all lead either to the introduction of superfluous postulates
or are insufficiently general to cover the ground. [ mention
only one. Some writers speak of “mathematical pro-
bability”” as meaning simply that if there arc n possible
results of a trial and 1 of them include the event con-
sidered, the probability of the event is m/n. In earler
works, such as those of Laplace, this was stated with the
proviso “provided that all thc ways are equally likely.”
Thus it was not a definition of probability, since the notion
occurred in the statement; it was a rule stating how to
estimate probabilities in certain circumstances, the idea of
probability itself being taken as already understood. I
the proviso is dropped, however, we find that the “‘mathe-
matical probability” of a coin coming down heads is 1/2
even if it has been loaded with lead on one side and has
already given ten heads in succession. The definition is
simply a concession to traditional logic and discards the
essence of the matter; and traditional logic admits no
compromise. It says that the result of a trial, or of any
number of trials, is simply unknown and there is no more
to be said.

The question is, then, can we construct a mathematical
theory of probability, in the ordinary sense of the term,
that will be consistent, and will meet the requirements of
scientific procedure—and incidentally of ordinary life? It
turns out that we can. The fundamental idea is simply that
of the probability of a proposition, given the data: we need
the postulate that such probabilitics can be arranged In an
order, and a few minor postulates and conventions ‘thaf
make it possible to assign numbers in a one-one corres-
pondence to probabilities. The principle of inverse pio-

babhility follows as a theorem. This considers the effect of

new sets of data on the probability of a set of hypothescs.
and states that each probability given the new data is
proportional to the product of two factors. One factor
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is ..
dat;h-e t}lalrcob?:lt;xhty of the hypp_thesis given the previous
the I,Iy 0mo her is the probat?xllty of the new data given
picce. E))f hesis .and the previous data. By taking new
bring - expenn.u?gtal evidence in turn we can always
to syt r‘;}alrobablhues up to date. The principle amounts
fequiresgt \ at the most probable hypothesis is the one that
ence. 1) € observations to l?e the !cast remarkable coinci-
COmp:.arc t]he results are consistent in the sense that if we
of or ¢ probabiiities of tw9 hypotheses at any stage
attained tr;lowlcqgc, and other lnforplation is afterwards
in Whate:v ¢ ratio of the ﬁna! probab;lities will be the same
inta aCCoer order thc.new pieces of_mformation are taken
probabjh'tum' Inconswt‘e_ncy can arise if we speak of the
Which 1 sty'lf)f‘ a proposition without reference to the data,
hotatio, ti) : liable to be done'on account of an inadequate
With a o at does ‘not men.uon.tht.’. data explicitly; but
ho Suet trrect notation (due in pnncnplq to W. E. Johnson)
2y thy, “fouble can arise, Thf: essential point is that to
that the € gan. !carn by experience i;: the same as saying
the pre probability of a proposition is a function of both
Proceedp(t)smo'n and the data. With this theory we can
hYPotheseO 41scu§s what confidence we may attach to
Sistent rulz, given "observed daFa_, if we are to follow con-
ependin s, and not to have dlﬂcre'm standards of validity
rdina%-i: ssy,d on whose hypoth;sxs we are discussing.
rom expore nd scientific reasoning both admit learning
deducti, o r{ctf and therefore recogn.ise the inadequacy of
¢ staton ftlc"‘ and everybody admits the significance of
ifTeran; o 1on data'r, p 1s more probable than ¢.”
Which ig (hs rge may disagree in particular cases about
ment hag s more.probable, but they agree that the state-
P cons‘gamn.g. We start with the agreement and
they eqn o Ideration gf the dxﬁ"ercnces. It turns out that
¢ result, (at}:.nbuted either to‘mcomplcte working out of
aHOWing our“t/) llc_h can happen m pure mathematics) or to
as got o 1 eliefs to bg, influenced by our wishes. Science
n fairly well without any formal statement of its
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principles, but it is definitely advantageous in practice 10
have such a statement, which will at least allow these com-
plications to be placed where we can see them and may
possibly enable them to be removed, since they are perfectl.y
capable of being tested; and on the theoretical side it
liberates inference from experience from the charge of
being indistinguishable from a set of arbitrary assumptions.
It turns out that the apparent assumptions are all closely
connected and that the process is much more coherent than
might have been thought. . .

One immediate result is that the traditional 1dca. of
causality must be discarded as possibly wrong and certainly
useless. With the possible exception of mere counting, a
scientific law is never exactly verified. ThiS fact appears to
be unknown to many philosophical critics and to be con-
veniently forgotten by most scientists when talking about
the basis of science. We must either choose our l'aws 1o
fit the data exactly or be satisfied with a compromise. I“
practice we always compromise. At the times whep Euclid
and Newton worked, the unexplained discrepancies were
some hundreds of times those that ultimately led to modifi-
cations of their laws; but in spite of this' the. laws were
taught as having deductive certainty. Scwntxﬁc success
does not consist in exact correspondence, but in the im-
provement of approximation. However carefully we
measure, our measures never repeat themselves exactly;
we may speak of “experimental error” in some meta-
physical sense, but the solid fact is that the measures vary—
unless we use so coarse a measuring scale that all variations
are swamped by the step of the scale, and if we do that
even such a law as the additive property of distance is not
verified. Even the simple law that the length of a solid
body is constant is not exactly verified.

If exact causality is relegated to the indefinite future as
something that science may achieve some day, or into
some unobservable realm underlying knowledge, it repre-
sents unwarranted optimism but possibly does little actual
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harm: But it is disastrous to suppose that it has anything to
do with the constructive development of science. It then
demands the impossibility that we shall know everything
relevant to the observations before we can say anything
It le_ads to the disparagement of careful attempts to syn:
thesize g large number of data as ‘“not final”: whereas
anybody who has seriously tried to understand scientific
method knows that no scientific advance is more than a
Step forward. The only practicable method is to start at
the other end. We know that observations vary, and we
ask ourselves whether the variation is wholly random or
Partly systematic.
fORandomness is a technical term. In its most elementary
berm we say that a hand at bridge 1s random, or meant to
. tSO, in the sense thgt out of the 52 cards that we might
loe' we are equally likely to get any set of 13, whatever
mnds.we have held previously. The last condition is the
essentlg] one: it is achieved by thorough shuffling. The
F}:obabn!ity of getting a head when an unbiassed coin is
TOwn is 1/2 irrespective of the results of previous throws.
(If there is a known bias there will still be a fixed probability
Of_fl hpad irrespective of the result of previous throws, but
this will not be 1/2.) To take an example from genetics, if a
g:im and a woman are both brown-eyed and each has a
Ch‘i’ﬁd‘eyCd parent, then there is a probability 1/4 that any
of 1t they have Wf” be blue-eyed, whatever the eye-colours
that eir other children may be. The common feature is
o) in each case there is a quantitative property of the
i}{?Fem expressing the chance of a given type of event, and
Sulshchance is the same whatever the results of other trials.
b Ch random series have a remarkable property discovered
y Ja_mes Bernoulli. If there are many trials, the event is
Practically certain to happen in a fraction of the trials
;learly eqpal‘to the chance. In a hundred deals at bridge
;hgefrison 1s likely to get the ace of spades about 25 times:
e st hundred children of couples as described above
at we meet are likely to include about 25 blue-eyed ones.
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The matter can be put more precisely, but it is enough to
say here that if N is the number of trials and x the chance
of the event in one trial, then there is a probability of about
2/3 that the event will happen between Nx4-v/[Nx(1-x)]
times and one of about 19/20 that it will happen between
Nx+424/[Nx(1-x)] times. In the above case we may say
that, though the most likely number is 25, there would be
nothing surprising in getting any number between 20 and
30, but it would be rather surprising if the number did not
lie between 15 and 35.

We usually meet the inverse problem: we have good
reason to believe that a chance exists but we do not kpow
its value to start with. We make a large number of trials;
then by the principle of inverse probability the most pro-
bable value of the chance is the fraction of the whole
number of trials in which the event happens. This sampling
ratio is our estimate of the chance. But since the same
sampling ratio might easily arise from any value of the
chance within a range, the chance is not uniqqely deter-
mined. If we get, for instance, a sampling ratio of 0.30
from a sample of 100 trials, it might mean that the chance
was anything from 0.25 to 0.35 with ordinary deviations
from the most probable value given the amount 'of the
chance. Consequently it is not sufficient just to give the
most probable value; we should also give an estimate of
the range such that there is a specified probability, given the
observations, that the chance lies within it. Our estimate
would then be written as 0.30+:0.05. The usual practice 1s
to give the uncertainty as a standard error ;the probability
that the true value that we are trying to estimate lies w1t{1m
the limits indicated is about 2/3; errors more than twice
the standard error. are improbable and errors more than
three times it are as nearly impossible as does not matter.
This kind of problem has many instances, particularly in
medicine. We may, for instance, want to know the chance
of recovery from a disease under a particular treatment.
The estimate will obviously be within narrower limits the
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larger the sample, but the possible size of the sample is
usually limited by some external condition. ‘

The above problem is one of pure estimation. But it
may happen that we have a suggested value of a chance,
and are not sure whether it is right. In a genetical problem,
for instance, we expect a chance to be 1/4, but there may be
complicaiions. Then if we take a sample of 100 and get
anything from 20 to 30 of the type in question we shall
regard the result as in accordance with theory and con-
firming it. But if we get 50 or 10 we can be confident that
the suggested value of 1/4 is wrong for the problem in
question. Such a casc is one of significance. The un-
SXpected result in such a case not only disposes of the
hypothesis tested, but provides an estimate of the chance
On a hypothesis substituted for it. The principle can be
extended to test whether two chances are equal even if no
special value is suggested for either by previous considera-
tions. This case arises, for instance, in tests of inoculation.
The animals used for the experiment are divided into two
sets, and one set is inoculated. Both are then exposed to
the infection to be considered. Usually some members of
both sets catch the disease and some do not: if the differ-
ence of the sampling ratios is large enough to be significant
the test gives evidence for or against the usefulness of the
Inoculation,

Incidentally the common remark “you can prove any-
hing by statistics™ is perfectly true, but not in the sense
that its makers intend. It is quite possible, for instance, to
ﬁ"d in an inoculation test that the inoculation makes no
Mportant difference, or that it makes matters worse, The
Point of experiment is not to prove a theory but to find out
whether it is right or wrong, and the experiment must be
arranged in such a way that analysis of the results can
discover which. Many (perhaps most) important scientific
advances have come from experimental results that their
m{iker's did nor expect. But popular presentation of
SCientific results seldom gives enough information even 1o
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provide a basis for discussion. The above type of test
requires four numerical data before we can say what it
means, but propagandists on either side often give only one
or two. Such methods are either incompetent or dishonest.
As an illustration of a method that will give the correct
decision in the great majority of cases suppose that I plant
40 of A’s scarlet runner seeds and 30 of B’s. Of the former,
24 come up: of the latter 22. Are A’s significantly better ?
We arrange the table as follows:

Grew Did not grow Total
A .. .. 24 16 40
B .. .. 22 28 50
Total .. 46 44 90

More generally, if the four entries are

A U
& ¥)

we work out the expression, introduced by Pearson,
X2= (x4y-Fx"-4y) (-V)","x'}')z’ *

(xFy) (xFx7) "+y) 0+Y)
There is strong evidence for the existence of a difference
if x2 is more than 8 if it is less than 3 and the smallest of
the four factors in the denominator is more than about 100

N

there is strong evidence that any difference between the -

sampling ratios represents nothing but the ordinary un-
certainty of sampling.
In the present case
2 90 (24x28—16x22)*
VT TQ0Ks0xd6wad
Thus in spite of the apparent superiority of A’s seeds the
difference between the two sampling ratios 0.60 and 0.4f1
is no more than might easily have occurred by accident if
the two sets of seeds had been taken from the same packet.
It is very easy to underestimate the differences that can
arise between different random samples from the sam¢
mixed class. Strong evidence for a difference would nced
*X* is read as chi-squared (ch as in German).

-. 2.3 nearly.

"3t 21 different pressures. Take as a standar
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either twice as large a difference of the sampling ratios or
four times as many seeds. As an example we take the
following data from Greenwood and Yule on inoculation
for typhoid.

Arttacked  Not attacked Total

Inoculated .. 56 6,759 6,815
Not inoculated 272 11,396 11,668
Total .. 32% 18,155 18,483 -

We ke o 18,483 (36 - 11,396—6,759 X 272)2

fave x 385 18,155 < 6,815 11.668 202
This value is overwhelming, though on a casual inspection
the data are not much more striking than those of our first
example,

If we take the 2 /2 tables
100 9 1
( 0 10) <1 9)

e get respectively x*==16.0 and x*=12.8. In both cases
there is strong evidence against equality of the chances:
and granting that they are not equal the differences are
clearly very large. Thus large differences can be detected
tven with small samples. It does not take many trials, for
instance, to show that the kind of plant that comes up
depends on the kind of seed that is sown. The existence of
associations, complete as far as we know, is responsible for -
the notion of determinism, but they are simply an extreme
€ase of randomness when the chance is nearly 0 or 1. They
altract attention easily but it is a mistake to suppose that
¢very natural phenomenon can be reduced to them.

Noyv in physics we habitually meet such complete
associations, We observe, for instance, how the volume
of the gas in aff enclosure varies when we vary either the
Pressure or the temperature, keeping the other constant
It is found that reduction of pressure or increase of t:e .
Perature always goes with increase of volume N(I)T:\-v

Suppose that for a given temperature we observe the volume
S

d pressure the
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middle one, so that we have observations at 10 larger and
10 smaller pressures. We can then form a 22 table as
follows :

Volume Less ihan  Greater than

Pressure— standard standard
Less than standard .. 0 10
Greater than standard .. 10 . 0

It follows immediately that the chance of a large volume
is not the same according as the pressure is large or small.
Similarly we can study variation with temperature and
show that the chance of a large volume depends on the
temperature. That is as far as we can get by simple counting.
But we have the new feature that the answer given by each
ieasurement is not a simple “yes” or “‘no,” and we have
neglected much information by treating it as such. All the
quantities are capable of taking values over a wide range.
If the temperatures used, for instance, vary over a range of
100° and we read them 1o the nearest tenth of a degree, we
have much more detailed information than is expressed by
simply saying that a particular temperature is greater (or
less) than 50°; similarly for the pressure and the volume.
Now if p is the pressure, T the tcmperature, and v
the volume, it is found that pv is nearly constant fqr
given temperature, and its variation with temperature is
nearly proportional to the change of temperature. In othgr
words, we can choose two constants & and a so that pv is
nearly equal to k (a+T) for every observation. Now this
is a very remarkable fact, éven though we meet it first at an
early stage of scientific training. The volume may vary by
a factor of 4 in an elementary experiment; yet this rule
predicts its value at any trial within perhaps 1 per cent. l.n
accordance with the principle of inverse probability this is
not to be regarded as a remarkable coincidence but as a
general rule. It is not found that pv is exactly & (a+1);
but we call the discrepancies “‘errors” and regard them as
themselves random. The usual method of determining
k and a is to make the sum of the squares of the errors a
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minimum. It is found that when the data are measures and
not counts they can establish a significant connexion with
far fewer observations. This is due fundamentally to the
fact that the fit given by a quantitative law is far closer than
counting attempts to describe. We may not know the law,
to start with, but having found one that gives a close fit we
assert it on the basis of the observations.

The two quantities k and a are called adjustable para-
meters: they are not known to start with, but the observa-
tions yield a probability distribution over their possible
val}les. They are analogous to the unknown chance
estimated in problems of sampling, and have application
to new observations not included in the original ones.
k actually depends on the mass of gas used; but a does
not, and further g turns out to be the same for all gases,
It therefore becompes convenient to combine it with 7 and
call a-+ T the absclute temperature. Now here we come to
the point that by choosing a formula with sufficient adjust-
able constants in it we could fit any finite number of data,
Whether the formula has any application beyond the
original data or not. An exact fit is no evidence whatever
for the truth of a law if it contains as many adjustable
constants as there are observations; for such a fit could be
obtained for any such law, and we have no means of
choosing between the laws. Evidence for a law does not
exist unless the observations fitted are more numerous than
the parameters, and then the fit is not exact. It is here that
the notion of exact fit is definitely harmful to the under-
standing of scientific method. The actual question is, how
many adjustable parameters can be satisfactorily determined
from the data? They will be found with a specifiable
uncertainty, except when they are as numerous as the
d}ita; but we can proceed by introducing them one at a
time. To be accepted as significant the estimate of a new
Parameter expressing the change from the last formula
tried must be somewhere between two and three times its
Standard error. The outstanding variation can then be
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regarded as random. The essential feature of the method is
that variation is regarded as random until there is positive
evidence that part of it is not. The principle is incor-
porated into the theory of probability by the simplicity
postulate, which says that just before we test any new
parameter it is as likely to be zero as not. That is, we
express no previous opinion about the need for change and
leave it to the observations to say whether the suggested
change is needed or not. It is necessary that the two
hypotheses considered must be clearly stated as laws
relating distributions of chance. The most important and
often the most difficult part of scientific work is to ask the
right question: once it is asked the gathering of suitable
materials to answer it and their analysis to give the answer
are usually matters of routine.

One unexpected result of the analysis concerns the
probabilities of future inferences from laws that have bgcn
verified in many instances without need for modification
having been shown. Such probabilities are found to
approach certainty whether the law in question is true or not.
What the result amounts to is that if the law is false, the
true one differs so little from it that the two have given
indistinguishable consequences hitherto, and therefore will
probably ccntinue to give indistinguishable consequences.
Thus the adopted one will probably continue to give correct
inferences with the uncertainty stated in it. The better the
verification of a law, the harder it will be to think of an
alternative that is not contradicted by facts already known
to us. The theory therefore makes it possible to modify a
law that has stood criticism for centuries without the need
to suppose that its originator and his followers were useless
blunderers. At the same time it gives an answer to the
problem of “scientific caution”; this is best achieved by
asserting no more parameters than are found significant,
stating the results with the uncertainty found from the
observations, and applying the law as far as possible
beyond the original data (still allowing for the uncertainty
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of its parameters) until a discrepancy is revealed, if ever.
It admits the whole of human experience as valid data, and
any clearly stated hypothesis is worth testing. If the tests
are found to reveal significant differences between people,
it is still possible to proceed to study these differences and
compare them with other data; psychology is admitted as
a legitimate science.

The theory also gives an answer to the problem of
mistaken perception, which will be found discussed in
almost every book on philosophy. We say that grass is
green. But a philosopher will say that if we look at it
through red glass it appears black and will discuss at
considerable length how we can know which appearance
to accept: he does not usually arrive at any useful answer,
on account of the verbal confusion involved in supposing
that “green” means the same thing whether it is applied to
an object or to a sensation. Starting from sensations, we
can classify them according to colour and shape. The
characteristic shapes of grass leaves and tussocks are then
found to be sometimes associated with green, sometimes
With black. This is a fact of observation. It suggests the
further investigation of other conditions associated with the
Trespective colours, and tactile sensations then discover that
the change is associated with the presence of the glass and
recall to mind the fact that an obstruction usually does not
merely change the colour of the visual sensation associated
With an object, but obliterates both the colour and the
shape. The colour of the object is then defined to mean the
colour of the associated sensations when there is the least
Possible intervening obstruction. The approach by the
classification of sensations treats all sensations as equally
valid, but studies their differences: and the colour of an
Object is then seen to be a matter of the choice of the most
Convenient definition. The physicist gets much further
by associating colour with the distribution of energy with
Wavelength, and finds that the difference of ] ace

: colour asso-
Clated with red glass corresponds to the absence from the
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transmitied light of the wave-lengths associated with the
sensation of green. In this case the definition of the colour
of an object found convenient from analysis of non-
instrumental observations is also convenient for physics;
it corresponds to the distribution of the energy in the light
close to the object. Visual sensations through coloured
glass are not rejected but put into another pigeon-hole,
where they become important scientific data. Quantitative
descriptions of the light of stars too faint to have their
spectra studied in detail can, for instance, te made by
photographing the stars through screens of different colours,
and studying the intensities of the images.

The similarities between different gases and the laws of
chemical combination given by Dalton (1808) suggested to
Avogadro (1811) the hypothesis that gases have a mole-
cular constitution, consisting cf a large number of similar
small bodies, such that equal volumes of every gas at the
same temperature and pressure contain the same number
of molecules. On the kinetic theory of gases these are in
motion and frequently collide with one another and with
the containing vessel. This group cf hypotheses is found
to explain not only Dalton’s laws and the approximate
relation found between pressure, temperature and volume
in a given specimen of gas, but also some departures from
this relation that are found when the density is comparable
with that of the same substance in the liquid state. The
latter lead to an estimate of the sizes of the molecules
themselves. This estimate is an adjustable parameter and
so far the argument shows only that the hypotheses are
consistent with the facts considered. But when it is found
that with the same value we can predict also the density of
the substance in the solid state, and the thermal conduc-
tivity and viscosity of the gas, within a small margin
attributable to the fact that the molecules of different gases
have different shapes, the molecular hypothesis is con-
firmed strongly. This is why we say that molecules (and
atoms) exist. The point to notice is that the hypothesis
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explains several different laws relating to quite dissimilar

phenomena. If a hypothesis merely explains one law it can
tell us nothing that the law itself does not, and it is more
likely to be untrue. But if it explains several it would again

“bearemarkable coincidence if the agreement was accidental,

and the hypothesis itself can be considered confirmed.
The same feature can be illustrated at more elementary
levels, We can recognise a table by sight without touching
it, or by touch in the dark. But it is more conclusive to
have both data; the visual table might be made of painted
cardboard, and one known only by touch might be a high
stool or a desk until we have felt it all over. In the discovery
of Neptune the position of the planet was predicted from
the previously unexplained perturbations of Uranus and
afterwards verified by observation. Now it might have
happened that the gravitational theory was right but the
Planet had too low a reflecting power to be seen. In that
case astronomers would not have denied its existence;
they would have continued to study the motion of Uranus
and to improve the calculated position of Neptune in order
to improve the predictions of the position of Uranus. On
the other hand a new planet might have been found
visually but might have had too small a mass to produce
perceptible perturbations. Either type of evidence by itself
would have extended knowledge of the solar system. But
the two together are much better. The visual determination
of the position was much the more accurate and led directly
to a determination of the orbit of Neptune; but the pertur-
bations of Uranus were still available and, given the orbit,
gave a much better determination of the mass than could
have been obtained without it. The common features of
all these studies are the powerful confirmation of a hypo-
thesis that arises when two or more quite different sets of
data check it, and the derivation of knowledge by com-
bining them that could be got, if at all, only with much
more difficulty by studying either of them separately. It is
Sometimes argued that it is dangerous to apply a hypothesis
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far beyond the original data; but that is just why we get
the best possible confirmation of the hypothesis if the
prediction from it succeeds, and the clearest indication of
how the hypothesis should be modified if it does not.
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the evidence for the electron).

1. Synthetic Emeralds.
(see page 22)

* 2. Electron microscope

picture of two indi-
viduals of the bac-
terium  streprococcus
faecalis (x 36000).

3. The same, after
treatment  with  the
antibiotic  Tyrocidin
(sec page 90). Note
how the outer layers of
the organisms have
been stripped off and
collected in the groove
between the two indi-
viduals (x 36000).
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8. Influcnza. Virus infection of ¢gg membrane. Provides

3 : : e e : 0. Nisal passages of o nornl healthy ferret.
one method of propagating a virus strain after its isolation
from the human patient.

9. Influenza. Virus infection of egg membrane. Discreet 0
** pocks ™ are produced by a small dose and can be couqted :
to estimate the strength of the original virus preparation.

