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SOVIET EMBRYOLOGY

D.R. NEWTH

AN APOLOGY

LocaL and national differences are a real, but increasingly
irrelevant, feature of science. They spring from the contin-
gencies of our work — the peculiarities of a local fauna, the
accidents of geography and geology, the cultural history of a
people, or the heritage of individual genius. Though these differ-
ences may add colour to the scientific scene they do not deter-
mine the path of advance, more particularly in the most active
and rapidly developing branches of science. The only justifica-
tion for this article lies, then, in a failure of communication, in
the comparative ignorance of present-day biological work in the
U.S.S.R. that prevails in the West, and in the misunderstandings
that derive from it. When, as it must, knowledge of Soviet work
becomes more widespread,* such articles will be unnecessary.

A FUNDAMENTAL BRANCH OF BIOLOGY

We, and most of our domestic animals, are viviparous. In other
words the young emerge from the mother’s body only after a
more or less prolonged period of pregnancy during which they
have lived parasitically at her expense. This means that the most
dramatic and far-reaching of all the changes that we undergo on
our journey from conception to the grave are hidden from
casual observation and are largely inaccessible to experimental
or clinical interference. Thus it is the creatures that shed their
eggs precociously — worms, sea-urchins, newts, and birds - that
have so far given us our deepest knowledge of the fantastic but

*The decision of the Academy of Sciences of the U.S.S.R. again to
provide foreign language summaries at the end of all the papers pub-
lished in twenty of their major journals is most welcome. It would
be pleasant if this gesture could, in some measure, be reciprocated.
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ordered turmoil that converts the fertilized egg into a compleXs
differentiated, embryo and so sets it on the path to adult!}

Exotic though this may make embryology appear to be, it has
many valid claims to our attention. One is that even adults bi?”
recourse to processes of growth, repair, and regeneration Wh‘_c
are compounded of elements most clearly seen and most 6351!}’
analysed in the embryo. But the modern embryologist defines 1.113
field of interest broadly. All the progressive changes in the llf'e
history of the individual, including post-embryonic ones, are his
concern. Even the senescence which, although it does not kill us,
ensures that we shall die, is accepted without sense of paradox.
Now it is against the background of these changes that all
physiological or biochemical processes occur, and it is through
them that the inheritance of an organism is made manifest.
Hence we may fairly say that embryology, genetics, physiology,
and biochemistry are co-extensive in their material, and differ
only in their approach to it. Each presents the others with in-
formation that limits and prescribes their independent growth
and checks their tendencies to one-sided development. Each, in
fact, is fundamental to the others and to all our knowledge of
vital activity.

The opportunity to visit last autumn a number of the labora-
tories in the U.S.S.R. wholly or partly devoted to embryological
research (for which I am indebted to the Academy of Sciences of
the U.S.S.R) was consequently welcome not only for the valu-
able professional and personal contacts that it made possible,
:}'tlfOr the direct access it gave to work at the heart of animal

10logy from which ignorance of Russian would otherwise have

b . . i
af\rred me. It was also a pilgrimage to one of the major centres
of classica) embryology.

A RUSSIAN TRADITION
.In }834 the Imperia] Acade
l_ﬂ\tlt.ed a young Estonian of
. to join it. He hagq already ¢
but he remained int i
Provided the inspj

my of Sciences in St. Petersburg
Ge.rman descent, K. E. von Baer,
e hl_s 8reatest embryological work,
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that flourished throughout the 19th century and continues its
work today. Von Baer is now chiefly remembered as the dis-
coverer of the mammalian egg and as the founder of compara-
tive embryology. His observation that the embryos of different
vertebrates might be so alike that to distinguish them from one
another presented difficulties was used by Darwin, quite pro-
perly, as an argument for evolution.

Russian workers, notably Kowalewski and Metschnikoff, and
their pupils, played an important part in the methodical survey
of the major groups of invertebrate animals from the point of
view of evolutionary embryology. Later Koltzoff, Sewertzoff
and Schmalhausen were, with equal distinction, to represent
in Russia the comparative approach to vertebrate development.

However, in the closing years of the last century a new kind of
embryology came into prominence. Using experimental inter-
ference with the embryo as its tool, it sought to unravel the
causal relations between the parts of the developing system, and
between the environment and the whole animal. First in Ger‘-
many, then in the U.S.A., France, Belgium, and Britain, experi-
mental embryology became a major field of enquiry. In this
Russia undoubtedly lagged behind, and it was not until the
1920s that she had any number of experimental embryologists.
We may then first ask what the balance between the old trz‘idltion
and the new is in the U.S.S.R. and what, at the present time, in
general, is the scope of research interest there.

A CONFERENCE OF EMBRYOLOGISTS

My own visits were to laboratories in Leningrad, Moscow,
Thilisi, and Sukhumi. A fair sample in all probability, but for a
better picture of the overall pattern of research it is perhaps wise
to turn to the published abstracts of papers read at the first All-
Union Conference of Embryology which was held in Leningrad
in 1955. This was, so several of the participants informed me
ruefully, rather too much of a good thing. Six days and 120
papers are enough to make the most hardened conference addict
blench, and 1 gather that in future it is proposed to hold less
ambitious meetings on limited topics. However, since a majority
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of the most active workers in the country read papers mé
have an a}dequate survey of the Soviet embryological sceae-

Thefe is, I thiok, no need, even if there were space, to attem
a detailed analysis of the conference programme. The unsen$
tional truth is that it showed an enormous area of commf
mtefest between embryology in the U.S.S.R. and elsewhere.
sections into which it was divided, and the number of pape
read in each section are perhaps worth recording :

Gamgtes and Fertilization (11); Embryonal Histogenesis (26); Cot
paratm; Embryology (10); Embryology of Agricultural Animals (5
Immunity of Embryos (8); Regeneration and Asexual Reproduectic
(11); Early Stages of Embryogenesis (9); Influence of Conditions ¢
Development upon Embryogenesis, etc. (11); Embryology of Plap
(9); Development of Man (10); Physiology and Biochemistry °“—f

)

Development (6); Other (General) Problems Q. *%

]

g

While there is little in this list that permits one to distinguish..
the conference from a similar meeting anywhere else in the -
world, the papers themselves do show differences in the empha- :
sis of Soviet research. It is true that perhaps the majority of them
are on subjects of universal interest, It is, for instance, gratifying

_ to see that L. N. Zhinkin has cleared up one of the minor scan-

w

[

~ dals of comparative embryology by working out the develop-
-~ mental history of the aberrant worm Priapulus, hitherto un-

known. On the other hand, more of the papers deal with the

. .Influence of environmental factors on the course of development

~ few

:

. Workers in th,

“Year ago in §

than would be the case in most such conferences, and many

‘:’l :eal with problems of embryonic induction.
b ryonic induction is a process by which one part of an

e#mbryo pers . :
mitteq top:n uades another, contiguous, part that is not com-

- cess of fundy definite fate, to become so committed. It is a pro-

brate embryzn;e;tz}l- signiﬁcz.mce in the formation of the verte-
ey:a lti 9amallysns occupied a considerable body of
T8 1920-40. As Abercrombie pointed out some

cien, .
;ence News 13, the failure to discover the actual
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amount of excellent work is being done, in many countries, on
the nature of induction, and the lack of such work in the
U.S.S.R. was a noticeable feature of this conference.

It is perhaps natural that Moscow and Leningrad should have
dominant positions as scientific centres, but an analysis of the
distribution of the papers read by town of origin shows that they
do not have a monopoly. Moscow leads with 42, followed by
Leningrad (35), Kiev, Sverdlovsk, Thilisi (4), Kharkov, Lvov,
Voronezh (3), and sixteen other places with one or two each,

STURGEON VERSUS AXOLOTL

I mentioned earlier that much classical embryological work had,
almost of necessity, to be done on newts. It is for this reason
that a humble Mexican amphibian, the axolotl (Siredon) has
colonized the zoological laboratories of the world where it is
maintained as a source of large and handsome eggs.* In the
Soviet Union, too, axolotls abound, but they are animals whose
future is challenged by the increasing popularity of sturgeons
and sterlets (Acipenser) for embryological work.

The reason for this is, I think, twofold. In the first place stur-
geons have nice eggs and make good experimental material.
They are also animals whose natural conditions of life are open
to study within the country and they are therefore particularly
suited for work on the role of environmental factors on the
course of development. But further, they present a practical
problem to the fisheries industry which a knowledge of their
developmental history may help to solve. Sturgeons (and of
course their roe or caviar) are an important source of food that
is now threatened by the development of hydro-electric schemes
in South Russia. These interfere with the sturgeon’s normal run
down the rivers to the sea and their return upstream to breed.
The devices that help salmon to overcome this problem are in-
effective with sturgeon, and it is consequently important to try
to persuade them to breed in the rivers without a run to the

*Thus embryological laboratories. like poultry farms, give reality
to Samuel Butler’s dictum: ‘A hen is only an egg’s way of producing
another egg’.
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sea. This problem is being tackled by the active school of Pro-

fessor Gerbilski in Leningrad, in whose laboratory the forlors
axolotls certainly had their noses out of joint. His Institute ©
Ichthyology is primarily concerned with the endocrinology ©
sexual reproduction in fish, the histology of the reproductivé
organs, fertilization and early development, and the propertics
of species hybrids in sturgeons.

Work on sturgeon embryology is also being carried out in the
Institute of Animal Morphology in Moscow. Here Professors
Detlaff and Ginsberg, after distinguished careers in amphibiad
embryology, have turned to sturgeons. They have recently pro-
duced a valuable monograph on the development of these
animals together with a brief survey of the ecology, systematicsv
and breeding behaviour of the Russian species. Their work i$
perhaps a little unusual by our standards in that while treat-
ing fully of the normal events of fertilization, embryogenesis,
and ‘post-embryonic life, and reviewing the results of experi-
mental researches, it also deals with pathological develop-
ment and the conditions of culture of the eggs and embryos
that provoke it. It has, in fact, its eye on the applied scientist
(here the fish-farmer) as well as upon the laboratory one.

I do not doubt that the Soviet scientist is normally more
conscious of the practical consequences of his work and more
interested in them than some of his Western colleagues, and
that this does weigh with him in the choice of the problems he
:’:’Ckles- Thg final balance struck, in embryology at least, seems
mo:i ;? differ only slightly between the two. If there is any
gond s all to be drawn ffom this, it can only be flattering to the

ense of embryologists East and West,

SOME
TEACHING AND RESEARCH LABORATORIES

Under the nop. ) .
the ACademyongOmmnttal title of Sukhumi Biological Station

e Medi ; . .
Anstitute on 4 hill edical Sciences runs what is really 2 monkey

of monkeys for “:i"(;erkmg the Black Sea. It is the main source
and maintaing a stoc;gxcal and medical research in the Union
sent to scientist of about 900 animals, Although these can

S elsewhere, the station has facilities for any
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guest worker who feels that he can resist the distractions of a
Black Sea resort. The permanent staff is itself scientifically active
and work is at the moment being done on the endocrinology of
the menstrual cycle and upon the influence of the cycle on
higher nervous activity. The station has long been interested in
interspecific hybrids and some of the recent crosses of which
Dr. Utkin told me have not, as far as I know, been recorded
before. Two of them are:

Theropithecus gelada @

(Abyssinian gelada)

Papio hamadryas 3 X
(Sacred baboon) g

‘Pi(\).éela' Q@ X T geladad
At the time of my visit ‘Piogela’ was gravid.

Macaca nemestrina X Macaca mulatta
(Pig-tailed Macaque) J/ (Rhesus Macaque)

‘Neptune’ & X Papio hamadryas @

“Prima’ @ & ‘Markissa’ ?
So far ‘Prima’ and ‘Markissa® have proved infertile.

Two of the other laboratories that I saw were the teaching
departments in the Universities of Moscow and Leningrad.
These universities are so large (too large, if an outsider may
comment) that what we should normally call departments have
become faculties with several thousand students, and what we
should, at most, call a sub-department has become a full depart-
ment. Thus it is that the zoologists at both places have a Depart-
ment of Embryology within the larger administrative unit.

The department in Leningrad (under Professor B. P. Tokhine)
is now fifty years old. It has workers investigating the develop-
ment of parasitic Hymenoptera, and in Professor L. I. Sokolow
a distinguished veteran of invertebrate embryology who is
now studying the formation of gametes in ticks and scorpions.
The laboratory is also much concerned with phenomena in
embryos that parallel the immunity mechanism of phagocytosis
in adults. Researches there deal not only with the outcome of
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discussion of Michurinism widespread, but facilities for neo-
Mendelian work are again available.*

Even the critics of Michurinism claim, however, that the con-
troversies associated with it have been useful in prompting a re_'
examination of fundamental biological ideas, and that thef‘
own work has altered in consequence. The chief sign of this
appears to be the greater concentration on study of the effect of
the environment on the course of animal development that 1
roted earlier, and, perhaps, the emphasis on the value of tack-
ling problems on animals of economic importance.

Embryology has its own controversial issues too, and the most
widely known one is the claim of O. B. Lepeshinskaya to have
demonstrated in a number of animal situations that cells can
arise de novo, not, it is true, from inorganic or dead material,
but from the non-cellular material that exists in animals or i0
extracts of them.

She sees this process as a logical outcome of the ‘law’ of bio-
genesis or recapitulation of Haeckel . .. a law that is now gener-
ally regarded as an unjustified extension of the more sober
generalizations of von Baer. Her claims, if substantiated, would
be of enormous consequence for biology, but they have been
received with scepticism. Attempts in the U.S.S.R. to repeat
some of her most critical experiments have yiclded negative
results, and her observations are on material that presents the
greatest difficulties for decision. Most of the embryologists with
:V:Om I discussed this matter were content to treat her case as
thaﬂr(}::ez and still open, though Professor .Pole.zhaicv behcyes
tissues ofa: foupq similar processes occurring in regenerating

On the n;lphlbxa.
reported r‘:suTtl: tIhfound that wherever Soviet biologists had
doubts were sharedal-: seemed to mc of doubtful validity, my

y many of their own colleagues.

*Professor N, p ini
Cytogeneticists, todeubln‘“v one of the most distinguished of Soviet
induced by x'radia:ine that he was returning to work on mutations
Professor A. R. Z, bon In a new laboratory created for hi nd
‘ - Lhebrak is working on amphidiploidy in plal:t‘s' ’
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KNOWLEDGE OF FOREIGN SCIENCE

This article began by suggesting, not unfairly I hope, that bio-
logists in the West are inadequately informed about the work of
their Soviet colleagues. In so far as this is true the reason lies
almost entirely in the fewness of the biologists able to read
Russian and in the fact that we have not, as yet, the translating
and abstracting facilities that chemists and physicists have. But
is the Soviet worker under an equivalent disadvantage?

It is, I think, only fair to say that a good deal of Soviet scien-
tific literature, and especially pedagogical writing, has given
little sign of appreciation of recent foreign work. This said, it
remains true that such work does arouse interest and is readily
available to the research worker, to the teacher, and to the
student. Indeed most Soviet biologists are better informed of
Western work than we are of theirs, and sometimes than some of
us are of work in our own language. (I owe to G. V. Lopashov
my knowledge of an important paper in the Proceedings of
the National Academy of Sciences of the U.S.A. that had
appeared two months before we met.) Soviet scientists are
helped in this by the nature of their initial training. During the
first two years of the five-year university course the student
learns two foreign languages, and most Russian scientists can
now at least read papers in two non-Russian languages. This
tends to leave them with little sympathy for those of us who have
shirked learning theirs.

Pride of place in this matter must, however, go to the newly
established Institute of Scientific Information of the Academy
of Sciences. This is now in its second year of work as the pub-
lisher of an abstracting journal covering the whole of natural
science. The journal appears in six sections, each devoted to a~
different branch of science, and is now abstracting 1,000 Soviet
and 7,000 foreign journals (these include 1,416 from the US.A,,
844 from the United Kingdom, and 491 from France at the one
extreme, and 27 from Portugal and 3 from Madagascar at the
other). The biological section appears fortnightly and provides
about 100,000 abstracts a year. The international importance of
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ind Japanese literature as well as journals publishing 10 B“::;ag
sean languages. It is quite possible that a knowledge Of‘Rus:n&f
vill become the easiest way of access to an oriental JiterBf==rs
hat would otherwise be difficult to survey! pout -
At the moment the Institute is able to issue abstracts 2 ;
one year after the appearance of the original papers. It is h0 ¢
‘hat this delay will soon be reduced to little more than half d.‘ar -
ime. The work of preparing the abstracts is done by semiof
icientists who are able to call upon a translating service Wh‘:’. .
hey are faced with papers in languages they cannot understad t
[his venture provides the Soviet scientist with one of thc? m(:s
mportant facilities he could wish for — and does it admirably-

his enterprise is very great, partly because it handles the Chines®' 2

[ have to thank Mr R. Browning for his services as a translator..
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DETECTING AND
INTENSIFYING FAINT IMAGES

L.MANDEL

NATURE, ora self-imposed limitation, sometimes compe_ls us to
carry out observations at very low intensities of light. The dis-
advantage of a faint image has then 10 be accepted. and it is
natural to direct attention to the image detector. In recent years
this has been the subject of much development and has led
to the appearance of two distinct types of instrument. The de-
vices in which a faint image at the input gives rise 10 a brighter
image at the output are known as imuge intensifiers and are
analogous in many respects to ampliiiers. Output can be ob-
served visually or photographed. Sometimes, however, the func-
Fi()us of detecting and recording are best combined in one
nstrument, which then becomes an integrating image storage
device,

It is perhaps a litile strange to find that, despite the obvious
applications of these instruments and although the basic con-
structional principles have been well known for some time, the
subject is a relatively new one. Although a few intensifier-tubes
are now available commercially, it would be fair to say that the -
development of a really satisfactory device is siiil to come.

. The fields in which these instruments are probably of greatest
Importance are astronomy and diagnostic X-ray fluoroscopy.
During X-ray examinations, the radiation intensity has to be
deliberately limited to avoid damaging the tissues. At this level,
the image appearing on the fluorescent examination screen 18
very faint and so can often only be siudied after prolonged dark
adaptation of the radiographer’s eyes. Hence the importance of
image intensification.

The weakest light is undoubtedly encountered in astronomy,
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where the sensitivity of the photographic plate generally 1m°
poses a limit on the faintest objects that can be investigatc‘i'
Similar limitations also arise in spectroscopy. .

Before discussing the principles of the various image devices,
it will be useful to discuss bricfly the gains to be expected from
their introduction, when compared with detectors now in use-
We shall find that the quantal nature of light leads to certalnl
fundamental limitations.

IMAGE DETECTORS AND THEIR LIMITATIONS

‘The commonest image detectors are, of course, the eye and the
photographic plate, each with distinctive merits and disadvab-
tages. The outstanding characteristic of the eye is its high quan-
tum sensitivity. At the peak of monochrome vision, around
5600A°, between one and four absorbed photons give a visu‘:}l
stimulus. Generally, of course, not every incident photon 18
absorbed by the retinal rods and, on the average, about 70 pho-
tons are required to produce a sensation of light. While the dark-
adapted eye ranks among the most sensitive image detectors, it
is unable to provide a permanent record. But perhaps its most
serious limitation is its inability to integrate or store the incom-
ing light for longer than about a tenth of a second. It behaves as
though the retinal image were eradicated ten times a second.
This explains the well-known experience that there is little to be
gained (apart from dark adaptation) by watching a faintly
visible object for a long time. In short, the eye is most effective
as a detector of transient images.

The photographic emulsion, on the other hand, is distin-
iﬁ:th'by its abili}y to integrate incident light over long periods
imagseos l;t:‘lore suited to.tbg de.lecuon of very faint stationary
Danchr.oma?iléamum .sensmvu'y is, however, much lower. A fast

emulsion requires of the order 1000 photons of

wavelength between 3000A.° o
velopable grain. and 6000A° to produce one de

beg;gc recently several devices known as stor
peen ¢ eveloped: the'se combine the functions o
N and recording, They have high quant

age-tubes have
f image intensi-
um sensitivities
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and, in a sense, combine all the optimum operating conditions,
but are still only in the experimental stage.

Let us for the moment revert to the photographic plate used
as a recording detector and consider the improvement to be
gained by interposing an image intensifier. One of the obvious
advantages is a shorter exposure time. This is particularly im-
portant in astronomy, where image quality generally improves
as the exposure time is reduced, because of image fluctuations
caused by atmospheric turbulences. On the other hand, we
might prefer to trade some of the extra light against a finer grain
—and therefore slower — emulsion.