Nasil passages of ferret infected with influenza
X e T




12. The master gyro-compass of the type used in the Royal
Navy seen from above. This master transmits the direction
of the ship’s head to repeaters wherever they may be
required in the ship. A, case containing the rotor which
provides the directive force; B, gauge to indicate the vacuum
in the rotor case; C, the contactor which passes a signal
when the phantom is out of line with the rotor case; D,
the Azimuth motor which drives the phantom after the
rotor case; E, transmitters which are driven by the phantom
and which send out impulses to the repeaters; E, the
Spider which supports the moving parts; G, gimbal ring
to maintain the compass with its card horizontal; H,
gimbal pivots; J, shock absorbers to support the compass
and protect it from the vibration of the ship; K, cable
carrying electrical supply to and from the master; L,
card] M, lubber line; N, corrector mechanism for making
adjustments for speed and latitude.

i
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10 support the compass and to protect it from t e VI: ‘mnon
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case: R, pipe connecting mercury pots which control the
rotor making it North-seeking.

13. The master gyro-compass of the type
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14. 10DOPHILE MICROFLORA OF CATTLE (highly magniﬁ_ed)-
A, rosette association of unidentified organisms; B, giant
spirillum; C-—C; stages in disintegration of starch grains
by coccoids; C,, surface of grain showing lacunic
surrounding coccoids; D, coccoid chains (giant form):
E, coccoid chains (normal type); F-- F,, sarcina packets:
G G, Oscillospira guillermondi.

Medical Front

Old Age and Arrow Poison

ONCE upon a time surgeons used to tell one another a
fairy story that is was impossible to operate on old people
without killing them in the process. An old man with high
blood pressure and a bit of bronchitis was not a good
surgical risk. So, the tale went, if something awful happens
inside him do not open him up to try to put it right but
make him comfortable and let him die in peace.

We know now that this is wrong. The great danger with
old people is that they casily get pneumonia, particularly
after an anwsthetic, breathing strange and sometimes
irritant gases as they do. To avoid this danger needs good
nursing and a good anasthetic, and given these two require-
ments, surgery on old people becomes more satisfactory,
and often a successful life-saving measure. Now the
an®sthetic has two functions. From the patient’s point of
view it makes the operation painless and helps him to lie
still.  And, just as important, it helps the.surgeon by
relaxing the patient’s muscles. The ab.dommal m_usclt?s
must be quite slack before an abdominal operation is
feasible, and normally this means quite deep anasthesia;
and the deeper the anazsthesia, the more likelihood of chest
complications afterwards. .

The scene now flashes to South America, where the
Indians use a famous arrow poison, a trace of which
paralyses the victim pricked by an arrow. This arrow
poison has been brought to the laboratory, analysed,
tested on animals. It is not an anasthetic, but it paralyses
Mmuscles by preventing nerve messages from the bFain
reaching them. The muscles lie slack and idle, but the
victim may be fully conscious yet unable to cry out or
move, a prisoner in his own body. A large dose of tubo-
Curarine, as it is called, kills by paralysing the breathing;

81
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smaller graded doses merely slacken the abdominal muscles,
stop the speech but leave the breathing, coughing and
swallowing intact. Using it in anzsthesia (a very skilled
matter obviously), we get the surgeon satisfied by the
slack muscles, and then the patient needs only a very light
anzsthetic, a whiff of gas, to make the operation painless.
The need for deep anzsthesia with its complications, is
avoided. It is just a hundred years ago since the first
anasthetic of any kind was given, and now the anwsthetist
has a very wide range of specialised techniques in his
cupboard.

Insect War
The last few years have seen great success in fighting the
nuisance and in some cases danger of insect pests. In
DDT we now have one lethal weapon. In the less publicised
but equally effective Gammexane we have another. This
substance, chemically a benzene hexachloride (benzenc
from coal tar, treated with chlorine as discovered by
Faraday in 1825), can be used as a dusting powder or spray,
keeps well, is no more toxic to man than DDT and is
powerfully active against most insects, including mosquitoc;s.
~ locusts and weevils, and also bees. Another aromatic
compound, benzoate, is highly effective against the itch-
mite which burrows beneath the skin in the disease Scabies.
So the list of insect poisons grows.
different method of attack is the spreading of insect
diseases caused by bacteria. Thus Japanese beetle in the

United States is fought by inoculating the soil with powder’

of the spores of Bacillus Popilliaec which infect and kill it.
Very little is known about insect diseases, so this method
is still in its infancy, though the use of insect parasites is,
of course, widely practised.

Alongside these offensive measures research has also been
developing passive defence, by trying to find out how insects
seek out and bite their human prey. If we knew this
method we might be able to put them off the scent.
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Strangely enough human smell, at least the gross sort
termed ““body odour” in the advertisements, does not seem
to be the call sign for insect recognition. People thoroughly
soaked in deodorants are still found and bitten by flies on
as large a scale as those who have taken no precautions.
Two other suggestions have been made: that insects
recognise that the atmosphere is warmer close to a living
body and snuggle up to it; or that mosquitoes, for instance,
Tecognise _ the carbon dioxide or some other exhalation
(e.g.; the moisture of the sweat from the skin), and move in
that direction. Research is hampered by the fact that
individuals vary greatly in attractiveness, and the causes
of this variability have not yet been traced.

A simpler approach has, however, brought the beginnings
of success—the search for smells that insects do not like.
The most effective of these to date is dimethylphthalate,
sold in the chemist shop as DMP. This stuff makes the
most attractive human repulsive to mosquitoes, flies and
midges, chiggers, ticks, for about six hours when applied
directly to the skin as a 5% cream, and it can also be used
to impregnate cotton underclothing and so keep that free
fO{ a time too. For country picnics in a temperate climate,
this resuit is probably good enough, but of course the real
Importance of insect repellents is for tropical countries,
the Burmese jungle and the malarial swamps of South
America, where a six-hour respite means little, On their
behalf the search for better bad smells continues.

Artificial Insemination
An article by Dr. Kenneth Walker and his collaborators in
the medical press describes some of their experiences with
the new techniques of human artificial insemination, a
practice which is growing rapidly in importance following
the success of similar methods in agriculture. It has been
realised for some time that childless marriages in which
both parties desirc offspring may be due to faults in either
usband or wife equally, and while a little is now known
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about female sterility and something can often be done to
cure it, the male has been much less investigated and is
proving a more difficult problem. This is because a man
who is impotent is unable to procreate, however good the
quality of his semen, whereas frigidity in women is repro-
ductively unimportant and impotence and frigidity being
often due to psychological factors may be very difficult to
treat.  Doctors, however, now offer two solutions for
childless couples in which the woman is proved normal
and the fault lies with the male. If he is impotent but his
semen is normal then artificial insemination using thF
husband’s semen is performed. If, however, the semen is
of poor quality, or contains genetically undesirable charac-
ters (i.e., an jnheritable factor leading to deafness), then
artificial insemination with semen donated by a third party
is available. .

This second possibility is at first sight revolutionary in
nature. A wife who has a child by a man not her husband
has always been frowned upon, and the law has conse-
quently something to say on the matter, yet in the case of
artificial insemination by donation, the father is not the
husband but a man completely unknown to the mother.
This is really quite a logical extension of a process of social
change which has been going on for some time. It is now
widely accepted that love and reproduction are two human
activities which can be largely separated—witness the
prevalence of contraception and so artificial insemination
becomes a conceivable procedure. At any rate it is SO
regarded by a growing number of childless couples, and as
Dr. Walker emphasises, so long as the technique is em-
ployed with discretion, it is unlikely to do social harm and
will often do good.

'What does discretion mean here? It means explaining
to both partners of the marriage exactly what is involved:
that no likeness of the child to the father can be guaranteed
that, in fact, conception may fail in spite of numerous
inseminations; that there are legal difficulties: that the
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attitude of the “father™ to the child may subsequently
change for the worse: in short that artificial insemination
from a donor is a serious matter which demands careful
consideration by both husband and wife before it is under-
taken. On the doctor’s side it means a very careful choice
of donor, who must be at all times completely unknown to
the recipient. Dr. Walker favours normal, healthy, intelli-
8ent men between thirty and forty-five years old, married,
With at lcast two children already, and with the same blood
&roup as the mother or the ““father”—to avoid subsequent
Proof of non-paternity by blood-group tests on parents and
child. He calculates that since as little as 0.01 cc. semen
(a five-hundredth of a teaspoonful) is enough for pro-
Creation, and a donor can provide two volumes weekly, he
could beget 400 children weekly, or 20,000 a year. This
Would inevitably lead to a number of half-brpther and

alf-sister marriages twenty years later, }vhlch would
Probably be genetically very bad, so an arbitrary limit.of
!W offspring per donor has been set. The usual practice
1S to perform twenty inseminations with each semen samplg
by means of a special syringe, the wife attending the clinic
On the day of the month on which her tempergture on
Waking in the morning is at its month!y lowest, since this
1S the most favourable day for conception. ‘

So far, here and in America, donor insemination has
been practised in about 3,000 cases, with considerable
Success, and experience is rapidly widening. It m;irks a
Rew step in man’s control over the processes of his own
body, angd brings the practical possibility of Mr. Aldous

uxley's Brave New World a stage nearer.

Il Before Birth

In 1940, Australia had an epidemic of an unusually severe
form of German measles. In the following year doctors
Were struck by the unusual number of babies they were
seeing who were born blind. This suggested to Gregg
the possibility that a number of pregnant women had had
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German measles and that the infection had spread to the
unborn child within them and partially arrested its develop-
ment. Thus it came about that an unusually large number
of babies were born blind or deaf or with cengenital heart
disease.

To prove the correctness of this idea is not easy. When-
ever he met a blind or deaf child Gregg asked the mother
if she had had German measles during the pregnancy; and
if so, what part of it. Most of them admitted that they had
been ill during the first two months and were told then that
this fever was probably German measles. But sometimes
they did not remember very clearly, and perhaps it was some
other disease, scarlet fever for instance, which they had.
Women who had ordinary measles produced normal
babies, that was definite. On the other hand it is just in
the first two months of its life that a baby’s eyes and heart
and ears are appearing: thereafter it devotes its energies to
growing larger; so that an illness would probably upset 1t
most in the first two months.

Another way of trying to prove a connection between
German measles and a bodily defect is by seeing what sort of
baby is produced by every pregnant woman who has had the
illness. A beginning has been made on these lines, so far
with disappointing results. Of seventeen mothers who had
German measles during pregnancy, for instance, cvery one
produced a normal baby. So there is no inevitable con-
npction between measles and blindness, and the investiga-
tion continues,

We know very little, except in the most general way, of
the influence of the mother on the development of her
unborn child. Certainly an ill-fed mother is more likely
to have a miscarriage and the poor, who cannot afford
good food, have more premature babies than the rich.
But of detail, there is nothing in medicine to parallel the
€xperiments on pigs. Sows kept for a long time on special
feeds containing no vitamin A give birth to completely blind
(and often eyeless) piglets, which may show other abnor-
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malities as well, such as cleft palate of hare lip. But the
Cause of human abnormalities of this type is not known.
If further research supports Gregg’s idea, it will be the
first step forward in clucidating the faults of the baby's
development; and we may then find a mixture of nutri-
tional and infective causes—perhaps that it needs not only
the infection (German measles) but also an undernourished
infant (the mother lacking vitamins ?) acting with it to
Produce congenital disease.

Help for the Early Child . .
Nobody knows why it is that most babies are born into the

world nine months after their conception. There is no
sudden change in the child’s development at that time.
It grows smoothly and continuously month after month
With no sudden breaks, and at nine months it sti_ll has a long
Wway to go. In fact at that age it is not pamgularly well
equipped to face the outside life; but at a pinch it can
often manage it at an even earlier age, and some try to.
There must be some kind of alarm clock inside the mother
which decides the moment of birth, but it still remains to be -
discovered, so why some infants are born early at eight or
Seven months is a mystery. It is also a misfortune because
the premature infant may be hard to keep alive. It is
difficult to feed, prone to vomit or develop diarrheea, and
Waste away and die. .

A new scheme, developed in Sweden, America and
Britain, seems to offer fresh hope for the unexpectedly
early baby. Milk is a food difficult for it to digest, and the
New idea is to provide it with something simpler to eat, but
based on modern knowledge of nutrition. Milk consists
of vitamins and salt, sugar, protein and fat all mixed
together in about 80% of water. Fat is known to be rela-
tively unimportant, and can therefore be missed out of the
simplified food, but it is found that protein causes difficulty.
Even the normal baby is not well fitted to digest protein,
because its stomach does not make the essential hydro-
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chloric acid until it is nearly a year old. The premature
infant is in a4 worse case, and probably has not got a _full
set of digestive enzymes either (though we have as yet little
knowledge on this point). So in the simpler food we bave
pre-digested milk protein, casein ready broken down into
its constituent amino-acids. Feeding tests with this ready
digested protein and sugar have given cxcellent resp[ts:
the premature babies no longer get diarrheea and vomiting
so casily, and waste away and die; but they grow fast and
turn into normal children. The fact that infants have an
inadequate digestive system also, incidentally. gives them_ﬂ
slight advantage over the adult when it comes to pen!cﬂlm
treatment. They need not undergo the frequent Intra-
muscular injections which are sometimes painful. Penicillin
is not destroyed in their stomachs and can be given success-
fully in their feeds. )

Why didn’t somebody try this predigested milk 1dea
before ? No doubt the idea has been floating a.bout. mn
people’s heads for a good many years. but making 1t &
practical fact depends on a number of new developments.
In the first place, it is only in the last ten or fifteen years
that the university chemists have learned the technique of
digesting protein in the laboratory instead of in the
stomach, for before it was not easy to digest it to the stage
the body likes without spoiling it. It is only in the last ten
or fifteen ycars also that doctors have realised how badly off
the newborn child is. Its kidneys, for instance, unli}fc the
adult’s, cannot adjust their output to the water input.
Even though it is kept thirsty, a baby will continue to make
urine, and so dry itself up inside: and on the other hand,
if it drinks largely, its kidneys fail to get rid of the excess
fluid by making urine. and so it becomes water-logg_ed-
In other words, the niceties of infant nutrition are only just
being realised.

Vitamin News ) '
Most people are only at the stage of learning that there 15
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more than one vitamin B, and that we distinguish them as
Bl, B2, and so on. In fact scientists have been racing
ahead, discovering so many vitamins that they have taken
to giving them names instead of numbers, Originally,
twenty or more years ago, they thought there was only one
Substance needed in minute quantity for growth and health
Which would dissolve in water, and they termed it “B.”

Ow they have a list of water-soluble **Bs" running into
double figures—pantothenic acid, biotin, p-aminobenzoic
acid, inositol, pyridoxine, and so on. Some are known to be
Important for man: others, as vet, are only vital to certain
animals,

The latest discovery is folic acid, so-called since it was
first detected in the “foliage™ of spinach, later also in
Brass, mushrooms, yeast and liver. Now that its chemistry
1S known (the chemists call it pteroylglutamic acid and find
It is related to the colour in butterfly wings) it turns out
to be the same stuff as a number of other vitamins. Vitamin

prevents anzmia and diarrhceea in monkeys. Vitamin Be
Prevents anamia in chickens. Vitamins B10 and Bil are
Needed by chicks for growth and the production of feathers.
But 4 these vitamins are one and the same, folic acid.
Different investigators have used different experimental
animals, thought they were tracking down different vitamins
and in the end have reached the same terminus. It makes’
the reports on vitamins very confusing to follow, but
8radually order grows amidst the chaos.

Often with vitamins one finds that some animals can
make them for themselves, others must be given them in
their food. Rats, for instance, can get along without folic
acid in their food, but humans probably cannot. This was
an accidental discovery. Animals lacking folic acid often

ave few white cells in their blood to fight infection, so
Some folic acid was given to hospital patients with the
thought that they might be deficient in the vitamin and
that it would pep their white cells too. It did not do this,
but one of the patients who also had pernicious anzmia
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suddenly got better. It turns out that people with pemicious
anzmia can be cured and kept well on folic acid tablets by
mouth. Previously they have had to have injections of
liver extract, and before 1926, when the liver treatment was
discovered, they usually died. A tablet of a pure chemical
substance is better than an extract of an animal’s liver; it
is also pleasanter to take: and in twenty years medicine
has struggled a little closer to is ideal.

Collaborators

So the new knowledge about vitamins is that there are
many of these chemicals required in traces in a norm:_il
healthy dietary. But another important recent discovery 18
that the whole vitamin business is more complicated than
the nutrition scientists first thought. The original idea was,
miss a vitamin and you got a disease. Take the vitamin,
and get better. Thus food without vitamin C leads to
scurvy, which gets better if fresh fruit (containing vitamin
C) is given. Lack of Bl leads to a neuritis, and to beri-ber,
which gets better if the vitamin is fed. This view was
supported by experiments on animals and by observations
on people who had been poor and ill-nourished for years.
But when finally experiments were done on human volun-
teers, a different picture appeared. Nine people were k<‘>l}t
on special diet lacking all vitamin BI, Every day their
urine and faeces were analysed for BI to see how long they
would go on excreting it when they no longer received any,
and how soon after that ill-health developed. After five
weeks four of the nine volunteers showed signs of illness
and their excretion of the vitamin had dropped almost 10
zero. But the other five kept obstinately healthy and
continued to excrete vitamin although they were not getting
any in their food.

This result was at first shattering. Where was the Bl
coming from? Did it mean that people differed enor-
mously amongst themselves and some bodies could make
vitamins but others not? The experimenters saw another

{
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possibility to consicer first. They knew that everyone has
harmless bacteria living in the intestines, particularly the
large bowel, and bacteria in general are much better at
chemistry than we are. They can live on the most indi-
gestible foods, and make the most amazing chemical
Substances. It scemed possible therefore that under certain

circumstances they might be making vitamin Bl and

handing it over to their human hosts. Many of them, like
disease germs, are killed by sulpha drqgs (M and B for
instance). So the five volunteers were given sulpha drugs,
and at once their excretion of vitamin Bl dropped. The
mystery was explained: some, but no} all' people have
micro~organisms inside them to make vitam:ns for' them.

The same is true of rats. It was noted on an earhgr page
that rats do not need folic acid in their food: but if they
are dosed with sulpha-suxidine, which kills ofl their
bacteria, they begin to require it. The rat cannot make
folic acid for itself, it normally relies on bacterial workers
for its supply. . .

So novgpa:temion focuses on the bacteria which inhabit
the intestine. How useful are they ? What can they do?
Do they contain the answers to mysterious diseases?
There is further mention of them on other pages, for the
recognition of our unseen collaborators is a recent and
Important step.

Chilblains L

Amongst the remedies used for chilblains in the A.T.S.
during the war were applications of whisky, raw_potato,
roasted onion, snow, and urine, and drinks of hay tea and
colloidal jodine. The actual full list of remedies tried by
different people is too long to give here—these were some
of the more exotic, reported in the Lancet, as the result of
a survey of 3,000 members of the Auxiliary Territorial
Service made to find out how important chilblains really
are. As they are not deadly, or a cause for stopping work,
science has not hitherto spent much time on them, and it



92 SCIENCE NEWS III

must be admitted that up to date the right treatment has
not peen discovered, and even the cause of chilblains
remains unknown, *

From the Lancet report it seems that evéry other woman
will have had chilblains by the age of forty. So the illness
1$ extraordinarily common. They are most and commonest
amongst indoor workers, typists got them mostly on their
hands, storckeepers and other people on their feet;
& great many got them chiefly on their toes. People working
out-of-doors, for instance manning guns, were much less
liable to get chilblains than those in buildings. An interest-
ing point is that in the U.S. and Canada where central
heating is common, chilblains are rare. It looks as though
the unevenly and badly warmed rooms so common in
Britain may be to blame. Don't stagnate in front of a fire
or in a draught if you want to escape the curse. But as for
treating the curse when it comes—science is baffled.

Antibiotics
Many moulds and bacteria, and other plants, produce
substances which are active in killing disease bacteria. Of
these antibiotics, penicillin is the best known, and far and
away the most effective. Commonly the antibiotics are t00
unstable for medical use, or toxic for man as well as the
germs, or not powerful enough. However, with the success
of penicillin the value of one or two others is being explored
further, The most hopeful to date is one called strepto-
mycin, chemically quite distinct from penicillin, and made
by a totally different kind of mould. It was tested first on
bacteria“growing in culture in the laboratory and raised
high hopes of its value in medicine, since in this test it 15
effectively germicidal against a number of bacteria unaffected
by penicillin: typhoid, food poisoning organisms, plague,
whooping-cough, and most exciting of all, tuberculosis.
A sober report from the Mayo clinic in autumn, 1946,
however, reveals a good many of the difficulties and dis-
appointments. One is that the stuff as at present available
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does produce some harmful effects on many patients:
sickness, fever, skin symptoms for instance. Another is
that the bacteria very quickly get resistant to the drug:
they are either killed straight away or they become in-
different to streptomycin and flourish (there is not the same
difficulty with penicillin). A further point is that the drug
Is expensive, difficult to make and in short supply, and
consequently likely to be used in insufficient dosage. It is
only now ‘that penicillin is freely available that enormous
doses can be given, and further diseases brought under

. control. [Infection of the valves of the heart, for instance

(bacterial endocarditis) is now being treated with a million
units of penicillin daily for a month. This is a great con-
trast to the usual course of 250,000 units a day for three or
four days, which is useless for this particular disease.

Summarising the effect of streptomycin on 54 selected
cases of tuberculosis. the authors of the report say:
“Evidence clearly indicates that streptomycin does not
exert a rapidly curative effect on clinical tuberculosis
filthough it does appear to modify the course of the disease
In a favourable manner in some cases.”

Streptomycin can be given by mouth, but it is then not
absorbed into the body. It passes through unchanged
(penicillin is destroyed) and may therefore prove valuable
in the treatment of intestinal infections. It is otherwise
given as a three-hourly injection of about one to three
grammes of material daily, with promising results in
tularaemia, a disease common in America, and in certain
types of meningitis in young children. Research is still in
the very early stages and we may have better news at a
later date. How streptomycin and penicillin act on the
germ is not known ; they cause no immediate visible
changes. Only in the case of another antibiotic, unfortu-
nately too poisonous to man to be useful in disease,
Tyrocidine, is the mode of action known. It behaves like a
very strong soap, and washes off the outer protective layers
of the germ. (Sec Plates 2 and 3).



Colour Photography has
arrived

JACK H. COOTE, F.R.P.S.

FoRr the vast majority of photographers, colour photo-
graphy will have “arrived” only when it is possiblc for them
to load a camera with film which, after exposure, can be
sent back for development with instructions to “make 2
colour print from all the good negatives.” The amateur
can do just that in America to-day—in fact so many O
them wish to, that the Eastman Kodak Co., who will bave
to do the printing and processing, are erecting a new colour
laboratory in which they will be able to make one hundre
million of these colour snapshots each year. .

This achievement—perhaps the greatest since the begin-
ning of photography—was only realised after a hundred
years of searching, the course of which can be traced back
to the work of Clerk Maxwell during the last century.

Early History
Nine out of ten textbooks dealing with the subject will tell
you that Clerk Maxwell was the first person to put Thomas
Young’s three-colour theory of vision to practical photo-
graphic application. But if we take the trouble to look up
the report of Maxwell’s demonstrator, Thomas Sutton, We
shall find that although Maxwell clearly outlined proposals
for photographing and reproducing a scene in colour by
means of three primary colours, in his practical demonstra-
tion he actually employed four different negatives—red,
yellow, green and blue. No one seems to have discovered
why he departed from the theoretical three colours, or for
what purpose the yellow record was made.

In order to obtain his colour photograph, Maxwell made
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positive transparencies from the four negatives, and images
of these were projected from four lanterns fitted with
filters corresponding to the taking colours—and, says
_S‘ltton, “when these different coloured images were super-
Imposed upon a screen, a sort of photograph of the striped
Tibbon was produced in natural colours.” This system of
colour synthesis represents the additive method of colour
reproduction, since coloured rays of varying intensity and
Proportion are added together to illuminate an otherwise
darkened screen (Fig. 8).

WHITE

&

Figure 8

Additive Systems

Soon after Maxwell had propounded the theory that it
should be possible to match practicaily all colours appearing
In nature by combining suitable proportions of red, green
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and blue light, Louis Ducos du Hauron* described mo"fe';s
which made it possible to operate an additive colou{ pr an
without having to manipulate three separate negatn{;st e
three separate positives. Dy Hauron realised that i eac
images could be obtained on single plate or film,

; . ameé
one occupying one-third of the total area, but at the s

. 0
time being intermingled one with the other in the &l)r?the
minute clements, then the eye, being unable to reso voul
individual elements at normal viewing distances, W
mix the component images in an additive fashion. ade by

The earliest form of additjve “'screen plate’” was ma tines
mechanically ruling very fine red, green, and blucrecn”
adjacent to each other on glass to form a *“taking S?n the
which was placed before a colour-sensitive platell ixe
camera. A similar “viewing screen” was subscqucnl‘ycd i
10 a positive image printed from the negative Obt.ameithef
the camera, and the resulting colour transparency was . the
projected or viewed by transmitted light. .Latc] §ize,
Lumiére brothers sifted starch grains to a umforffnmics
and-dyed them red, green and blue in equal qua plate
before scattering them on to the “‘tacky" surface “fﬁion/
and covering them with a layer of panchromatic emuls b the
exposure taking place through the glass ;md. t.hrou%thcse
starch grain filter clentents, The haphazard mixing 0

: : « . . olour!
grains resulted in some clumpmg > of similarly ¢

: viSib
elements, with the result that sych, groups became
here and there j

ightly
n the picture as relatively large brg
coloured spots.

With most of the “'sc
necessary to convert
image originally obtaj
positive image, and fo
1S employed. [n this
camera finally
* Louis Ducosdy

mzant of colour ph
demonstrateq or

le

cpas 1t 18
reen-plate™ additive prOc“"esaldv
the combined three-colour neguisi (7
ned in the camera, into the red Ging
r this a “reversal” form of P"OC?S
way the film which is eprSCdl f_one
becomes the coloyr photograph its¢

cvelOP'
Hauronhad 3 remarkable influence upon the d .

otography. Before the end of Jast century he hw use-
Proposed almost 3y the processes we no

97
COL6UR PHOTOGRAPHY HAS ARRIVED

reason why it has been. easier to produce colour trans-
parencies than colour prints. vement, Dufaycolor
rs of steady impro

ﬁlrﬁ ﬂ:; i:niinr):oie?nade, represents the latests, af_}‘; grl%tl’;:;'):
the ’]ast of all the many additive pr(-)cesrs:e;n for the red,
color ﬁl,ter-mosaic is a remarkable aChlevS that ’more than a
green and blue filter elements are SO %maa square inch, all
million of them are arranged ‘-v'ﬂ-]mt d over the whole
uniform in shape and evenly distribute

m. o, ith the
an?lilhgfcﬂ:cﬁsleveral inherent limitations Cortlllll;f tt‘;ﬂ‘,)"w\lvill all
additive processes, and it seems sgfe to say that an additive
Vvery soon fall into disuse. One difficulty lsorthwhilc degree
transparency cannot be enlarged to any ws Furthermore,
without its filter pattern becoming obviou . 75%) of light,
the filter elements absorb a great deal (so_mm for motion
making any additive system mconvel?'le paper prints,
Picture projection and useless for maedut]'gom the surface
Wwhere the total amount of light re?e‘%t creased.
of white paper cannot be practicably in

j tems . hoto-
is;uﬁ;rsa %;:1 f)ﬁisiblc to make very bcau(tilsf ‘;lincc(::(t)ll:; e’;rh'est
graphs on-paper by usublttll']qcugv; ﬂxlr;ectl;gt and complication

hy, althou . X ro-

g? }sllsm(l:lf prlcl)?::;sg:l:\a{le restricted their Pracnc;g::ggzvglirs.

fessionéxlpand still fewer advanced amateutrhg el of
Subtractive processes depend upon

appropriate amounts of light of the three primary colours

ite li hich may.either be
igi ce of white hg!\t, w .
fr(i)’lm 2:(11 ofr' lg::altls):u;utface of white paper or p;\?f;ti?‘
:leloicgth a lgztern (Fig. 9). The “appropriate” am

red, green and blue light are automatically arrived at by
Ted, gre

ive i he usual set of three separa-

i itive images frqm t set d @

:ri’oal kmeg Et(:f:sl and converting Fach positive utl‘t?i ahfool;ng1 °

im:gz \%hich will absorb varying amounts :md eg  of that
colour with which the original record was .
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BLUE - GREEN

WHITE PAPER

Figure 9

words the positive from the red record is converted into g
blue-green or cyan image which will reflect all blue all‘l1

green rays while absorbing red rays in proportion to the
density of the image at any point. The green recor d positive
is converted to a “‘minus-green’’ (i.e., magenta) image whic

absorbs green while reflecting red and blue, and the blue
record positive is converted to a “‘minus-blue” (i.€., yello‘g)
image which reflects both red and green rays while absord-
ing blue. )

For centuries, without concerning themselves with the
reasons, artists have been successfully mixing the thrcf?
subtractive primaries—blue-green, magenta and yeltow;
although they usually insist upon erroneously calling them
blue, red, and yellow. .

It will be seen that the need for three records representing
the red, the gr.een and the blue components of the subJ?Ct’
is a requirement common to both additive and subtractivé
systems of colour photography. These “separation nega:
tives” can only be taken one after the other if the subject
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1S quite still during the time required to make all the
€Xposures, a condition which rules out all but still-life.
For active subjects a “‘one-shot” colour camera is generally
employed.

Colour Cameras

A‘ colour camera is essentially an instrument which
dl\_/ldcs the light from a single lens into two or three paths
(Fig. 10). When all three negatives are to be recorded at

Blve Fuveg

GREEN FILTER

PLATE

PELLICLES
Figure 10

Separate exposure planes, two partially transmitting and
Partially reflecting mirrors must be placed within the
Camera to intercept the rays emerging from the lens. The
ratio of reflected to transmitted light is controlled for each
reflector by the degree of “‘metallisation” which is applied
0 its surface. Highly reflective metals like aluminium,
rhodium and gold are usually deposited on the front sur-
faces of the reflectors by vacuum evaporation or sputtering,.

The reflectors used in “still” colour cameras are known
as “pellicles,” and are extremely thin (0.0005 in.) collodion

RED FILTER
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membranes stretched upon optically flat metal frames.
Pellicles are superior to glass reflectors in Fhat they do not
produce refraction and subsequent distortion of the trans-
mitted image, and do not reflect a second image from their
rear surface—the two surfaces being sufficiently close
together to act as one. o

When it is inconvenient, because of limited space to
introduce two reflectors between the lens and the rear
image plane, a dividing system with only one reflecting

surface may be used—in which case two of the' tthors:
required separation negatives are exposed together &
films emulsion to

of the two image planes, by placing two L7 .
emulsion in the form of a “bi-pack” (Fi&. 11a). This
DIRECT I ORN oF L1 68T
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INTEGRAL TRIPACK
=PACK TR -PACK
i (st Figme V¢
Figure 11a Figure 11b gur

arrangement is employed in motion  picture ~colour

cameras.. The bi-pack usually comprises a front film Whlfih
is sensitive only to blue light, but which 1s coz'ated on 1ti
emulsion surface with a layer of red-dyed gelatine SO tha
only red rays pass through it to the second film, this f‘?%r
film being sensitised to red light. The green record negatl\le
of the set is obtained on a third film exposed separately
(but simultaneously) at the other image plane. h
This device, of exposing_one film by means of light whic
has already passed through another, is bound to resplt m
a relatively unsharp image in the rear element, a}nd this has
a great deal to do with Technicolor films appearing unsharp

on the cingma screen.

Subtractive Printing Processes ) ¢
After the colour camera has analysed a scene into terms 0
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Lhree -separation negatives, synthesis of it again is effected
Y means of superimposed coloured images in the com-
Plementary colours.* There are several processes by which
the appropriately coloured component images can be
obtau}ed. Du Hauron, as was usual, made the earliest
€Xxperiments, and these were based upon the bichromated
gelatine or “carbon” process. The “carbon black” gelatine-
anted papers used for monochrome printing were replaced
ot¥ It);lpers coated speci‘ally w1:th gelatine containing pigments
and euthree subtractlv_e.pnmary colours—cyan, magenta
solut);e ow. thn sensitised by immersion in a bichromate
. on, these tissues were exposed to light behind the
gglL;(.)prlate negatives. The action of light on a bichromated
rond ﬁ1:n<: layer doqs nqt produce a visible image, but instead,
) ders the gelat.me insoluble in the exposed areas. Thus
o P§§1t1vc gelatine “relief” image can be obtained by
ani:i ‘S‘mg a st}eet qf §ensm‘sed “tissue” behind a negative,
T dcvglopmg" it in hot water.
Cap:l:l trichrome f:arbqn process, still in use to-day,’is
hans e ;)f producing high quality colour prints in skilled
tiaen ,t a though the pomparatwely low speed of the sensi-
nesnti 1ssues make it necessary to print the separation
e fa tves by contact—enlarged prints requiring far too
g an exposure.
brA {nodiﬁc_atjon of the cqrbon process enables ordinary
. Omide prints (enlarged if mecessary) to be used as a
ubstitute for the light action on the sensitised tissue. This
gr(t))cedure, known as the trichrome carbro process, is pro-
. : 1}' at once the most popular and the most difficult of all
¢ indirect methods of making colour prints on paper,
Dye-toning and “metallic” chemical toning processes are
often used, the former depending upon the capacity of
tertain silver salts (silver iodide in particular) to absorb
basic dyes in an image-wise fashion, and the latter upon
the fact that a metallic silver (black) image cap, be:<con- .

* . . . .
The primaries with their complementary col

Cyan, green and m@wﬁolet and yello
\ ‘ and ff "y
Jww L
Al B
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verted into a number of other metallic compounds which
are themselves coloured. Conversion aof the silver image
into one of ferric ferrocyanide will provide a cyan compo-
nent, conversion to a nickel salt followed by treatment with
di-methylglyoxime will give a magenta image, while an
image formed of cadmium sulphide will contribute the
yellow positive.

Technicolor
Another process, important because it is used for the pro-
duction of Technicolor motion picture prints, is known as
the “imbibition” or dye-transfer process. An unhardened
gelatine-silver bromide emulsion is coated on film, and 1s
exposed through the celluloid and behind each of the three
separation negatives. The latent positive images are next
developed in a “‘tanning” developer such as pyro (pyrogallic
acid) which makes the gelatine insoluble in the locality of
the reduced silver forming the image. If the developed film
is then treated with hot water, the soluble gelatine which
remains will be dissolved away to leave a hardened gel'atmg
relief image. At this stage, these gelatine “ba.s-rellefs,
known as matrices, are unlike the gelatine relief images 0
the carbon or carbro processes since they do not contain
pigments or dyes. The three transparent images are
immersed in the appropriately coloured dye baths, and
after rinsing to remove the adherent surplus, thc dyes
contained in the matrices can be transferred successively by
direct contact on to mordanted gelatine-coated paper of film.
In the production of Technicolor films it would obviously
be impossible to obtain each composite colour image by
transferring the dyes singly frame by frame, since there are
some 14 or 15 thousand individual pictures to an average
feature film. Instead, both the dyed matrix film and the
gelatine-coated blank film are registered face to face on 4
flexible metal “pin-belt” which holds the two films m
perfect fixed relationship while they travel around the
imbibition machine at more than 100 feet per minute.
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Tripacks
Colour cameras are inevitably complex, bulky and costly
f‘ZaS (;I(;gtlon picture col(;ur camera probably costs some
sat" ), and they certainly would. not be used if equally
Mlsfactory results could be obtained by simpler means
b a;JS{)progress towards rendering the colour camera obsoleté
o cen made by the development of various forms of
npack”—a combination of three films or emulsions on
one celluloid base,

Foreseeing the possibilities of a tripack in 1897, du
O:euroln descnbed it as a device entailing the use of only
Separzuate carrier and one Ieng, vet producing the three
light rae lll)egatlve records by sxmul.taneous selection of the
colop: g's y means of an alternation of colour filters and
of ensitive plates or films, placed together like leaves

Td bool.< in the plate-holder.
he }(lje pr}r;cnpal objecti~on to a t.ripack of this kind is that

eﬁn‘m_on of the third emulsion of the set is very poor

O;‘:C&use it is separa'ted from the other two by the thickness
one film base (Fig. 11B).

Coigc\lvever, 1_f the three emulsion layers of a tripack are

I b one dlregtly upon the qther and all upon a single
layers se, (tihen since the total thickness of all three emulsion
of the inef: not.be much greater tha.n 0.001 inch, definition
form r}mges w1Il‘suﬁcr'very httle.( Fig. 11c). This* ‘integral”
man: 0 tnpack is obv1ous!y going to be very difficult to
. pulate if any attempt is to be made to separate each

mulsion layer in turn from the parent “pack,” in order to
’finak‘e positive prints. No attempts to work along these
t;leb have yet succeeded on a commercial scale, although

WO methpds of operating in this manner have been
disclosed in recent patents.

. In 1912, it occurred to Rudolf Fischer that an integral
Ipack might be used to form a colour photographic image
Without separating the emulsion layers. Fischer’s idea was
{0 make a tripack by coating three layers of emulsion on a
COmmon support, the first one being sensitive to red, the
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middle one sensitive to green and the outer one sensitive
only to blue light. Furthermore, these emulsion layers were
to contain substances which, after development, WO
leave coloured compounds in situ with the metallic silver
image. These colour images were to be complementary in
hue to the colour sensitivity of their respective emulsion
layers.

This property of some types of organi
of forming oxidation products which wi
substances (sometimes in the emulsion an
the developing solution) to form dyes, was :
Homolka, but Fischer was first to propose the pracupal
application of the discovery. The group of developing
agents whose oxidation products are capable of forming
dyes when combined with suitable “couplers,” are known
as diamines—diethy}-paraphenylene-diamine being a typical
example. In general, the many possible coupling com-
pounds are distinguished by having a reactive meth){lene
group—the cyans are usually phenols, the magentas either
nitriles or pyrazalones, and the yellows esters, ketones of
amides. Among the couplers enumerated by Fischer 1n tus
original patent were: ethyl-acetoacetate (yellow), para-
nitrobenzyl cyanide (magenta) and alpha naphthql (cyan),
while in recent years many hundreds of new coupling com”
pounds have been found and patented, some of which mor¢
nearly fulfil theoretical requirements as regards hue and
saturation than did the earlier suggestions.

This idea for the utilisation of an integral tripack Was
far ahead of the capabilities of photographic materials of
the time—for one thing there were no really satisfactory
colour-sensitive emulsions available in 1912, But the
principal difficulty which confronted Fischer and continu€

to baffle his successors until the nineteen thirties was 'at
the coupling compounds when introduced into the emulsion
layers of the tripack tended to wander from their pro

positions into adjacent layers so that correct colour separd”

tion was not maintained.

c developing agents
it react with other
d sometimes 10
discovered by

-
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Kodachrome
&"g ?l:":;s and Godowsky, working in America in association
velo e Eastman Kodak_ Company, invented a colour de-
o I;ment process to avoid the difficulties which arise when
o : irs are contained in the emulsion layers of an integral
as‘;( Cd. With this process, l.aunched in 1935, and known
solu tci’ achrome, couplers are incorporated in the developing
iy Ons', so that. a colqurcd image is formed at the same
arisesas'd s;lv‘er image is developed. The problem which
coles Wwith this procedure is to find means of differentially
aco n:u;lg the individual emulsion layers. At first, this was
Siv cpl shed by controlling the penetration of the succes-
eflent t0 our-developing baths so that each layer was in
thres | reated separately—a cyan image being formed in all
then rzlers at first, the outer two layers being bleached and
again & leveloped to magenta, and the outermost layer
™ Smg bleached before.ﬁnal redevelopment to yellow.
in the controlled penectration” procedure was employed
siderebproqessu}g of Kodachrome until 1942, when a con-
cod a !e simplification was introduced. The present pro-
andure is t”o develop th.e exposed film in an ordinary “black
al t\;'hlte developer in order to obtain negative images in
meta] liree ‘Iayer.s. This means the appearance of black -
the § C silver in the emulsion, wherever light struck; but
fter<=Velope.r leaves the unexposed parts still light-sensitive,
base. ¢ washmg, the ﬁlm is then exposed through its
Unde 0 red light, which can o'n‘ly affect the previously
rend Vel.oped parts of tl}e red sensitive emulsion and thereby
- ;i:lr lt. developable in a cyan colour-forming developer.
o M 1s next exposed to blue fays from the emulsion side,
rond at only the outer, blue sensitive, emulsion layer is
Finaﬁred deve!opable ina yellqw" colour-forming developer,
devel y the .mxddle, green sensitive emuision is fogged and
ne t(_)ped in a magenta coupling developer. Both the
e fa llve and positive silver deposits are then removed to
of :a the composite subtractive coloured image, which js
ourse a transparency on a film base, ’ ?
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Agfacolor and Anscocolor
Despite the difficulties already described, a “Fischer” type
integral tripack with couplers contained in the three emu}-
sions was successfully realised by the Agfa Company 1
Germany shortly after the introduction of Kodachrome.
The Agfa chemists overcame the tendency of the couplers
to diffuse from their respective emulsion layers by attaching
long chain fatty acid residues to the basic coupler molecules,
thereby so greatly increasing their size and moelcular welghj
(they average from 500 to 600) as literally to "entang}e
them within the structure of the gelatine of the emulsm’n
layers. With the couplers rendered immobile, the Agfa-
color process (Anscocolor in America) makqs use Qf the
simple processing procedure envisaged by Fischer 1n 1(hc
first place. After exposure, the film is developed 1n an
ordinary black and white developer, as 13 Kodachrome, bll“
after washing, unlike Kodachrome, Agfacolor is thorough‘y
re-exposed simultancously throughout all three layers, 0
that all the unused silver halides are rendered developable
in the colour developing bath which follows. In the CO.IOUF
developer, containing no coupling compound, the s.xlve-r
halide belonging to all the layers is reduced to sdveld,
and at the same time appropriate subtractive co_loure
images are formed within the layers in situ Wwith thé
reduced silver. The final removal of the unwanted snlvgl
densities leaves the composite coloured image as @ trans-

parency.

Kodachrome and Ansco Prints .
That both Kodachrome antl the Agfa or Anscocolor n}u_l“;
layer transparency materials would be capablc.of g“’:‘,“a
subtractive colour prints provided their emulsions _\’M.e
coated on paper instead of on film, seems fairly obvious:
In practice, nevertheless, there are additional problens
involved. In the first place, the double remove from thf”
original subject, which must result from printing on 10 d
colour-print material from a colour transparency, means

COLOUR PHOTOGRAPHY HAS ARRIVED 107

;i}::ltl a considerable loss of C(_)lour saturation occurs in the
. brint. Secondly, paper is an unsuitable base material
'n’ which to coat a number of superimposed emulsion
<‘)C{S to a c]95ely comfolled thickness, and it cannot be
g?nsldctrcd as inert chemically as cellulose acetate or nitrate
ofm" Becausc of this latter difficulty, when printing materials
the Kodachrome and Agfacolor type were introduced.
they were in the form of triple layer monopacks based on
Wh't_e pigmented cellulose acetate film—rather like a
Playing card in feel and thickness.
The Eastman Kodak Company now make Kodachrome
{)rr'mts at various degrees of enlargement from Kodachrome
dnsparcncms, while Ansco (also in America) sell printing
Materials with which the user can make prints from either
Agfacolor, Anscocolor or Kodachrome transparencies.
ca};]C feason that Ansco Printon, as the latter product is
ed, can be processed by the amateur or professional
Eé‘r?ttqgmpher is that the necessary colour couplers are
ang ained in thg thre§ erpulsxon laygrs of_thc colour “paper™
censi only require printing and fairly simple re\fersal pro-
el ng, first in an ordinary developer and then in a single
our developing bath, to produce the finished print.
Sevgral large processing laboratories have been set up in
tr:;:rlca to produce colour prints. frqm amateurs’ colour
e p(;lrcnaes, and these _organisations all appear to
ngen.' L{pOn' the Ansco ijmton material. Tl}e sensitised
andem‘ll 1§ printed and continuously processed in roll form,
" prints, at fixed degrees o_f enlargement, are produced at
€ rate of one hundred a minute.

fv ¢gative-Positive Kodacolor
ﬁrrlst1942, Kodgcolor film madg its appearance, and was the
! _Subtractive colour material ever to be sold for pro-
Cessing to a *‘colour-negative” from which any number of
:Olﬁyr_prints can be made. Kodacolor film ijs again a
;calisation of Fischer's ideas. The coupling materjals

[0 N y

1 : “w M i1 :
nstead of being “weighted” with large molecules 4y in
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Acgfacolor, are suspended in minute particles of resinous
organic materials—insoluble in water and therefore non-
diffusing, but sufficiently permeable to the developing
solutions to permit the necessary reactions of the colour
development process to proceed.

After exposure Kodacolor film is returned via a dealer
to the laboratories of Eastman Kodak, where it is develo
directly in a colour developer to a colour-negative image.
This idea of a colour-negative is not easy to grasp, as n9t
only the light and shade of the picture is negative, but 1o
addition, the colours of the negative image are comple-
mentary to those of the original subject and to those which
will appear in the final print. For example, in a Kodacolor
negative a blue sky will appear yellow, a red dress is blue-
green, yellow flowers will be blue, while normal flesh colours
will appear a greenish hue. The complementary colour
negative is printed on to paper carrying three eml}ls.mn
coatings of very much the same kind as those on the orlgﬂ}*ll
film. The “minus” colours of the negative are automatic:
ally separated by the differentially colour sensitive layers 0
the printing material, and upon colour development of the
exposed paper and removal of the unwanted silver images,
a print results which is positive in tone values and correct
in colour,

The printing and processing of Kodacolor snapshots (
the amateur is the person for whom Kodacolor is intend
is carried out on continuously operated machines at speeds
which will result in the hundred million colour prints a year
already mentioned in the opening paragraph of this
survey.

for
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The Compass
COMMANDEg W.'E. MAY, R.N.

THE compass is an instrument for indicating direction at
S¢a, on land and in the air.

_Of all the inventions which have been of benefit to man-
k!“d no other can have had so profound an effect upon
hm'Ol’y, yet few are so taken for granted. To the great
Majority of people a compass is just a compass and there
are not many who realise the inventive work that has been
applied to the design of these instruments, the mechanical
skill of those who make them or the immense amount of
thought and time needed to ensure that they are properly
fitted ang function with accuracy.

Compasses fall into two main headings; the magnetic
Compass, which owes its directive properties to the magne-
tism of the earth, and the gyro-compass, which is operated

Y forces set up by the rotation of the earth and the force of
8ravity,

The Magnetic Compass

he Magnetic compass, in its simplest form, consists of a
bowl in which a magnet or system of magnets is supported
On a central pivot. This magnet system carries a card which
IS marked with the points of the compass. These are read
against a pointer, known as the lubber’s point, showing at
any moment the actual direction of the ship’s head. In
quern compasses the bowl is now always filled with
quid, which has two purposes: firstly, to reduce the
Weight of the magnet system, as will be seen hereafter, and
Secondly, to act as a brake to damp the oscillations of the:

card. The magnet system is formed by one or more neecdles

altached to a card and a float. The copper float is of such

Size that it allows the magnet system just to sink in the
109
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liquid used. By this means the system has an almost
negligible weight on the pivot, and friction and wear are
consequently reduced. In early compasses only one needle
was fitted, but it was fousd that if two needles were fitted,
spaced about half their length apart, the system was
bulanced and became more stable. More needles can be
used, but two or four is now the usual number. Their
proper distance apart is governed by certain mathematical
rules which are too complicated to go into here.