~ From the reciprocity law of photography we expect an n-fold
light intensification to lead to an n-fold reduction in exposure,
for the same grain density. The situation is, however, a little
more complicated. In the first plice. the reciprocity law breaks
down at very low light levels and hardly any grains are then
rendered developable. The introduction of an intensifier there-
fore enables us to record images that are otherwise outside the
range of the photographic plate.

4 Secondly, there is an effective upper limit 10 useful intensifica-
t}on. All image tubes use a photo-electric surface as primary
light detector. The most sensitive photo-emissive surface — anti-
mony : caesium - has a quantum sensitivity of the order ten per
cent for daylight, so that, whatever the overall light gain of the
nstrument, not more than about one incident photon in ten is
detected. Now suppose that each detected photon gives rise to a
thousand at the output. This corresponds to a total light gain of
about a hundred. As we have seen that about a thousand pho-
tons are required, on the average, to render a silver halide grain
developable, it is clear that there is little to be gained by increas-
ing the light gain very much above a hundred. This conclusion
is of course qualitative, and often it is preferable for a light point
to produce a small cluster of developed grains.

Suppose now that images are to be observed visually via an
intensifier. As the eyc responds to about one incident photon in
a hundred and the photo-electric surface to about one in ten_, it
might appear that there is little point in increasing the effective



AL e

»

Science News 40
gain much above ten. The
the peculiar physiological
cent figure for the visual q
dark adapted eye. Under
sensitivity is considerabl

position is, however, complicated by
properties of the eye. The one per
uantum sensitivity holds only for the
normal light conditions the comr'ast
y lower. Furthermore, the resolving
Power of the eye adjusts itself to suit the light level, so that more
detail can, in principle, be seen in a bright picture than ina dark
one. There is therefore a real advantage to be gained by increas-
ing the effective light amplification at least one order of magni-
tude above ten,

Finally let us very briefly examine the special merits of the
image storage tube.

Here again use is made of the photo-electric
effect to detect incident photons, but the photo-electrons form
& representation of the image as a charge patu:rn‘on‘a stox:nge
plate. The charges grow as the time integral of the !ncxdent light
and the image can, at any time, be ‘reac} off’ and displayed on a
cathode ray tube. Like the photographic pla
is therefore an integrating detector. From t
tum sensitivities we deduce that the light g
with the photographic emulsion, is about |
is not always realizable, on account of th

te, the storage tube
he respective quan-
ain, when compared
00, though this figure
¢ attendant problems

reciprocity failure or saturation - at le

astover a very wide Tange.
It can collect and store considerably

more light than the photo-

faint star image against
known problem. Thus,
Mount Palomar, a photo
exposed for longer thap

a brighter sky

background is a well-
with the 200-i

nch Hale telescope at
graphic emulsion becomes saturated if
about half an hour at the prime focus.
THE SIMPLE 1MAGE INTENSIFIER AND 175 VARIATIONS

pment still going on in
lear vet which type of
adopted,

1s by no meang c
instrument is most likely to e generally
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devices developed.
: i t that all the lectric
en pointed out that ¢ hoto-elec
ff o alret;dyh?:h qlzmmum sensiivity Ofd thc?ml’aert it into the
so far use the . tical image and ¢ . a
rimary optic . ifier tube is show
effect to detect the prim: A simple intensi =15 -
; ron image. : -emissive su.
corresmndl‘g,giilgtgure 1. A is a transparent photo
schematica

hoto-emissive
. Transparent P
. Intensifier. A, - F, Fluorescent
Fig. 1. The Baéc g“aii Accelerating Electrodes; F,

Surface; B. C, D, eic,

Screen; M, Solenoid.

. The primary
ited on the inside of a sealed glass ‘;2:'15 are pemitted
fuce depogl used on this surface. Photo-elecodes B,C, D, etc.,
image_tls itohcvery low velocities, but'(rk;le elelce\;md v ,act’mg asa
from it w ieh notential. e SO » ent
hem to a high p ns on a fluorese
accelerate t focuses the electro Fis
ic electron lens, isible image. The screen
magnetic € ive rise to a visible imag an
¢ they give r o acking to act as
screen F,.whera very thin aluminium film b'ACk“;it light from
usually gl:lentor and to prevent the luminesc
: ector,
optical re o-cathode A. ends on the
reaching the Ph((:; the photo-electric surface der};ace Sb-Ce,
The C.hOlcef the device. The most sensiive iuquantum sensi-
applieson ? ady been mentioned, has 2 peaﬁnal light output
which haSh‘d :)elue of nearly 20 per cent. The
tivity in the
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depends largely on the accelerating voltage, although only a
fraction of the kinetic electron energy is normally converted
into luminescent light. For the blue emitting ZnS: Ag phOSPh‘?r
this fraction may be around 20 per cent. The light output can, in

principle, be increased simply by increasing the accelerating
potential, but, in practice

» We are limited by the danger of ele.C-
tric breakdown in the tube. Typical accelerating voltages are in
the region of 20,000 volts.

It is instructive to carry out a rough calculation of the ex-
pected light gain in such

a tube. Suppose that, on the average,
one photon in ten gives rise to a photo-electron which is then

accelerated to 20kV. Each photon of blue light emitted from
the fluorescent screen has an

energy of about 2.5 electron volts,
so that each 20kV electron could give rise 10 8,000 photons.
, since the conversion effici

, the number of
mary photon is around 150, so this
he instrument.

ttainable theoretically, it has not been
approached in practice on account of many difficulties in con-
struction. The gains so far reported are an ord

lower. But even if the light gain is high our pr
means over, because we have stij] 1o get the luminescent image

on to the detector, be it the €ye or, more frequently, the photo-
graphic plate. It is clear that,

on looking at the fluorescent
Screen, only a small fraction of the emitted light enters the eye
and a similar smalj collection efficiency is met when an optical
lens system is used. Even an f/11lens used at a one to one magni-
fication collects only about 2.5 per cent of the emitted light, so
that our effective 1 ckly falls to a very small figure,
say four.

Several suggestions have been made for overcoming this diffi-
culty. Even an effective light gain of four could become signi-
ficant if several intensifiers were used in cascade (e.g.4"=64), so
that the luminescent image of the first is focused on the photo-
cathode of the second, ang SO on. While this method is
k

secondary photons per pri
figure is the light gain of t
While such a figure is a

er of magnitude
oblems are by no

ght gain qui
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The use of a lens system to focus the final luminescent image on
the plate can now be entertained and the tube is detachable from
the vacuum system after manufacture.

While such a device has been successfully constructed with
an appreciable light gain, it did not prove to be an unqualified
success. In the first place no appreciable potential difference
could be applied to the thin glass membrane, so that the acceler-
ating voltage of each section of the image tube was only half
the maximum from end to end. Secondly, the resolving power of
the complete tube was not very satisfactory. The resolution of
the normal powdered fluorescent screen is limired by grain size
and halations, and, when such screens are used in cascade, image
quality quickly deteriorates. A method of ¢hemically depositing
transparent fluorescent screens with greatly improve-d resolution
has been described recently by Cusano and Studer. It may well
pe thz{t the z}pplication of this technique to a two-stage image
mte)lelﬁer .w111 make it a more attractive proposition.
abi‘gig?’sggf:?z]:;ii;)neteﬁrrehs.t to lo((l)k ata commercially avail-
visual examination of X-r‘a {lls ore eve}oped by Phlhgs for the
in Figure 3. The tube is usefl V\lili?}:(ﬁli:op;\c ;mages’ and’ 's shown
with the fluorescent screen on whiclf) t; 0-‘{8'”]0(16 . C(?ntact

e faint X-ray lmage

Fig. 3. Phi?ips X-Ray Image Intensifier. X. Tncideng X-rays; F. Fluo-
re.scent Screen; A, Photo-cathode; B. Focusing E)ectro—dC' E, Eye-
piece. (Redrawn from Philips Technical Review.) ’
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. lec-
appears. The arrangement is quite conventional, bfu telt&:?treodes
trons are focused electrostatically by a system O \ly inferior
within the tube. While electrostatic lenses are genﬁra Yal higher
to magnetic ones, in the sense that the ?magcs %Vt:ilized —ur-
aberration, they do not require heavy coils, and gtihe electron
rent supplies. In the tube illustrated in Figure hen observed
image is reduced approximately ten times and then o of the
through an eyepiece. This ensures that a large fmcm:ua1 ight
light output reaches the pupil of the eye. While ll}? 3C1 of the
gain from photo-cathode to luminescent screet 13 Qn Y e in
order ten, the decrease in size resulis in @ further mc)r(faf’\s a
photon density, and thercfore brightness, of about 1t h. ol
result the total eflective gain is of the order 1,000, 'and the
image is comfortably visible without dark adaptation.

NS
THE LALLEMAND METHOD AND ITS VARIATIO

The difficulty of getting an appreciable fraction of the lummes-
cent light from the screen of an intensifier on.to the .pho!o;
graphic plate led Lallemand to propose a basically .dxtfere;
scheme. As early as 1936 he suggested that the elf:ctron image be
received directly on a photographic emulsion, without a ﬂuoreé:
cent intermediary. At first sight this appears to lead to adsu "
stantially simpler tube, having a photojcathode at c;ne z?emar:)f
a photographic plate at the other, with thg usua.1 Y
accelerating and focusing electrodes or focusmg cc;: . .
Whereas only about one incident photon inat 01llsa;n '
ing on the emulsion normally gives rise to a developable g;am2
practically every electron of energy 10-20 ?(.V'rcndcrs athe:tis
one grain developable. If the quantum scnsmvxty‘of the pho 9-
cathode is about 10 per cent we see that the eﬂ'cct-.v; mcrcas(;:.m
speed of the Lallemand image tube, as Compurcd.w[(h an or 12:
ary photographic plate. is abmln lOQ. Fur{?er, this figure is su
santially independent of accelerating voltage.
Stdlrj;ll?llriz:nd ;;roceeded to develop an inst.rument alongectlels
above lines and he achieved an effective gain of’ the etgcﬁcal
order. This image tube, however, leads to a se.nous ep e
difficulty. A photo—elcctric surface, such as Sb:Ce, req
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high vacoum and quickly deteriorates in the presence of even
very small amounts of active gas, such an oxygen. Now, not
only does a photographic emulsion continuously evolve small
quantities of gas, but the plate has somehow to be introduced
into the vacuum system without ruining the photo-cathode.

Lallemand solved the latter problem by forming the photo-
cell separately in a sealed envelope. Both the cell and the plate
were then introduced into the image tube which was evacuated.
Not until an adequately high vacuum was reached was Fhe ce'll
broken open to expose the photo-electric layer. Despite this
complication the photo-sensitivity fell rapidly once the surface
was exposed, so that the image tube became useless after about
a quarter of an hour. In any case the photo-cell was destroyed
after use, when the plate was removed for developments.

With admirable perseverance Lallemand proceeded to tackle
this difficulty too. He built an electro-mechanical plate changer
which could expose up to six plates in succession; he introduced
‘getter’ material to absorb the evolved gases: and he refrigerated
the photo-cathode. By the beginning of 1955 he had produced
an instrument whose sensitivity remained constant for several
hours, even without continuous pumping.

This was not achieved without considerable complication in
manufacture, as the diagram of the equipment shows (Figure 4).

After six exposures the device is opened and the plates are re-
moved and developed. The tube is washed in distilled water,
baked and repumped. The ‘getters’ are then fired. the next
photo-cell is broken open and drawn into position magnetically.

Th.ese complications, coupled with the need for considerable
skill N vacuum technique, have caused astronomers and other
potential users of the instrument to fight shy of it. Although the

f}x\'mcxple of tl?e Lallemand image tube is most atiractive, we sce
at the practical difficulties i

come them a nump .nvolved are considerable. To over-
posed. Hiltnos hm er of variants of the scheme have been pro-
thin alumimumaélwggested that the tube be sealed off by a very
diately behing ;¢ %a“d the photographic plate placed imme-
share the sam e ¢ plate and photo-cathode would not then

~4Me vacuum and there should be no appreciable
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. B, C, D, E, Elec-
Fig. 4. Lallemand’s Apparatus. A, Pho(o—cathode;1 B’Anvil- . Acti
trodes; P, Plate Charger; M, Hammer, N, SPTS gV Sole’noids; i
vated Carbon; K, Liguid Air; S, Iron Slug; f’om,Comptes Ren-
Rubber Gasket; J, Pumping Tube. (f:;:grawn r
dus de ' Académie des Sciences, Vol. 218.)

itivi would have to be held
qeterioraﬁon linti:er:cl)tlgenry'a:; ect}:;i(;:d as in electron micro-
ceopy. The pzfre two difficulties with this arrangement. In '\he
feot ¢ rher‘:he apparatus still requires continuous pumpmg.
ey it very difficult to produce sufficiently thin alumin-
second]y’ )fx lz from pinholes, far the electrons must be able t0
e ﬁlmsl remm without losing most of their energy. Bagm has
e some & ccess in overcoming the latter problem by using two
S:g S?;:: éll]ms in contact, but the scheme is nevertheless still in
theydevelopmem stage.

INTEGRATING STORAGE TUBES

All the recording image devices S0 far co1'.1siderecc11 hae‘éir‘cllsixeli
photographic plates as the light integrating an 'Iations &
medium. We have already discussed some of the Jimi o
the emulsion, and it is not surprising, therefore, that g
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off at any time, particulari
ments are made, Wh

ticularly in astronomy.
THE ELECT
E ELECTRO-LUMINESCENT IMAGE INTENSIFIER

Fi . .
] mally, a particularly simple newconter to the class of image

;l;t.tl:l?sxﬁers is of ipterest. It has been described by Cusano and
ll harps anq, !0 1ts present form, functions only Wilh‘ incident
ultra-violet light. The apparatus is shown in Figure 6. A con

\\ * - | ! i
~— - <
— N >
/{7> ‘ |
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fNe— op
—Emell W

Fig.6. Ele ST
" D Clro-luminesce

ducting p,e cent Image Intensifier. G .

te; T, i er. G, Glass Base; C, Con-

Zns Phosp Transparent Conduc!ing Film; :

hor; w, a 5
trodes, (Redrawn from T pacer; S

o o P, Evaporated
' OIVer Film; M. Meral Elee-
Journal of Applied Physics, Vol. 56)

iuxide (] 10} is deposited
phosphor (man-
silver fil 1o forn s.evapor;ned on to it. A con-

WO conduc: phosphor, which is thereby
) tng layers 1o which a potential

T
ed is now focused on the

: ¥ while focusing and other adjust
.ﬂc the details of the scheme remain to bé
» there is little doubr that a success”
rage tube would be ip great demand, par

Detecting and Intensifying Faint Images 33

phosphor, which fluoresces faintly with a yellow light. The
image brightness increases however with increasing voltage,
until, with a polarizing potential of 100 volts, about ten times as
many photons are emitted by the phosphor as fall on it.

The intensifier has therefore a particularly simple form and
Tequires no electron optical equipment of any kind. Its be-
haviour is not yet completely understood, although F. E. Wil-
liams has recently interpreted it on the basis of a mechanism
involving the creation of charge carriers in a region of high field
strength. The device is in a very early stage of development and
it remains to be seen whether it can ever be made to function
with visible incident light.

SOME APPLICATIONS

We see then that the probtems of detecting and recording faint
images have led o many ideas and devices. A few applications
of the instrument have already been mentioned, but new ones
arise from time to time, occasionally in rather unexpected direc-
tions. For example, the use of an image intensifier tube as a very
high speed camera shutter has recently been described by Saxe
and Chippendale. The electron beam can be turned on and off
by the application of suitable voltage pulses to one of the elec-
trodes, thereby making possible exposures of the order of a
hundredth micro-second.

It is however in the field of astronomy that the image tubes
are likely to reap their richest rewards, because a device that
increases the speed of the astronomer’s recording medium
(usually the photographic plate) by an appreciable factor, say a
hundred, is effectively increasing the aperture of his telescope
by a factor ten. Many modest 20-inch telescopes throughout the
world would thereby acquire the present range of the giant
200-inch Hale telescope at Mount Palomar. It is true that the
optical resolving power is not similarly increased. However, in
practice, the image fluctuations due to atmospheric turbulences
determine the resolution, which rarely approaches the optical
limit.

It has already been mentioned that photographic exposures at

B
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the prime focus of the 200-inch Hale telescope are limited to
about half an hour. Thereafter the light from the sky back-

range.
= of a star cluster in

most fundamenta] questions of our time

. » by extending the range
of the universe at bresent observable, s ¢

TEA: ITS PROCESSING AND
CHEMISTRY

C.R.HARLER

THE crop harvested from the tea plant, Camelliq sinensis, is the
young leaf shoots consisting of two to five leaves and the un-
opened terminal leaf bud, These are rich in the alkaloid, caffeine,
and certain tannin bodies spoken of as polyphenols. Any treat-
ment whereby the plucked leaf is preserved so that the caffeine
it containg can be made available when needed serves, in the
broadest sense, as a method of preparation of tea,

A pound of good tea as made and infused in Great Britain
gives 200 cups of the beverage. The caffeine content of the better

about 0.9 of a grain of the stimulant. The second brew yields
only about 0.3 of a grain per cup, while further brews do not
contain any caffeine. Poor tea, made from the coarser leaves,
contaigé®nd yields less caffeine than the above quantities.

The annual per capita consumption of tea in Great Britain is

slowly but is more persistent. No secondary reactions have been
observed from caffeine, not evep after a 10-grain dose,
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Pickled Tea Leaf

China is usually considered to be the hqmg of tea, and it is
generally assumed that tea, either as a m.edlcnpe. ora beverz.ige,
originated there. Yet it is possible thgl Ipbes living in the high-
lands of Further India, led by the instinct .thaF prompts even
primitive peoples to make use of alkaloid-yielding plants,' may
have taken tea in some form for at least as long as }he Chinese.

The simplest method of preparation of tea leaf in use today
is that followed by the tribes of the Shan States of Upper' Burma,
Upper Siam, and south Yun-nan, Chm'f.l. jl'hese people pickle the
leaf and keep it in the wet state, eating it in due course as a salad
mixed with oil, garlic, dried prawns, ete. At other times the
Shans, when they have heavy work to do, drink an extract of the
pickled leaf or chew the leaf itself. In Burma the pickled leaf is
called leppet tea, in Siam, miang. The Shap
leaf is a logical one in that it makes full us
other foods in it.

In preparing leppet tea the fresh leaf is first put into a wooden
container with a plaited bamboo base and placed over a vessel
of boiling water. The steam softens and kills the leaf, which after
five or ten minutes’ treatment is thrown on to a bamboo mat and
kneaded for a few minutes. It is then placed in a cement-lined pit
and covered with planks weighed down by stones. More Jeaf is
addced daily, and finally the full pit is left for a period ranging
from ten days to six months or more,. Sometimes, when only
small quantitites of leaf have to be dealt with, the steamed and
kneaded product is rammed into a bamboo for keeping.

The Preparation of Teain Ching

habit of eating the
¢ of the proteins and

In China, the origin of tea is lost in mythology. One legend
relates how Dharuma, a Buddhist monk, during a prolonged
meditation, found that he was becoming drowsy and. seizing his
offending eyelids, cut them off and cast them from him. Where
they fell a plant grew, the tea plant, from whose leaves can be

prepared a drink that driveg away sleep. The first authentic
account of tea was written by Lo-yu in A.D. 780.
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In China, tea preparation passed through several phases
which may be roughly divided into threg stages: lhg cak? tez:j,
which was boiled; the powdered tea, which was whlpped,dml]1
the leaf tea, which was steeped. The early Chmgse_ steami the
fresh leaf, then dried it over a fire and.pres.scd it into cakes or
crushed it into a powder. In Lo‘-yu’s time it had becom; (l:usg
tomary to roll the steamed leaf in t.he h.ands‘ so that each tt:aa
after drying was separate, resgmb]mg in this respeit tt et e
commonly used today. The kiiling of the fresh leaf by heat s ops
chemical changes in it and as a result the .so-called green tea is
produced. This yields a liquor ligbl;t );ellow in colour and presents

inei asily extractable form. '
‘h?r‘;xaeﬁ;lon:i;nt:,nc;:ia, :nd chadenote tf:a in va.rious Chinesg dia-
lects, and one or other of these forms is now in use to designate
i uages.

teitlzzgh;:el:unrrglablgy noticed at some time in Ch'ina that‘ if th‘e
fresh leaf is first bruised or damaged before st'eammg,the liquors
given by an infusion of the dried leaf are red in c.olour., and have
more body and bite (strength) than a green tea qusxon. It. was
also observed that if the fresh leaf is allowed to wilt or .wnher
till it is flaccid it is more easily and thoroughly damaged 1n roll-
ing than is the fresh, turgid leaf. Thus the preparation of the
so-called black tea, miscalled fermented tea, was evolved.