The great advantage of fitting more needles is, of course,
that the strength (known as the magnetic moment) of the
system can be increased in this way without making them
inconveniently long. .

In designing a compass, it is desirable that the magnetic
moment should be fairly high to overcome the friction 9f
the pivot. On the other hand, there are disadvantages In
making it too great. Another point in the design is that the
time taken by an oscillation “of the needles, if they have
started swinging, must be fairly long (about 20 seconds), as
should this time of swing coincide with that of a roll of
the ship the compass would be unsteady.

In the centre of the float is a cap which contains a jewel,
and this rests on a pivot rising from the bottom of the
bowl. These provide an almost frictionless form ©
support, )

The card is fitted exactly at the height of the pivot point SO
that it does not move sideways should it tilt relative to the
bowl. In order to make the magnet system as steady as
possible in a seaway it would be preferable also to fit the
needles with their centre of gravity at the height of the
pivot. Unfortunately this is not practicable. The mag-
netism of the earth only acts horizontally at the magnetic
equator. In other latitudes it acts at an angle to the
horizontal and would consequently cause a balanced magnet
system to tilt with its north pole down in northern, and 4P
in southern, latitudes. The remedy is to sling the needles
below the level of the pivot. The magnet system is thus
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Made bottom heavy and this bottom heaviness prevents it
tlting in any latitude.
‘ Ina well-designed liquid compass, the card is nowadays
always made of considerably smaller diameter than the
bow], When the ship yaws, the liquid in the outer pertion
of tht? bowl is carried round with it, whife that in the centre
TMains more or less stationary. If the card is small enough
It will remain in this area of comparatively still liquid
‘}'hefczis a larger one would reach the area of disturbed’
liquid and so be disturbed itself.
There is little doubt that liquid compasses would have
€en introduced very much earlier were it not for difficulties
VERGE GLASS

FLOAT \ PIVOT
CARD

\

\
LUBBER \

JEWEL ¢

T
BALANCE WEIGHT \ BowL

EXPANDING ouwwj NEEDLES

ROTTOM GLASS
Figure 12
of manufacture. The chief difficulty is that the volum f
the liquid varies with the temperature, and unlesg provisek;)n
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1s made the compass develops large bubbles in cold weather
or bursts during hot. For this reason it is necessary to fit
some form of expansion chamber, and in British naval
compasses this is achieved by attaching the bottom of the
bowl to the sides by a corrugated ring, which allows the
bottom to move dp and down as the liquid expands or
contracts (see Fig. 12).

The liquid is usually a mixture of water and methylated
spirit. The addition of the methylated spirit prevents the
water freezing at low temperatures. .

At one time a legend grew up in the Royal Navy that l_f a
bubble occurred in your compass you should fill it with
neat gin. By some extraordinary means this came to the
ears of the masters of Arab dhows trading to the Persian
Gulf. It became a custom to appear on board one of HM.
ships with an empty compass and to ask that it might be
refilled. After a while there came an officer who not only
knew the correct mixture but also realised that in the
Persian Gulf a compass could not possibly freeze whatever it
was filled with, and so started filling their empty compasses
with distilled water. It is understood that dhows’ compasses
no- longer leak. .

The bowl is fitted with a glass top so that the cargi may
be seen and a glass bottom so that it may be illuml‘nat{»d
by a light from below. It is slung by means of a ring In
two pairs of pivots at right angles to each other. This
arrangement, which is known as gimballing, keeps the
bowl horizontal, however much the ship rolis. .

In old days compass cards were graduated into “points
and *‘quarter points.” There were thirty-two points, sO that
one point equalied 11} degrees. With the advent of steam-
ships and more accurate steering, even the quarter points
became too large for convenient use, and the system O
marking cards and steering by degrees gradually came into
use. There was a period during which cards were marke
both in points and degrees, but the former are now gradually

being omitted. A modern card is marked in degrees only,
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with letterings for seven of the eight principal points, and
2 fleur-de-lys to indicate the North. When degrees were
first introduced they were numbered in 90-degree quadrants
from North and South in both directions to East and West,
as this system fitted in with the manner of naming points.
At a later date graduation all the way round in one direction
from 0 to 359° was introduced in some compasses. The
Royal Navy formerly preferred to stick to the old method for
Magnetic compasses, reserving the new for the gyro-
Compass, thus avoiding any confusion, but will shortly fall
Into line with the many nations which use the 360° notation.

Yariation and Deviation

€ magnetic compass does not point to the North Pole
but roughly in the direction of the North Magnetic Pole,
following the lines of the earth’s magnetic field. The angle
by which the compass needle is deflected from true North
18 known as the variation and this error must be allowed for
When using a magnetic compass. Charts are published
Showing the value of the variation all over the world and
3159 the annual amount by which it changes, for the
Variation does not even remain constant in any one place.
At places between the true and magnetic poles of the earth
th? variation is 180° and the compass will actually be
Pointing true South.

f any iron or magnetic material is brought near the
Compass the needle will be deflected. Since ships are now
built of steel their compasses tend to be very much in error.

¢ angle by which the needle is deflected from the correct
Thagnetic direction is known as deviation. The value of
this deviation will depend on the position of the compass
In the ship, on her course and on her position on the earth,
To reduce the deviation to one or two degrees it is customary
to correct the compass by means of horizontal magnets
Placed fore-and-aft and athwartships, by vertical magnets
below the compass and by spheres and bars of soft iron
In fact if such correction were not made many compasses
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would point permanzntly to one part of the ship and so be
useless. Unfortunately the magnetic quality of a ship 1
always changing and consequently it is necessary to readjust
her compasses at least once a year. To reduce the effect of
these changes it is necessary to give considerable attention
to keeping any iron-work, electrical instruments, etc., as
far from the compass as possible.

War-time Difficulties

During the late war a further ditficulty occurred. To co;:nbat
the magnetic mine, coils were wound round every ship of
any size and these, when energised by electric current,
neutralized the magnetic effect below the hull so that
mines passed over did not cxplode. Unfortunately, from the
navigator’s point of view, these coils also of course affccte_d
the compass, causing large deviations. To overcome this
new difficulty small coils were fitted beside the compass apd
were fed with current from the same source as that supplying
the protective coils. These compass coils of course 'aCted
as electro-magnets the strength of which could be adjusted
by having a variable resistance in series with each. The
fitting of these coils needed an immense effort on the part
of those who were responsible for compass matters anc,
besides doubling the time needed for each compass adjust-
ment, meant that compasses had to be corrected far more

frequently.

The Gyro-compass .
During the nineteenth century great advances were made'lrf
ship design and ship construction. These brought a series
of compass problems for the navigator. The most obvious
of the new difficulties were the errors caused by the mag”
netism in the steel hulls and the effect of the vibration O
the engines, but these were not all. The new warships
which were being built were no longer content with a smg_lc
steering position. No longer did the captain of a battleship
walk his open poop throughout an action. He now had
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an after bridge from which to handle the ship, if the fore

brldge were shot away, and heavily armoured conning

towers at each to retire into when firing became heavy.

C{)mpasses were needed at all these positions and a battle-

ship might need as many as ten.

_A.t each of these compass positions there were the con-
flicting interests of a large non-magnetic space to ensure
the compuss working, und the necessity of armour plating
C}OS'C:.around to protect the man who was goingto useit. In
dddition, there was the time required to adjust all these
umerous compasses and to provide a table of errors foreach.
It wily readily be understood that inventors had everyinduce-
m?nt_to provide either a compass working o1} some new
Principle and unaffected by magnetism, or a means by which
Tepeaters could be placed about the ship to show the
heading of a single magnetic compass which could be
Ideally positioned.
idg;rhe second problem appeared to be the easier and many

as were patented. Of these we may mention that of
X ::!:ﬁm In 1863, who required 100 wires to join each repeater

€ master compass. A satisfactory arrangement was not,
fOWever, introduced until recently. The invention of a satis-
actory non-magnetic compass had been achieved some years
carlier. It is, of course, the gyro-compass to which we refer,
] In 1851 the French scientist Foucault demonstrated that
2 heavy pendulum freely suspended would, if once set
SWinging, continue to swing in a direction fixed relative to
SPace and not to the earth. For instance, if such a pendulum
Were suspended at the North Pole and started swinging it
Would appear to follow the sun around and not always
SWing towards England or whatever direction in which it
had been started.

In the next year Foucault invented his gyroscope, a logical
development of his pendulum. A gyroscope is,a hea
(T;}tatipg wheel so suspended that it is free to turn in ar‘g/,

irect . . .
lon. It possesses two peculiar properties. Like the

Pendulum, it will always endeavour to keep its axis pointi
s ng
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in the same direction in space. If it were started with its
axi$ pointing towards a particular star it would keep
pointing at that star and in the course of twenty-four hou{S
would appear to the observer to describe a cone, the axis
rising as the star rose and sinking with it; continuing to
point down through the earth at it as the rotation of the
globe made the star seem to pass behind the earth, ready
to rise in the east again the next night.

The second property of the gyroscope is that if pressure
is applied to its axle the axle will not give way in the direc-
tion of the pressure, but will move in a direction at right
angles, i.e., if an attempt is made to push the axis round
horizontally it will tilt instead, and vice versa.

It was not long before men saw that the properties of the
gyroscope might be used to provide a direction indicator for
use at sea, and the first instrument of this nature was
patented by Smythies in 1856. Sufficient progress had not
yet been made in other directions; the problems of driving
the gyroscope and of providing sufficiently free bearings
were too great, and it was not until 1905 th'fxt Anschiitz, a
German, introduced the beginnings of a satisfactory gyro-
compass. .

He was followed a few years later by Sperry, an Am enczn,
whose compass, after years of disappointment, was nO":h er,
with British help, into a satisfactory instrument. Dihe
gyro-compasses are the British Brown, the An_wrxcan Arma,
the French Monfraix and the Italian Florentia.

The Compass Described . bed
The modern gyro-compass can now briefly be describe t
The kernel of the instrument is a heavy rotor driven ar
high speed by alternating electric current. The Sperry roto
weighs about 50 1b. and rotates 8,600 times per mmultg-
The other makes have smaller rotors weighing about 4 Ib.

and rotating about twice as fast. This rotor is freely sus--

pended, and if started with its axis pointing in any othc;
direction than North horizontally, would describe the con
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mentioned earlier. However, it is arranged so that as soon
as the axis tilts relative to the earth, the force of gravity
Causes a weight to exert pressure on one end of the axis,
making it move at right angles and precess, as it is called,
towards North. In the early Sperry an actual lead weight
was used, but it was found that this introduced errors by
trying to swing about when the ship rolled. All modern
compasses use liquids which, flowing from one receptacle
to another, produce the necessary movement of weight.
The rotor with the containers for its controlling fluids
form what is known as the sensitive element and this must
be very freely suspended. It is usually suspended in a
framework called a phantom, which is driven round by an
electric motor so that it always keeps in step with the sensi-

~ tive element. The methods by which the element controls

the phantom to make it follow vary considerably. Only
the lightest form of connection can be tolerated. Rubbing
Contacts, switches controlled by air or magnets and A.C.
transformers have all been used.

The motor which drives the phantom is also used to drive
4 transmitter which sends out impulses to repeaters which
can be placed anywhere in the ship and which show the
ship’s head as indicated by the master compass. It is usual
to send out impulses to the repeaters six times to a degree,
but other speeds of drive are also used (sce Plates 12 and 13).

Let us now consider what happens when a ship alters
course. As she turns she carries the phantom round with
her while the gyro remains pointing to the North, Thus the
phantom and sensitive element are no longer in line with
each other and this lack of alignment causes a signal to be
sent to the motor so that it drives the phantom back in line
again. At the same time, the transmitter is driven round

"~ and sends out six impulses for every one of the degrees
* through which the phantom moves to keep in step with the

rotor, Thus all the repeaters get the requisite number of
impulses to make theircards move in step with the masteralso.
The above is the main outline of working, but there are
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many complications. Special arrangements must be made
so that the gravity control brings the rotor axis quickly to
nqrth instead of oscillating about that direction. The trans-
mitter will drive only a limited number of repeaters, and if
more are required relays must be introduced. Wherean A.C.
transformer is used to control the follow-up system a compli-
cated arrangement of valves is needed to amplify the signal.

Not Used in Aircrafi
The gyro-compass has an error which depends on the speed
and course of the ship. It is very susceptible to shocks and
violent accelerations. The greatest possible degree of free-
dom is necessary for all its bearings, and as the smaller the
instrument the better these must be, manufacturing con-
siderations preclude reduction in size of the instrument to
any great extent. All these reasons have so far preventqd
the use of the gyro-compass in aircraft, although for ship
use the modern gyro-compass is an extremely reliable and
accurate instrument.  From time to time wonderful accounts
have appeared in the press of gyro-compasses used 1
aireraft by the Americans and ourselves. The instruments
to which they referred were not gyro-compasses in _the
generally accepted sense but ma gnetic compasses controlling
repeaters, and having a gyroscope included in the system
for some purpose other than making the compass north-
seeking. In one well-known type the gyroscope Stab‘l.lse.s
the magnetic element to keep it level while in another 1t 13
interposed as a link in the transmission and serves to smoot'h
out irregularities. Such compasses are primarily magnetic
compasses with many of the disadvantages of that type. .
At the present day the use of the gyro-compass at sea Is
rapidly increasing and soon few well-found ships will be at
sea without them. As, however, they depend on an external
supply of electricity, which may fail, and they take about
five hours to find the North again if disturbed, it is im-
probable that any owner would be so foolhardy as to send
a ship to sea without a well-placed and properly corrected
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Mmagnetic compass to fall back on in case of need. This
Teémark of course applies to merchant vessels. In ships of
war the difficulty of finding a suitable position for a
Magnetic compass sometimes leads to its omission. In such
€ases more than one gyro-compass is fitted and the chance
of all failing together is reduced by the number of skiiled

ratings on board.



Influenza

WILSON SMITH

For those old enough to remember the first world war th?
name influenza has a significance which younger generations
find difficult to appreciate. The pandemic of 1918-19 was
possibly the greatest single calamity which has ever befall;n
mankind; in a few months it took more toll of human life
than did the war itself in over four years, Ignorance of the
primary cause of the disease, coupled with the lack .of any
rational preventive measures, engendered a feeling :’h
complete helplessness; no wonder therefore that bo ]
during the epidemic itself and in subsequent years strenuquh
efforts were made to solve the many problems whic
influenza poses to the research worker.

Of course, even before 1918 a great deal was known
about influenza. We havé fairly reliable records of maj‘?;l'
outbreaks occurring at intervals since the 16th century wi .
some excellent descriptions of the various forms the dlseasn
may assume, the complications which may follow 2 i
attack and the modes of spread through comsmunitics al;é
from place to place. But knowledge of the essential Cal;l
was lacking, without which investigators weré largthi'
groping in the dark. It is not always necessary to kﬂo‘l‘; <
cause of a discase in order to control it; in smalPo
vaccination we have an example of a potent weapon °n
control utilised long before the virus of smallpox had bee
discovered. Nevertheless isolation of the causative organism
is, in most cases, the first essential step towards the develop-
ment of rational control measures.

Types of Influenza ) ]

Influenza is not a single disease, like diphtheria or thOP“‘g

cough, with a single causative organism. The name is use
120
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to describe any infection of the respiratory tract which
produces a certain characteristic group of symptoms. But,
although the clinical picture may vary from case to case
and in different outbreaks, some symptoms may be regarded
as typical of influenza as a whole. These are a sudden onset
of headache, shivering, muscular pains and giddiness, with
loss of appetite and severe prostration. The patient’s
temperature soon rises and he develops a dry cough from
inflammation of the throat. In uncomplicated cases the
illness passes off in a few days leaving the victim feeling
somewhat weak and depressed, but otherwise none the
worse,

This type of infection occurs in three main forms. In

. endemic influenza scattered cases occur every year, mostly

in the winter months, in practicaily all centres of population.”
The diséase is not highly contagious, for far more people
escape than are affected, and if influenza confined itself to
this form it would not be regarded very seriously. The
second type is epidemic influenza. Every two or three
Years in the late autumn, winter or early spring, outbreaks
occur wherever people are crowded together in close con-
tact. The disease seems to explode suddenly, the numbers
of fresh cases each week increasing rapidly to a peak and
then almost as quickly declining, the whole event being
over in about 6 or 8 weeks. Although not a very serious
itlness in itself, this epidemic influenza may be responsible
for many deaths amongst those already suffering from other
ailments, especially the aged and infirm; moreover its
interference with normal activities constitutes a source of
great economic disturbance and loss. Lastly the pandemic
form appears as a bolt from the blue at quite irregular
intervals; starting from a primary focus in any country it
Sweeps across all boundaries through the entire world.
Persons of all ages and conditions are attacked, in many
of whom the disease takes on a much more serious char-
acter, often involving the lungs with the development of an
influenzal pneéumonia. Even in such major pandemics
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many more victims recover than die, but the visitation 1s
on such a vast scale that the mortality rate assumes alarming
proportions. Two or ecven three waves of infection may
follow each other in close succession, after which ic
pandemic seems to burn itself out, leaving mankind resist-
ant to further attacks of like nature for many years.

Influenza Problems

This very brief résumé of the main types of influenza may
help towards an understanding of the major problems
which confront research workers and which may be sum-
marised as follows:— ) )

(1) Etiology. What is the primary cause of influenza -
Are the three types caused by similar organisms or

: by quite different ones ? .

(2) What happens to the organisms responsible for
epidemic and pandemic influenza between out-
breaks ? From whence do they come at the beginning
of an outbreak ?

(3) Why do epidemics attack a community every two or
threc years, whilst pandemics arise only at long
irregular intervals?

(4) What determines the fatal nature of man
cases during a pandemic ?

(5) How can individuals be protected when ex
infection, and how can epidemics be either Pfei
vented altogether, or brought rapidly under contro
when they occur ? )

In addition to these there arc of course other majot

problems and innumerable subsidiary ones. Some haf’u
been partially solved during recent years, others have so f‘lE
defied all efforts at solution and others again must await the
occurrence of the next great pandemic before they can even
be investigated. Rescarch during the last decade has been
concerned mainly with epidemic influenza, for the very
good reason that the etiological agent of this form on!y
has yet been discovered ; the causative agents of the endemic

y of the

posed to
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and pandemic forms still remain unknown. Unless this
ff'iCt.lS clearly borne in mind, appraisement of the true
Significance of results so far obtained is impossible,

Discovery of an Influenza Virus

Before the pandemic of 1918-19, many bacteriologists
believed that influenza was caused by infection with an
ordinary microbe named Haemophilus influenzae, or more
commonly, the influenza bacillus. Researches during that
Pandemic, however, showed fairly conclusively that,
although this bacillus may have played some part in many
serious cases of the disease it was certainly not the primary
Or essential cause. Already at that time there were some
\\{ho suspected that the causal organism might belong to a
different class of infectious agents known as the viruses.
These are very much smaller than bacteria, so that they will
pass through filters which hold back such microbes. They
are too small to be seen by ordinary microscopes, though
they can now be photographed by means of the electron
Microscope described in the first number of Science News.
Also they will multiply only inside living animal or plant
cells and are extremely particular in their choice of the
Species of animal or plant which they will infect and the
type of cell they will grow in. This makes their isolation and
Investigation difficult and largely accounts for the slow
progress of influenza research.

The first isolation of a human influenza virus was accom-
Plished by a team of British workers during the epidemic
of 1932-3. This was achieved by dropping washings
obtained from the back of the nose and throat of typical
cases of influenza into the nostrils of ferrets. The inoculated
ferrets developed an illness very similar to the human
disease, with high temperature, lassitude, muscular weak-
ness, loss of appetite, and nasal discharge and obstruction,
Healthy ferrets brought into close contact with sick ones
promptly caught the infection: because of this it was
necessary to adopt the most rigorous system of isolation



124 SCIENCE NEWS Il
for all animals used during this investigation (sce plates 10
and 11).

[

The most convenient way of passing on the infection
serially was found to be by inoculating healthy ferrets
intranasally with material taken from the nasal passages ?f
sick animals and the fact that such material was still
infective after all bacteria had been removed by filtration
afforded good evidence that the disease agent was a Virus.
The mere production of a transmissible influenza-like
disease in ferrets did not, of course, constitute proof that
the virus concerned was the virus of human influenza. in
experiments of this sort there is always a danger that some
virus already in the body of the experimental animal will
be awakened into activity and subsequently passed on f:rom
animal to animal. This indeed has occurred several times
in the course of research on various virus diseases and has
led to claims which later on have been proved qnfoundcd.
But the original investigators supported their claim to have
isolated a human influenza virus by further important
evidence. The ferret disease was produced with the throat
washings of no less than five out of eight patients investi-
gated but could not be produced with washings obtained
" either from normal persons or from convalescent patients.
After recovery a ferret could not be infected again for some
time, but this resistance slowly declined, so that several
months later the apimal became once again susceptible.
Here was one clue to the solution of the problem. of why
some people catch influenza every time an epidemic comes
along whereas in the case of measles a first z}ttack 15
usually the last. Apparently influenza virus is incapable

of inducing the solid long-lasting immunity against subse-

quent attack which characterizes many other virus an
bacterial infections. )
The immune state following an attack of an infectious
disease is usually associated with, and largely dependent
upon, the production ‘in the blood serum of substz}ngw
called antibodies. These have the property of combining
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With the agent which incites their production and, in the
Case of an infectious agent like a virus, the combination
Tesults in jts neutralisation or inactivation, thus assisting
the body to overcome any further attempts at invasion,
Such antibodies, capable of neutralising the isolated
Influenza virus, were regularly found in all ferrets which
hﬁld recovered from the experimental disease, but the really
significant finding was that they could likewise be demon-
Strated in the blood sera of convalescent human cases, and
Sometimes even in the sera of normal persons who had
passed unscathed through the epidemic. These findings
began to shed a little light on the question: Why do some
People escape during an epidemic though fully exposed to
Infection ? ;

. After this first report of the isolation of an influenza virus
In 1933, it was not long before other virus strains were
obtained from epidemics in many different countries and
all the claims made by the English workers were fully
confirmed. ‘Research workers all over the world could now
readily obtain the virus with which to carry out all manner
of investigations on the various problems outlined above.

Influenza in Mice and Eggs

Although the ferret proved invaluable for primary isolations
of virus from human cases, and still remains essential for
Some investigations, it is not a very suitable animal for
certain types of experiment. It is costly and requires
Flaborate measures of isolation to ensure that influenza
Infection is not picked up accidentally. Strenuous efforts
were therefore made to find other means of propagating
and studying influenza virus. If throat washings from a
human case of the disease are inoculated directly into other
Species of experimental animal, they usually produce no
cffect, but after passage through ferrets the virus often
acquires wider powers of infection. Such ferret passage
Virus, as it is called, can be used to infect mice. The result
I8 an influenzal mouse pneumonia which, fortunately for
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experimental work, is ncver spontaneously transmitted
from mouse to mouse by mere contact. Havingonce acquired
mousc virulence, the virus can be passed on from mouse to
mouse simply by grinding up the infected lungs in a little
broth and dropping a liule of the lung suspension, or a
filtrate made Yrom the suspension, into the nostrils .of
anasthetised animals, ' The influenzal pneumonia which
results is often fatal, but very small doses of virus produce
patches of lung consolidation from which
after which they are resistant to further in
same virus strain. Mice are thus very convenient
measuring the strength of virus suspensions and the amount
of neutralising antibodies contained in samples of serum.

Another way in which influenza virus can be propagated
when once isolated from human cases is by growth in’ chick
embryos. If virus is inoculated into certain sites in the
fertile hen egg at the right stage of embryonic development
it will multiply and cause the formation of visible lesions In
the embryo or its appendages. For example, inbculation of
a suitable dose of virus filtrate through the shell onto the
respiratory membrane of the embryo results in the dgvelop-
ment of small pocks scattered over the surface, which can
be counted to give a fairly accurate measure of the number
of virus particles inoculated. The lesions can be reduced
or prevented altogether if immune serum is mixed wit_h the
virus before inoculation, so here again we have a simple
means of measuring the antibodies contained in the blood
of both normal and convalescent human beings (see plates
8 and 9).

An indication that all strains of epidemic influenza are
not exactly alike is that a few of them have been isolated
directly from human cases by either mouse or ¢gg inocula-
tion without preliminary passage through the ferret. One
of the greatest difficulties in influenza research arises from
this lack of uniformity in virus behaviour and from the
constant tendency of the viruses to change in some way
when transferred to a new environment. A virus may be

fection with the
animals for

the mice recover, .
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:::é’rallnfc’ctlye for fcrre‘ts when first isolated but after
e c}i)ds_sages through eggs 1t may, whilst acquiring
oo ed virulence for the chick embryo, become much

v1rulgm for the ferret and completely non-infective for
thuen;a]? bemgs. This sort of chgnge is <_:alled mutation, and
noss W_el;led virus a mutant strain, and in yiew of the readi-
o 1th which {nﬂuqnza viruses mutate, it is not surprising

at different epidemics show such diverse characters.

Reactions in Test Tubes
;fclet‘work' discussed so far. involved infection of experi-
; *ntal ammgls, and_ there is no doubt that without such
limal experimentation the attack on our major influenza
EI)); gblerps could never have begun. 'But a few reactions have
urc'n dlspovered whlch_ can be carried out in test tubes and
o S0 simple and rapid that they have helped enormously
invoslpt?ed up 1nﬂucpza research, especially in problems
bod ving the detection and measurement of serum anti-
tes. The most important of these is the red cell
agglqtmation reaction. If the red blood corpuscles of
;:ftam species, particularly fowls and group 0 human
o Ings, are washed and suspended in salt solution they
owly fall to the bottom of the containing tube to form a
Cf)mpact mass which disperses again evenly and rapidly
When the tube is shaken. If influenza virus is mixed with
}he red cell suspension the corpuscles tend to stick together
In Smg]] clumps which settle out more rapidly and are not
Sf) easily dispersed. Within limits the greater the amount of
Virus present the more rapid and complete is this clumping
Sr agglutination, so that the reaction can be used to measure
the strength of a virus preparation. The incorporation in
the mixture of any serum’ containing antibodies to the
Virus prevents agglutination from taking place; apparently
the antibodies unite with the virus so that it is unable to
attach itself to the red cells. Thus we can quickly ascertain
Whether John Jones possesses influenza antibodies in his
blood serum and, if so, whether he possesses more or less
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than Mrs. Jones. Also if we take the trouble to get samples
of his blood both at the beginning of an illness and again
after his recovery, we can discover whether he has been
busy manufacturing antibodies in the meantime. Any
marked increase provides preity strong evidence that
influenza virus was the root cause of his illness.

Another use of the reaction is to study the distribution
of antibodies in a population before, during and after an
epidemic. Most normal adults possess antibodies 1n some
degree, but some show a much higher level than others,
possibly because they have had an attack of 'flu more
recently. By and large, those with a high level are less
likely to succumb during an epidemic than those with a low
level, or those without any detectable antibodies at all, but
this correlation is by no means absolute. One can nevet
give a guarantee that an individual is certain to escape
infection, because the particular kind of antibody 1n his
blood may be of far greater importance to him than the
total amount present, as will be appreciated from what
follows.

Different Kinds of Influenza Virus )
By means of the various animal and test tube reactions
described it is possible to analyse to some extent the con-
stitution of different strains of virus and thus find out
whether they are all so closely related that they should be
regarded as representatives of a single species or arc SO
dissimilar that we must recognise more than one mﬂuenza
virus. This is of fundamental importance because, if ther'c
are several quite unrelated agents of the discase, we cannot
expect that a person who becomes resistant to one of them,
cither by passing through a natural infection or from
artificial vaccination, will enjoy any special protection
during an epidemic caused by another virus altogether.
The analysis of strains can be carried out in several ways,

but all depend upon either estimating the resistance of

recovered animals to reinfection or estimating the virus-
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Beutralising power of their sera. The first type of test is
Called an active immunity test and is illustrated by the
following experiment. Thirty mice were infected with a
dose of virus strain X not large enough to kill them. After
the}f had completely recovered, 10 were reinoculated with
strain X, 10 with strain Y and 10 with strain Z, care being
taken that in each case the dose was sufficient to kill
Normal control mice. After a week, surviving animals were
killed and their lungs examined for signs of influenzal
Pneumonia. The results may be conveniently set out in
tabular form.

.Mice. recovered from . {Lung lesions in survivors| Total
Infection with strain X | Died * t b4 No.
Reinoculated with strain X | 0 0 0 10 10
” . L Y 1 3 5 10
. - . Z1 10 0 0 0 10

* - Extensive lung lesions. 1 =:Slight lung lesions.

{No sign of any infection.

The original non-fatal infection with strain X had pro-
duced a complete resistance against reinfection with the
Same strain, a partial immunity against strain Y and no
Protection whatever against strain Z. Obviously the three
strains are not identical but, whereas X and Z are com-
Pletely different, X and Y are to some extent related.

The second type of test, called the serum neutralisation
test, is similar in principle. Immune sera to all the strains
are obtained from either recovered or vaccinated animals,
and then tested to compare their powers of neutralisation
against each of the different strains. If we indicate strong
Deutralising power by N, weak power by W and lack ofe
any ncutralisation by O we would obtain, with the same
Strains used in our active immunity experiment, this result.

~ Immune sera

H bj\‘__\

iX Y VA

Virus { X N w (0]
strains 1 Y W N O
tz o o N
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Until 1940 such analysis indicated that all the virus
strains then isolated, whilst not identical, were sufficiently
related to be classed together as one virus type called.
influenza virus A, but in that year the isolation of a com-
pletely different type, influenza virus B, was rcported.
These relationships can be represented somewhat crudely
by a scheme such as the following in which capital letters
indicate different components of the viruses and small
letters the antibodies corresponding to these various com-

ponents,
Corresponding immune scra

Virus constitution
f' P Q R S p g I s
Astrains - P Q X Y p q Xx Y
( F G R Y t g r ¥y
B virus L M N O I m n 0

The B virus was derived from epidemic influenza cases
which werc quite indistinguishable clinically from cases due
to A virus infection. Subsequently it was found tl}at not
only may diffcrent outbreaks be caused by these different
types, but that both A and B viruses may be at work side by
side in one and the same epidemic. This, of course, V:Cf)’
greatly complicates the problem of finding some practical
means of protection against epidemic influenza.

Some time before a virus was obtained from cases of
human influenza, one was isolated from pigs suffering fEOm
the disease now known as swinc influenza, or hog flu.
This swine infection was quitc unknown prior to 1918
when it suddenly appeared in devastating epizootic form
amongst herds in the middle west of the U.S.A. The great
*human pandemic was raging at the time and the name hog
,"flu derived from the similarity of the human and swiné
diseases. So much alike were they that shrewd observers
suggested that the new discase might have arisen by 4
transfer of human influenza to swine, Whatever may _be
the truth about its origin, there is little doubt that swiné
influenza is related to the human disease in some Wity
because its virus is quite definitely related to the human
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‘lype A strains. It produces typical ferret influenza, can be
adapted to micc and chick embryos and can be shown by
tross immunity and cross serum neutralisation tests to
Possess components in common with human virus, But
the most interesting thing about this swine virus is that it
1S not the sole cause of hog 'flu. It is able to infect pigs
but gives rise merely to a mild infection, perhaps more
Analogous to the common cold than to pandemic influenza,
Eor production of the serious epizootic disease participa-
tion by another agent together with the virus is essential,
and this second agent is an ordinary bacterium which is
Practically indistinguishable from the influenzal bacillus
Which was once considered the causative organism of
human *flu. Does this solve the problem of the etiology of
hl{man pandemic influenza ? Definitely not; but it cer-
tainly focuses attention on intriguing possibilities. It may
bF that great pandemics arise only when some chance
Circumstance favours the formation of an alliance between
One of the influenza viruses and a bacterium. Or it may be
that bacteria never assume a primary réle but that virus
Mutation occasionally results in an agent of extraordinary
Virulence. Perhaps the final answer will be found in the
next world-wide outbreak.

Another fundamental problem has been elucidated in the
Case of swine influenza which still remains a mystery in the
human disease, namely the means whereby the virus is
C-flrried over from one epidemic to the next. The swine
VIrus js able to invade a parasitic lung-worm of pigs, and
Still survives when the lung-worm larva are excrcted and
Ingested by earthworms. Months later, fresh litters of
Normal healthy pigs grub up and eat the earthworms, and
the lung-worms, containing virus, make their way from the
Intestines to the lungs. Nothing happens until the virus is
Provoked into activity by some stimulus which is not yet
known: then if the influenza bacillus is ready to hand the
Pig goes down with an attack of the disease and can hand
It on to others by the usual method of contact infection.
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Can some such mechanisn be involved in human influenza?
It seems extremely unlikely, for we know of no common
human parasite with a life cycle adapted for such a réle.
It would seem more probablé that some persons carry virus
in their respiratory passages without suffering any ill effects,
just as apparently normal individuals may carry the germs
of diphtheria or scarlet fever. But it must be admitted
that carriers of influenza have never been detected during
inter-epidemic periods, and until this is done it is advisable
to keep an open mind on the question.

Protection against Influenza .
In the case of some infectious diseases we can confer a high
degree of protection on individuals by vaccinating them
with either killed bacteria or certain products of bacteria.
All soldiers, before being sent abroad, receive protectivé
inoculations against typhoid fever, and school children are
now immunised against diphtheria on an extensive scale.
Early in influenza virus research it was found that the
vaccination of ferrets or mice with killed virus was followed
by resistance to experimental infection, associated with the
development of antibodies in their blood serum. Even a
vaccine composed of living virus could be safely used
because of the non-infectivity of influenza virus unless
introduced directly into the respiratory tract. But _fOl'
efficient protection the virus strain used to make the vaccine
had to be the same as, or very closely related to, the strain
used to test resistance, so that vaccination with A vacciné
conferred no resistance against infection with B virus, an
vice versa. These animal experiments provided a great
deal of valuable information, but the crucial tests of any
new remedy must be carried out on human beings. Already
many human vaccination trials have been made, and they
provide a long tale of frustration and disappointment.
Quite apart from the risks which would bc involved 18
deliberately infecting numbers of volunteers, the real valué
of a vaccine can only be judged by comparing the incidence
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of influenza in previously-vaccinated and in control groups
during a naturally occurring epidemic. Sometimes, after
the organisation of a trial and the vaccination of large
batches of volunteers, the éxpected epidemic failed to
Materijalise, or the outbreak failed to spread to the com-
Munity ynder investigation. Sometimes the epidemic
€xploded before the vaccinations had been completed. In
Some trials the outbreak was so mild that too few cases
occurred to allow any judgment. Then again, the virus
Strain of the epidemic would be found to be so little related
to the virus used for the vaccine that adequate protection
Was not to be expected. However, enough results have now
been obtained to show that vaccination does confer in-
Creased resistance to epidemic infection, provided that the
epidemic virus is closely related to the vaccine strain and
}hat the interval between vaccination and exposure to
Infection is not too long. These provisos indicate how very
far we are yet from the practical control of influenza along
this line of approach.

‘A group of Russian workers obtained very 89°d r es}ﬂls
by giving a large number of individuals repeated inhalations
of vapourised immune serum, rich in virus antibodies, both
before and during an epidemic, but here again the varying
constitution of virus strains raises difficulties in any attempt
to apply the method on a large scale. Unless the serum
employed were to correspond closely to the epidemic virus
1t would be unlikely to have much effect and by the time a
Serum exactly corresponding to the epidemic strain could
be prepared the outbreak might well be over. Nevertheless
the method has possibilities for the protection of key
personnel, such as nurses and doctors, during a serious
epidemic or major pandemic.

It is not unusual nowadays for sufferers from any ailment
to press the doctor for treatment with the well-known
“M and B” or with penicillin. Unfortunately none of the
virus diseases, with one or two minor exceptions, is amen-
able to this type of treatment. All the influenza virus
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strains so far isolated are completely resistant to both the
sulphgl drugs and penicillin. This does not mean that a
chemical drug efiective for influenza will never be found.
Research workers all over the world are seeking for new
weapons with which to combat the great disease scourges
like influecnza, and some day a new discovery may relegate
all our probings into the possibilities of vaccination and
serum treatment to the realm of purely academic interest.
Meanwhile, rescarchers should be encouraged to find out
all they can, and patients stricken with influenza should
follow the time-honoured dictum—"Go to bed and stay
there until the discase cures itself.”

Curiosities

You Can Hear Them, Too

THERE used to be a notion going about that fish were
deaf. No doubt this idea grew up because the trout in the
Stream seemed quite unperturbed by the angry shouts of
the anglers on the bank, arguing about the size of the one
they caught last week. A few years ago Professor von
Frisch of Munich showed, however, that the idea was
wrong: if a noise was made interesting to the fish they
would certainly take notice. One might, for instance, bloyv
a whistle or ring a bell every time they were fed in their
tank. Soon they would learn to come to the side for
tit-bits whenever the noise was sounded. In this way it
was possible to test their range of hearing. There were
still a few sceptics, who thought sound waves would not
Penetrate from air into water, but they were silenced by
Professor von Frisch’s laboratory assistant who lay under
water in the tank with the fish and heard the whistle blow
perfectly.

The anatomists then looked into the matter again, and
discovered that fishes had a hearing apparatus after all,
though no ears in the human sense. But now a new pro-
blem was created: what did the fish listen to under natural
conditions ? And recent investigations have shown that
many of them actually “speak,” making various kinds of
grunting noises. -An enterprising biologist in New York
has even lowered a microphone under water and recorded
what they have to say. Sound, of course, travels very well
under water, as anybody who has put his head in the sea,
or even under his bath water, can readily testify.

The discovery that fish make characteristic sounds, just
like other animals. lends credence to a rather tall but
perfectly true story reported bv the British anthropologist,
Raymond Firth. When the native Malay fishermen put to

135
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sea in their ships, they take with them a highly skilled old
man, called roughly, a “jerusalem,” whose duty it is, when
they have got well off-shore, to dive overboard and listen
under water. He is able by picking up the faint sounds
that come to him to tell what fish shoals are in the neigh-
bourhood, what sort they are and how many, and so to
come up again and direct the fishing fleet. This is a unique
method and of course only suited to warm waters. In any
case, for North Sea fishing, it is simpler to know the habits
of the fish and to set sail straight away for a likely ground.
On the other hand, real success this way demands the
assistance of the biologist—and that is another story.

The Whale .
This is a freak if you like, and one the biologist is S.tl"
puzzled over. How can a warm-blooded air-breathing
animal swim about under water for thirty to sixty minutes
and hold its breath all that time ? Why does it not suffer
from “bends” as a human diver would if he dashed down
to 500 fathoms, and back again to the surface ? “Bends
is a disease in which bubbles of air appear in the tissues of
the body, especially the brain and nervous system, and
disorganise them. It occurs whenever the external pressure
is rapidly made smaller, as in rising out of deep water, Of
to a high altitude in the atmosphere; and air dissolved n
the blood and fluid of the body is then no longer kept in
solution by the pressure but appears as bubbles wherever
it happens to be.

Any animal that is 40 feet long or so, and weighs about
150 tons, is bound to be impressive, and difficult for ‘th_e
scientist to handle. It cannot be kept in an aquarium, 1t 3§
too big to haul into a laboratory (unless the lab. is the size
of a Hollywood film studio—and scientists have not got
that much money) and to study it at its home means a trnp
to the Antarctic. Even there, the practical difficulties aré
by no means over. When a whale dies, immense quantities
of sea water pour into its lungs, and ooze into all its tissues,
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S0 that by the time the biologist gets hold of them they are
all changed. These changes, partly of decay, are speeded
by the fact that the whale is a warm-blooded animal which
Stays warm for days after death. Its coat of fat, which is
between one and two feet thick all over, insulates it from the
cold water. This enormous coat of fat, the blubber, is its
f:hief Protection against freezing to death. No wonder the
Infant whale, which is fed at the breast like a human baby,
&¢ts a big fat ration in its milk. The human, like the calf,
gets about 35 grammes fat per litre of milk (i.e., about an
Ounce and a third weight in every two pints); whereas the
Whale has anything from 200 grammes to 400 grammes of
fat per litre—about ten times as much. But when it is
grown up, the young whale has to rely on itself, and.it ket?ps
1S enormous bulk alive and working on a vegetarian diet.
It swims through the sea with its mouth open, straining off
the tiny green plants floating there, many of them v1.51.b]e
only through a microscope but nevertheless containing
their granules of starch or fat and protein, and vitamins.
Does a whale need all the vitamins we do? Nobody

nows,

Recently, a peculiarity of the whale’s anatomy was

iscovered which helps to explain how it can hold its
breath so long. It has an unusual number of blood vessels
Apparently specially for storing blood. What happens
Seéems to be this. The whale floats on the surface of the
Water, breathing away, and the air goes into its lungs and
OXygenates the blood flowing through them. But only a
fraction of this oxygenated blood is flowing through its
tissues and being used up: the remainder is resting in
Special arterial tanks or sinuses. Now it dives and swims
Under water, holding its breath. The oxygenated blood
begins to flow out of the sinuses through the tissues and is
then stored, ready for recharging, in special dilated veins,
until the whale comes to the surface again. On arrival jt
blows all the stale air out of its nostrils, and this it does with
4 sudden expiration. The sudden release of air pressure
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chills the moist air from its lungs, and the “'steam” of tht
spout appears,

Snow )
Mid-winter in these islands usually occurs near the begi?
ning of February, and the most likely month of the year !0
snow is March. One of the reasons for this is the softenit®
warming influencqof the Atlantic, which retains its summ
heat much longer than the land. Continental Europ%
which has not the benefit of this warm-water system a?_
snow much earlief and longer, which is the explanation 0
the snow on Christmas cards, a German custom
introduced to Britain by the Prince Consort about #
century ago.

Another important factor in snowfall is the
perature. During winter, cold air from the icy pol
spreads southwards and meets currents of moist warn
moving north from sub-tropical regions. thcher.they
meet, the moisture in the warm air is suddenly chillé®
crystallises, and falls. Snow is thus often very localis€
because it is only formed at the boundary line between af
of very different temperatures. It also means that when
the air at ground level is well below freczing-point, sSnoW 18
unlikely to fall, because the cold-warm front must be some
distance away. Snow is most likely to fall, in fact, when
the temperature is just around freezing point, 32° F.

Fallen snow is only composed to the extent of 10 pef genl
of water crystals, or flakes: the rest is air trapped in lictle
pockets and channels around and between the flakes, a0
it is this fact which gives snow two of its interesting pro-
perties, those of heat insulation and of absorption. ©
sound. It is well known that air which is unable to move
in convection currents is a very good barrier to the spred
of heat, and thercfore of coid. Clothes keep the body
warm because they interpose a barrier of air in the meshes
of the fabric, which prevents the dissipation of the heat the
body produces. Snow offers the same Kind of burrier to

air tem”
ar nlE}ft
y aif
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heat spread, which is the reason why Eskimo igloos cut
from snow blocks are perfectly warm inside, however the
blizzard may rage without.

That snow deadens the noise of footsteps and the sound
of shouting is common observation. A year or two ago the
National Physical Laboratory, comparing its absorption of
sound with that of man-made sound-proofing material,
found it to be one of the most effective. A four-inch layer
of snow absorbs 90 per cent of all sound of the middle and
upper ranges of notes falling upon it, so that echo will be
negligible, and a voice which has to carry between snow
Wwalls will be inaudible eleven yards away.

Scientific fact and explanation apart, snow crystals are
among the most beautiful of natural geometrical forms, and
Tecently a method of preserving their likeness in a per-
Manent form has been found. The freshly-fallen flake is
coated with a resin which quickly sets and preserves the
Crystal’s shape when it has melted. A one per cent. solution
of polyvinyl formal plastic in ethylene dichloride is uscd
and u droﬁ of this on the flake spreads in a thin film over it
and scts as the ethylenic solvent rapidly evaporates. Science
thus gives the world a new hobby—snowflake collecting.

¥ v
L saw jt: 1 was there o
he cyewitness account of an affair is so often taken for

granted as the correct onc, that it is well to stop and ask
Whether this is justified. Leaving aside the existence of
Optical illusions. and of hallucinations in the mentally
abnormal, it is still true that one fails to see everything
Present in one's field of vision. Who has not searched high
and low for a spectacle case or & purse, only eventually to
find it in some perfectly obvious and visible place which has
Somehow been passed over 7 Awareness of things seen and
heard is partly a matter of interest in them, and therefore
the degree of attention given to them. This is well seen in
animals. The dog sleeps peacefully on the hearth during
the crying of the baby, and the clatter of houschold Coming;
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and goings; but lct a distant bark be heard, and at once an
car pricks up. But even with close attention to something
1t is still possible to miss a great deal. A human face may

be very familiar and closely studied, yet the colour of the

eyes, the shape of the nose, or the presence of a pimple
quite overlooked. One cannot swear evidence on them.
The reason for this seems to lie in a lack in the observer of
4 system on which to build his observations. He has no
scheme on which to analyse what he sees, he does not

know the special points to look for, and consequently he -

gains merely an overall impression and not a detailed
knowledge. It is the purpose of training to develop a
scheme of analysis. The policeman is told to pay particular
attention to eye-colour, the presence of scars, and so on,
and to ignore whether the eyes are beautiful or not. In
this way he is able to make a group of accurate observa-
tions for identification—and this is the purpose of scientific
training in general, to parrow the field of observation in
special ways for special ends, and by concentrating on the
relevant to learn a great deal more about it than is evident
to the casual onlooker. The conclusion from this is that
the professional eyewitness is the most reliable. It is only
the trained onlooker who sees most of the game.

All this is common experience. But scientists have been
interested to find by experiment exactly how unreliable the
eyewitness is. Professor Stern of Berlin was interested for
legal reasons, and used to hold discussions in which pre-
viously arranged violent quarrels would break out. Legal
actions for assault would be expected, so he would announceé
afterwards, and he would ask other members of his dis-
cussion circle to write down accounts of the quarrel as they
saw it, as possible witnesses if a court case actually devel-
oped. These accounts showed conclusively that people
were quite unable to note what went on in the heat of the
moment, .

More recently, in 1932 under the auspices of the Spcncty
for Psychical Research, Theodore Besterman investigated

-
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l}OW far those present at a spiritualistic séance would be
ngcly to know what was really going on. He held six
Sittings™ under identical conditions with a friend playing
the part of medium. At each sitting a different group of,
Seven people, some of whom were spiritualists and some
not, were told that an experiment was being held to find
out how far the eycwitness was reliable in an account of a
Séance, and that they should therefore watch carefully what
appened, taking notes if they wished, and would afterwards
b¢ questioned on it. Besterman then went through the
Same routine to an exact timetable at each sitting, lasting
tWenty-five minutes in all. Most of the time the room was
lit, though not very brightly, and for periods the gramo-
Phone was played. After one of these musical interludes,
2 knock was heard on the door, whereupon the “medium”
Moved a bell from one end of the table in front of her to
the Other, and Besterman got up, went to the door, opened
", went outside and spoke to someone and then returned’
t0 his seat putting a white card in his pocket. Later, the
lights were turned out, the “medium” moved the bell back
to its original position, stuck a drum-stick in the curtains
behind her, and pinned a cloth over her face. After due
Wamjng’ the lights were flashed on again for a moment only.
t the twenty-fifth minute, they were turned fu}l on for
800d, and the observers asked to answer a question-papér

On the proceedings. . _ '
hese questions were of various kinds, for instance how

Many people were present at the séance (which nearly half
those present got wrong—no doubt forgetting to count
themselves in). When asked what they noticed during the
Carly disturbance (the knock on the door), eleven out of the
42 had nothing to say, and of the remaining 31, five did not
Tefer to Besterman going to the door, and 13 were unaware
that the door was opened and that he left the room. Of
Coursc there are several possible explanations for this, such
as, that Besterinan being the organiser nothing he did was
to be counted in as part of the séance and watched closely,
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or, that the events were too commonplace to be intcresting,
and were ignored in the absence of instructions to the
contrary.