The Chinese developed and still follow a complex process qf
black tea preparation, one open to endless variation z}nd modi-
fication. The following account gives a genfcral outline of the
procedure. The tea industry in China is a village one, and the
farmer may have only a few tea bushes or a quarter of an écre
or so of tea. The leaf is plucked in the morning on a bright
sunny day after the dew has gone. The leaves are first exposed to
the sun and air till they have wilted sufficiently for th'e stalks
of the shoots to be bent double without cracking. This expo-
sure lasts for an hour or two. The leaves are then lightly ‘tu'me'd
by hand and manipulated tili they become red and somfe ]utllc: el:
expressed. The bruised leaf is then put in a cogl place for re
hours or so, during which time the aroma is suitably devel.op d.
After this the leaf is thrown into a shallow iron pan which is
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heated almost to dull redness over a wood fire. The leaves

crackle and give off a vegetable odour which later subsides and -

gives way to the characteristic aroma of tea. The leaves have
now been killed and are taken from the pan to be rolled on a
table. Alternate panning and rolling continues till the leaves are
too crisp for further manipulation. The final drying, called poey,
is carried out with great care on small bamboo trays each placed
in or on its own tubular, open-ended, waisted basket, called a
poey-long. These baskets are between two and three feet high,
and each stands over its small charcoal fire which is damped
down with rice husks and ash as drying proceeds. This process
is a slow one and may last several hours.

In addition to making black or fermented tea, and green or
unfermented tea, the Chinese make Qolong, a semi-fermented
tea. There are also scented teas treated with flowers, brick teas,
tablet teas, and ceremonial teas, all of various pickings, dis-

tricts, and grades. ‘There are a thousand and ten thousand teas’,
wrote Lo-yu.

THE MANUFACTURE OF PLANTATION TEA

When the East India Company lost its monopoly of the tea
trade in China in 1833, it set about growing tea itself instead of
buying it at the port of Canton as it had done up to that time.
This led to the establishment of the tea plantation industry in
Assam, which got under way in 1839, and to its spread to Ceylon
in 1875, to South India in 1895, to Indonesia about 1900, and
some years later to Eastern Africa. In due course tea produced
by the plantations practically ousted the teas of China from the
world export markets,

In Assam the pioneer British planters brought in Chinese to
show them how to grow tea and prepare the leaf, and in the early
years the process described above was followed. But methods
used in a village industry, where a farmer and his family deal
with a few bushes, are not suited to a plantation of several hun-
dred acres where a day's harvest may be 40,000 1b. leaf.

By the Chinese process as first followed in Assam there were
no less than twelve operations lasting over three days, including
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withering in the sun, four spells of hand rolling, two pannings,
another sunning, two firings, and so on. Insets 1 and 2 show
Indians at this period hand-manipulating the leaf and drying the
i aisted poey-long.

te%rll?eﬂfl‘)‘:svtvp;rt of thz Chinese process to be discard.e.d was the
short withering in the sun, because with large quantities of lea,f
this was impracticable. Instead the planter spread‘ the day’s
harvest on bamboo trays and kept it in a shed over-mgh't, ready
to start rolling the next morning. This methoc'l of withering per-
sists today in Assam, except that wire or he.ssxan cloth racks are
used. In later years, in the cooler, hill districts of Ceylon, South
India, and Java, loft withering was develqped, wherepy warm
air is sent by fans into enclosed lofts in which the leaf is spread
on racks. Such controlled withering lasts about 18 hours, a
period similar to that used in the open-air sheds in Assam.
Inset 3 shows leaf spread on withering racks.

Next, the panning process and the poey-long or drying basket
were abandoned. The withered leaf was simply hand-rolled, fer-
mented on a cool cement floor and finally dried in a kind of
chest-of-drawers over a charcoal fire. This dryer consisted of
four or five movable wire trays. Fermented leaf was spread on
the top tray which was moved through successive stages down
towards the fire. In this way, as the leaf dried it met a hotter,
drier air-flow from the fire. The process took about 45 minutes.
These simplifications had been carried out in Assam by 1870,
and from then on the tea house gradually became a tea factory.

Most of the labour in the Assam tea houses of this period was
engaged in hand-rolling the leaf, for a man could only deal with
30 to 40 1b. withered leaf in an 8-hour day, and hundreds of men
were required to perform this task, working in rows at long
tables. The first rolling-machine was introduced in 1870, and by
1890 the principles still used in present-day rollers had been
evolved. A modern tea-roller consists of a brass cylinder
which revolves on three vertical cranks above a brass, battened
table. The box may be 36 inches across, and is fitted at the top
with an adjustable pressure-cap. A roller can take a charge '0f
up to 500 1b. Jeaf, and in an 8-hour day one man can deal with
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the rolling of up to 4,000 lb. withered leaf. The saving in labour
that this invention brought about was great indeed, to sa¥
nothing of the improvement in hygiene. (Inset 4.)

No mechanization is needed in the fermentation process. The
oxidation of the tannin bodies, the polyphenols, in the tea leaf
begins as soon as the leaf cells are damaged, and much of the
so-called fermentation takes place in the roller. Afier rolling,
the leaf is spread about 1.5 inches thick on the fermenting
space which may be a cement floor, or a sheet melal rack as
shown in Inset 5. Foreign bacteria produce 1aints in tea, and
the need for great cleanliness on the fermenting space is now
fully realized. The reactions that constitute good fermentation
take place at 80°F or rather less, and on this account fermenting
and rolling rooms are, where necessary, air conditioned,

From 1870 onwards drying or firing machines for tea were
invented and developed in Assam. The modern tea dryer con-
sists of three parts, a tubular stove in which air is heated, a fan
that blows the hot air into the bottom of the drying chamber —
the third part of the machine. The fermented leaf is fed in at the
top of the chamber, and, passing along six or eight ‘endless’
trays, makes its way down to the discharge, meeting, as it pro-
ceeds, hotter and drier air. (Inset 6.)

The two most notable names connected with tea machinery
are William Jackson and S. C. Davidson, rival Assam planters,
who from 1870 onwards invented rollers, dryers, sifters, and
cutters, the principles of which still hold good today. Dozens of
other machines have been invented by planters in India, Ceylon,
and Indonesia, some with success, others predestined to faiture
because they ignored the science underlying tea manufacture.

Present-day procedure in plantation factories includes an 18
to 24-hour wither, during which 100 Ib. fresh leaf dries to about
60 to 75 Ib. Fresh leaf is about three-quarters water, so a wither
;‘;Zé;:l-"r.efol;lcseirl:e .rllois.turc content to' about 66 per cent. Two
Ceylon South I‘ndiflail; lln A'ssam, but in the cooler d\strnch of
onto s,ix. e ferm,ent“i;va more rf)lls are needeq. sometimes

ation period, including rollin

fe g, is aboul
three hours. Firing may take place in one or two

operations
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taking 25 to 40 minutes. The initial temperature of the air-blast
where it enters the dryer below the bottom tray is 180 to 200°F.
By the time the air has passed upwards through the leaf on the
successive trays it leaves the dryer at 120 to 130°F. A lower tem-
perature than this does not kill the incoming leaf quickly enough,
so that overfermentation may take place to produce a soft or flat
tea, lacking strength and briskness. The leaf at discharge from
the dryer contains oune to three per cent moisture.

This procedure has been worked out over the years by a pro-
cess of trial and error, with the essential guidance of the tea
taster. Detailed records of conditions and times are kept daily
in all tea factories, and every lot of tea is described and valued
by several tasters, so that tea manufacture is in the nature of
one continuous, recorded experiment.

The processes of manufacture that have just been described
involve certain chemical changes in the leaf and produce the
type of tea to which consumers are accustomed. Any marked
departure from standard procedure brings about modified
chemical changes, which result in a different liquor and lower
prices at the tea sales.

THE STUDY OF THE CHEMISTRY OF TEA

The first work on the chemistry of tea was carried out in 1827
when an alkaloid was found in China tea and called theine. An
alkaloid called caffeine had been found in coffee in 1820, and
when it was later shown that caffeine and theine were the same
substance the latter term was dropped. Caffeine also occurs in
a South American plant, llex paraguayensis, an infusion of
whose dried and roughly ground leaves furnish yerba de maté,
the beverage of Paraguay and Brazil.

Between 1840 and 1860 various tannin bodies were found in
tea. By 1890 analyses of fresh leaf gathered in Assam had been
made, while in Japan it was shown that the main change in
black tea manufacture involved a decrease in the water-soluble
tannin in the leaf. During those years various analyses revealed
the amount of fibre, protein, caffeine, ash, sugar, colouring
matter, and the so-called tea-tannin in the leaf.
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In 1879, a scientist writing in London on the chemical analY‘i’:@
of tea stated that the time was not far distant when the tea trade
would buy wholly on analysis, but, while many more chemi
data are available today than when this view was expressed, the
time when the chemist will replace the taster is as far off as evef-
A taster can describe and value a tea in less than a minute, and
in so doing brings his knowledge of the particular estate, and
market conditions, to bear upon his conclusion. A taster is not
misled by a very good or a very bad sample; he relies greatly o
his experience of what an estate can do. This is very necessary,
for in evaluating a break of perhaps sixty chests (i.e., 6,500 1b.
tea) all he has to work on is the infusion of three grams taken
from a one-pound sample drawn from one chest. The possi-
bilities of sampling errors will be appreciated.

In the early days frequent attacks were made on tea, as a
beverage, by doctors and dieticians. These were usually based
on the assumption that the tannin in tea acted like the acidum
tannicum or digallic acid of the pbarmacopoeia, which, by
coagulating proteins and diminishing secretions in the stomach
produces constipation. It has also been suggested that tea tanni
forms a kind of leather in the stomach, but
established as an international beverage tha
little weight.

At the turn of the century,
place during tea manufactur
Ceylon, and Java. The tea
flavour of black tea, the chio
the red and yellow pigments,
were all studied in Java,

It‘ was found that dur?ng Wwithering the leaf continues to

#
ek i Al

n
lea is now so firmly
t such attacks carry

research on the changes that take
e were being carried out in India,
essential oil, responsible for the
rophyll group of compounds, and
the anthocyanins and the flavones,

at the expense of starches and p

. roteins. Such ch ce
with time, whether the leaf Jos anges take pla

€S water, and withers physically,
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or not. Slight though these changes are, they are perhaps con-
nected with the development of quality in tea, a characteristic
so far not defined chemically.

In 1901 it was shown that when fresh or withered leaf is dam-
aged it absorbs oxygen from the air with the aid of an enzyme,
an oxidase, occurring in the leaf cells. In Japan it was concluded
that the preliminary heating of the leaf by steam or in a hot pan
inactivated this enzyme, and that this accounted for the obvious
difference between green and black tea. During the fermenta-
tion of black tea, the tannin is first oxidized, then condensed to
give red products, which are desirable, and brown ones, which
are not. The enzyme is inactivated at about 160°F.

The oxidation process in the manufacture of black tea was
mis-named ‘fermentation’ by the early planters in Assam and the
use of this term has persisted. Fermentation usually implies the
decomposition of carbohydrates by yeasts to give alcohol and

TABLE I: Composition of Tea Leaf and of Black Tea

o/ 1 C [
Constituents ° l][jei;%h © mT?;aCk
Insoluble in water
Cellulose and crude fibre, etc. 355 35.5
Protein 17.0 16.0
Chlorophyll and pigments 1.5 10
Starch 0.5 0.25
Tannin bodies, etc. — 7.75
Soluble in water
Tea tannin 25.0 13.0
Oxidized tannin — 4.0
Caffeine 4.0 4.0
Amino-acids 8.0 9.0
Gummy matter and sugars 3.0 4.0
Minerals (ash) 4.0 4.0
Total ash | 5.5 55
Tea essential oil |' — traces J
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gas. Although various workers have suggested
that true fermentation may take place when the leaf is rolled,
because yeasts Occur naturally on the leaf surface and the ted
juices contain sugars, it is doubtful whether this is so.

Table I represented our knowledge of the chemistry of black
tea manufacture at about 1930.

Polyphenols in Teq Leaf

Detailed knowledge of the tannin bodies in tea began with
the isolation, in Japan, of ()-epi catechin from tea leaf, soon
followed by the separation of (1)-epi catechin gallate. In Java,
gallic acid was separated from the tannin or polyphenol mixture
in the tea leaf. Meanwhile the study of the chemistry of tea
manufacture was started in India and Ceylon, and ultimately in
London,. By using the new technique of partition chromato-
graphy, whereby complex mixtures of closely related substances
may be separated, the leaf was shown to contain a number of
polyphenols in addition to those already mentioned.

The substances identified include: (a) simple catechins con-
taining one catechol group per molecule; (b) gallocatechins con-
taining one pyrogallol group per molecule; (¢) galloyl esters of
simple catechins containing one catechol and one pyrogatlol
group; and (d) galloyl esters of the gallocatechins containing
two pyrogallol groups. These substances are flavanol
structure. Another substance occurring in the polvp
ture has been shown to be a depside of gallic acid.

These identifiable polyphenols occ
proportion in leaf from different ty
variations are insufficient 1o explai
the liquoring properties of m
ber of other polyphenols ha
insufficient quantities to be o

s of known
henol mix-

ur in practically the same
pes of bush, and any slight
n the marked differences in
anufactured teas, Traces of a num-
ve been detected in tea leaf, but in
f significance in determining liquor-

The distribution of pol

yphenols in various parts of the leaf
shoot has been studied a

nd found to vary, and this difference

o
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probably accounts for the varied character of the liquors. ma(.is
from different parts of the shoot. Thus, the deps1d§ of gallu; aci
decreases from the bud to the mature leaves, while the simple
ins i se.
Catzzhtlt?: ;:z:;e;ets older, so the polyph.enol cogtent de.crea'ses.
This is shown both by analysis and microscopic exammatlonf,
and was fully realized many years ago because the older .th;,v}eat
the poorer the liquoring qualities of l_he tea made frofm it. . :)hs
of the polyphenols are concentrated in th‘e upper surface o ! e
leaf, less in the lower surface, with few in between. The poly-
pher’lols vary inversely as the starch content of the leaf; the more
: ess the polyphenols.

th‘;:;: rocfh i:::rlest to repc)or)clipthe distribution of the polyphenols,
the caffeine, and the amino-acid nitrogen, as a percentage of
the total dry weight, in the various parts f’f the‘tea. shoot 2.18
plucked in Assam. The high value of the amino-acid mt'rogen in
the upper stem should be noted; further reference to this figure,
in connexion with theanine, will be made later. The Orange
Pekoe grade of fine tea comes largely from the upper stem of
the shoot.

TABLE 11: Analysis of Tea Shoots Plucked in Assam: expressed as
percentage of total dry weight

) .~ Amino-acid

Part of shoot |Polyphenols{ Caffeine nitrogen
Bud 26.5 47 | 087
First leaf 259 4.2 f 0.68
Sccond jeaf 20.7 3.5 0.57
Third leaf 17.1 2.9 ]‘ ?(5);
Upper stem 1.5 2.5 | .

| Lower stem ' 53 1.4 } 0.69

The Chemistry of Tea Fermentation

With this recently won knowledge of the polyphfenols in tea
leaf now available it is desirable to consider their fut‘e d.ur—
ing fermentation. The enzyme that assists in the oxidation
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of the polyphenols when the leaf is damaged and the juices
exposed to the air, is an oxidase of the copper-protein type. Itis
located in the chioroplasts of the leaf cell, while the polyphenols

:

3
¥

are located in the vacuole. Its activity decreases slightly durigg

withering, so that in freshly damaged leaf it is rather more active
. than in withered leaf. The activity of the enzyme decreases at
temperatures above 80°F.

The cells of the tea leaf measure about one-thousandth of an
inch across, and the enzyme and the polyphenols are kept apart

by a semi-permeable membrane. When the withered leaf is’

rolled, few of the outer cell walls are damaged, yet 90 per cent
or more of the polyphenols are oxidized during a three-hour fer-
mentation; in due course they are all oxidized. It would thus
appear that when leaf is rolled the enzyme and polyphenols are
mixed without necessarily breaking the whole tissue. This is
apparently brought about by the rupture of the membrane.

If tea leaf is placed in chloroform vapour, or heated to about
120°F, or frozen and then allowed to thaw, it turns brown owing
to the oxidation of the polyphenols, although there has been no
physical damage akin to rolling. It is likely that these treatments
leave the cell walls unbroken but rupture the membrane.

When the tea polyphenols are first oxidized it is thought that
ortho-quinones are the initial products. These substances are
effective bactericides, and this accounts for the marked fall in
the number of bacteria on the leaf surface that takes place when
rolling starts and juices are expressed. Further oxidation prob-
ably takes place after this preliminary action.

The polyphenols are oxidized successively, and not simul-
taneously, and it often happens that the simple catechins are
not appreciably oxidized by the time the fermenting leaf is taken
to the dryer, about three hours after rolling was initiated. Dur-
Ilng fermentation a considerable amount of gallic acid i.s pro-
g:lcl:tieslal:iydtpe bre’akdow_n of the galloy!l esters. The depside of

" IS not appreciably oxidized during fermentation.
formt:;ﬁ’;‘lf::‘ézrr;;hoeu:glwhzn‘;ls combine, or polymerize, to
of these substances which’ a’n t §re 1o Probably a whole range

give briskness, streagth, colour, and
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body to the tea liquors. Some of the lower polymers combine
with caffeine probably to give the property known as briskness.

When a tea infusion cools, a precipitate or ‘cream’ settles;
this is composed largely of lower polymers combined with
caffeine. The higher polymers are considered to account succes-
sively for strength, then colour, then body, whilst the highest
polymers have negative or harmful characteristics, and make
for softness or flatness in the liquors.

Examples of polymerization or polycondensation are com-
mon in biochemistry, and the degree of condensation is affected
by concentration and by temperature. It thus follows that the
degree of the physical wither (which affects concentration) and
the temperature of fermentation are important factors in tea
manufacture.

As the condensation of the polyphenols increases, so does
their ability to combine and form insoluble compounds with
proteins; in other words their tanning properties increase. As
condensation increases, solubility decreases, so that a high
degree of condensation robs the tea infusion of solid matter on
two counts, insolubility of the polymer, and precipitation by
proteins.

It may be concluded that the changes that take place during
the so-called tea fermentation consist largely of oxidation and
subsequent condensation of polyphenols. During the early
stages of the firing of tea, oxidation proceeds for a time till the
enzyme is inactivated by heat, after which condensation goes
on till the leaf reaches a certain degree of dryness. Much of the
tea aroma and flavour is lost in firing, and the liquoring qualities
of fired tea are inferior to those of fermented but unfired leaf.

Liquoring Qualities of a Tea Infusion

A tea taster wants briskness, strength, colour, and body in a
liquor. He also wants ‘quality’, at present indefinable, with
aroma and flavour. What then is the chemical make-up of a
black tea infusion? When tea is treated with boiling water t.he
substances extracted may be divided into four groups: (a) in-
organic salts; (b) caffeine; (¢) gummy matter; and (d) non-
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nitrogenous substances, which are astringent and give a gree8
or blue coloration with iron (ferric) salts. This last group of
substances is composed of catechins, oxidized and non-oxidize®
the fqrmcr in various stages of condensation. Some of the
catechins, or polyphenolic bodies, are extractable from af
aqueous infusion by ethyl acetate, and in the discussion that
follows they are called extractable catechins, and the othefs
Non-extractable catechins,

The composition of two liquors made from 100 grams tc3
one a good tea and the other a poor one, is shown below. It will

be seen that about 40 per cent of the weight of tea goes int0
solution on infusion.