But what is harder to explain away, is the fact that 13 of
the 42 people had “illusions” of one kind and another,
fancying things which did not occur. One reported hearing
“two raps on the ceiling, the first louder than the second,
both metallic in quality.” Another saw a small narrow
vertical light hanging for some time in the air during th}:
period of darkness. Another claimed that during this
time a xylophone on the table glowed with a pink colour.
Several people thought that the bell on the table was a glass
bottle or a glass of water, which later appeared “opaque
and like a handbell,” or was actually replaced by a b?”-
It is this sort of thing which casts doubt, not on the veracit,
but on the accuracy of the eyewitness, and makes reports
of psychical manifestations of somewhat dubious value.

Part of the difficulty secms to arise, not in observing, but
in remembering afterwards. Professor Bartlett has sug-
gested that we only really recollect the broad framework of
an incident, and invent what we regard as “suitable and
probable detail” to clothe it when we come (o tell what
happened. If this is so, the importance of good cross-
examination of witnesses in court becomes apparent.
Counsel must discover how much of their evidence is merely
suitable and probable detail,

. Chains

ALAN ROBERTSON

TYPHOID has become a diseasc of such rarity in this
country that, when cases do occur, they have sufficient
news value to make immediate appearance in the daily
press. In many places overseas, however, the disease is
fairly widespread and it is occasionally reintroduced to
Britain by travellers returning from abroad. If such a
person comes back to London, say, without knowing that
he is at the time infectious, he may meet and infect several
people before it is realised that he has typhoid. But he
has started a chain which may carry on until a great number
of people have the disease. In fact, he may start an epidemic.
That is, the number of persons affected may continue to
increase rapidly until the gravity of the situation is realised
and steps are taken by the medical authorities to cut down
the spread of infection. Or he may infect only one person,
who infects no others, and the chain end there. The crucial
factor is the average number of people infected by those
carrying the disease before they are recognised as carriers
and isolated. If this factor is greater than one, there will
be an epidemic; if it is less than one, there will not. In the
source of infection overseas, the factor is probably fluctuat-
ing above and below unity depending on the season of the
year; and the time lag in the development of the disease
Means that there is always some present in the population.
Then it is said to be “endemic.”

Still, why this talk of typhoid in an article which is
obviously about chemistry ? It so happens that a class of
very important chemical reactions are indeed formally
similar to such a process as the spread of an infectious
disease. They have in fact been given the name, chain
reactions. Dr. Eley touched on the subject briefly in his
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article on reaction speeds (“Not Too Fast and Not Too
Slow”} in the first issue of Science News. Before going into
more detail about the many chain reactions which are ‘of
practical importance, it may make things clearer to take
one particular reaction, and explain the various terms used
by reference to the typhoid analogy.

Any elementary textbook of chemistry will tell you that
t»yo volumes of hydrogen and one volume of oxygen com-
bine together to give two volumes of steam. But that gives
no more idea of how the individual molecules take part in
the reaction, than to say that Charles II reigned from 1660
to 1685 and expect your listeners to understand that that
includes the Plague, and the Fire, and Nell Gwyn and so
:inany others. Let us write down the reaction as the chemist

oes:

2H,+0,—2H,0

It looks quite simple—two molecules of hydrogen and one
molecule of oxygen. But actually such isolated reactions
between three molecules rarely happen. They require the
simultaneous meeting of the three molecules in just the
right configurations and, as molecules in a gas are dashil]g
about at high speed, such a happening is rare. In fact, In
the dark, hydrogen and oxygen react omly very slowly.
But, under the influence of light or an electric spark, the
mixture may explode. The light or the spark, which we
call the chain initiator, resembles the initial person who bad
typhoid. Before he came along, all the molecules reacted
slowly (or if you like, died of old age) but immediately he
appears the reaction proceeds like an epidemic. Thus on¢
chain initiation may cause the formation of many thousand
molecules of H,0. In an epidemic, the timely isolation of
an infected person may save many people from catching
the disease. Similarly, the removal of one *“‘chain carrier”
from the reaction can stop the formation of many water
molecules. .

) The reaction of hydrogen and oxygen, then, is not one
single reaction but a sequence of reactions. The electric
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spark which starts the ball rolling, fragmentates some of the
gas molecules, and these fragments, either single atoms or
the incomplete molecules known as radicals, react amongst
themselves, the final overall product left at the end being
water,

There is one very important characteristic of chain
reactions—their great sensitivity to small quantities of
impurity. Thus a small concentration of iodine is sufficient
to cut down the rate of the hydrogen-oxygen reaction very
markedly. Such chemical compounds which slow down
Fhe reaction are called “inhibitors.” In the absence of an
inhibitor, the chains may be stopped by an internal change
In the carrier, by its absorption on the walls of the reactant
vessel or by mutual reaction of two carriers, as for instance
two H atoms in the hydrogen-oxygen reaction, to give a
hydrogen molecule.

H -+ H—H,

A chain carrier may either react to further the chain or
become sidetracked by one of the above processes without
Producing any *‘offspring.” The factor which is important
Is the average number of offspring produced per lifetime
(called in nuclear physics the multiplication factor, which
we will usc here). If this can become greater than one,
then the reaction can become explosive. It can in fact only
become greater than one if in some of the chain propagation
reactions, two or more carriers are produced for one, such as

O+H,—-OH+H
in the H,-O, reaction. This is known as chain branching.
If we were to draw a pedigree of the reaction, it would be
branched like a tree—if there were no chain-branching, the
pedigree would be a straight line. A further important
quantity we shall have to refer. to is the *“chain length,”
which explains itséif. In a given reaction all chains will not
be the same length—some may be stopped after ten steps
and some after a thousand—and we can only refer to the

“average chain length.”
It is possible to press the analogy of the infectious disease
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rather further. In the cuse of typhoid many cases are
known of persons who can infect others with the discase
while being completely unaffected themselves. They are
known as “typhoid carriers.”” In the chain reaction, the
analogue iy the “catalyst™ which causes many molecules to
react whilc reraining unchanged itself. For instance, the
addition of the enzyme, catalase, to a solution of hydrogen
peroxide under given conditions, causes 44.000 molecules
to decompose every second for each molecule of catalase
present.  Although in the older literature it was stressed
that most catalysts which act in this way are unchanged,
it now seems very probable that they actually take part in
a cycle of reactions, returning to their original state at the
end.

What is the nature of this chemical infection ? In general,
it is excess energy (either chemical or heat energy) which
cannot spread itself throughout the reacting mixture as 4
whole as energy normally does. For instance, a hydrogen
atom in the hydrogen-oxygen reaction may satisfy itself by
reacting with one of the gas molecules, but only at the
expense of releasing other atoms or radicals:

H-1 O,—0-OH (oxygen atom and hydroxyl radical)
or H4+H,—H,-+tH )
and so on. In some cases, the energy is heat energy which
before it has time to diffuse away from its source has caused
other molecules to react.

We can now sum up the position by means of our
analogy.

Discase Reaction
~—corresponds to— .
Introduction of infection External chain initiation
Diseasc carrier . Catalysis
Spread of the disease . Chain propagation
Recovery without infecting ,.  Chain termination
anyonc clse
Isolation .. Termination by inhibition
We can then write the whole reaction as follows:
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Chain initiation H,—~H-+H
0,—-0-0
Chain propagation OH-+-H;—H,0-}-H
O--H,—OH-{-H—chain branching
Chain termination H--H—H,
H+OH-->H.,0
0-L-0-0,
or absorption on vessel walls.
Even this is a simplified picture, because there is the
possibility of the formation of hydrogen peroxide H,O, by
reactions such as OH--OH—H,0,.

Chain Processes in Nuclear Reactions

The whole conceptiont of an atomic bomb rests upon the
fact, discovered in 1939 by Meitner, that after the capture
of a neutron by U-235, the uranium nuclcus splits up to
give two nuclei of about half the atomic weight of uranium
(with conscquent loss of mass and therefore production‘of
energy) and also between one and thrcj.c fast ncutrons whxc'h
can repeat the process on other uranium nuclei. U-235 is
peculiar in that, in its case, fission is caused by ncutrons of
“thermal energy,” i.e., neutrons which have a stable
energy value cc;frcsponding to the normal energy of move-
ment of a gas molecule at that temperature, whereas most
other nuclei of similar size require high energy neutrons to
cause fission and will not absorb thermal neutrons. _An
exception, of course. is Plutonium-239 which behaves in a
similar way to U-235. ‘

Consider the introduction of a neutron into a mass of
U-235. If it has energy intermediate between the high
energy fission level and the .thcrm'fll fission level, it will
gradually losc this by collision with the nuclei until it
reaches thermal energy levels. There it is absorbed by a
U-235 nucleus which immediately splits up to give the
above fission products ard more than one neutron of high
energy. Herc we have the first important necessity— chain

branching. The neutrons either
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(a) arc absorbed with high energy to cause fission;

(b) arc degraded in cnergy to thermal levels and thus

cause fission ; }

(¢} escape from the whole mass;

(d) are absorbed by impurities or non-fission capture by

uranium,

Now in order to get a final explosion, it is necessary that &
neutron should produce more than onc neutron in the next
generation, Even if it only produces 1.005, say, on the
average, that will be sufficient—the important fact is that
the figure should be greater than one. It is therefore
necessary to cut down as much as possible the losses from
(c) and (d). The absorption by impurities can quite
obviously be tackled by removing the impurities—simple
enough in statement but somewhat more difficult in practice.
The loss through escape can be decreased by increasing the
whole mass of uranium. There are proportionately more
people in U.S.A. who have never scen the sea than there
are in Great Britain. So it comes about that above one
particular size, the multiplication factor becomes greater
than one and the whole mass disintegrates. The critica}
size can actually be lessened somewhat by using a “‘tamper’
around the uranium to reflect some of the escaping neutrons
back inside again. In the atomic bomb cosmic rays and
chance disintegrations arc relied upon to produce the
all-important chain-starting neutrons. This means that it
is absolutely impossible to keep together a mass of U-235
greater than the critical size.

It was mentioned above that Pu-239 reacted with thermal
neutrons in a similar way to U-235. Pu-239 is formed by
a neutron of energy within a certain range mecting.an
atom of U-238 which then emits two electrons in succession
lo give Neptunium-239 and Plutonium-239 respectively.
If therefore 1J-238 could be exposed to a source of neutrons,
Pu-239 would be formed which could be separated from
uranium by purely chemical means. The obvious source O
neutrons was in the fission of U-235 afier slow neutron

CHAINS 149

capture. Therefore it would seem possible to set up a
plant to produce Pu-239 from natural uranium (containing
0.75, of U-235 and 99.3% of U-238). The problem here is
to get a multiplication factor of slightly greater than one
and then, when the reaction is going at a reasonable rate,
keep the rate steady by reducing the multiplication factor
to exactly one. The same problems of critical size were
met as in the atomic bomb. The question of how to con-
struct a reacting mass of much larger size while only using
asmall amount of uranium (as there was very little available)
was met by the use of a moderator of similar function to
that of the tamper in the bomb. The atomic pile was
therefore a framework of uranium rods with graphite
blocks in betwegn. The graphite does not absorb neutrons
but reduces them to thermal energy levels very quickly.
Thus the overall leakage out of the sides of the pile is
reduced without increasing the amount of uranium present.

-The multiplication factor could be controlled by the inser-

tion or withdrawal of bars of cadmium metal which are
exceptionally good neutron absorbers. In order to minimise
the size of the pile, the graphite had to be exceptionally pure
in order to reduce absorption losses by impurities. Once
again the chain starters were contributed by cosmic rays or
chance spontaneous disintegrations of the uranium.

Gas Fires and Aircraft Engines
We started off by using the reaction between hydrogen and

oxygen—or the “combustion” of hydrogen—as an example
of a chain reaction. This reaction has been looked into
very thoroughly in the laboratories, for it is the simplest of
the many reactions upon which the internal combustion
engine depends. And when we consider the complexity of
the simplest reaction, wé may well be taken aback by the
problems of the combustion of a complex hydrocarbon, or
rather a mixture of complex hydrocarbons, which is what
we have to deal with in the petrol engine,

We mentioned before that the reaction chains in the
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hydrogen-oxvgen reaction may be stopped on the surface
of the containing vessel. The relation of surface to volume
l}as therefore a considerable effect on the multiplication
factor and thercfore on the type of reaction. Suppose we
take mixtures of hydrogen and oxygen in the right propor-
tions (2 : 1) and let them react at different known tem-
pqratures and pressures, The results we get can be des-
cribed most easily by the diagram:

/[\ PRESSURE

TEMPERATURE
Y

rd

Figure 13 R

Il the conditions lie inside the shaded area, the mixture
explodes—-if not, we have a steady reaction. It all depends
on whether or not the multiplication factor is greater than
one. At low pressures, the chain carriers have a fair chance
of getting to the walls of the vessel before they react. T.hls
is rather similar to the neutrons in the atom bomb escaping
from the uranium. As the pressure is raised, the chain
carriers meet more gas molecules before they get to the
walls and therefore have a higher chance of reacting and
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carrying on the chain. Then as the multiplication factor
becomes greater than one, there is a sudden transition from
a slow reaction to an explosion. This explanation is borne
out by the fact that the lower limit can be altered by
changing the surface of the vessel.

As the pressure is raised more and more, the multiplica-
tion factor begins to drop once more because there are so
many chain carriers present that they react with each other
and cancel each other out. We get another transition from
an explosion to a slow reaction which cannot be affected by
changing the surface conditions. |

The reaction is very susceptible to the addition of small
quantities of other gases of which nitrogen peroxide, NO,,
is the most interesting. Add a littie NO, to a slowly reacting
mixture, little happens, the reaction goes a little faster—
add some more. explosion—add more still, a steady reaction
once more. The NO, can apparently function both as a
chain initiator and as a chain stopper, probably by reactions
similar to the following:

NO,—NO--O (initiating chains by producing an
oxygen atom) ,
and NO,+H--+HNO, (stopping them by removing a
hydrogen atom). )
On the other hand, chlorine and iodine have only the
roper stopping chains by a reaction such as
property of ppHgJ‘- C1,—HCIi + CI
the chlorine atom being apparently fairly unreactive.

This is actually only half the story—it is also known that
we can get hydrogen peroxide, H,O,, formed in the process
and that this by its decomposition can start further reaction
chains by means of the radical O,H. The research chemist
has then to proceed to build a reaction scheme for the
whole process in terms of simple unit reactions. It is rather
like being given a picture of St. Paul’s Cathedral and told
to build a copy. You can only guess what the bricks are
made of and how they fit. The atoms and radicals which
are taking part in the reaction are probably present in very
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smgll conqentrations and when the reaction is stopped, they
all immediately disappear. It is therefore often possible to
construct several schemes which produce the same answer
fr_om the.samc starting point, but which arc completely
different in between. Occastonally, it is possible to get
confirmatory evidence by means of measurements of light
abs_orptionmfor instance, it has been shown that the CH
radical is present in the blue flame of the Bunsen burner
and that formaldehyde HCHO has much to do with knock
In petrol engines. Quite often, however, we reach the
a?s_wcr that your guess is as good as mine and that's an end
of it.

In the hydrogen-oxygen reaction, we can only postulate
four possible chain carriers—O and H atoms and OH and
O.H radicals. If we now pass to methane, CH, the
possibilities are many, and this is only the simplest of the
h_ydrocarbon series. The combustion of hydrocarbons shows
similar phenomena to that of hydrogen in the existence of
gxplosion zones and great sensitivity to small quantities of
impurities, From the practical point of view the most
important phenomenon is the occurrence of “knock™ in
ordinary petrol engines. It can be shown theoretically that
the efficiency of an internal combustion Cﬂgi"e.dePe“ds’
amongst other things, on the compression ratio In the
engine. This is the ratio of the final pressure in the cylfn.d?r’
yvhen the petrol-air mixture is compressed, to the initial
intake pressure. It has been found that petrol mixtures are
subject to “knock” at high compression ratios and ’t,h§s
effectually limits the efficiency of the engine. “Knock™ 1s
actually the explosive reaction of part of the gas mixture,
causing pressure waves to be reflected back and forwards
throughout the cylinder. Different hydrocarbons have
different knock tendencies, i.e., knock sets in at different
compression ratios. An arbitrary scale has been introduce{i,
to rate any fuel, known as the “octane number.” This
essentially gives the mixture of two pure hydrocarbons
(normal hentane and iso-octane) which has the same knock
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tendency as the given fuel. Thus to say that a certain-petrol
Is “87 octane” means that it has the same knock tendency
as a mixture of 13% normal heptane and 879 iso-octane.
Actually, modern techniques of petrol refining have reached
such a pitch that octane numbers of over 100 are quite
normal for military aircraft engines. The compression ratio
of an engine is of course governed by its design and the
minimum octane number of the petrol to be used in an air-
craft engine is always specified on it. It does no harm to-
the engine to use petrol of a high octane number in an engine
only requiring a fuel of lower rating. It is merely using
good petrol where poorer would have done.

The phenomenon of knock is still far from completely
understood. As far as is known at present, the first product
of the combustion reaction is a peroxide which is formed
by a free radical reaction—a free radical is essentially an
Incomplete molecule as in the following series :

CH, CH, CH, OOH
methane  methyl radical ~ methyl peroxide
The peroxides then decompose to start further reaction
chains. The phenomenon of knock has been correlated, by
means of light absorption measurements on the reacting
mixtures, with the presence of formaldehyde, HCHO. It
seems that the reaction of formaldehyde with the peroxide
provides the chain branching reaction which is necessary
for an explosion to take place. It is possible to add various
substances to the petrol to reduce the knock tendency and
therefore increase the octane rating., The function of these
is to react with either the formaldehyde or the peroxides.
Aniline is a standard case of the former type of “‘anti-
knock,” and lead tetra-ethyl Pb(C H,), of the latter. It is
known that it is not lead tetraethyl itself which is effective
but its decomposition products, either small particles of
lead or lead dioxide. . '

The whole problem of knock ratings of fuels has become
much less pressing with the development of the jet engine
which worries little about the type of fuel which is fed.
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1nto 1t, provided that it is of fairly low molecular weight,
_ Another problem in the acro enginc and in the car engine
is the deterioration of the lubricating oil. The oil in its
passage around an aircraft engine has an average tem-
perature of about 100 C. and under these conditions
ub.sorbs oxygen from the air to give, in the end, organic
acids which corrode the bearings. A fair amount of work
_hus been done on this problem from the theoretical aspect
In recent years, and here again, as in the case of knock, it
seems that peroxides are the villains of the picce. From the
research aspect, many intercsting points arisc in the
reaction by which the peroxides are formed. This reaction
1s very readily accelerated by some metal soaps (such as
copper, cobalt and iron stearates) and also much affected
by small quantitics of inhibitors (such as phenols, aniline,
etc.). In the reaction without addition of metallic catalysts,
we have the odd fact that the rate of reaction is independent
of the oxygen pressure. In this case, inhibitors (actually
B-naphthol) have been used to give an insight into the
!nechanism of the reaction. If we add a certain quantity of
mhibitor and determine the rate at which it is used up, this
gives us the rate at which chains are being started in the
reaction and by comparison with the overall reaction rate,
also the chain length of the reaction, which turns out to be
several hundreds. Argument still goes on as to the actual
nature of the chain intermediates. The metal-catalysed
reaction is interesting in that above a certain minimum
concentration, further addition of catalyst has little effect
on the reaction rate. It would seem that the catalyst plays
three parts in the reaction—starts chains, stops chains and
decomposes the peroxide formed. The number of inhibitors
suggested for usc in lubricating oils must run into thousands;
not that there arc a thousand different types, but a thousand
modifications of a few types to get round other firms’
patent specifications, In a catalysed reaction, of course,
the inhibitor, us well as merely stopping chains, can per-
form quite effectively just by reacting with the catalyst.
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The absorption of oxygen from the air has been granted
4 special name, ‘‘autoxidation.” The first substance
thoroughly investigated was benzaldehyde which is very
rapidly oxidised at ordinary temperatures to benzoic acid.

C.H, CHO—C.,H, COOH

It was found that this reaction was inhibited by alcohols
such as jsopropyl alcohol CH, CH(OH) CH, and what is
more, it was found that in the process the alcohol was
oxidised to the corresponding ketone, although it will not,
by itself, react with oxygen. This is known as “induced
oxidation.” Other interesting autoxidation reactions are
the oxidation of chloroform to phosgene, a poison gas,
and the oxidation of unsaturated organic molecules such as
rubber and linoleic acid. The autoxidation of chloroform
is quite simply stopped by adding ethyl alcohol as an
inhibitor. The oxidation of rubber is exceptionally import-
ant in that this is the major factor in the perishing of natural
rubber. The attack by oxygen leads to a breakdown of the
long hydrocarbon chains and a consequent loss of springi-
ness. The oxidation of unsaturated fatty acids is very
important in the setting of paints. The oxidation is
here accompanied by a polymerisation and the film
of paint gradually becomes solid. Commercially quick drying
paints normally contain some cobalt linoleate to make
the oxidation.and therefore the polymerisation go faster.

Photochemical Reactions ‘
It is obvious that in many reaction systems, there are chain

reactions which lack only a chain initiator to give them the
word “go.” A possible source of initiation lies in the
absorption of a quantum of light. For instance, if an
oxygen molectule in a mixture of hydrogen and oxygen
absorbs a quantum of light and is split into two O atoms,
the initial reaction may cause the formation of several
thousand moleculcs of water. This presents a very powerfyl
tool to the investigator. He can measure the extent of

_ reaction caused and also the number of quanta of light

-
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absorbed. The chain length of the reaction can thus be
worked out and other details elucidated. For instance, if
the chains end by collision of two chain carriers, the rate of
reaction will be proportional to the square root of the rate
of light absorption, and so on.

Real Chains This Time
Molecules with a double bond in them, like ethylenc, will re-
act with a hydrogen atom, or in fact any *‘free radical,” to give
another free radical. When the double bond breaks one end
is satisfied and the other isn't. We can write this as
follows: .
H+-CH,=CH,—CH,—CH,— (an ethyl radical)
ethylene
and then the following reaction can happen:
CH,—CH,—+CH,= CH,—>CH,—CH,—CH,—CH,—

Now this is just the same type of reaction as we have h_ad
before, with the difference that the chain reaction gives rise
to a material chain consisting of many units or links Qf
ethylene molecules. This is important because rubber 1S
just such a long chain-like molecule or “polymer.” So that
if we can build up such chains we can produce substances
with rubber-like properties.  + L.

The repeating unit in the natural rubber chain 1s an
isoprene molecule

*CH, H

—CH,—IC=C,—CH,-— )

The great practical disadvantage of such a molecule, jtself
containing double bonds, is that it is very liable to attack
by the oxygen of the air, causing “perishing.”” The numer-
ous synthetic plastics which can to somec extent replace
rubber are, in general, more resistant to oxidation although
they may not be so good from other points of view. 1
units commonly used in building up the synthetic chains
are as follows:

The -
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—CH, — CHC1 —  polyvinyl chloride
—CH, — CH(C,H,)-— polystyrene

—CH, — CH, — polythene
— H,—CH -~ polymethyl methacrylate or
| Perspex.
COOCH,

The rubber-like properties which they show are connected
with the capacity of the long chain of atoms to coil itsel up
in a ball needing tension to pull it out.

The reactions by which the polymers are made follow the
normal rules of chain reactions. In general, a catalyst is
used to start off the chains by producing free radicals, by
processes such as direct decomposition of an unstable
substance like benzoyl peroxide (used in the manufacture
of polystyrene) which decomposes as follows:

(CH, CO), 0,—~CH,—+CO,+CHCO,—
or by causing the decomposition of hydrogen peroxide by
adding a catalyst such as iron to it. Hydroxyl radicals are
produced by the following reaction:
Fet++-4+H,0,—>Fe+*++0OH+4-OH—

It is interesting that both the above methods of starting
chains have been thoroughly investigated in the laboratory
and it has been shown definitely that the free radical which
starts the chain reaction does in fact become incorporated
in the molecular chain.

Another type of polymerisation which is of great theo-
retical and practical interest is the so-called explosive
polymerisation of substances similar to ethylene which,
oddly enough, will only occur at low temperatures such as
—80° C. They are catalysed by aluminium trichloride and
it seems that a trace of water is necessary to make the
reaction go at all. They are exceptionally difficult reactions
to investigate because of the difficulties of doing experi-
ments at —80° C. and also because of their very high speed.
‘lt is thought, however, that they are ionic reactions—that
Is, that the first step in the chain is the addition of a hydrogen
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ion rather than a hydrogen atom to the compound contain-
ing the double bond.

The fact that the chains actually exist as chains of atoms
makes the investigation of polymerisation reactions some-
Whi.lt simpler than other chain reactions. The average
chain length can now be measured by finding the average
molecular weight of the polymer formed. In some cases it
has been possible to measure the length of the chain in
time Results vary from one-hundredth of a second to one
minute for chain lengths of the order of thousands.

It is fascinating that the same chains of thought can be
applied to infectious discases and atom bombs and poly-
mers. The same ideas also apply to the growth of popula-
tions—a family tree is formally the same as a chain
branching reaction. Here however the problem is com-
plicated because it takes two in one generation to produce
offspring in the next, and the ability to reproduce depends
on a person’s age. To deal with population growth the
“Malthusian parameter™ was evolved in the carly part of
last century. It is actually equivalent to our multiplication
factor minus one. The fall off in reproductive ability with
age masks the effect of the multiplication factor and it is
possible to have the latter less than one while the population
is still increasing in number. Nevertheless, the number in
the population capable of reproducing is falling, though at
present outweighed by an increase in the number of old
people. This has been the situation in this country for the
past twenty years. It is due to such a time lag in the effect
of the altered multiplication factor that it is possible to
estimate the population so far ahead.

In this way the most diverse phenomena in the universe
can receive the same formal mathematical treatment.
Though they are qualitatively very different, these processes
can all be understood through the same mental approach,
as we have very briefly sketched.

The Micraflqra of the
Alimentary Canal”

SIR JOSEPH BARCROFT, F.R.S.

IT is perhaps not generally realised that the alimentary
canal harbours a vast population of living organisms.
These may be injurious to the host, as, for instance, worms,
or they may be beneficial, or, so far as is knqwn, they may
be neither. So varied are their forms that to give an account
of them would be something like describing a census and
would be far outside the scope of this article. Here I am
dealing merely with the forms that are held to be beneficial
and the emphasis will be upon the ways in which they are
believed to perform their beneficent functions, rath_cr than
upon the organisms themselves. They are not uniformly
distributed down the alimentary canal, but function in
those parts of the alimentary canal in which the food is
retained for a considerable time, that is to say in the large
intestine of mammals generally and in the rumen of
ruminants.

The organisms of which I speak are for the most part
unicellular and may be divided into what are regarded
technically as being within the animal kingdom and those
which are regarded as being within the vegetable kingdom ;
put shortly, the alimentary canal harbours a population of
microfauna and a population of microfiora.

The importance of this population of microflora to the
digestive processes and maintenance of the animal varies in
different species. A focal point in all mammals is the large
intestine. Let me say at once, though the detailed proof
will appear later, that the intensity of bacterial digestion
seems to be much the same in the large intestine of all
* Based on lectures given to the Royal Socicty of Edinburgh, and
the Natural Sciences Society in Copenhagen,
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mammalian species so far investigated, sheep, rabbit, pig,
dog and horse. The scale on which it takes place is very
different in different species, vArying with the size of the
large intestine itself.

In the dog, endued as it is with a very small large intes-
tinc, microbial digestion is an almost negligible affair; 1n
the horse, on the other hand, in which the large intestine
is cnormously developed, bacterial digestion takes place on
an important scale. This is in keeping with the diets of the
two animals, for the dog being a carnivore very little food

A

remains undigested by the time its intestinal contents -

reach the caecum; the horse, on the other hand, eats a diet

in which cellulose looms large and for which provision for

bacterial digestion is important. .

In the ruminants the food is subjected to the action of
bacteria before it meets the other digestive juices. The
bacteria, therefore, have additional opportuniti;s- They
have the opportunity of attacking the whole diet of the
animal and of digesting, besides cellulose, such othf:r
carbohydrates as are amenable to their action. Not that
carbohydrate digestion is complete before the food leaves
the rumen; merely there is an opportunity of its taking
place therein. )

The functions attributed to the flora of the a
canal fall into three categories :

1. Those related to vitamin synthesis. th
1. Those related to the digestion of carbohydrates, tc

general idea being that they convert carbohydrates Into
volatile fatty acids, which, in turn, can be used as
sources of energy.

1II. Those related to protein formatio
being that the microflora form a bas
microfauna and that the microfauna
protein of the animal. i d

Naturally, the roles attributable to the microfauna an
microflora respectively may differ in kind in .?hmcntal;y
canals of different specics and certainly differ degree.

limentary

n. the general idea
is of food for the
form a source O

',

-
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L. The Microflora considered in relation to Vitamin

Synthesis
It is usually held that animals cannot synthesise vitamins
and therefore that animals depend for their vitamins on the
vegetable food which they eat. To this general thesis farm

L,‘animals seem to stand in an exceptional relation, for whilst
they obey the law as strictly stated, they carry about the
Decessary vegetables in their alimentary canals, and there-

 fore the cow or sheep as she stands is largely independent
of vitamins in the food which she eats.

This conception was, I believe, first put forward by
Theiler, Green and Viljoen, working at Onderstepoort, who

- 8aid, with reference to early experiments on Vitamin B:
“It may be that cattle are capable of synthesising their own
Vitamins in virtue of the extensive bacterial flora of their
Intestinal tract.”

The suggestion was put forward merely as a possible
explanation of the failure on the part of the authors to
Produce avitaminosis in cattle which were fed on vitamin
deficient diets. Apart from the demonstration by Scheunert
and Schieblich (1923) that symptoms of Vitamin B deficiency
could be warded off in rats by administration of cultures of
bacillus vulgaris grown in media free from Vitamin B, the

. first real proof was offered by McElroy and Goss in 1939,
by which time, of course, we no longer talked in terms of
Vitamin B as did Theiler, Green and Viljoen, but in terms
of the Vitamin B complex: in terms, that is to say, of
thiamine, riboflavin, pantothenic acid, B, and nicotinic acid.

Working on sheep they obtained the following compari-
son between the members of the complex in the supposedly
deficient ration and in the dried rumen content.

Per Gram Per Gram of dried

of Ration Rumen Content
Thiamine . < 0.4 micrograms| > 5 micrograms
Riboflavin .. < 0.3 micrograms{ > 20 micrograms
Pantothenic Acid < 0.2 chick units 5 chick units
B, .. < 1.5 micrograms| 6-10 micrograms
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The same authors attacked the subject another way and
performed the following experiment.  They fed a cow for
4% months on diet approximuately free from members of the
Vitamin B complex, thiamine, riboflavin, pantothenic acid
and B_. The cow after 80 days on this diet gave birth to a
calf which was itself fed for 43 days solely on its mother’s
milk. In that time it put on weight at an average of 1.7 Ib.
per day. Tests of the rumen content of the cow and of the
milk demonstrated satisfactory guantities of Vitamin B.

This result was not controlled by an experiment in which
an animal was fed on the same diet, but in which the
alimentary canal was kept free from micro-organisms. J do
not know whether it would be possible to carry out such an
experiment.  Further rescarch has been in the direction of
dotting the i’s and crossing, or even crossing out, some t’s,
but fundamentally the work of McElroy and Goss stands.

So much for cattle, but they are not the only animals in
which vitamins appear to be formed in the alimentary canal
by microfiora.

Rats have been known to thrive on a diet approximately
free from water soluble vitamins. Unlike the sheep they
have no rumen in which microfiora can synthesise the
material; the only incubation chamber which they possess

is the large intestine. By the time the food has reached the |

large intestine, however, it has already passed the principal
site at which products are taken up from the gut by the
blood, namely, the small intestine. The rat, however, scems
to have the power of absorbing Vitamin B from its own
fzces and even eats them, thus husbanding the vitamin
manufactured in its large intestine. This process was ﬁrs’f
recorded by Fridericia (1926) and called by him “‘refection.
Curiously, it only happens when indigestible bulky diets
are given, such as uncooked potato starch. Phases of this
observation have been confirmed by Scheunert and Schie-
blich (1923), Roscoe (1927), Kon and Watchhorn (1927),
Bliss and Green (1936), Burkholder and McVeigh (1942),
and many others.

A
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I The microbial conversion of carbohydrates into fatty
acids

Uhave taken roles 11 and 11 in that order, because ultimately
We shall be faced with their relative importance. That is to
S0me extent a2 matter of comparing the scale on which each
takes place. We are not in a strong position to do that, l?ut
We know more, quantitatively, about the scale on which
microbial conversion of carbohydrates into fatty acids can
take place, than we do about the scale on which protein is
formed as the results of protein synthesis by bacteria and
its ultimate conversion into a diet for the sheep through
the medium of ciliates. _ .

The idea that cellulose can be converted in part into
volatile fatty acids is no new one. Anyone to-day who rqads
a paper published more than sixty years ago by "I"fippemer
(1884) may well, as the phrase goes “‘rub his eyes.

To the historian of science it must always be a matter of
interest to assess just when a discovery‘ may be _sald to have
taken place. Many a great and convincing dnscovefy has
been made, and when made it has been found possxble‘ to
look back into the literature and find that the obser.vanon
is not new. It has already been made; but it has failed to
convince the scientific world of its day ; it has l?eeq forgotten;
it is then re-made in a convincing way and its importance
is recognised. So with Tappeiner. He show_ed quite clearly
that in an artificial digestion in vitro acetic acid could be
made out of cotton wool, by inoculating the suspension
with rumen contents. But the scientists of his day dis-
counted the importance of this observation, focussing
attention on the role of cellulose as roughage, and so the
position remained till the work of Woodman and Evans
revived an interest in the breakdown of celfulose as

effected by fermentation ?
The Course of Microbial Digestion of Carbohydrates

The course of microbial digestion of carbohydrates may
be studied in the actual animal or in vitro. In fact, it should



164 ) SCIENCE NEWS III

be studied in both ways with constant comparison of the
two methods. Qualitatively the same results are obtained,
Whlcl.l are, that cellulose, starch and glucose are converted
first into lactic acid and later into volatile fatty acids.
The next step was made by Phillipson (1942) who carried
out a survey of ruminant digestion in sheep. Three
important points emerged from this survey :

(1) That soon after the introduction of a meal, especially
if the meal consisted of mangolds or other materials
rich in sugar, the contents of the rumen underwent a
considerable rise in acidity.

(2) That this rise was due to the production of lactic acid
and volatile fatty acids, the presence of lactic acid
being of an evanescent character, and

(3) The probability that the products of digestion could

be absorbed from the rumen itself, which supposition '

was a revolt against the then orthodox doctrine that
these bodies were not absorbed until they reached
the intestine.

It was at this juncture that the Agricultural Research
Council set up the Unit of Animal Physiology at Cam-
bridge, which gave the opportunity of balancing the staff
by the addition of 2 microbiologist, Dr. Elsden, to the team
consisting of Dr. Phillipson and Miss McAnally. Dr.
Elsden had indeed started research in Edinburgh upon the
digestion of cellulose in vitro by the inoculation of suspen-
sions of filter paper with rumen content. The field was
ready for an attack on a considerable scale. Among the
first questions which arose were:

(1) Can anything be absorbed from the rumen ?

(2) If so, what is absorbed from the rumen ?

(3) Under what circumstances does absorption take

place ?

(4) What absorbable materials are formed in the rumen ?

I will endeavour briefly to reply to these questions.

(1) Can anything be absorbed from the rumen ?
Ocular demonstration of the fact of absorption through
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the stratified epithelium of the rumen can be furnished in
the following way. If every outlet from the rumen be tied
off and 500 c.c. of a solution of sodium ortho-iodo-hippu-
fate be inserted into it (after the manner in which the
Urologists use ‘uroselectan’) after five hours an X-ray shows
that the opaque material has almost entirely left the rumen
and is found on the other hand in the bladder. Moreover,
the bladder contents are found to be rich in iodine. If a
Substance with a molecular weight of 327 is known to
traverse the wall of the rumen, no great intellectual strain
i8 being presented by the hypothesis that acetic or propionic
acid can do the same (molecular weights 60 and 74).

(2) If so, what is absorbed from the rumen ?

Anticipating the answer to question 4, let me say at once
that the blood coming from the rumen veins during digestion
contains quantities of acetic and propionic acids of quite a
different order from the quantities found in the general
circulation. When we come to consider the blood ﬁowxpg
from different parts of the rumen, we find that the volatile
acids occur in much greater quantity in the _blood from the
anterior vein than the posterior. The anterior vein dral_ns ,
that part of the organ which is intimately connected with
the material undergoing digestion, whilst.rpucl} of tl}e part
drained by the posterior vein, in the position in which we
Operated, was in contact with gas.

TABLE 1

Concentration of Volatile Acids in Blood from the Rumen and from
the General Circulation respectively.
(c.c. N/100 volatile acid per 100 c.c. blbod)

Rumen Veins

Experiment Carotid Artery Jugular(') Vein Pos;grior Anterior

s —
! 2 i 31 -
3 4 5 21 -—
4 4 4 22 —
5 2 4 30 —
6 4 4 20 —
7 12 13 35 —
8 - - 17 51
9 — — 4] 50
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- . . Rumen Veins
Erptlr(l)lm nt Carotidd Artery Jugular Vein ~ Posterior Anterior

1§ 45 83
12 - e 5s 109
- - — 18 65

B Y
I may say here that the estimation of the specific acids

presented an important problem. Our earliest observations
had been carried out by redistillation methods (Friedemann,

1938) but these were checked and indeed for our purpose
repliced by a chromatographic method introduced by
Elsden.

(3) Under what circumstances does absorption take place ?

) The absorption of substances from the rumen is not a
smp?c process. It might be expected that if acetic and
propionic acids were put into the rumen in equi-molecular
proportions, they would be absorbed at equal rates, but this
15 not the case. Among the factors which play a part in the
regulation of the rate of absorption, a prominent one is the
hydrogen ion concentration. Contrasting the two pH’s,
7.5 and 5.8 respectively, with regard to the absorptions of
acetic, propionic and butyric acids from the rumen,
Danielli, Hitchcock, Marshall and Phillipson (1945) believe
that at PH 7.5 the acids are absorbed entirely as the sodium
salts, in which case the acetate is absorbed more rapidly
than the propionate and the propionate than the butyrate,
but when the pH is 5.8, free acid is absorbed from the
rumen as well as the salt, in which case butyrate is absorbed
more rapidly than propionate and propionate than acetate.

The difference seems to hinge on the condition of the
membrane lining of the wall; when pH is alkaline, absorp-
tion takes place by simple diffusion through water-filled
pores of the intercellular spaces; when it is acid absorption
takgs place, in addition, by the free fatty acid ions pene-
trating the lipoid coverings of the cells themselves. This is
perhaps the place to mention the important work which
has been taking place within the last few years in Marston’s
laboratory, at the University of Adelaide. This work has
ot yet been published in extenso owing to causes con-
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nected with the war and the health of the workers, but I
am indebted to Dr. Marston for a resumé of it and for
Permission to quote the same.

“In vitro fermentation of cellulose with mixed cultures
of micro-organisms withdrawn from the paunch results in
the formation of propionic acid, acetic acid, methane and
carbon dioxide, providing the milieu approximates closely
that of the rumen.

“In 1938 we isolated the fatty acids from each of a
series of such fermentations and separated the con-
stituents by fractional distillation. The molecular ratios
{propionic) : (acetic) proved to be close to 1.8 : I, so
that very close to 25 per cent. of the combustible energy
of the fatty acids arising from rumen digestion would be
in the form of acetic acid. Very small quantities of
formic acid were also present. Lactic acid invariably
occurred in such quantities as to suggest it is an evanes-
cent intermediate in the main degradation.”

(3) What absorbable materials are found in the rumen ?

I might add as a sort of sub-heading; ““—and how do they
compare with those found in artificial digestions of carbo-
hydrates 7

Artificial digestions have been carried out by Elsden
(1945). Cellulose, glucose and lactic acid are rapidly
fermented in vitro by rumen contents, with the production
of acetic, propionic and butyric acids. Table II gives a
summary of Elsden’s data sufficient to show the general
trend of his results.

TABLE 11

Fatty acid (mg.) from 500 mg. of cellulose, glucose and lactic acid
obtained by inoculation with rumen contents in about 30 hours.
AAAAA Cellulose Glucose  Lactic Acid

Acetic Acid .. 83 52 49
Propionic Acid 147 135 147
Butyric Acid .. 4 50 32
Total Volatile
Acid .. .. 234 o 237 228
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tl)n h.lS paper Elsden sct out the results not in milligrams,
ut in millimoles, which tends to flatter the acetic acid and
depress the butyric,

These same materials, as will have been gathered from

what has already been said, are those found in the rumen’

ﬁfter a meal, and they are the bodies which comprise the

volanlg acids” found in the blood flowing from the rumen.
But while qualitatively the acids concerned are acetic,
propionic and butyric, quantitatively of the total volatile
acid the percentage of acetic acid is greater and that of
propionic less—

(2) in the rumen itself,
. (b) in the blood coming from the rumen,

t}.:an in the digestions of cellulose, glucose and lactic acid
given above. Taking them one by one—

(@) So far as the rumen contents are concerned, Table 111
gives the volatile acids in mg. obtainable from 100 c.c. of
rulen content.

TABLE 111
Volatile acids from 100 c.c. rumen contents in mg.
Sheep Acetic acid  Propionic acid  Butyric acid

F .. 250 71 8
F . 152 72 62
F . 370 220 158
C . 61 56 118
D . 352 121 94
E .. .. 348 123 180
G .. LI [ 42 52
WF .. 69 29 19
WF .. 140 43 51

' (b)_ The blood coming from the rumen according to dis-
tillation curves (Barcroft, McAnally and Phillipson, 1944)
contains volatile acids in much the same proportions as the
rumen itself. Elsden quoted by McAnally and Phillipson
(1944) says “using a chromatographic method of separating
the acids, found that in the rumen 60%/ of the volatile acid
Is acetic, the remainder consisting of propionic and butyric
and possibly a fourth as yet unidentified acid. In the blood
draining the rumen the acetic amounts to 80% of the total
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Volatile acid, the remainder consisting of propionic and
butyric acids.”

Reverting to Table 111, the great disparity between the
data for individual experiments requires some comment.
Indeed it furnishes a major subject for discussion. The
haPpenings in the rumen depend not only on the chemical
Substances which happen to have been recently swallowed,
but upon the flora existing in the rumen at the time. To
State the extreme possible views for purposes of argument,
. 0ne would be that the microflora which a sample of ingested
food meets in the rumen, is a function of the sheep, like the
composition of the cells in its salivary glands, or the
corpuscles in its blood. The other view is that the micro-
flora in the rumen is a function of what the sheep has

Previously eaten; that certain forms of life thrive on

Certain dietary commodities, and whether they abound in

!

the rumen depends upon whether those materials have

formed the diet of the sheep.

Whilst we would not pin ourselves to the second view so

completely .as entirely to rule out any influence due
to the specificity of the animal, we regard the diet as
being the major factor in regulating the nature of the
microfiora,

Thus, if a sheep be taken in poor condition and fed on a
diet of hay sufficient in calorific value but of poor quality,
there wjll be found in the rumen among other things a large
diplococcus and streptococcus. These show poor preferen-
tial staining with iodine. If now glucose be put into the
fumen through a fistula and a sample be taken an hour
subsequently, similar cocci will be observed but now they
stajin blue with iodine. If this sheep be turned over to a
rich diet, good clover hay being substituted for the poor
hay and the test repeated after 14 days on this diet, there is
a change in the micro-organisms of the rumen.

Before the dosage with sugar, the cocci do not show any
marked reaction to iodine. This was the case with the poor

. hay, but after the sugar was given, the cocci were much
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:ﬁgurclgg ;:1 mép?ber.;" instead a fresh organism appeared on
‘o the %cﬁlizol:«tuh.d large oval yeast-like organism similar
iodine.". Thi‘s‘lciy aromycete which stains brown with
(1943). as already been described by Quin
ac{(\in\tliqtsh(c): are ?tlxcr.dlﬁcrcnccs: on the poor hay lactic
e c(h cg[.(); prc'scm in very smgll .quantities at any stage
ached ga : l' 1'1(, whereas on the rich it rapidly appeared and
the sugar pclc[o at about seven hours from the addition of
TR w.reo,vc.r on the poor hay thc.production of
hay the vohiil as «(ij sl.o’w gradua] aﬁg}lr, whilst on the rich
oy e L c’ aci ,'hkc the lactic acid, reached a maximal

ntration at seven hours. Also glucose persists for
longer on poor diet than on good diet.

:he Metabolic Importance of Volatile Acids
vm::;il::tzrc.gf first lf!lportancc is, of course, whether the
vo | i s'[fro_duccd as the result of bacterial action have
any metabolic importance. 1f they have no metabolic
1mp0rta’nce, thg s.tudy which we have described is at best
Zn(ci of l;1cadc’m1c interest and at worst a waste of cetlulose

nd other carbohydrates which might have been used to
some purpose. Here there are two points:

(1) Can volatile acids be metabolised in such a way as
to provide the body with energy, and, if so,

(2) Are they in fact produced during ruminant digestion
on such a scale as to provide a worthwhile fraction
of the energy requirements of the body ?

(1) Can volatile acids be metabolised in such a way s 1o
provide the body with energy?

Experiments in which acetic acid has b

rumen through a fistula show two things:
(a) The acetic acid disappears.
What then b ‘(b) It is not excreted as such. _
o tier caotncs of it”? Here much work remains to be
beati. ? proven site of dcstrqctlon of acetic acid 18 the
ng heart. If Ringer’s solution containing

een put into the
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* scale as the destruction

acetic acid-
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olated heart of the rabbit, the

be perfused through the is
py Table IV.

amount destroyed is as shown

TABLE IV

oart with a Fluid containing Acetate.