TABLE 111: Solid Matter in a Tea Infusion: expressed as weight in
grams in 100 grams of tea infused
Constituents Good tea ‘ Poor tea

. — e e
Extractable catechins 13.2 ’ 8.5
Non-extruactable catechins 11.5 10.8
Caffeine 49 3'4
Gummy matter 9.2 11.9
Inorganic ash 3.8 3~4

. . . T
Neither the inorganic ash nor the gummy matter contributes

much to the taste or the colour of the infusion, and may be con-
sxdeer unimportant so far as liquoring qualities are concerned.
The inorganic ash consists largely of potassium phosphate, to-
gether with the sulphates and chlorides of poiassium, calcium,
fmd magnesium. The gummy material contains many sugars,
flx‘lcludmg glucose, fructose, sucrose, arabinose, and ribose.

here are also amino-acids, including aspartic and glutamic,

an.d a substance called theanine, an N-ethyl amide of elutamic
acid, first found in Japan gree t

leaf or made tea, amounting
of the dry Mmatter,
Asf i i
e ah;rois }()a.stg is concemcc} caffeine is a minor component in
, 8h 1tis important in that it forms part of the ‘cream’
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or precipitate that forms when an infusion cools. It is also
thought to be connected with the briskness of a tea liquor.

It may thus be concluded that the catechins are the solids that
contribute mainly to liquoring qualities. Moreover, as the non-
extractable catechins are present to approximately the same
extent in both the good and the poor tea under discussion, it
seems that the catechin fraction extractable by ethyl acetate is
the important one. These extractable catechins form an orange-
coloured solution, and, like catfeine, are very astringent. The
catechins not extractable with ethyl acetate form a weakly
astringent dull brown solution with the taste of poor, weak tea.

The ‘cream’ or precipitate formed on cooling a good and a
poor tea has the following composition.

TABLE 1v: Composition of ‘Cream’ from Tea Liquors: expressed as
weight in grams in 100 grams of tea infused

Constituents Good tea Poor tea
Extractable catechins plus caffeine 8.25 2.95
Non-extractable catechins 3.14 1.65
Inorganic ash 0.12 0.09

The ‘cream’ from the good tea was amber red in colour, while
the other was muddy brown.

The poor tea gives about 65 per cent as much ethyl acetate
extractable catechins as does the good one. When an infusion
of the poor tea was made with half as much leaf again as was
used with the good tea, it gave a liquor comparable in colour,
strength, and pungency with that of the good tea. This agrees
with the suggestion that liquoring qualities depend on the con-
centration of extractable catechins.

The Aromaof Black Tea

During the fermentation process in black tea manufacture,
the so-called tea essential oil, responsible for the aroma of tea,
is formed. All tea has an aroma, part of which, including the
acrid portion, may already be present in leaf growing on the
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bush: Some teas have marked special aromas in addition t0
the general one; these are highly valued and called flavours.

It may here be observed that taste, as distinct from aroma, is
experienced mainly on the tongue or some other surface in the
mouth. Briskness and strength are detected by the tongue.
Astringency or pungency is a sensation, not a taste, and is real-
ized largely on the gums, The thickness, body, or viscosity of
the liquor is felt as the infusion is swillegd round the mouth.
‘Quality’ is probably partly taste and partly aroma, the latter
being detected by the organs of smell in the nose. Without the
sense of smell it is practically impossible to tel] the difference
between one article of food and another because the main kinds
of taste are similar on the tongue. The complex aroma that goes
with all black tea, both good and poor, is peculiar to tea.

The subject of aromas and tastes is a complex one, while
definition of the terms used by tea tasters to describe the good
qualities and the blemishes of tea is a subject beyond the scope
of this article. From time to time three volatile components have
been reported in tea and considered to be responsible in part at
least for aroma. These substances are phenyl-ethyl alcohol,
citronellol, and hexenol. When these compounds have been
added artificially to a tea infusion, tasters have reported a raw-
ness akin to briskness, but no noticeable increase in aroma. The
bulk of the volatile matter in tea consists of alcohols and alde-
hydes, but litte definite information about them is yet available.

Many and varied aromas are associated with tea, including an
acrid one resembling ginger root or the acrid part of the smell
of hay. With flavoury teas there is a marked flower-like smell,
as of roses, or geraniums. Some tasters can smell ‘quality’ on the
growing leaf, a fact emphasizing the complexity of this charac-

teristic, which is apparently partly taste, partly a sensation in the
mouth, and partly a smell.

Micro-organisms on Teq Leaf

Growing tea leaf carries on its surf
naturally occurring micro-organism
numbers do not increase very muc

ace a large population of
s. During withering the
h, unless the leaf is wet
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superficially. When leaf is rolled, there is a raPid drop in the
number of micro-organisms, due to the ant{septnc propemes' of
the oxidized polyphenols. Thereafter, foreign baFterla, Whl;;h
are omnipresent, may infect the leaf and produce taints hence the
need for bacterial cleanliness in a tea fz‘tctory. During the first
fifteen minutes of firing, all the bacteria on thg leaf are des-
troyed, but moulds have been ]$nown to .persmt.even. fgter
thorough drying. Leaf sterilized with mercuric ch?onde still fer-
ments, so it is now thought that neither bacteria, yeasts, nor
fungi play any important part in the manufacture of tea.

CONCLUSIONS

From the account just given of the chemical-cl?anges that take
place during the manufacture of black tea, it is apparent ‘th'c}t
there are still many gaps in our knowledge. Thus ‘the .full'mgm-
ficance of the changes taking place during withering is still un-
known; practically nothing is known about aroma and flavour
and their formation during fermentation; and the exact nature
of ‘quality’ needs much more study. Much has yet tq be worked
out regarding the physics and chemistry of the firing process.

Over the years a great mass of empirical knowledge has been
accumulated as a result of close correlation between fa'xctory
procedure and tasters’ reports on the teas made. But, whll‘e the
taster’s description and evaluation of a tea are vghol}y satisfac-
tory for trade purposes, to establish complete scnennf?c control
in tea manufacture it is essential to have more precise km?w-
ledge about the biochemistry of procedure and of the chf?mxcal
characteristics that go to make a tea infusion, Work on th.15 vast
subject is proceeding in the research stations of the major tea
areas, and in London, and results already obtained have done
much to improve the general quality of the tea produced.



NATURAL COLLOIDAL SILICATES

ONE HUNDRED YEARS OF
SCIENTIFIC PROGRESS

G.P.C.CHAMBERS

T_HF' stgdy of colloidal silicates goes back to the beginning of
civilization. Man's interest in these materials is founded on their
fUﬂdém_eptul importance and widespread use in many branches
of primitive craft as well as in modern industry. One has only t0
recall‘lhat geramics had reached an advanced stage of develop-
:{T:;m in (éhmzx at a time when our own ancestors were still using
Y cru e polle_ry utensils. The ceramic industry s still based
ionnlI:SI:)i/Ss, In particular ch.ina.clay, but the range ofraw ma(erial.s
tional us‘;"(“)"f Vflf}‘y extensive indeed. On the other hand the tradi-
rise to the ter ; f‘ry lma-[ermls for scouring wool, a use that gave
has now lar ::rl, uller’s earth’ for certain highly absorbent clays:
introducti gely given place to detergent scouring following the
T dUCllon of synthetic detergents and surfactants.
jumg[ea}(;fth:,;tgqy ;)f cov]loidal silicgtcs has progressed from a
science embralc)?rlca 1eCipes to a highly organized branch of
ceramics, and :rr:g colloid chemistry, soil science, agriculture,
petroleum food lnferalogy, It plays an important part in the
indication of the,imoundry, potiery, and paper industrics. AD
€conomy may be re;rx)lc‘)rmnce of the clay industry to the national
is our third largest e 1zed from the fact that Cornish china clay
While the use édePort to dollar markets,
time, a truly Scien(jﬁiwdy of CIZ{Y goes back into the depths of
old. Indeed the carliest t(ljlgt)z;i;):dna;s parely one hundred vears
Peared in 1856. In that year M Du;:ount of clgy mlne.rals a'p-‘
de Minéralogie, five years bef' TrenOy pu‘?hShed his Traité
Britain used the term ‘colloid’ aocrje homa-s Graham in Great
nd defined its meaning. Between
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that date and the second decade of this century the study of the
colloidal clay minerals advanced but little, largely owing to
lack of suitable experimental techniques. Since the introduction
of X-ray analysis and electron microscope techniques the con-
cept of clay materials as being composed of extremely small
particles of crystalline minerals has been well established, and
today it is generally recognized that the special attributes of clay
minerals are in part the result of this very small size, and that in
addition to size, the shape and surface properties of the particles
give the essential characteristics to clay minerals.

CLLASSIFICATION OF CLAY MINERALS

Today clays are generally classified on the basis of their crystal-
line structure, and of the behaviour that is a result of their struc-
ture. The following classification is based largely on that sug-
gested by R. E. Grim in his book Clay Mineralogy.

There are two main groups: crystalline and amorphous. Of

these the crystalline group is the more important and the amor-
phous group will not be further considered here. The crystalline
group can be sub-divided into four groups based on the number
of layers in the crystal structure:
Type A coasists of those clays comprising two layers - one sheet
of silica tetrahedra and one layer of alumina octahedra. This
sub-division includes the important kaolinite mineral which
occurs as china clay. Others are nacrite and halloysite - neither
of commercial importance.

TABLE 1: Characteristics of Clay Mincerals having a three layer

structure
LATTICE TYPE PARTICLE SHAPE EXAMPLES
Expanding lattice Equi-dimensional, Montmorillonite
i.e. platelets Vermiculite
Elongate, Hectorite
i.e. needles or rods Nontronite
|
Non-expanding lattice | Indeterminate Ilite
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T )
st);::t li?reconsxsts of those clays that have three layers in their
silica tetr ﬁha dlayer of alumina octahedra between two layers of
clay min:rai raf, This sub-division comprises a large number of
: s of varying ¢ oo .
illustrated in Table i’ g composition and structure, and is best
T . )
oty gieﬂirconsms Of.clays that comprise stacks of alternate layers
tures staec[;(t EYPCS, i.e., alternate two-layer and three-layer struc-
callod chl e above each other. The group of micaceous clays
Type D comsiot belongs to this sub-division

e N .
chzﬁns recsonSIbSt-s of clays “thSC layer structure consists of silica
Al er: ling th.e chains of hornblende linked together by
the pal . kﬂjagnes,a octahedra. Representative of this type is

ygorskite group. This group is at present very incom-

pletely investi . o
in industry. igated, but examples of it are finding increasing use

s ;
TRUCTURE OF THE COLLOIDAL SILICATES

X-r :

the Z}i’uﬁ;}t’:tf:rllli(:]irall)by has demonstrated that the structure of
ordinate and rals is governed by the ability of silica to co-
- with four oxygen atoms arranged in space so as

gccupy th? corners of a tetrahedron.
atorlrllci :r :mt ;:onsisting (?f four oxygen atoms and one silicon
nentralis (;eé our negative charges. These charges may be
& ed by further tetrahedral!y co-ordinated silica atoms so
at the whole structure repeats itself. If the repetition occu
but once we say that adjacent tetrahedra share a corner o -
atqm; if the repetition occurs twice the result is either a chx'ygcn
a rmg structure; and if it occurs three times a sheet st o o'r
obtained. In the limit, if all four oxygens are sh: dm it
more adjacent tetrahedra a solid, three-dimensio '&lre oy fou'r
obtained. It is not essential, of course, that :d Socare s
neutralized by further silica tetrahedra l;ut w} ; ) Charges‘ be
may serve to t}eutralize the charges, ci*noice i “l'e qther o ons
:1d§ratnon ;f size, valency, and CO-ordinationl;l::lbl:d lg/hcon-
;ustclgec:al?:ct:inbm‘lmber obey Pauling’s Rule thz!: cha::rgc:
y immediate neighbours. ®

. Cy .
The colloid silicate minerals that are the subject of the abo
ve

classification, while differing from one anoth

ey
P21
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er in certain struc-
1 features. They all have as

tural aspects, all have distinct genera
sheets of silica tetrahedra

part of their structure one or more
and one or more sheets of alumina ot magnesia octahedra. In
the silica sheets all the silicon atoms lie on the same side of an
hexagonal oxygen network and only three valencies of the sili-
con are contained in the sheet. The fourth is directed at right
angles to the plane of the sheet and is satisfied by an oxygen
atom which serves to link the first sheet to another sheet. In
general this fourth oxygen forms part of another structural unit
usually consisting of aluminium or magnesium atoms octa-
hedrally co-ordinated with oxygen, i.e., each metal atom is asso-
ciated with six oxygen atoms SO disposed in space that they
occupy the corners of an octahedron (Figure 1). We can now

consider the structure of the clays classified above.

e Si ® Al @ Mg oo ® OH

Fig. 1. Tetrahedral arrangement taken up by silicon atoms: octa-
hedral arrangements of aluminium and magnesium atoms.

Kaolin Group (1:1 Lattice Type)

There are two layers in this type, one of silica and one of
alumina. The ideal composition is Al ,0,.28i0..2H.0. Kaolinite,
dickite, nacrite, and meta-halloysite correspond to this ideal



56 Science News 40

f}‘:;n]";lséetf:]emsttructural differences being in the way in which

that, wheress ;arle sftacked one above the other. It is thought

nacrite and di aolinite appears to have triclinic crystal form,
nd dickite belong to the monoclinic system.

@ Al
Oo

® oH

Fig. 2. Arrungement of atoms in Kaolinite (after E. A. Hauser).
of:ifll?czt::lc::gedof l'(uolmm.’. (Figure 2) comprises a single sheet
linked in g e hr'a and a single sheet of alumina octahedra so
The oha nit t ‘Lu Qne oxygen layer is gommon to both sheets.
the oo rges Wlth”:l the structural unit are balanced and so
only basis for cation exchange capacity is from unbalanced
charg§s occurring on the edges of sheets, hence cation exchange
€apacity is low. This explanation has been questioned rec X
but remains, at present, the accepied one. ently,

Montmorillonite Group (2:1 Layer Type)

This group comprises the clays possessin
According to modern thought montmorij]
units formed from two tetrahedr
octahedral alumina sheet, Alj {
point inwards towards the octahedr i
<hee . ’ . al alumina sh
the I:Sy;::xs;)l llllnked that the tips of the letrahedrae:xtx;dazieu;;
ideal for avers of the octehedral layer -

mula is (OH).SIQAIIOW are common. The

The most striking property
(Figure 3) is that water and ¢

8 expanding lattices.
m onite is composed of
al S.IIICZl sheets sandwiching an
he tips of the silica tetrahedra

of t_he montmorillonite structure
ertain other polar molecules can
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@ M
0o

® oH

%

O
Fig. 3. Arrangement of atoms in Montmorillonite (after E. 4.
Hauser).

enter between the three-layer units causing the overall lattice to
expand in the direction of stacking. The replacement of alu-
minium in the middle layer by magnesium gives rise to an
overall excess negative charge on the lattice which is balanced
by exchange cations (see below). These exchangeable cations
occur between adjacent silicate sheets, and when the mont-
morillonite has been completely dehydrated the spacing between
these sheets is governed 1o a certain extent by the size of the
interlayer ion. Furthermore, on hydration the thickness of the
layers of water between the units depends on the degree to
which the cation hydrates at a given water-vapour pressure.

If montmorillonite is dried out at only moderate temperatures
and then again immersed in water it will swell to many times its
original volume, but if it is completely dehydrated it may lose
this power, in part or completely, owing to lattice damage.
The class of montmorillonite depends on the substitution in the
lattice already mentioned above. The following table, after Ross
and Hendricks (2), brings together the better known types and
indicates the type of substitution occurring.
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TABLE 11; F
: Form ,
ulae for some members of the Montmorillonite .

Group after C. S. Ross and §. B. Hendricks

MINERAL COMPOSITION W
Montmori i <
Beidelli‘t):“omte igH)‘Sif(Ala"‘Mg°'l5p2° S
e (0:))‘(5{5"‘1&!1“6)»‘]""O“ Siby Al
o (OH{(SS-!,V,,,AIQ ,GTFei.:.o,, Siby Al: Alby Fe
- 0 . |?(Mg,,uon,“)O“ Alby Mg: MgbyLi
(OH)(Si, , Al, ,)Mg,0,, |SibyAl:Alby Mg

i i
ite Minerals (Non-Expanding Lattice Type)

The non-e i
Characterizedxxl;angim'g fnembers of the montmorillonite groups
hare with the ni( e lullCS., are closely allied to the micas. They
Dotacsium o s cx(c)as t'he distinction of having non-exchangeable
oF the s & mn§lt1tuent of their lattices. The structural unit
differcnce s oo ilar to th?‘_ of montmorillonite but with the
minium atoms ar:?ieﬂ(:i tr}:usllt]il;gnshare al:’ays T o eed
by potassi : charge deficiency is
cryftalliszt;nr’n il::ss.. Th; usual replacement ratio f):)ungailx‘?[:wc:;il
by alurium Exals about one fourth of the silicons replaced
. mples of micas are: pac
Muscovite (OH).K ,(Si,Al)ALO
g;ﬁme (QH)‘Kz(SiaAlg)(N;g.F‘e)sgz0
Different formosg?;n;'é?tl_l WCLALMEO.,
: . iotite are known icl i
manner i Which
manner Ox; (‘::lli:/ et:le s'tructural.units are stackedvzl;xyd ‘irrl\ ::e
The e clay minumts per unit cell of the crystal (Figure 4)e
in a namber of waye e;als differ from the well crystallized micas;
bAY AL** (about 1/6t}'1 f?, fﬁ?iizzlctg\;re is ;ess substitution of Si+*
s a consequ il pared with 1/4th i
higher than?n :::em tihe silica-to-alumina ratio f)f thfeorilrl?tl:: Sl)S
o educed fra cas. ’.I“he nett-unbalanced-charge deficienc
conseqent decre per umt. cell to about 1.3 per unit cell, with Z
The stonct asein ca1~1on exchange capacity (see b l’
ructure of illite differs from that of montmor:ll(()):li)t'e in
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ite (after E. A. Hauser).

Fig. 4. Arrangement of atoms in I
seat of the charge deficiency, which is

a number of ways. The )
or montmorillonite, is largely In the

greater for illite than f e
silica sheet, whereas in montmorillonite it is chiefly in the octa-
f the unit layer.

hedral sheet at the centre 0

Chlorite Minerals

The structure of chlorite was first suggested by Pauling Q).
All the true chlorites have a structural framework consisting ©
alternate mica-like and brucite-like Jayers. A typical composi-
tion of the brucite-like layer is (Mg.AD(OH).s, but various
chlorites differ in the degree of substitution of aluminium of
magnesium. Apart from Pauling’s work very little has been pud-
Jished on the chiorite minerals and they have not been fully

investigated.

Palygorskite Minerals Group

Until recently the only member of this gr
investigated was the clay mineral attapul
(Figure 5) was determined by Bradley in 1940 (4).

oup to be thoroughly
gite whose structure
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Fig. 5. Arrangement of atoms in Attapulgite (after W. F. Bradley).

According to Bradley, attapulgite comprises double silica
chains (not plane sheets as in the other minerals) linked through
oxygens at their fongitudinal edges, in such a manner as to form
ribbed sheets. This ribbing is brought about by the fact that the
apices of the silica tetrahedra in each successive chain point
aw‘ay in opposite directions while the apices of successive sheets
point in the same direction. The sheets are held together by alu-
mxmurq or magnesium atoms octahedrally co-ordinated between
Successive sheets. Chains of water molecules are accommodated
In the space between the silica chains. This space is caused by
::: f:ci:h;t- the octe.lhedra! layer, while being similar to that in
Cavitieys contl:'er:;ls, 1s continuous in one direction only. These
e e balarlxn ;ur mglcculc§ of water per unit cell, The struc-
the ideal oo ced one, i.e. cation exchange capacity is low and

Recent position is (H.0),.(OH),Mg,Si,0., .4H.0.
anothar m)é:}s;r;lg?x;;tructure hu§ been published for sepiolite,
1955) (5 Thee amhgrsatl)zﬁorsh: group (Nagey an_d Bradley
tirely new form of il Chax'eve.t fit sepiolite contains an en-
chain found jn attapulgite ’11: Slm!lar to,.but fonger tha, the

- 1hey give an ideal composition as

s e
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Fig. 6. Arrangement of atoms in Scpiolite (after B. Nagey and W. F.
Bradley).

® Si o Mg OO0

H,Mg,Si,,0,(0OH),,.6H,0 and the schematic structure given
in Figure 6.

COLLOIDAL PROPERTIES OF CLAYS

The colloidal properties of clays stem fundamentally from the
very small size of the crystallites comprising the minerals.
Indeed particle size is the yard-stick determining whether
material is, or is not, colloidal. For practical purposes it may be
considered that material of size no greater than two microns
(1 micron=14=0.001 mm) is of colloidal size. Material in such
a fine state of subdivision displays a very great surface area, and
many of the colloidal properties of clays are due to behaviour
attributable to this great surface area. Another property of the
clays that has an important bearing upon their colloidal be-
haviour is that the particles normally carry negative electrical
charges. These charges come from two possible main sources.
They may be due to unsatisfied valency bonds at the broken edges
of crystals, or to substitution of aluminium by an atom of lower
valency (e.g. magnesium) bringing about a reduction of positive
charges in the crystal lattice, thus giving rise to an excess of
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negative charges.* These negative charges help the clay minera
to disperse in polar mediz such as water, because all the pa
ticles repel one another and so aggregation does not occur undt
conditions where the charges are not neutralized. In this state ¢
stable dispersion the clay is said to be deflocculated or *peptized
The charges attract to themselves ions of opposite charge, s0 a
electrical double layer is built up on the particles. The electri
potential across this double layer is called the :zera potentia
This is the energy required to move unit charge from the sur
face of the particle to the outer edge of the ‘atmosphere’ formex
by the layer of jons altracted to the surface, Any change it
environment that tends to increase the zeta potential of the
particles will tend to increase the degree of mutual repulsiot
and hence will aid the dispersion of the clay. For this reasor
alkalis, which increase the concentration of negatively chargec
hydroxyl ion in water, are good dispersing agents for clay
minerals. Addition of too much alkali, however, leads to floccu-
lation and precipitation due to formation of colloidal metal
hydroxides which are oppositely charged and are attracted to
the surface of the clay particles. As well as neutralizing the nega-
tive charges, this artificially increases the particle size and floc-
culation rapidly results.

lon Exchange Properties

The property of adsorbing ions from a solution and exchang-
8 these adsorbed jons for other ions in solution is possessed by
! materials of great surface area and crystalline structure. In
general this ability is very small and is due to stray unsatisfied

valencies at broken edges of crystals, as is found in the two-layer
kaolinite clays,

However, in the t
siderable cation ex
aluminium in the c

in
al

hree-layer clays, as has been shown, con-
change ability arises from substitution of
entral layer by atoms of lower valency. Ion

*It is not possible here to go into the mec
and negative charges arise in crystals:
Decessary information in textbooks o

haaism whereby positive
interested readers will find the
0 crystallography.,
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exchange ability is usually referred to as ll?e ca.tiQn c)schange
capacity (c.e.c.) of the clay and is expressed in mxll‘l-equxvalenls
per 100 grams of clay. Some idea of the order of cation exchange
capacities for various clays may be seen from Table I11.

TABLE 111: Cationic Exchange Capacity of Clay Minerals
C ! CATION EXCHANGE CAPACITY
i MINERAL | (milli-equivalents per
'; 100 grams clay)

- i
i Kaolinite i 3— 15
: illoni ! 80 — 150
{ Montmorillonite ‘
| i | 10— 40

| Hlite | o

i Chiorite } 10 — "

! Attapuigite i 20—

The property of ion exchange is of very great importancg in
all the fields in which clay is used. Plant growt}.) depcnd.s on ion
exchange reactions taking place in the-soi]. The ions, »thcp 'form
the food of plants, are held in the soil and _thelr availability tg
the plant js entirely dependent on this ability to release an
exchange ions. The tilth of soil depends upon_t}?e natur.e of .the
exchange jon in the soil clays; a clay containing SOdlum.IO.[l
renders the land unsuitable for agricultural purpose. Thxs' is
largely the reason why land flooded by sea water .becorfles in-
fertile, the sodium ions in the sea water exchanging with the
calcium in the soil to form sodium clay. Treatment of the lan
with calcium salts will eventually render the land useful again.

The physical properties of clays are greatly influenced by the
nature of the exchangeable cations carried by the clays. In
general the plastic properties of a soil depend on whether t}:e
cation is sodium or calcium. In ceramics the plastic properties
of clays can be altered and modified to meet the neefis of tl{e
operator. Soda-ash is added to bulk clay to improve l.tS plasn.c
properties. Civil engineers can alter the property o.f soils to suit
their requirements, but may accidentally cause an 19n exchange
reaction which will cause a change in soil properties that they
have not allowed for.
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Bentonite, a variety of montmorillonite, is widely used for 8
variety of purposes - two important operations, oil well drilling
and plugging of canalg and dams, depend upon the clay being a
sodium montmorillonite, Calcium montmorillonites can be
made suitable for such purpose by causing them to undergo ton
exchange in which calcium ions are replaced by sodium jons.

In clays whose cation exchange capacity is small (kaolin,
illite, chlorite, ete.) the sites at which the ions are probably ad-
sorbed are on the edges of broken crystallites. In clays that have
a high catjon exchange capacity s 4 result of replacement in the
crystal lattice (montmorillonitcs‘, vermiculites, etc.), the jons are
believed 1o be sited largely between the three-layer units or
packets of the crystallites, on the silicy surfaces. It is believed
that when sutlicient water Is present (more than required for
development of plasticity) the ions are removed some distance
from the surfaces and separated from them by water molecules.

Another group of minerals, closely related 10 the clay
Minerals, which show Very considerable cation exchange
Capacities, are the zeolites. Some of these find application in
water-softening plant. The investigation of exchange mechan-
isms has been proceeding very rapidly in recent years, using syn-
thetic jon exchange resins, the attainment of cquilibrium be-
tween the exchanging material and the solution containing the
ions being faster with resins than with clay minerals,

Dispersion, § welling, and Flocculation

It is natural (o suppose that one factor governing dispersion
would be the bong holding the individual units of the crystal-
lites together. In clays whose lattice contains no replacements,
such as kaolinite and the ideal montmorilionite structure (pyro-
phyllite), the sheets are bound together by van der Waal forces
between the Oxygen-hydroxyl and oxygen-oxygen sheets of the
layer systems, As the Oxygen-hydroxyl bond in kaolinite js a
hydrogen bond, which is stronger than the oxygen-oxygen bond
fou.nd in montmorillonite, thjs may explain why montmoril-
lomtg disperses more easily than kaolinite. It has already been
Mmentioned that colloidal Suspensions depend for their stability

..

L. Old micthod of rolting leaf by manipulation with the hands and
feet. (By courtesy of Davidson and Co. Ltd. Belfasiy

2. Old method of drving lear on bamboo trayvs on the top of the

waisted pocv-long, which has wsmiadl charcoal fire a1 the foot. (By
courtesy of Davidson and ¢ o, Lid, Belfuse.)



6. Teadnerimtowhich the fermented leaf is fed.

3.6, Modern practice.
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on the formation of a diffuse electrical double layer and that
swelling and dispersion of clays is made much easier by any
agent that increases the zeta potential of the clays. It has also
been mentioned that in water clay particles acquire negative
charges. In kaolins this entails the preferential adsorption of
anions, because the particles themselves have no means of giving
rise to such charges. These anions are usually hydroxyl ions,
hence, as already mentioned, addition of alkalis or salts that
have an alkaline reaction are good dispersants. For this reason
such materials as sodium hydroxide, carbonate, silicate, phos-
phate, and tannate, all of which are alkaline, are used in dis-
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persing clays.
The particles of montmorillonitic clays can become spon-

taneously charged by simple ionization of their exchange
cations. In such instances the ability to swell and to disperse in
water is closely related to the cation exchange capacity of the
clay. A clay with high cation exchange capacity is obviously a
clay whose lattice has a high negative charge owing to replace-
ments in the lattice. This again may explain why montmoril-
lonitic clays disperse more readily than kaolinitic ones. The
exchange ions, especially if they are sodium ions, become
hydrated and during this process they increase greatly in radius.
This increase prises the tiny particles apart and allows more
water to penetrate, thus swelling the clay, an operation that is
essential for complete dispersion. Clays carrying calcium ions as
exchange ions do not swell to the same extent, but if a sodium
salt of an anion capable of giving an insoluble calcium salt,
e.g., sodium carbonate, is added to the dispersion phase, then
replacement of calcium by sodium takes place and swelling
occurs. It is of interest to note that the exchange reaction can
be brought about in the ‘dry’ state by milling clay and sodium
carbonate together, the water usually adsorbed on an apparently
dry clay powder (which can amount to as much as 15% by
weight of the clay) being apparently sufficient to promote the
exchange reaction. However, a sodium clay prepared from a
calcium clay or even from a hydrogen clay has never yet
equalled the performance of a naturally occurring sodium clay,
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although some come fairly close to doing so. This is probably
due to particle size considerations.

Dispersions of clays in water, whether spontaneous or
brought about by deflocculating agents such as those mentioned
above, are very sensitive to the addition of electrolytes, and to
changes of pH. Alteration of pH of the suspension towards
neutrality, or the addition of small quantities of ncuu"al salts,
results in rapid flocculation and settling of the su§pcnsxon. The
quantity of neutral salt required to flocculate a given clf;y sus-
pension decreases with increasing valency of thf cation, in
accordance with the rule of Schulze and ngdy. This rule states
that an ion carrying a charge of opposiFe sign to that of a col-
loidal particle will bring about (l:oagulauon, .and that the power
to coagulate increases rapidly with the magnlt'ude' of the chargg,
eg, K*<Mg* +<Al+++. An added complication h_ovvever is
that the exchange cations also influence the coagulation mech-
anism. Clays having divalent exchange ions are more easily
coagulated than those with monovalent exchange ions. This is
because the zeta potential, arising from hydration of the ions, is
already lower in divalent ions.

Rheological Properties

The rheological properties of clay dispersions are of particu-
lar importance in the ceramic and petroleum industries. Very
dilute suspensions of clay obey Poiseuille’s Law, but even
moderately concentrated suspensions do not. Great influence is
exerted on the properties of these suspensions by the state of
aggregation of the clay, i.e. whether it is flocculated or peptized.
For this reason deflocculants are added in ceramic practice to
give fluid suspensions containing high concentrations of solid
matter, thus ensuring that a minimum of water has to be re-
moved. Certain clays suspended in solutions of alkali chloride
of molar strength or greater will give gels that are thixotropic,
i.e. gels that become fluid when stirred or agitated but set again
when stirring is discontinued. This property is utilized when
drilling through strata containing brine, when the clay mineral
attapulgite is added to a drilling mud which would otherwise
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be precipitated and rendered ineffective by the salt content of
the brine.

INDUSTRIAL APPLICATIONS OF COLLOIDAL
SILICATES

Clay minerals find very wide application in industry: perhaps
the widest field of use is that of ceramics which utilizes a number
of the different types, both two-layer and three-layer clays, in
considerable quantities. The story of the use of clays in ceramics
is a book in itself and the interested reader must look elsewhere
for appropriate accounts.

The second largest application of the clay minerals is prob-
ably in oil refining. Clays are used in the refining of both mineral
and ediblle oils, occasionally as crude clay of high adsorptive
capacity, but much more frequently in the form of an ‘activated’
earth. Activated earths are prepared from three-layer clays,
usually of the montmorillonite family, by heating them with
acid. The length of heating and strength of acids varies accord-
ing to the intended application of the activated earth, but it is
generally about twelve hours in about 5N acid; the weight ratio
of acid to clay is to some extent critical and depends on the
nature of the clay. The effect of the acid is to dissolve out a pro-
portion, about one third, of the central aluminium layer, thus
making the clay crystallite porous and greatly increasing its sur-
face. This increase in surface increases the ability of the clay to
adsorb minor quantities of coloured impurities in oils and fats,
thereby improving colour and, with edible oils, reducing the
tendency to develop rancidity. For refining shale oils, attapul-
gite, activated by simple heating to drive off adsorbed water, has
been mainly used in recent years.

Another important application of clays is in well-drilling
fluids, commonly described as drilling muds. The usual method
of drilling bore holes for oil and gas wells is by a rotary drill
attached to the bottom of a drill pipe. The drilling mud is
pumped down the drill pipe and up again through the space be-
tween the pipe and the wall of the borehole. The main function
of this mud is to carry the debris formed by the drill up and out
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of the borehole. If drilling is temporarily stopped, however, as it
must be to attach further lengths of drill pipe, the mud must be
capable of suspending the fragments until boring starts again.
To support the debris the mud must be thixotropic, i.e., as ex-
plained above, it should form a viscous gel under static condi-
tions but break down to a fluid of relatively low viscosity under
the application of suitable shearing forces, in this example the
rotation of the drill and drill pipe. A clay suitable for this pur-
pose also possesses wall-building properties. These wall-building
properties are evinced by the formation of an impervious filter
cake on the wall of the borehole which prevents loss of mud into
the formation being bored. This filter cake also strengthens the
wall and reduces the incidence of caving, heaving, and slough-
ing. The best clays for use as drilling muds are the swelling types
exemplified by Wyoming bentonites.

A further wide application of clays is as a bonding material in
metal founding. Metals are usually cast in sand.and in order that
the sand may retain the shape of the mould it is bonded by incor-
porating a small amount of clay which coats the grains of sand
and bonds them together. This bonded mixture has sufficient
plasticity to conform to a pattern and retain its shape after the
Pattern is removed. Clay-bearing, naturally occurring, sands,
usually termed ‘natural sands’, have been used for centuries for
casting metals, but they have a number of grave disadvantages
thatare eliminated by using puresilica sand and adding the neces-
sary amount of clay. Chief among these disadvantages is the
short ‘life’ of 4 natural sand, the clay burning out rapidly. This
can be avoided by choosing a clay and sand that do not con-
tain impurities of low refractoriness. Furthermore the plastic
behaviour of the added clay can be altered and controlled at
will - a very great technica] improvement on the hit-and-miss
control of natural sands, Clay of all types, swelling and non-
swelling montmorillonitic, and kaolinitic clays are used in
modern foundry practice. The foregoing three applications
account for the major proportion of clays employed in industry.
incx;?r?zsqéimi‘[ies of clay are usefj in the soap and cosmetic

-Llay s also used for coating and “filling’ paper: it has
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also been used to treat the effluent from paper manufacture.
Thixotropic bentonite suspensions are used in the manufacture
of adhesives and in rubber processing. Bentonite clays are also
used as stabilizing agents in the manufacture of bituminous
emulsions for road surfacing and roofing purposes.

A very recent application of clays has arisen from the obser-
vation that clays of high cation exchange capacity react with
Organic amine salts, and that the products have properties very
different from the reactants. These clay-amine complexes actu-
ally shed water rather than disperse in it, and disperse in organic
liquids to form clear firm gels. The degree to which they disperse
in organic liquids is governed in a complicated manner by the
chain length of the amine and the polarity of the organic dis-
persion phase. The most important application of these new clay
compounds is their use to ‘body’ lubricating oils to form greases
that have temperature-liquefaction properties superior to the
usual greases prepared from metal soaps and oils. Another im-
portant application of these novel materials is in ‘bodying’ paint
vehicles to give the paint improved thixotropy and spreading
abilities. The new compounds are also being used in printer’s
ink.

It is certain that all the possible applications of these materials
have not been fully investigated and a very wide future appears
open for these clay-amine complexes.

CONCLUSION

We have seen that the colloidal silicate minerals, which are col-
lected under the umbrella term clay, can be grouped broadly
into four general classes, and that each class contains a number
of related species. We have further seen that a basic structural
unit of all these materials is a sheet of silica tetrahedra linked
to other sheet structures comprising aluminium o magnesium
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radii comparable to the atom being replaced. A major result of
these replacements is an excess negative charge on the crystal
lattice of these minerals which is balanced by external cations
whichare, themselves, interchangeable and so endow the mineral
with a cation exchange capacity, and also to some extent govern
the overall behaviour of the various mineral types. It has also
been shown that the principal physical properties of these
minerals are largely governed by the extremely small size of the
crystallites and by their shapes.

The industrial applications of clays are very wide indeed and
are largely decided by the utilization of the unique colloidal

properties possessed by clay minerals.
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ACCLIMATIZATION IN INSECTS

KENNETH MELLANBY

CoLp-BLOODED animals, and this includes all forms of animal
life except birds and mammals, have body temperatures that
fluctuate with the temperature of the environment. Their tem-
beratures are often said to be the same as that of the air or water
in which they live, but that is not the case, for a poikilotherm, as
a so-called cold-blooded animal is called, is seldom if ever
exactly as warm or as cold as its surroundings. Even an aquatic
Amoeba, which is only a thousandth of an inch in length,
produces some heat of metabolism, and is perbaps a mil-
lionth of a degree warmer than the water in which it swims.
A terrestrial reptile exposed to the rays of the sun may have
a body temperature many degrees above that of the air.
Many cold-blooded animals living under dry conditions evapor.
ate water from their bodies and are thus cooled considerably
below the temperature of their surroundings. Nevertheless
under ordinary circumstances most poikilothermous animals
have body temperatures that fall when the environment be-
comes cooler, and rise when it becomes warmer, and, particu-
larly in aquatic forms, the difference between body and environ-
mental temperature is seldom more than a fraction of a degree,
The smaller the animal the less is this difference; as insects are
mostly small they therefore have internal body temperatures
very near to those of air or water in which they live.

When we talk about the conditions o which an animal, par-
ticularly a small animal, is exposed, we must be careful to
measure the correct conditions. In the past many workers have
been content to take the ordinary meteorological data, giving
the temperature and humidity of the air as recorded in the stan-
dard Stevenson Screen, and have assumed that these results
represent conditions over a wide area. In fact they do not: within

g
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a few square yards widely different conditions of temperature
and humidity may exist, and by moving a short distance a0
animal may experience changes comparable to those shown by
ordinary meteorological data for different continents. Thus
among vegetation it is usually cooler and moister than over bare
ground, and there is quite a steep gradient in the inch or sO
above a growing leaf. Even when the air outside is very dry,
saturated conditions usually exist in shallow burrows in the soil.
The upper surface of stones exposed to sunlight may be many
degrees warmer than the shade temperatures measured in the
Stevenson Screen, while the damp under-surface may be many
degrees cooler. It is to these ‘microclimates'™ that insects are
exposed; and these conditions affect their metabolism.

Even warm-blooded animals are affected by temperature
changes, but the whole life of cold-blooded forms is controlled
by the temperature of the environment. Their range of activity
is restricted above and below by temperatures that produce first
coma and finally death. It is roughly true to say that animals
found in cold climates can tolerate colder conditions than those
from the tropics, and, to a lesser extent, vice versa, but, as will
be shown below, this is by no means always true. The narrow-
ness of the temperature zone where life is possible is striking.
Except for some resting stages whose physiology s imperfectly
understood, insects are almost all killed when their tissues are
subjected for only a few minutes to temperatures of 50°C
(122°F); and in most cases a much lower temperature, say
40°C (104°F), cannot be tolerated for very long. Even a tropical
insect like the tsetse fly, Glossina palpalis. cannot continue its

*Biologists frequently use the word ‘microclimate’ differently from
meteorologists. They use it to refer to any situation where tempera-
turg and humidity are distinct, and will differentiate between such
environments as a rat's burrow or the surface of a growing leaf. In
lhe. past meteorologists have tended to apply the term to much larger
units. for instance the lower ten thousand feet of the atmosphere or
;hc bottom of an alpinc valley. but there is now a welcome tendency
for them to devote more attention to the much smaller units of
Interest to biologists and to insects,
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life indefinitely even at 30°C (86°F), because its reproductive
cycle is upset by these conditions, and mayfly nymphs from cool
moorland streams soon die when the temperature rises to only
20°C (68°F).

The position at the lower end of the temperature scale is more
complicated. Heat coma occurs and is reversible only if the
temperature is dropped rapidly within a few minutes. At moder-
ately low temperatures (about 2°C (35°F) in the case of the
cockroach, Blatra orientalis) insects may survive in chill coma
for many weeks, and this is the normal way in which many
arctic forms pass the winter. The majority of insects are killed
when their tissues are frozen, though some species are not
harmed by freezing. Most insects which in nature survive expo-
sure to temperatures below freezing point do not freeze but,
instead, their body fluid is supercooled, and can remain in this
state for long periods. It should be remembered, moreover, that
even in the Arctic the protective layer of snow prevents most
insects from being exposed to anything like the low temperature
of the outside air. Many species, particularly of tropical insects,
are killed quite quickly by cold at temperatures that may still be
some degrees above freezing point.

Chill coma is induced by temperatures that may be much
higher than those that cause cold death. It is usually (as men-
tioned above) a reversible process. Although a period in chill
coma may not harm an insect, it is clear that a species cannot
survive unless the temperature rises for substantial periods
above the point at which activity is prevented, so it seems prob-
able that the position of the chill coma temperature is the
most important single factor in determining geographical dis-
tribution.