Perfusion of the Rabbit H

\ Acetate l Acetate
. i introduced]  dis-
Efrlal Weight | 2-hour at appearing
o.of | of period jcommence-| in each Remarks
Expt. | heart g. ment of | 2-hourl
cach 2-hour: period
period mg.. M8
—_— - /l___,____ -
1 2.80 Ist 134 56 -
2nd . 52 —
3rd . 8 —
2 5.36 1st " 28 Heart not beating
3 4.60 1st " 66 —
2nd " 54 —
4 5.20 1st " 36 1.7 mg. acetate re-
covered from heart
2nd - 34 —_
5 4.60 Ist 141 54 0.8 mg. acetate re-
i covered from heart
e
Control experiments in which the heart was replaced
by a piece of rubber tubing.
____.__—-_.__-———‘__,_———,___——___4——-_____—
1 — — 1 134 5 —
2 — - . 4 —
;

acetic acid is at jeast on as great a
of glucose from Ringer’s solution in
e is present in strength equimolecular to
d in the experiments just described (see

This destruction of

which the glucos
that of acetic aci
Table V).
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TABLE V

Perfusi . !
fusion of the Rabhit Heart with a Fluid comtaining Glucose.
Gl

'Glggoscced dGlucose
. . ( i i
hsli)m:)'f Welight Experimental period " l’atu lﬁgﬁm
b N o Serial | Duration |commence{ each
. eart g. No. hours ment of period
, each mg.
period mg.
-
1 4.4 :n! g‘ 149 f‘l)
2 5.8 ! 2 " 21
T ” 9
3 4.1 5 % 142 fg
4 29 1 2 144 30
2 2 " 30
3 24 . 27

On the other hand the destruction of propionic acid does

not seem to be nearly so great (sec Table vi).

Perfusi ~ TABLE VI _
rfusion of the Rabbit Heart with a Fluid containing Propionate-
contaimiiy = =
! Progiémczgg clli’ropiongl.to
. . introdu sap
g‘:)m:)lf Weight No. of h: commence-| _in each.
Expt hc: { 2-hour ent of each 2-hour period
pt. rg. period  (2-hour period M8
mg.
| ——
! 44 1 18 12
2 " 5
2 3.6 1 . 1
2 " 13
3 " 15
3 59 1 " 22
4 4.3° 1 " 7
5 7.2 1 , 9
2 i 5
v

Comparing the destruction of acetic acid, propioni

and glucose we arrive at Table VIIL

¢ acid

_shown by Locke an
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TABLE V1l

Amount of Glucose and of Acetic and Propionic_Acids destroyed
perg. of Perfused Rabbit Heart per Hour.

Amount destroyed

Substance
mg.
Glucose .- .. 2.4
Acetic Acid ﬁ

Propionic_Acid o
As indicating the course of metabolism in the heart, these
11 have been much cleaner did not the

€Xperiments would a
tissue of the heart contain glycogen. It might be contended
directly from any of the

that the heart derived its energy not
materials investigated, but from the glycogen in its tissues.
All that can be said at present on this subject is that the
most glycogen which we ever found in a rabbit’s heart was
39 mg. per gram of heart. Comparé this figure with the
heart 1 in Table IV—that heart which, over six hours,
destroyed 48 mg. of acetic acid per gram of heart, or heart 4
in Table V, which destroyed 26 mg. of glucose per gram of
heart in 64 hours. It seems difficult to suppose that these
hearts were beating simply on initially stored glycogen,

hat the CO, produced was

especially when we remember U
d Rosenheim (1907) to be roughly

equivalent to the sugar used up.
But even if it be accepted that the beating heart breaks
down, or if you like breaks up, acetic acid, it is still not
proved that the acetic acid is a source of energy. That

proof we sought along three avenues.
(a) Experiments with phloridzin. '
(b) Experiments with the respiration calorimeter.
(c) Experiments in which isotopic carbon was put in'the
carboxyl group of acetic acid perfused through the

heart and sought in the CO, which emerged.

(a) Experiments with phloridzin .
These experiments depend upon the argument that the
body, being unable to use up glucose orice the animal is
completely phloridzinised, any sugar which is formed will
be excreted. If then volatile acids are turned into sugar in
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:2: :(‘)’:]j\‘ 'h"‘il?ﬂé sugar should be found in the urine. That
caused b ”; ;Ln rid of other sources of glucose than that
the \'\’ithl;old ¢ n,:tkdown.of Its own tissues, is secured by
Ritrogen & ing of fo&>d till 4 constant ratio of glucose to
10 the !C\;b‘ﬂ'-tpl;r.cq in the urine. The matter is being put
Answer can bV “.“]‘“Psoniat present and so far only a partial
et an be given. As fir as propionic acid is concerned,
lere. lt no doubt that something like 80-90% of the
\L\'(iltutii\r;d;(l;[}ot the propionic acid can be recovered as sugar
acetin ;;cidloluré of its ndm_mlstralion. With regard to the
about th “.‘\(_fl?o‘gld refrain from making any statement
Cortaint ¢ ‘tchu lL‘ded on the basis of phloridzin experiments.
acetic agid lc sugar output after the administration of
Wiy g i i(yow rnot rise in (hg same rapid and clear-cut
On the oth(‘( <;>’ alter the administration of propionic acid.
P, ind‘ik-r tand it woulq not be possible to say that there
g e cation of an increased sugar output on the
mistration of acetic acid to the phloridzinised animals.
flcrc agamn let me quote from Marston's manuscript:
t ?r?plon}c acid is \\'c!l kpqwn to be converted completely
'O glucose in the phloridzinised dog. Acetic acid admini-
stered under identica) circumstances gives rise to no extra
§!u$0§c'but SCIVES 10 increase materially the rate of energy
w‘.ﬁlpdtlon- Apparently it is oxidised rapidly in the dog
M 'l,m”t'emc““g the normal production channels of meta-
e:trlsnm} :!’nd‘ cin fqncnon mcr.ely_tO spare other fuel when
- L fleat is required to maintain body temperature in a
cold environment.”
witlftz ‘Shthuf t\’)’ no means simple to reconcile these findings
; te fact tha.t ruminants normally deal with large
31::?;33; c())ff\uﬁcuc acid which arise from bacterial dis-
ently mop ,‘e ulose and other cgrbohydratcs, and appar-
of heat “(/:c\lome effective use of it, ot.hcr tl?an as a source
The r.ate thladtu rccent'ly attempted to 1llumxpatcthls point.
steadily o f’lSI.':nergy 1s dissipated by a resting sheep falls
the 4th or S é ’f”g until it becomes relatively constant on
r 5th day after the last feed and subsequently the
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R.Q. and oxygen consumption varies but little over several
ensuing days. Thus, in a warm environment and with
animals trained to recline with little movement in the
calorimeter chamber, it is possible to measure with reason-
able precision any changes in energy dissipation which
Supervene on the introduction of various substances into
the animal either parenterally or into the rumen.
“Introduction of 70 gm. acetic acid (= 250 kg. cal)
resulted in a rise of energy dissipation which was equivalent
approximately to two-thirds of the extra energy which
might be expected if the whole of the acetic fzcxd were
oxidised without performing any useful functxor_). . The
calorific equivalent of propionic acid introduced similarly
resulted in a small increase of energy dissipation which was
barely significant. ]
“When a sheep is subjected to prolonged fasting, the
nitrogen eliminated in its urine, after some fluctuations
during the first ten days, becomes approximately constant
for a considerable period—the level of excretion depending
on the size and the immediately previous nutritional history
of the individual, i.e., on its metabolic rate and on the type °
of material being drawn upon to provide the energy.
“Introduction of 50 gm. propionic acid (= 250 kg. cal.)
into the rumen of a sheep that had attained equilibrium in
this way resulted in a very marked reduction of the nitrogen
eliminated in the ensuing 24 hrs. The reduction when the
energetic equivalent of acetic acid (70 gm.) was introduced
was only about one-third of that spared by the propionic

acid.”
(b) Experiments with the respiration calorimeter

The experiments of the Cambridge Unit with the respira-
tion calorimeter are not very far advanced and certainly not
in a position in which we could claim that acetic acid put
into the rumen of the sheep is used as a source of energy.

(c) Experiments with isotopic carbon
In view of the uncertain results of the experiments dis-

cussed under headings (a) and (b), the ultimate test seems
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or 120 a da

alimentary C)l’“:ivl?ulgrnot tl>c an over-estimate for the whole
contribution let.u operly to assess the importance of this
which is giv’en » Sthcompurellt with 264 grams of carbon
50-Kilo heep fro. c quantity of carbon absorbed by a
that the 120 Er.l:l"c"fb(’h)‘d_fiﬂds per day. If we assume
acetic. propionyic‘ ! bd(!))' vo!uulg acid absorbed consists of
tions 3 3§ the‘ ;170 ut'ync acids in the molecular propor-
68 grams of carte <0 grams of volatile acid would contain
absorbed by the S;;. l.e., about one-quarter of the carbon
certainly is mot a» cclp from carbohydrate sources. This
quite the whole si neghigible contribution, but that is not
acid chanmel of 1. ,rx, .bccausc }hc importance of the volatile
of carbahydrate at;:e,snon consists not merely in the amount
cellulon, b 'sorbcd in this way, but of the amount of

Let ue turr: “(')nd)’ ‘lh‘us be saved from waste.
Micro-organisms inqttl};;cr:mixrt]fcrcnt attack on the role of

HI. The mic . g
T fﬂdivimj;;? flora providing a basis of food for the
here is n ,
general 1]161;;5};5“1(}):}( to be done still on this subject. The
alimentary Can;;l l-: growth of unicellular organisms in the
amount of food for S}? g'regu 4s to provide an appreciable
1o significance exc e ammal itself. This conception has
postulates the inc gpt']" the case of ruminants because it
in which the mi ubation chamber in the alimentary canal
parts of the caln(—‘;;)-prganl§ms grow, as being above the
digestion, takes e " porich digestion, notably protein
in practice a .thp ‘l"c“ T}_’c theory is that, the rumen being
tained at 4 Sun,lt;r}mo.stahcal]y controlled chamber main-
apace. Very Pr‘om? PH, the organisms found there grow
ciliates. These jnge ?e;n among the micro-organisms are
the alimentary cag sl the bacterial forms and passing down
The attractive f-ar:a are themselves digested by the sheep.
that among the :m-“”c of thn's conception is the possibility
synthesise protein cro-organisms there are some which can
+ USIng non-protein nitrogenous substances
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and therefore provide the animal with a
d above what it eats. The subject,
¢ main issues:

he alleged happenings in the

for this purpose,
source of protein over an
therefore. divides itself into tw
(1) What evidence exists of t
rumen ?
(2) Can ruminants subsist satisfactorily when only a part
of their nitrogen comes from protein in the food ?
(1) Whar cvidence exists of the growth of micro-organisms
which are incorporated in the ciliates in the rumen?
This subject has been extensively studied by Baker. His
method has been that of microscopical examination, a
method which he appears to regard as only in its infancy.
that by the systematic

He (1942) says: “‘Itis clear, therefore, that :
assemblage and examination of appropriate collections ‘of
earch is opened up which lies

material, a whole field of res
altogether beyond the range of pure cultural methods of
i however, only be

Investigation.  These possibilities will, ; .
realised to the full when the method of direct microscopical

examination has been adopted as a routine procedure by a

sufficient number of observers.”
Baker's studies have been principally on the rumen of the

ox. 1 may give his main points in his oWn words: ‘
“The rumen population of the ox cOmprises three main

groups of organism.
(a) Protozoa.
(b) lodopbile organisms
(c) Aniodophile organisms.
o and micro forms.”

The iodophile species comprise macro ro for
A fixed and free iodophile population are discriminated,

the former constantly attached to starch grains and vege-

table fragments, the latter in suspension in the rumen fluid.
n was qualitatively independent of the

The rumen populatio

range of diet and of the breed of animal examined. Protozoa
play no part in the decomposition of cellulose but digest
starch. Decomposition of both starch and cellulose is
accomplished by the fixed iodophile microfiora which in
the process synthesise jodophile polysaccharide. During

(see Plate 12).
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bnum ona basal diet and one in which all the nitrogen was
protein nitrogen, some or all of the protein could be with-
drawn and replaced by non-protein nitrogen. To the
p;actlcgl applications of this thesis much thought has been
gwven 1n Great Britain: doubtless wartime experiments
have been carried out in many other countrics. 1 may,
ho»yever, allude to one carried out by Owen, Smith and
erght (1943) at the Hannah Institute at Ayr, in which it
1s claimed that—

“Seven Ayrshire cows of average mitk yield were used
for'_thc experiment. They were first fed on a production
ration in which one-third of the nitrogen was supplemented
by blood meal, a product which has been shown by Morris
and Wright to be of first-class biological significance for
milk production. After the animals had received this diet
fora} few weceks, the blood meal was replaced by its nitrogen
equivalent of urea, plus its energy equivalent of pure
starch. . . . The milk yield of five of the seven cows was
well maintained when the blood meal was replaced by urea.
Qn the other hand if neither the protein nor the urea were
given, the milk flow always declined at once. The weight
of the cows was well maintained on the urca diet. Of the
seven cows, then, five seemed to make use of the urea, 08¢
gave an ambiguous result and one scemed to make no use
of the urea.”

Whether this finding is of any economic valtue is not for
me to say, but it does seem that if the microfiora are put
“on their mettle” they can contribute something worth
while as protein synthesisers.

Microﬂora in the large intestine
This subject has been much less fully studied than the role of
microflora in the rumen. Nevertheless, as | have already
said, microbial production of volatile acids occurs in all
forms of life so far studied, whether carnivorous or herbi-
vorous, and the scale on which it occurs seems to be indi-
cated by the size of the large intestine. That being so, the
horse naturally demands most consideration.
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TABLE X

Volatile acids in the blood taken from various situations in the
alimentary tract c.c. %N 100 alkali necessary to neutralise the
volatile acids in 100 c.c. of blood (Average).

f Vessel from which blood was taken

4’ Alimentary canal
Animal ' —
Arterial f Portal Vein draining

¢ Portal |— ————

i Small Large

i Rumen | Intestine { Intestine
Sheep (14) 6 ‘ — 38 4 22

[ | Stomach
Rabbit (4) .. 4 9 1 — 8 .23
Pig (4) . 5 ' 9 7 11 28
Pony (1) .. 7 — — 5 44
Dog .. .. — — — —_ —_

The scale on which volatile acids are produced tn the large
intestine of the horse was to me very surprising and at
first people—one of them a very important and influential
person—were very incredulous, almost hinting some
departure on my part from the strict line of factual veracity.
I determined, therefore, to extract as much volatile acid as
possible from the total contents of the large intestine of a
horse as it would yield. This proved to be about 350 grams
of the mixed sodium salts of the acetic, propionic and
butyric acids.

Knowledge of the microbial population of the large
intestine will probably incrcase within the next four years.
Meanwhile, Baker and Palmer (1946) have published an
important work on the flora of the human large intestine.
Applying the methods which I have already described, they
found “iodophile bacteria in large numbers in the interior
and upon the surface of plant structures. A specific relation
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to the decomposition of the vegetable was indicated by the
absence of micro-organisms from the surfaces of intact ot
partiaily intact muscle fibres also present in the ingesta.
. . . Preliminary observations made under the polarising
microscope suggest that some of these iodophile organisms
are able, as in herbivores, to attack true cellulose.” .
The fate of micro-organisms found in the large intestine
requires further investigation; at present it seems that for
the most part they do not leave it alive. The possibilities
are that they are autolysed or that they are evacuated in the
dead condition. In the former case, which Baker stresses,
there is the further possibility that the products of the
autolysis may be absorbed and be of nutritional value.
The emphasis must be placed in this connexion on 0n¢

difference between the rumen and the large intestine. The 7

micro-organisms in the rumen pass on to parts of the gut
lower down in which they can be digested, those which leave
the large intestine are evacuated, though it would appear
mostly in a dead condition.

Here again the importance of this population to its host
is quite an open matter, as Baker and Palmer point out gt
may even be deleterious (Lohrisch, 1904). In the horse it
surely cannot be so; in the absence of measurements it 1S
only possible to say that if the blood flow through the large
intestine of the horse is at all commensurate with the sizo
of that organ, the amount of volatile acid absorbed must
be a definite asset to the nutrition of the animal. )

If T have given the impression that there are two rival

schools of thought in Britain with regard to the microflora
of the alimentary canal, let me say at once that any such -

idea would certainly be premature and probably would be
wrong. We at Cambridge have concerned ourselves almost
entirely with the final processes and end products of

ruminant digestion. Baker’s principal concern has been:

with the initial happenings. We regard ruminant digestion
as a process involving at least two stages. We have con-

vinced ourselves that among the final products volatile -
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acids are conspicnous and that these are formed by a
bacterium of the propionic family. But this bacterium
probably takes on its task at the stage of lactic acid. The
lactic acid we believe to be produced by the action of
iodophile organisms. It yet remains to be seen whether
among the happenings observed by Baker and his colleagues,
cellulose is not in part turned into material which in the
last resort forms the basis of volatile acid production. It
must be remembered, moreover, that in our experiments
we have never accounted for all the initial cellulose in terms
of volatile acids; usually about half, or a little less, remains
unaccounted for. When some deduction has been made
for the production of carbon dioxide and methane, there
still remains a considerable residue which might be devoted
to protein production, and remember the amount of protein
which an animal requires is much smaller than the amount
of carbohydrate. With the facilities which Baker will have
at the Rowett Institute, I look forward to the next ten

years.
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GLOSSARY

ABOMASUM (see also Rumen). The fourth pouch of
stomach of ruminants, the one where truc gas
digestion takes place. .

AGGLUTININ: A group of substances in blood which
causes a clumping of the red cells, or of bacteria under
special circumstances.

ALIMENTARY CANAL: A general name for all the intes-
tines, from mouth to anus, the excretory end.

ANASTOMOSIS: Junction between two tubes:
arteries.

the
tric

as, two
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AUTOCLAVE: A vessel, usually metal, on which the lid
can be securely clamped and sealed, so that when it is
heated, the pressure inside rises to several times
atmospheric, and steam becomes superheated (its
temperature higher than 100° C). .

CagecuM: The part of the intestine which is the beginning
of the large bowel, where the small bowel runs into it.
The appendix is attached near this point.

CannuLA: A little tube for fixing into a vein to bleed it.

CeLLuLose: The woody part of all plants, the basic
skeleton of their cell walls.

CHROMATOGRAPHY : A method of analysing mixtures of
substances by taking advantage of the fact that fuller’s
earth, or aluminium oxide, or certain other adsorbents,
attract the constituents of the mixture to differing
extents, holding on to some substances much more
avidly than others. When a solution of the mixture
is allowed to trickle through a glass tube packed with
adsorbent, each component attaches itself to the
adsorbent at a particular characteristic position along
the tube, and so is separated from its associates.

CILIATES: Microscopic single-celled animals (protozoa)
which swim by means of the very fine “hairs” or
“cilia” with which they are covered.

CriTicaL TEMPERATURE: A gas or vapour can often be
liquefied by compressing it; thus liquid air is made.

- But above a certain temperature, characteristic for
each gas, this is no longer possible, and no amount of
compressing will liquefy-it as long as it is hotter than
this critical temperature. Thus steam, for example,
will never yield water till it is cooled a little below

the critical point.
EPITHELIUM: A membrane formed by a sheet of cells of

similar appearance.
FisTuLa: An artificial or abnormal opening from some

bodily organ to the outside; as, a gastric fistula, a
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channel from the stomach to the skin surface of the
belly.

GLucose: The sugar present in blood.

GLYCOGEN: Animal starch, the form of carbohydrate
stored in the liver and muscles.

HALIDES: A general chemical name for all salts com-
taining chlorine, iodine, bromine or fluorine.

HYDROCARBON: Any chemical substance composed only
of carbon and hydrogen, no matter in what propor-

" tions, or of how many atoms.

HYDROGEN IoN CONCENTRATION (also written pH):
A measure of the acidity of a solution. Values less
than 7 are acid (increasingly so, the smaller the num-
ber), those greater than 7 alkaline, e.g., acetic acid or

~ vinegar might be 3, bicarbonate about 9. :

fopoPHILE: Staining darkly with iodine.

LacTiC Acip: The acid of sour milk, the acid produced
by muscles in strenuous exercise; sometimes an inter-
mediate stage in the breakdown of starch and sugars
by living things.

Lipoip: Complex fatty material. . ‘

MICROFLORA: Plants of microscopic size, often single-
celled, and including bacteria and yeasts. ]

MoLecULAR WEIGHT: Molecules are so small that their
actual weights are very slight by everyday standarfis-
It is convenient therefore to compare them on a relative
scale, with the lightest atom, that of hydrogen, arbi-

trarily taken as the unit. The molecular weight of 8
substance is thus the number of times its molecules
are heavier than atoms of hydrogen. This is some
times a convenient measure of their size. .
OBSTETRICS : Study of antenatal care and child-birth.
OPIATE: Pain-relieving drug. .
PARAMETER: The name given to a quantity in mathematics
when it is a constant in the example considered, but
varies in value from case to case.
PH: See hydrogen ion concentration.
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PHLORIDZIN: A drug, obtained from plants, which inter-
feres with the usage of glucose in the body; in parti-
cular, it prevents the kidney from keeping the urine
free of sugar, which consequently appears in the
bladder in large quantity.

PoLyMERISATION: Under certain circumstances, mole-
cules or atoms of the same substance can be persuaded
to link together to form bigger and bigger molecules,
then sometimes called polymers. This process is the
basis of the manufacture. of plastics, which are made
up of molecules of colossal size.

RaDICcAL: A fragment of a molecule, which behaves as a
unity, and may have a brief independent existence in
the course of a chemical change.

RIGOR : Sudden uncontrollable shivering attack, when the
temperature of the body suddenly rises.

RINGER’S SOLUTION: A solution, devised by Sidney
Ringer, of various salts in definite proportions, suit-
able for keeping tissues alive and behaving fairly
normally, e.g., isolated hearts will beat, isolated nerves
will carry nerve messages.

RUMEN: The stomach of certain animals (ruminants),
which chew the cud, is divided into four deep pouches.

" ' ‘The first of these, which the food enters on being
swallowed, is the rumen, which is a kind of storage
room. Food can be regurgitated from it for further
chewing, or allowed to pass into other pouches of the
stomach for true digestion to begin.

VOLATILE FATTY ACIDs: A name given to certain acids
. produced by fermentation, usually of carbohydrates
* which are (a) capable of being obtained from a solu-

tion or mixture by distillation; (b) molecularly, com-
posed of small hydrocarbons with an attached acidic
group.

UREA: A simple chemical waste product excreted in large
quantity in urine, where it is readily converted to

ammonia on standing.
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Sir Joseph Barcroft, F.R.S., was Director of the Unit of Animal
Physiology of the Agricultural Research Council, and his other
appointments filled a column of “Who's Who.” Sir Joseph died on
March 21st, 1947, while this issue was in the press.

Jack H. Coote is a young English authority on colour photography.
His activities in the ficld of “still”” colour photography have bee_n
recognised by the award of the Fellowship of the Royal Photographic
Society. Recently he has been responsible for the development of a
British process of colour cinematography which may prove 3 worthy
rival of Technicolor. He is married, has one daughter, and tries t0O
find some time for sailing.

Alice Heim is an English psychologist working at the Cambridge
University Psychological Laboratory as a member of the Medical
Research Council's Unit for Research in Applied Psychology. Her
work has been concerned mainly with theoretical and applied problems
of mental testing.

Harold Jeffreys, F.R.S.. is Plumian Professor of Astronomy in the
University of Cambridge, and has worked on several subjects. He 1s
author of “The Earth,” “Earthquakes and Mountains,” and **Theory
of Probability,” and, with his wite, Bertha Jetfreys, of “Methods of
Mathematical Physics.” He is a Foreign Associate of the Nation
Academy of Sciences of the U.S.A. His interests include na
history inside and outside his garden. He takes his holidays on foot
or on a bicycle, preterably in Northumberland.

Geoffrey Langdon Kevnes is a renowned surgeon who has publishcd
many articies and bibliographies. He served with the R.A.F.V.R.
until October. 1945, when he held the rank of Air Vice Marshal.

Commander W. E. May, R.N., has served with the Compass Dep{!““
ment of the Admiralty since 1929, andw.s before then Hydrographica
Surveyor.

Alan Robertson was born and brought up on a farm in Lancashir®
but deserted this to do scientific researcht, first at Cambridge on the
oxidation of hydrocarbons; then during the war on airborne roc ?w
for R.AAF. Coastal Commuand; any now, on agncultural statistics
at an institute in Londda ™ -’
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