It was previously believed that for each species of insect the
position of the different temperatures at which, for instance,
cold death, chill coma, or heat death occurred were as fixed and
definite as the morphological characters used by the systematist.
More recently it has been recognized that in insects, as in fishes
and some other animals, these points are by no means fixed, but
depend to a lesser extent on the conditions under which the
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reaction’ controlling the process; they have not been successful.
We must admit that, though we may be able to foretell hm_»v a
change of temperature will affect the behaviour and metabolism
of an insect, we have little idea how the change is effected.

It has been shown that by acclimatization we may alter heat
and cold death points, but here again the cause of death is not
understood. We think that freezing in some instances causes
death by damaging the cells, but we do not understand how
death from cold without freezing is caused. We‘ are equally
ignorant of the cause of death from exposure 1o hlgh tempera-
tures. It is often suggested that the cause is coagulation of some
protein, but there is no evidence to support this, for most forms
of life are killed at 40°C (104°F), which 1s much below the
coagulation temperature of the proteins concerned; in species
accustomed to cool water which die at 20°C (68°F) there clearly
must be some other reason for death. o

It seems probable that in the types of acchmgnz;:uon so far
discussed a similar mechanism comes into play in the reactions
to heat and to cold. There is, however, another mechanism abgut
which we are a little better informed which is concerned with
the prevention of death from actual freezing. _

It has been stated above that many insccts that die \yhen their
tissues freeze may survive severe und prolongedl ;oohng below
freezing point by being supercooled. This condition may con-
tinue for many weeks without damage. Considerable differences
in the ability of individuals of the same species to withstand
low temperatures by supercooling have been observed. At one
time this was explained by saying that much of the water in
resistant individuals was ‘bound’ by the proteins of the tissues,
while the less resistant individuals had a higher proportion of
casily frozen or ‘free’ water, This was supported by measure-
ments of the freezing point of the inscets, and by the fact that
cold-resistant insects often contain a lower proportion of water
:103]12:,2?;“ than cold-susceptible individuals. The diflrence
an insect expgx:cgrt ot : mf),re simply explained, If xh.e cuth.le °
dry, supercooling u(;u;!lr:lpcmzures much below frcez.mg point i3

Y oceurs. If a spot of water is placed on

G PTG
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the cuticle, this freezes easily and seems to ‘inoculate’ the insect’
body so that freezing of the tissues takes place. An insect that i
somewhat desiceated, and has no fluid in its intestine, is thu:
less likely to be ‘inoculated’ and to freeze. Cold resistance may
thus be achieved by keeping the cuticle dry.

The main conclusion that emerges from work on acclimatiza.
tion is that insects, and most other cold-blooded animals, are
even more dependent on environmental conditions than was
Previously realized. Instead of always reacting in the same wa}
to the same climatic conditions, reaction differs according to
the previous history of the individual insect. As its climatic
history depends on the microclimatic conditions around it, it
will be seen that this subject, and its practical implications, are
such that much further work is still required before simple solu-
tions of practical problems are likely to be discovered.

FURTHER READING

The best summary of work relating to this problem will be found in:
Wigglesworth, V. B.: Principles of Insect Physiology. (Fifth edi-
tion with addenda) London, Methuen, 1955.



THE PART OF COAL THAT
DOES NOT BURN

ISRAEL BERKOVITCH

I all coal there is an incombustible part, even if the proportion
that does not burn is exaggerated by indignant users. This in-
combustible part is of some importance, usually because it pro-
Juces undesirable effects, but occasionally because it is useful
1s a source of raw materials or has some particularly desirable

properties.
WHY BOTHER ABOUT COAL?

To those who have not studied the figures, the announcement of
‘he expansion of the British atomic energy programme may
1ave given the impression that coal is declining in importance.
But this is only relatively true. Although the proportion of the
'uel-load taken by coal is decreasing, the absolute amount of
:0al required annually is likely to go on increasing for a further
leneration at least.

Probably the most impressive recent study of energy require-
nents in Britain is that by Dr. Daniel of the Ministry of Fuel
ind Power." Dr. Daniel assumes a rate of growth of the national
ncome of 3 per cent a year compound, and that for every 1 per
ent increfase in national output there will be an increase in fuel
¢0nsu‘mpuon of 0.7 per cent. This leads to an estimate that, after
Nowing for other contributory sources of energy, the demand
or coz.al will rise from 230 million tons in 1954 to a peak of about
40 million tons in 1970, Only subsequently will the demand for
oal be eased by ‘the massive injection' of nuclear power’.
:i?;o:siz L};egrf;)g::sl are reckoned as a high esfim‘ate, they
uthor follows the “:Te] in order to be on the safe s.xde , and the

On the basis of tl;e‘ abeo‘C/ZL;irse throughout this article.

gures the total energy demand may
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ﬁ%e from 269 million tons of coal-equivalent in 1954, to 329
miilion tons equivalent in 1955, 397 in 1975, and 479 in 1985. By
1975 it is hoped that the current nuclear power programme will
contribute the equivalent of 40 million tons of coal a year and
that it will continue to expand. The other major energy con-
tributor is oil which in 1954 supplied the equivalent of 38 million
tons of coal. In future further small contributions may be made
by expanded hydro-electric generating capacity and possibly by
the underground gasification of coal.

These estimates of coal equivalents are based on the assump-
tion that in most industries a ton of fuel oil will do the work of
between 1.5 and 3 tons of coal. Taking into account the pattern
of utilization, one ton of oil products is regarded as equal to,
overall, 1.7 tons of coal. Electricity is expressed in tons of coal,
on the basis that in 1954 a ton of coal yielded 1,650 units of
electricity and that in thirty years' time this yield will increase to
2,300 units.

But in addition to its use as fuel, coal is also a chemical raw
material yielding both organic products, and rare metals. Since
we are constantly hearing alarming forecasts of the early deple-
tion of our mineral resources it is well to give attention to a
source of raw malerials that has a couple of hundred years’
reserve, at present rates of use, even if, as an ore it is only con-
sidered to be low-grade.

Thus research on coal retains its importance, and an increased
effort is being devoted to it in order to discover more about the
basic properties of coal, and to find what useful products can
best be made from it. One facet of this research, which will prob-
ably grow in importance, is that on the mineral matter in the
raw coal.

WHY BOTHER ABOUT THE PART
THAT DOES NOT BURN?

The most important present-day use of coal is as a source of
energy, so the most important property of coal is its combusti-
bility. Yet the partthatdoes not burnis by nomeansunimportant.

Let us start by examining the ash and dirt content of British
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coal seams. Below I shall refer to the distinction between ash
and mineral matter, but here it will be suflicient to consider as
and free dirt together as estimates of that part of the coal that
does not burn.

In 1952 an authoritative paper on ash and clinker was pre-
sented at an Institute of Fuel symposium by Arthur Grounds
and A. M. Wandiess of the National Coal Board. In considering
the following figurcs one must remember that, within a bed that
is geologically recognized as a coal seam, there are many sub-
divisions including dirt bands. The ash figures given refer t0
the coal in the seam after the dirt bands have been removed by
hand from a pillar sample of the seam. Grounds and Wandless
reported that in 1950 about 85 per cent of the coal produced
came from seams containing less than 7.5 per cent of ash. They
bointcd out that, as compared with other major coal-producing
countrics, Britain is probably favoured by having mainly clean
coal. However. the proportions both of the free dirtin the seams
and of the ash content of the clean coal within the seams is
increasing. In 1938 about 56 per cent of the output came from
seams containing no dirt bands, but in 1950 this figure fell to
42.5 per cent. Correspondingly the proportion coming from
seams containing over 10 per cent of free dirt rose from 15 per
cent in 1938 to 30 per cent in 1950, so that the average dirt con-
tent of the seams worked increased from 4.8 1o 5.5 per cent.

' This decline in the quality of the coal seams is likely to con-
tinue because the old coal-owners worked the better seams first.
In addition, due to increased mechanization, more of the dirt
will be loaded out, a trend that can only partially be offset by
l"“PYO.W:.d and extended coal-cleaning techniques.
itsz}s';:tlsn.cgmb;ifsitbllc matter ls mainly a b:m'c u'hhough it has

: ’ » let us consider the bill of indictment.

MINERAL Ma :
The Bane TTER

If ive in -
half-r);:?]l;i(l::e In 2 1own you cannot avoid inhaling some of the
air every etOns pf ash particles that are discharged into the
year with the smoke produced by the incomplete
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combustion of the coal substance itself. Thus the principal
charge against mineral matter is that it is an offender against
public health, and that it is the source of the material that
pollutes buildings and fabrics. In addition, in the domestic
grate it creates the ash that has to be cleared away by the house-
holder. In industry the ash problem s particularly important. For
example, every year the British Electricity Authority has to dis-
pose of over five million tons of ash products. The mere magni-
tude of this task constitutes a design and planning problem, and
furthermore, within any combustion plant design has to be
quiﬁed to cope with increased ash. This involves what one
boiler maker described as requiring ‘an overall liberality of
design to meet the efficiency and availability criteria with an
elaboration of ancillary equipment’.

The first and obvious effect of ash on the direct performance
of any combustion equipment is that it acts as a diluent so that
for a given heat requirement a greater weight of the coal has to
be fired than would be the case with a lower ash coal. This in-
volves greater freight and handling charges per heat unit. There
are, however, important secondary effects, both direct and in-
direct, which tend to cause reductions in efficiency. Direct effects
arise from the trapping of unburnt carbon and carrying away of
heat in the ash. Indirect effects include clinker formation, boiler
deposits, and corrosion, all of which not only affect the thermal
efficiency of the plant but also the availability of the heat and
thus the operating and maintenance costs. The indictment can
be further broken down by specifically mentioning particular
harmful properties but it is not appropriate to develop this
theme here though one important example may be cited.

A joint committee of the Central Electricity Authority and
other interested bodies, known as the Boiler Availability Com-
mittee, has carried out a series of investigations on the fouling of
water tube boilers by external deposits.? The commonest cause
of this fouling is the bonding of fly ash that has been entrained
in the gas stream and then trapped in a matrix of inorganic salts,
volatilized from the coal, which forms a pasty surface on the
tubes. There is a correlation between the severity of this trouble
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and the chlorine content of the coals burned, and it
found possible to use chlorine content as an indication
easily volatilized sodium and potassium present. This cri
is s0 effective that blending coals 1o produce a mixed fucl of 10W
chlorine content results in a great improvement in boiler avar®
ability. High ash content can also cause a reduction in efficiency
of shell boilers of from 0.1 to 1.0 per cent for every | per cent of
ash present.® Similarly, workers on gas producers of the types
used in the manufacture of town gas have found that develop-
roent of new types of plant with increased output is hindered by
difficulties associated with clinker formation. In the develop-
ment of the coal-fired gas-turbine it has also been stated that the
fliculties to be overcome are those associated with the
ash so that, despite intensive development work, no
coal-burning plant is yet in commercial operation. Ash m coke
for blast furnaces is also a diluent and requires an addition of
lime to flux it and form a slag. Above a moderate concentration,
say 10 per cent, it causes such a marked increase in costs that to
use it is quite uneconomic. ]

These harmful eflects of ash are recognized by the National
Coal Board in their technical price structure for industrial coals,
where they permit a deduction from the price depending u.pon
the ash-content to compensate for its effect on the combined
thermal and economic efficiency of a coal. The Board also
acknowledge this effect in their programme of expansion of
coal preparation plant.

On the other hand the Board's Steam Generation and Com-
bustion Engineer, Mr. Karthauser, is a strong advocate of facing
the unpleasant fact that there will be increasing quantities 0
fines of high ash and moisture content. He advocates designing
plant that can use high ash coals efficiently. At the conference of
the !nstitute of Fuel referred to above he made a number of
detml‘ed deS!'gf\ proposals for coping with this problem. Given
::g:tc':::l::‘vgn‘;‘;ﬂing effort he considers that the use of. hfsh
electricity gener etc.ome economical for such users as cqllxencs,
avgurs well ation, and industry generally, a situation that

or the future,

main di
presence of
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The asset

There is a small credit to be entered into the account. Fly-ash
Prod.uced in boilers fired by pulverized fuel can be used in
making building materials. In 1955 the Central Electricity
Authority held a display of bricks, concrete, and lightweight
aggregates made from this material. This ash even has some
advaptages over other sources of shales since the unburnt car-
bon in it contributes heat during the firing and resuits in a cer-
tain fue} economy. At stokef-fired power stations a large part of
the coarse ash and clinker can be sold for ballast, road-making,
or making breeze blocks. In addition the Coal Board is the
largest brickmaker in Britain, using as raw material the shales
associated with coal seams.

Finally, the metal germanium is now being produced on an
aD'Preciable scale from some flue dusts. No massive source of
this element is known and in Britain flue dust from gas-works
represents the major source. In these dusts it may be present in
Cf)ncemrations of up to 1 per cent by weight. Its main applica-
tion is in the production of rectifiers and of triodes (transistors)
which are used in compact robust electronic equipment. In the
form of magnesium germanate it is being increasingly used for
florescent tube coatings in which it gives an improved deep red
colour.

The analytical complication

A knowledge of the mineral matter in coal is needed for
accurate analysis of the organic part since until recently the two
could not be separated.

Coal analyses may be worked out on a number of bases be-
cause the moisture content changes continually from the time
the coal is cut. But apart from the complication introduced by
variable moisture content, the interpretation of analyses is be-
devilled by the problem of allowing for mineral matter. Unless
allowance is made, it becomes impossible to assess trends or to
interpret the properties of the organic matter of the coal. For
example, an apparent shift in carbon content within one seam
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between one point and another may not be due to a change in
the coal substance but to local changes in mineral content. Thus
fundamental studies on the coal substance cannot be made on
the analytical figures reported on the basis of air-dried coal,
which is the state in which the coal is normally analysed. The
figures must be converted by the following formula:

Property = Property x  Factor
(coal substance basis) (air dried coal basis)y
100
Factor = - B — —
100 -- moisture minetal matter

(air dried coal basivy <air dricd coal basis)

In determining calorific value there is a further complication,
because any pvrites in the coal is oxidized during determina-
tion of calorific value and contributes heat. So an allowance has
to be made for it in the numerator of this fraction when calculat-
ing the calorific valuc of the true coal substance.

The formula, of course, begs one important guestion, which is
that of determining the quantity of mineral mutter. To this point
I shall return later.

An allied field is that of permitting coals to be accurately
classified. This is no mere academic exercise since classification
of coal is closely linked with the selection of suitable coals for
particular uses. The most important specific needs so far are for
carbonization and gasification, but another field calling for a
precise selection is for combustion in closed stoves.

In classifying coal the so-called ‘volatile matter” content is an
essential datum. This is an easily determined property derived
from measuring the loss of weight of a sample of coal heated
under standard conditions. It was formerly thought to be 2
purely empirical figure which was helpful when deciding how to
use the coal. Recently, however, it has been found to be related
by equations of fair accuracy to fundamental properties of the
coal, s.uch as the carbon, hydrogen, and oxvgen content. How-
ever, in determining this property, and before applying the
above formula for converting the figure to the basis of pure
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coal substance, allowance must be made for the gas evolved
from the mineral matter.

How did it ger there?

. It is useful to start considering how the mineral matter got
into coal by looking at some examples of coal seams. Insets 7
and 8 show section diagrams of coal seams. The great diversity
of material is evident. The seam may include layers of coal of
any ‘ash content’, the coal itself may be bright, dull and hard,
or duil and friable; there may be clay or shale bands, or ‘inter-
Erown’ carbonaceous shale. White streaks, golden streaks, or
lenticles may also occur.

An X-radiograph can usefully supplement what can be seen
by the unaided eye. Mineral matter has a higher absorbing
Power than coal, therefore X-rays reveal the distribution of the
dispersed mineral matter within the coal. Inset 9 is the result of
work along these lines in the Leeds Coal Survey Laboratory.*
It shows how it is possible to sub-divide an apparently uniform
thickness of coal into sub-sections of differing mineral matter
content. The method may also prove practicable using y-rays
from a radioactive source. Now how did these ‘impurities’ get
there?

Coal is the converted remains of plants that grew in tropical
swamp forests roughly between 210 and 285 million years ago.
The forest swamp condition persisted for many centuries, and
as the trees and giant ferns died, they formed a thick sludge of
decaying vegetable matter. There were places where the land
sank, with the result that the forests were overwhelmed with
water, and rivers poured layers of sand and mud over the area.
From time to time sinking ceased, the water became shallow,
new swamp forests grew up, and the cycle was repeated many
times over. These vegetable residues were subjected to tempera-
ture and pressure and were converted, first by bacteria and then
probably by purely chemical action through various stages into
our present-day coal seams. This gives a clue to the various
sources of non-organic matter in coal. They are as follows:
a. All plants contain a small amount of mineral constituents:
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most of this is likely 1o have remained in the coal although 8
little may have leached out.

b. While it was still exposed, or was just beginning to be
covered, silt was doubtless blown and washed into the decaying
organic matter.

c. The waters of the swamps, or those that later poured on to
the overlain decaying matter, had dissolved salts in them, somé
of which may have remained and ultimately been incorporated
into the coal.

d. At all subsequent stages, up to the time of exposure in the

seam, waters almost certainly trickled through from overlying

strata and may have contributed both dissolved and suspended
matter.

Attempts have been made to distinguish between so-called
‘inherent’ mineral matter, which is chemically combined with
the organic part of the coal, and ‘extraneous’ or ‘adventitious’
mineral matter, which is the physically admixed remainder.
However, the remarkable photomicrograph shown in Inset 11
indicates the difliculty of making this kind of distinction since
minerals that started as extrancous to the plant material can
become intimately interwoven and may partly have entered
into the structure of the plant. And even the purely physically
admixed material can occur in particles down to 2. in diameter,
so that for most purposes it is inseparable from the coal.

Many properties of coal vary so regularly over the area of a
seant that they can be mapped. This is true, for example, of the
caking properties or the volatile matter, corrected to a coal sub-
stance basis. But the mineral matter usually varies so irregularly
that such mapping is impossible. Correspondingly, extracted
008.1 varies so much with regard to mineral content that a whole
series of investigations has had to be made to provide a basis
for getting to the laboratory a fair and honest sample of any
bulk quantity before determining its ‘ash content'.

How has it been investigated and what has been found?

_ The simple way in which most of us discover the existence of
Incombustible matter in coal is by seeing free dirt in the coal
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delivered to our homes, or grey, white, or golden streaks inter-
banded within the coal. But even if all of this material is care-
fully separated coal after burning leaves a residue. This ash is
the end product of a number of chemical reactions within the
finely disseminated and combined mineral matter. Many at-
tempts have been made to relate it to the starting material.
Usually this has been based on chemical analysis of the residue
plus chemical analysis of the mineral matter in the original coal.

This indirect approach was necessary on account of the diffi-

culties of physical or chemical separation. The above discussion
and illustrations have shown how finely the organic and non-
organic matter is interspersed making complete physical separa-
tion of the ash-forming constituents virtually impossible. There
is also no way of dissolving out the organic coal substance to
leave unaffected mineral matter. Nevertheless, attempts at
separation have been made by acid attack of the chlorides, car-
bonates, or sulphides, by cautious low temperature (380°C)
oxidation of the organic coal substance, by float and sink
methods, by froth flotation, and by magnetic or electrostatic
methods. One rather attractive technique tried in the B.C.U.R.A.
laboratories is to make an X-radiograph of a thin section and
magnify the print. An example is shown in Inset 10. The mineral
matter clearly shows up as the darker parts of the picture.
Guided by it, the operator can cut out the mineral matter from
the matrix of coal by the careful use of a dentist’s drill. None of
these methods is wholly successful except perhaps the last one
which is, however, time-consuming.

A promising laboratory technique for separation of most of
the physically mixed mineral matter is to ball mill coal with
paraffin and water using case-hardened steel balls in a stainless
steel pot.* The method was based on the expectation that, after
the coal has been ground to a size where it can separate into
its mineral and organic constituents, the former would tegd to
disperse into the water and the latter into the paraffin. This was
indeed so and from coals of ash-content ranging from 2.4 to
9.8 per cent, coal-substance-fractions of ash-content from 1 to
3 per cent, and mineral-matter-fractions containing about 0.5
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to S per cent of organic carbon can be obtained. Using the latter
fractions the most soundly based determinations that have yet
been reported of the combined water in finely disseminated
shales have been made.

In addition, last year, a German scientist, Dr. Radmacher,
proposed a direct method of determining the quantity of mineral
matter in coal which appears to be giving results very similar to
those from more elaborate chemical methods.’ In this direct
method, carbonates and chlorides are removed with hydro-
chloric acid, and the silicates by hydrofluoric acid. Thus, after
allowing for pyrites, the residue which is not attacked by either
of these reagents, and any other residual ash material, enables
an estimate of the mineral matter removed to be made directly.
The main possibilities of error are that from time to time other
minerals may occur which are not attacked by these reagents,
and certain coals may be attacked. The scope of this method is
therefore being very closely checked at present and we must
await result before reaching a final decision.

The method most widely vsed in Britain for determining
mineral matter is based on the usual chemical composition of
the major constituents and their normal behaviour in ashing.
The usual minerals in coal are as follows:

a. The larger part of the mineral matter is complex alumino-
silicate material, belonging cither to the shale group of minerals
or the kaolin group. Examples of the former are muscovite,
illite, and montmori{lonite, while a characteristic example of the
latter is kaolinite.
b. Next come minerals of the sulphide group usually known as
pyrites, FeS,, but also including the orthorhombic form, mar-
casite. They account for about half the sulphur in coal, most of
the remainder being organically combined.
c. Ir.l still smaller concentration there is the carbonate group,
consisting of carbonates of calcium, iron, magnesium. and man-
ganese, generally known as calcite, ankerite, and siderite.
d. Thgre are probably also chloride minerals including the
:::225:;':1[]::(1 s'od.ium corr}pound§. sylvine and halite; the pre-
¢ particular minerals is however only inferred, and
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recent work has lead to the conclusion that a fresh approach is
now necessary to the problem of chlorine in coal.

e. Inaddition there are large numbers of other minerals usually
present in much smaller concentration. Noteworthy amqng
these is quartz, whose presence may have an important bearing
on lung disease in miners. )

In general, ultimate chemical analysis for all the constituents
of the mineral matter would be a lengthy process, and even whep
completed might be difiicult to interpret. For example,. ar.) ulti-
mate analysis will not distinguish between a clay consns.ung of
half kaolinite and half quartz, and another consisting entirely of
montmorillonite. Furthermore, in most cases identification of
the individual minerals is not needed, but only the total concen-
tration. Hence the so-called ‘rational analysis’ method is widely
used, in which a limited number of distinctive constituents 01
chemical groups are determined, and the results multiplied by
factors to give the proportion of the mineral group presept
Using this approach, and taking into account the mme.ral specie
in coal and their chemical reactions during ashing, it is poss.xble
to derive a formula, with considerable chemical justiﬁc?non
which permits a determination of the concentration of minera
matter in coal from six chemical determinations. As proposec
in 1936 by members of the Fuel Resecarch Station,® the formul:
is as follows :

m=1.09A + 0.55;r -+ 0.8CO, ~ 1.1SO;asm + Soafroal) +0.5C1
where m — mineral matter, A =ash, Spyr= pyritic sulphur.

For some parts of the country, slight variants of this formul:
are required. In it the largest term is that derived from the as.l
so the coefficient applied to the ash is of key importance. Thi
coefficient is intended to compensate for the loss of chemicalh
combined water in the shales and clays of the mineral matter -
known as the water of constitution. Following the work o1
separation referred to above, a survey of the values of water o
constitution for shales associated with coals covering the ful
range of rank in all coalfields of Great Britain has been carrie
out.® These results show that the factor applied to the ash shoul
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be a little higher, and 1.13 has been suggested to allow for
evolution of water of constitution during ashing.

An interesting development of this work has been the dis-
covery by workers at the B.C.U.R.A. laboratories that an
adequate estimate can be made by using a simpler formula
based only on the concentration in the coal of ash, total S, and
CO,. Tested on 1,413 coals, this simpler formula gave results
showing an average difference from the full formula of only
0.002, and 95 per cent of the difference figures were within 0.5.*

The minerals as such have also been investigated by tech-
niques of optical microscopy, X-ray diffraction, differential
thermal analysis, infra-red spectroscopy, ion exchange and so
on, but the results are too detailed for discussion here. Trace
elementsare being actively investigated and are dealt with below.

One other line of work may, however, be mentioned. Pure
substances, on heating, melt sharply at well-defined tempera-
tures, which are characteristic for the substance. Mixed sub-
stances often have a softening range between a state that is
recognizably solid and that when it is clearly liquid. Most ashes
are in this latter category. Softening properties are involved in
liability to clinker, but they are becoming of greater significance
now that more plant is being designed in which ash is removed
in the molten state. The two main types of furnace using this
mefhod are the slag-tap furnace, and the cyclone burner. The
main physical properties involved are the temperature of soften-
ing, t.hc rate of decrease of viscosity with temperature, and the
freezing temperature. Naturally, work is in progress to try to
relate some of these properties with chemical composition. A
number of equations and graphs have now been proposed to
enable workers to assess from the chemical composition of the
ash whether a coal will be suitable for use in one or other of
these slagging furnaces.

Gerting Rid of It

. In ind'ustry, incombustible matter in coal is removed mainly
t.y washing, a process based on separation by differential flota-
10n. Pure coal has a specific gravity of about 1.3, although this
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varies with a number of other properties of the coal. Shale
Minerals have specific gravities exceeding 2; pyrites is much
denser with a specific gravity around 5. It is evident that, in prin-
ciple, a liquid of specific gravity between 1.3 and 2, or a water
column operated to give a similar effect, should allow the clear
Separation of the coal from the rest. In practice the complex
Seam structure illustrated in Inset 8 does not necessarily break
down cleanly into coal and dirt, so that particles of all specific
8ravities from less than 1.30 to greater than 1.80 are encoun-
tered. This is illustrated in the table below (after Grounds and

Wandless).

Specific-Gravity Fractionation of Run-of-Mine Coal

Run-of-mine coal at Colliery X
i Seam B
Sp. gr. Seam A -
Yield, Ash, Yield, Ash,
per cent per cent per cent per cent

<<1.30 86.2 1.5 6.7 30

1.30-1.35 4.1 6.5 311 7.2

1.35-1.50 2.6 13.8 22.1 16.8

1.50-1.60 0.7 24.9 39 35.5

1.60-1.80 3.0 51.9 11.4 472

>1.80 34 73.3 B 24.8 e 70.8

! 1000 6.1 100 | 305
— L

Consequently, there are often ‘middlings’ in a coal-washing
process, but if these ‘middlings’ are crushed to a smaller particle
size the new smaller particles tend to be more clearly differen-
tiated in their specific gravities so that a sharper separation is
possible.

Separation is also affected by the dispersibility of the clays
and shales in water. Here again there is a wide range of charac-
teristics, some shales showing scarcely any tendency to break
down, while others form a complete slime. When shales do
break down they can cause great difficulties in the operation of
a plant so that attempts are being made to develop tests to assess
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the liability of shales to break down in water. Other tests are
being designed to assess ease of filtration of the resultant sus-
pension, with and without the use of flocculating agents, for
those plants in which water is precious and has to be recircu-
lated. One objective of this work is to develop economical means
of controlling liability to breakdown.

The Ore

It was mentioned above that there has been increasing interest
in recent years in the germanium in coal. However, an almost
unique range of Irace elements commonly exists in coal and
consequently the mineral is being examined for various ele-
ments of interest. In some cases extraction processes have been
developed. The Chemical Research Laboratory at Teddington
played a major part in the carly siages of the germanium extrac-
tion process; they have also devised a process for extracting
gallium. Gallium melts below 30°C, so in warmer climales it is a
liquid. In addition it has marked electrical anisotropy with a
conductivity that is seven times as great along one axis as along
another axis at right angles to it. Along with other low melting
metals it has been considered by the U.S. Atomic Energy Com-
mission as a possible medium for transferring heat from nuclear
reactors.

In discussing the elements that have been considered at
various times and places to occur in suflicient concentration to
be of interest, it is ditlicult to avoid giving the appearance of a
catalogue. For example, L. Horton and K. V. Aubrey of the
Fuel Research Station published in 1950 concentrations of the
following elements in vitrains from the Barnsley Seam.’® The
elements sought were as follows : antimony, beryllium, boron,
chromium, cobalt, copper, gallilum, germanium, lcad, man-
ganese, molybdenum, nickel, phosphorus, tin, titanium, vana-
dium, zinc, zirconium.

B){ separating the coal into fractions of different specific
gravity ‘hCS_' showed that the majority of these eighteen elements
were associated predominantly with the organic maiter. The
relative abundance differed in some respect, however, from
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“?OSC of modern living plants, and the authors suggested that the
dlffefences arose from modifications that took place later than
the life of the vegetation that was transformed into the coal. The
Proportions of the elements in the original coal were all of the
order of a few parts per million or per hundred thousand,
although in the ash this was increased up to hundredths or tenths
of one per cent.

5 similar survey was carried out for the West Virginia Geo-
logical Survey covering 38 elements from 16 coal seams repre-
Sentative of the major coal-producing area in West Virginia.
I‘S_ authors studied variation of concentration throughout the
height of the seam to see if there was any evidence of enrich-
ment in any particular portion of the seam. In Britain this has
has been found in the case of germanium, which tends to be
found near the roof and floor of seams.

At the present time the National Coal Board is initiating sur-
veys of the minor elements in coal employing the following
general strategy. It is taken as self-evident that in order to gain
useful knowledge of coal mineral matter it is necessary to know
the distribution of the constituents that occur in concentrations
between 0.5 and 50 per cent in ash, calculated as oxide. In this
category are almost always silicon, aluminium, iron, calcium,
Magnesium, the alkali metals, and probably titanium. Qccasion-
ally, zine, vanadium, chromium, and nickel are also present, but
except for vanadium it is not very likely that any of these
elements would be considered for extraction from this source,
although a knowledge of their distribution is necessary as funda-
mental information.

In addition there are many elements of special interest be-
cause of their value, toxicity, corrosive or other special pro-
perties. Examples include fluorine, a non-metal that corrodes
both metals and siliceous material like firebrick ; mercury in coal
has caused corrosion in gas-making plants; boron almost cer-
tainly plays a role in the formation of boiler deposits; zirconium
is an element of growing importance for producing alloys with
special high-grade properties. One must also mention phos-
phorus whose presence has long been determined in routine
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analysis, particularly in laboratories dealing with coking coals;
this non-metal, largely contributed by the mineral fluorapatite,
causes embrittlement of iron and so is an undesirable constituent
in coke. Consequeantly, in coals intended for making metallurgical
coke for the manufacture of pig-iron to be converted into steel
by the acid process, it is usually specified that the phosphorus
content should not excecd a figure of the order of 0.01 per cent.

In addition to some 24 such elements modern spectrographic
analysis makes it economically possible to add a further 14
elements that occur in detectable amounts in coal. This pro-
gramme is in its very early stages but it is reasonable to expect
that within a couple of years results of an extensive survey of the
distribution of all these elements in British coal seams will be
available. This should prove a great addition to our knowledge
of the seams and may well prove of major industrial importance.

It has to be recognized, however, that enrichment of a particu-
lar element can occur in various ways during the use of the coal
for some other purpose. Ash is richer in most metals than is the
original coal: mercury in exceptional cases has been found in
elemental form in the main gas offtake at gasworks.

The significance of trace elements may be far removed from
the initial concentration in the seam. For example, when there is
suspicion that drainage from dumps of ash is poisoning pastures
or rivers it may be necessary to consider first the chemical
changes in the production of the ash, and then the by-products
of second stage action such as leaching by rainwater or surface
waters. Thus a survey of the elements in a coal seam may only
be the beginning of the story.

CONCLUSION

Increasing attention to technical efficiency in the use of coal
means that more of its properties have to be taken into account
when sclecting coal for a particular application than was
formerly so. This trend will continue even when the coal is used
only as fuel, and the longer term perspective of using the coal
for chemical processing will further accentuate the tendency.

It will be evident that the full utilization of Britain’s most
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valuable mineral deposit demands careful attention to the ?art
of the coal that does not bumn as well as to the more obvious

claims of the combustible part.
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SHIP RESISTANCE

P. G.MORGAN

THE use of models (o find the resistance to motion of a shiP
probably owes its origin to the experimental work of Newtod,
Euler, and Bernoulli, all of whom investigated the fluid resist-
ance of flat and curved plates and of geometric bodies. The first
experiments with ship models were carried out by Beaufoy be-

tween 1793 and 1798 in the Greenland Dock at Deptford, and -

he was also the first to experiment with flat plates with the speci-
fic intention of measuring frictional resistance. His results, and
those of succeeding experimenters, were of little value, however,
as they all failed to predict the true ship resistance from model
tests.

About the middle of the nineteenth century the general lack
of scientific knowledge in naval architecture, particularly in the
fields of the strength, stability. and propulsion of ships, led to the
setting up of a committee to report on existing knowledge of
these subjects. The report of this committee, published in 1869,
recommended the performance of experiments on ships to deter-
mine their resistance and rolling characteristics, emphasizing
that these were aspects of ship design concerning which reliable
information was most urgently neceded. One member of this
committee, William Froude, while agreeing with the desir-
ability of trials on full-scale ships, considered that reliable in-
formation could be obtained from model tests. He had been led
to this view by the resuits of his own tests, carried out in the river
Dart., on geometrically similar models. The results were impet-
fect in some respects but were considered by Froude to confirm
the law of comparison, a law that now bears his name. Briefly,
the resis.tance of a ship is determined from that of its model in
Pmpo!'non to the cube of the linear dimensions at the corre-
sponding speed. The latter is proportional to the square root of
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upon physical conditions that differ from those of the other
mponents.

cokg::gh weather resistance is of course of considerable interest:

it is bound up with the problem of ship motion, but it is custom-

ary to concentrate, at Jeast in the carly stages of design, on the

resistance of the hull form in calm water.

Air resistance is a very variable quantity and cannot easily be
estimated. Experiments indicate that it scldom amounts to more
than 3 per cent of the total resistance, and it is usually neglected
in the analysis. An allowance is usually made for it later.

For a well designed hull, eddy-making resistance is small
and it is usual to combine it with the wave-making resislance.to
form the residuary resistance, so that our analysis deals with
the two components, skin friction resistance and residuary
resistance.

If it is now assumed that, with the data available for the fric-
tional resistance of flat plates, the frictional resistance of the
hull can be accurately estimated, it only remains for the residu-
ary resistance to be measured. Unfortunately, there is no way
of measuring residuary resistance independently of frictional
resistance, but, if the total model resistance can be measured,

Total model resistance == Frictional resistance «

Residuary resistance, .
and the frictionul resistance calculated, the remainder can be .

attributed to residuary resistance. The residuary resistance of

the ship at the speed corresponding to that of the model test is
then directly proportional to the residuary resistance of the -
model in the ratio of the displacements: thus the frictional resist- .
ance of the ship’s hull can be calculated and the total resistance

of the ship obtained. The principle is illustrated by the scheme
given in Figure 1.

The aim of the early experimenters was to find some simple
law by which the total model-resistance could be scaled directly
to the total ship-resistance, but any law founded on this basis
was, of course, foredoomed to failure, and it did in fact occasion-
ally produce some expensive mistakes, It must be remembered
that at that time little was known of the physical laws governing
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Tozal model rosistance (measured)
Speed Vi
ngen Ly,
[isplacement Dy

Skz'nJ riccion resistance

of model (calculated) \\
A v

Residuary resistance of model
= Total —Skin friction

v
Resiiiuary resistance of ship

at corvesponding specd Vo=, /_Ilf;
M

=residuary resistance of model x Ds
DM

Skin friction resistance
of ship {ralculated)

Toral shin resistance
arcerrosponding speed Vs

Fig. 1. Estimation of ship resistance.
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frictional or wave-making resistance. and it is not surprising
therefore that Froude's investigations and analysis differed from
that described above. He found by experiment that the wave
patterns were identical as far as could be meusured at corre-
sponding speeds, Le., speeds (« (length)!. From his mcasure-
ments, Froude found that curves of Resistunce Displacement
toabasc of V/L! had similar characteristics and. since the wave
patterns and shapes of the resistance curves apreed so closely,
the failure of the curves to be identical must be due to some
other contributory factor; this could only be because frictional
resistance did not follow the Jaw of comparison. He thus formu-
lated the basis on which the whole ficld of model experiment
and prediction of ship performance is based.

THE EXPERIMENTAL I'ANK

Initially, Froude's proposals met with sharp criticism, but the
Admiralty decided to support his idex and in 1872 an experi-
mental tank was completed ay Torquay under Froude's direc-
tion and in accordance with his plans. The original Torquay
establishment was of & temporary nature and ufter 14 vears it
was rc.pluccd by a tank on the present site at the Admiralty
E?(Penmenl Works, Haslar, i.e., in 1887, Ship mode} research is
Sll”. carried out in this tank. The importance of model tests was
rapld.ly established and today there are at least fifty such tanks
In existence throughout the world. They range from the com-
paratively small laboratory channel to the modern long high-
speed tank. The increase in sjze has culminated in the tank at
Sarde.rock,.UAS.A., of length 2,775 f1, breadth 51 ft. and depth
22 ft, in which models up to 32 ft. in length and 5 tons in weight
can be tested at speeds up to 60 knots.

The chief feature of ap experimental tank is a long covered
waterway in which models are towed and their resistance
mea.surcd, The waterway s spanned by a travelling carriage
eqflpped with a precision dynamometer for measuring model
Fesistance over a range of speeds; it is essential for the carriage
and model to have 2 uniform speed and in most Jarge tanks this
can be maintained to within a tolerance of 0.25 per cent. The
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ends of the tank are sloped to form beaches which break up the
waves created by the model, and wave traps are sometimes fitted
to reduce reflection of the waves from the sides of the tank. In
addition, most modern tanks are fitted at one end with a wave-
generating device to allow experiments to be carried out on the
resistance of the model in waves. A ship tank at the National
Physical Laboratory, Teddington, with a model being towed by
the travelling carriage, is illustrated in Inset 12.

The models used in the tank are generally between 12 ft and
20 ft in length, the actual size being governed by the speed, the
limitations of the dynamometer, and the strength of the model.
It is normal practice to use the largest practicable model because
one wants to obtain as high a Reynolds number as possible,
since at Jow Reynolds numbers the flow around the model is
part laminar and part turbulent, making it diflicult to get con-
sistent results under these conditions. Models are usually made
of paraffin wax to which a hardening constituent .has befen
added; they take the form of shells, upwards of an inch thick
when finished, and are accurately shaped to guidance grooves
cut in the wax by special machines. Wax models have the
advantage that they can easily be modified as experiment in-
dicates to be necessary, but models are sometimes made of
wood either for strength purposes, e.g., in seaworthiness tests,
or to avoid trouble from distortion when the temperature is
high.

In small tanks it is not possible, nor is it necessary, to use an
elaborate travelling carriage. The model is towed by a wire
tensioned by a hanging weight; it is thus towed by a constant
force and the resulting speed measured, in contrast to the con-
stant speed used along with the measurement of force in large
tanks.

In a normal test the model is fitted with the necessary arrange-
ments for connecting it to the dynamometer. It is then weighed
and ballasted to the correct displacement and trim, i.e., fore and
aft inclination. A-full) rogragune of experiments is cagried-out

e . et
over a specified range 8f<peeds, at different QWCM
s
L)

ms. . p
trims ’\ . ‘\ L )fb
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SKIN FRICTION

Froude's classic experiments on the frictional resistance of flat
plates were carried out on planks, both smooth and coated, UP
10 50 ft in length and towed at speeds up to 650 ft/min. CurYd
were plotted of resistance R to a base of speed V from which
Froude deduced that the curves followed a law of the form
R=FSV»

where S is the wetted surface area, and F and n depend upon th_c
nature and length of the surface. The work was continued by his
son. R.E. Froude, who re-analysed the previous results and
incc;rporaxed his own to show that n=1.825; he labulattcd values
of F which have since been standardized. If Froude's formula
is converted into non-dimensional form, R = FSV1825 becomes

R ) pVL -0.175 " —~0.175
=2FV 0175 = 2Ff ——
1pSV? 7 <\ L

so that the resistance coeflicient is not a simple function of
Reynolds number but has a separate curve for each length. Some
of these curves are shown in Figure 2 from which it is seen that
the resistance coctlicient increases with increase in length.
Froude's formula permiis of the prediction of ship skin friction
resistance without any correction being necessary for surface
roughness, suitable allowance for roughness being included in
the F values. These F values are based on results obtained from
towing tests carried out by Froude on H.M.S. Greyhound in
1874.

Froude's results have been criticized on the grounds that the
extrapolation of the resistunce coeflicients of relatively short
planks to values applicabie to ship lengths is unsound: more-
over, the increase of the resistance cocflicient with length, which
can be regarded as a roughness allowance, appears 1o be oppo-
site to that obtained from modern experiments, which suggest
that the roughness alfowance decreases with length.

In recent years the basic skin friction data have received much
attention and it is now generally agreed that a skin friction
formulation more in line with modern boundary layer theory is
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essential. Schoenherr proposed a general skin friction line de-
duced from previous plank experiments and wind tunnel work
which was in effect a mean line through all the values previously
obtained. ‘T he Schoenherr formula is

0.242
- — = jog,, (Reynolds No. x Cr)
VCr
R
where Cp oz ———"~
pSV?

This has a theoretical basis in the laws of Prandtl and Schlicxi.ng.
It gives for the first time a theoretical b:_ms fonf lh_c cxlrapgl:mon
of the results of models to full scale. Difficulties in applying the
method are considerable, however. The resistance is known to
vary considerably with surface roughness, and in order to allow
for this in the skin friction resistance assessment, Schoenherr's
curve has been proposed as the basis with 4 constant addition
to the resistance coeflicient to allow for surface roughness.

We thus have the two alternatives: the empirical Froude pro-
cedure, in which confidence hus been established by long and
successful experience, and the Schoenherr method with a
theoretical basis but requiring a correction for surface rough-
ness. Recently, the British Shipbuilding Research Asscciation
carried out full-scale trials on a small ship, the Lucy Ashton.
Propulsion was by four jet engines whose thrust could be accur-
ately measured, thereby establishing the ship resistance within
fine limits. This method overcame the ditliculties previously
encountered on full-scale resistance tests of mcasuring a tow-
line pull and at the same time avoiding interference from the
wake of the towing vessel. The main purpose of the trials was
to check the predictions from a series of different sized models
of the ship: the evidence obtained so far endorses the Froude
procedure in principle, and at higher speeds very largely in
magnitude also, though not completely at all speeds.

It has long been recognized that resistance depends upon the
condition of the hull surface, and the Lucy Ashron trials con-
firmed this. The skin friction resistance with exposed plate edges

Ship Resistance 105

and butts, as in a riveted ship, was found to be 5 per cent greater
than with the edges faired to simulate to some extent a welded.
ship. Moreover, when the ship was coated with a very smooth
aluminium paint in lieu of red oxide paint, resistance was re-
duced by a further 5 per cent. This advantage of a smooth hull
is also brought home by evidence being accumulated from the
results of trials of modern ships of welded construction. It has
also been suggested that a further advance is possible if the hull
surface could be well bonded with plastic, but the problem is
much more complex than the production of a smooth surface.
For example, precautions must be taken to avoid corrosion of
the steel hull due to chemical and galvanic action which in sea
water can be severe. Moreover, the hull soon becomes coated
with marine growth. The nature of this growth depends upon
the conditions of service of the ship, but as a general average it
has been said that skin friction resistance due to fouling in-
creases at the rate of approximately one-eighth per cent per
diem. This is large, since it means, for example, that friction
resistance will be increased by about 50 per cent when the ship
is one year out of dock.

Tests on models at low Reynolds numbers show an erratic
tendency, and this may be traced to the persistence of laminar
flow over part of the model. The flow past the model is thus part
laminar and part turbulent, while the flow around the ship is
almost completely turbulent. The flow in model tests is to some
extent unstable, and this accounts for the difficulty in obtaining
consistent results when repeating model experiments. Much
thought has been given to methods of avoiding transitional flow
on models: the immediate solution would appear to be testing
at sufficiently high Reynolds numbers for the flow around the
model to be completely turbulent, though this is not always pos-
sible on tests of small models. Other methods of inducing turbg-
lence may be divided into (@) methods in which turbulence is
produced in the water ahead of the model, and (b) methods in
which the laminar boundary layer close to the bow of the model
is broken up by roughening the surface or by fitting a turbulence
stimulator. The second method is probably the better approach,
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and the most favoured method is to use a trip wire close (0 the -

wax surface at the forward end of the model.

WAVE-MAKING RESISTANCE

Model experiments indicate that skin friction accounts for as
much as 80 per cent of the total resistance of many mcrchaflt
ships and about 50 per cent in fast warships and liners. If a ship
is long and narrow skin friction resistance increases owing to
the greater wetted surface of the hull, and the residuary re'ms.t-
ance is comparatively small. On the other hand, if the shng is
short, and full, the wetted area, and therefore the skin friction

resistance, is reduced, but, at higher speeds, a{ which wave-
making is important, the residuary resistance will be large. A
resistance than a narrow one, and

broad ship may well have less .
this early discovery from ship model research led to an increase

in safety of ships.

Optimum proportions and shape can be clarified by model
experiments but, in deciding on the shape of a specific design
compromise must frequently be accepted. To quote one ex-
ample, a warship must be propeiled economically at cruising
speed in the interests ol greater endurance, but it must also be
possible to obtain the highest attainable speed, and the require-
ments of hull shape for cruising and full speed are often con-
flicting.

The wave system accompanying a moving pressure point may
be examined mathematically and shown to be made up of two
systems, a transverse and a diverging set of waves. As a first
approximation a ship form may be regarded as equivalent to two
pressure points, one near the bow and the other near the stern:
we would expect the wave system pattern around the ship to
consist of two sets of transverse waves and two sets of divergent
Waves. This conclusion has been completely justified by observa-
tions on both models and ships, as is illustrated in Figure 3.

The work absorbed by the wave-making resistance is equal to
;‘:‘ze::rsggalclomained in the wave system left behind the ship,
foms fur o Shinow cgnsxder the characftensucs of the wave sys-

p moving forward at uniform speed.
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Fig. 3. Diagram of the wave system round a ship.

The bow diverging system consists of two groups of waves,
one to port and one to starboard trailing away diagonally en
echelon, with the line of maximum height of crests making a
constant angle « with the middle line. The wave crests subtend
an angle 82, with the middle line, with each wave advanc-
ing perpendicular to the crest line. The waves have substantially
the same properties as trochoidal waves in deep water, but the
whole of the energy in the diverging wave system is lost; the hull
form must therefore be selected to give the Jeast possible diverg-
ing wave system. The diverging wave system from the stern is
similar to the bow system but is not s pronounced.

For the transverse systems, the bow transverse system is made
up ofg series of waves contained within the bow diverging sys-
tem with crest lines perpendicular to the middle line and of
wave length 27V*/ ¢, The wave height diminishes progressively
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aft, since the cnergy contained in the wave is constant and its
breadth increases as the diverging waves spread.

A similar system is associated with the stern of the
there is a great length of parallel middle body separa
bow and the stern, the transverse waves from the bow will have
practically disappeared before reaching the stern, and the stern
system can be observed. With normal ship forms at working
speeds the separation of the bow and stern is insufficient and the
{wo transverse wave systems interact with one another. If a2
trough of the bow system coincides with a crest of the stern
system they tend to cancel each other out and redgce the dis-
turbance left behind the ship, thus reducing the resistance. On
the other hand, if two crests coincide the wave system 1s accen-
tuated and the resistance increased. From Figure 4 it is seen that
the bow system starts with a crest and the stern system with a
trough, so that the interference between the two systems varies
with the speed of the ship or the v/ L} value. The relation Is
governed by the approximate formula V/L! = I.8/nt where
n is an integer, odd for a hump in the resistance curve and even
for a hollow. FFor speeds below ¥/ Li==1 the humps and hollows
are very close to one another and are almost indistinguishable.
The most marked hump is for n -1, and at speeds greater than
this no further interference between bow and stern systems can
occur; such speeds are generally so high that abnormally power-
ful and compact machinery would be needed for a large ship to
bridge the hump speed of, say, about 70 knots.

Over the years considerable rescarch has been devoted to the
determination of a methodical series of model hulls systematic-
ally varied in proportions and shape. The results of the first
series of such tests were published by Froude as long ago as 1878,
and the methodical series have since covered a very wide range,
with variations of length, beam, draught, displacement, and
details of the shape of the waterlines and hull sections cach
;:;Zl:’ci)ni attention. 'Thc l?u§ic information obtained is invalu-
to obtaitn fh‘lcjiﬁ?s:t‘"ﬂfle.udmg.tr?e shape of a hull, but, even 5%
on the model of th}: : 1C.lcncy'.|[ y necessary to arrange for 'tests

specific ship. Attention must also be paid t0
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Fig. 4. Interference of wave systems and typical resistance curves.
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hull appendages, bilge-keels, rudders, supports to propelle
shafts, etc., all of which are sources of resistance which must bt
minimized.

So far most of our knowledge of wave-making resistance ha
been gained from tunk experiments, but considerable progrest
has rccently been made with methods of calculating wave resist:
ance, by representing the ship by a series of pressure points, ol
hydrodynamical sources and sinks.

FUTURE DEVELOPMENTS
Whatever future developments in propulsion may occur, the
resistance to motion of a ship on the surface of the water will
be caused by skin friction and wave-making, and it is in the
reduction of either or both of these that progress will be made.

Smoother hulls can be expected with an attractive reduction
in skin friction resistance, although progress will largely be
determined by shipyard practice and economics. The possibility
of the hull surface being made so simooth that the flow regime
becomes laminar instead of turbulent should not be overlooked.
In either case the sXin friction resistance will then be very small,
but it will be necessary to devise means of avoiding imperfec-
tions due 10 marine growth or corrosion. All service openings
would have to be arranged aft, otherwise turbulence would be
stimulated. If these idealistic requirements are realized, econ-
omy of propulsion at cruising speeds should be revolutionized.
The maximum speed of a submerged submarine, whose resist-
ance depends entirely on skin friction, would be greatly in-
creased, but the increase in speed of a surface ship would be
more limited on account of the rapid growth of a wave-making
resistance (Figure 5).

At very high speeds the resistance curve shows that when 8
ship of appropriate design reaches a speed past the main hump
the_ ship rises in the water and the resistance decrcases. This
action is amplified in the planing hull or hydrofoil, but the prin-
ciple has so far only been applied to comparatively <mall craft
:‘i’;':t;?‘rtr;:?mdingly low mr"tin hump speeds. It is in this direc-

8 gress must be expected,
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Fig. 5. Skin friction: resistance for laminar and turbulent flow.
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In experimental tank work, emphasis is now being placed 08
the development of the best hull shape for seagoing condition$
rather than as previously for calm water.,

Summing up, it would appear that future progress is moré
likely to be on the lines of more cconomical propulsion, i.e., lﬁ_“
power for a given speed, rather than in a great increase in ship
specd. Any development, however, must be bound up with the
production of more powerful and compact propelling machin-
ery and advances in propulsive efliciency.

RESEARCH REPORT

A. W. HASLETT

HONEYBEES AND PRAWNS

IN worker honeybees the development of the ovariesisinhibited.
So also is it in prawns, though not accompanied by the special-
ized compulsion of life in a colony. In prawns there is first a
continuing inhibition — up to the reversal of sex from male to
female, which is part of their life cycle — and later, a seasonal
regression of the ovaries. Different as are the conditions, inhibi-
tion of the development of the ovary in these species has lately
been related through the combined researches of C. G. Butler,
Head of the Bee Department, Rothamsted Experimental Station,
Harpenden, and D. B. Carlisle, of the Marine Biological
Laboratory, Plymouth. Together, they have shown that the in-
hibitory substances which affect worker bees and prawns are
chemically similar so far as knowledge of them goes, and that
each can act on the other species. And Butler, from his own
work, has shown that the inhibitory substance of honeybees
inhibits also the development of ovaries in worker ants under
experimental conditions. Butler and Carlisle suggest, therefore,
that ‘these two substances are the same or related compounds,
possibly steroids, and that they occur in a number of arthro-
pods’.

The indications from Butler’s earlier experiments were that
a substance, ‘queen substance’, is produced by queen honeybees;
that a relatively small number of worker bees, the ‘household
bees’, obtain ‘queen substance’ directly by licking the bO_dY of
the queen; and that it is then shared round the colony in the
same way that sugary liquids collected by bees have been shown
in ‘tracer’ experiments to be shared. The published evidence up
to this point is illustrated by an experiment on the rearing of
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quecnless bees. They were given a protein-rich diet, to which'

“

were added the contents of the honey-stomachs of worker bees.

For one group of queenless bees, workers were used which had

queens for several days. T he ovaries of queenless bees in the first
group were significantly less developed than those of the seco
group, which had received less "queen substance'.

Sex-reversal in prawns has been known since 1912. The fol-
lowing summary of what happens is from a paper by Carlisle -
interpretation (so far as it comes in) being based on his own
recent researches :

The young are born chiefly in the spring. Testicular development has
an early start, and. by next January, when the animal is 9 months old.
the testis is fully formed and the animal is a functional male about
25 millimetres long. For the next twelve months it remains as such
and gradually grows larger, the ovarian inhibiting hormone function-
ing all the time. Towards mid-winter, while the testis is still fully
functional, the ovary begins to develop from the mere rudiment that
it has been up to now - the ovarian inhibiting hormone has ceased
its action. In about April, when the animal is about 40 millimetres
long, the critical moult takes place at which the animal reverses sex
[the moult at which it sheds the male external characters and assumes
the female aspect]. By June or July, the ovary is fully developed, and
the prawn may lay eggs. About August, the ovarian inhibitor comes
into play again. and the ovary undergoes involution. The testis all
this time has hardly diminished at all, and from now on it decreases
slowly in activity and size during the next twelve months - animals
after this have no trace of testis. During autumn the ovary is gradu-
ally decreasing in sizc under the influcnce of the ovarian inhibitor,
but about mid-winter there is a cessation of its production and the
ovary begins to grow again. . . . The next year is a repeat of this. end-
ing most probably in the animal's death at the end of its fifth year
of life at a length of about 64 millimetres.

Sex reversal in the prawn thus begins as a change in its physio-
logy and internal anatomyv, and, when this has gone far enough,
the external and functional changes which complete the trans-
formation follow at the next opportunity. Only onc sexual

lately licked the bodies of their queens; for a second group of 2

queenless bees, workers were used who had not been near theif -
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fnhibitory hormone need therefore be postulated. Sucha hormone
is found in the eyestalks of prawns; it is stored in their sinus
glands. Removal of the eyestalks from young prawns whose
ovaries have not yet developed increases both the rate of growth
of the ovaries and the rate of sex-reversal; conversely, injection
of eyestalk extracts into prawns whose eyestalks have been re-
moved restores the inhibitory effect.

A complication is that there are also present in the eyestalk
two further hormones which produce different effects; one of
them inhibits moulting, and the other accelerates it. There seem
to be good arguments for thinking that the ovary-inhibiting hor-
mone is independent of both. On any basis, the hormone which
accelerates moulting could not contribute to the inhibition of
sex reversal; for it is on moulting that the external change is
completed. In the case of the hormone which inhibits moulting,
there is a discrepancy in time of action, to which Carlisle has
called attention; when the ovary is growing most quickly (in
January), moulting is least. The ovary-inhibiting hormone, he
concludes, is most likely a distinct substance.

The sequence of earlier research was complicated, and in- -
volved a number of workers. Among them were J. B. Panouse,
in France, who first suggested that there is an ovary-inhibiting' =
hormone in the eyestalks, and P. F. R, Dohrn, working at the
Naples Zoological Station, where Carlisle, too, has done most
of his work. It was Dohrn who pointed out that, as sex reversal
did not take place at any particular size, age, or moult, it wWas -
probably controlled in part by a hormone.

The most recent discovery, made jointly by Butler and Car-
lisle, is that the ‘queen substance’ of honeybees inhibits the
development of ovaries in prawns; and, the other way about,
that ovary-inhibiting hormone taken from the sinus glands of
prawns is inhibitory also in bees. For experiments of the first
kind, ‘queen substance’ from a single mated queen was extra_cted
with alcohol; and 36 female prawns, at a time of year when their
ovaries are regressed, were divided into three groups. Those in
the first group were given no treatment, and the weight of their
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ovaries after a week averaged 4.90 milligrammes. Prawns in the
chond group had their eyestalks severed, and were given injec-
tions of a control emulsion which did not contain ‘queen sub-
stance’; the average weight of their ovaries after the same intef-
val was 17.67 milligrammes. This represented the usual release
Of. growth after removal of the prawn inhibitor. Prawns in the
"}“’d group had also had their eyestalks severed, but had beet
given injections containing ‘queen substance’. The weight of
their ovaries averaged 6.56 milligrammes; in these prawns the
bee inhibitor was almost, but not quite, as effective at the dosage
used as prawn inhibitor.

In the reciprocal experiment, ovary-inhibiting hormone was

extracted from its store in the sinus glands of female prawns,
and was then dispersed in syrup and given to newly emerged
bees in a pollen-candy mixture. A control group, also of newly
emerged bees, was given the same treatment but without the
inhibitory hormone. Ninetcen days later, the ovaries of seven
out of every eight bees in the control group had developed; the
ovaries of those that had received the inhibitor were about
equally divided ~ half developed, and half not; in the presence
of a queen none would have developed. Between honeybee and
prawn, there is thus a marked, but not necessarily a perfect,
reciprocity; the hormone of either works in the other.
Chemical evidence is slight so far, but concordant: both sub-
stances are ‘stable to heat and to acids. but less so to alkalis, and
are soluble in acetone and alcohol’. The conclusion that they are
‘the same or related compounds’ is thus based mainly on their
effects in the two animals; that they are ‘possibly steroids’ is an
inference from other sex hormones, the chemistry of which is

known.

Butler, C. G. Report of the Rothamsted Fxperimental Station for
1954, p. 133, and abstract of Publication No. 173 (p. 232). Harpen-
den. 1955,

Carlisle, D. B. Pubblicazioni della Stazione Zoologica di Napoli.
1953, 24, 355. '

Carlisle, D. B, and Butler. C. G. Narure. 1956, 177, 277.
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SOLAR FLARE

A solar flare began at about 3.30 a.m. (G.M.T.) on 23 Februar)
and produced effects on the earth which were unusual in severa,
respects. The visual flare was seen at Kodaikanal Observatory
India, and in Tokyo. It was close to the limb of the sun. The
position of a flare, as seen from the earth, is relevant to many
of the effects which it produces. As well as the visual flare, and
a simultaneous outburst of ultra-violet radiation and also of
radio waves, there are often delayed effects caused by the arrival
of high-speed particles from the sun; and on a very few occa-
sions — only five so far, including the February flare — there has
been an increase in the arrival on the earth of particles of very
much higher energy, those of cosmic radiation. Since in each
case most of the particles in question are protons, there may
be no hard-and-fast division between one effect and the other.
Particles recognized as cosmic radiation are observed as such
because of their exceptionally great energy*; those which pro-
duce the ‘delayed effects’ after a flare are brought to notice be-
cause of the great numbers in which they must reach the ecarth. It
is possible, therefore, that there may also be particles of inter-
mediate energy which do not qualify, in either respect, to attract
attention.

The particles which produce ‘delayed effects’ reach the earth
after an interval from the time of the flare which, on the average,
is about 26 hours. Because of the magnetic field of the earth,
and because the particles are electrically charged, they are con-
centrated predominantly in polar regions. Their arrival in the
ionosphere causes magnetic disturbances, displays of aurora,
and interruptions of radio communications on routes crossing
the Arctic and Antarctic. Evidence that the particles in this
group are protons comes from observations on aurora. As a
rule, these delayed effects are produced only when the flare is
within about 45° from the centre of the sun’s disc — that is, when
the flare is roughly directed at the earth. The February flare,

*See. for example, the article by Dr E. P. George in Science News
27 (1953).
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llhou:}’| n‘car. the edge of the sun's disc, was followed none the
ess by delayed cffects. One result was an unnecessary period o
anxxety. for the safety of the British submarine Acheron, Wbld’
at the time was between Greenland and Iceland. Acheron, whea
attempting to make a ‘check’ radio call to her base in Scotl

at 10 a.m. on the day following the flare, was unable to make
contact.

The second unusual feature about the flare was the increase i
cosmic radiation which followed it within minutes. This increase
was markedly bigger than the biggest previously recorded — 08
19 November 1947 - although it seems unlikely that any entirely
direct comparison will be possible. At the University of Chicago,
where routine counts of cosmic radiation arc made, there was
an increase of 20-fold in the number of neutrons at ground level;
the neutron component of cosmic radiation is the result of dis-
integrations produced in the atoms of the air by the impact of
the primary protons. At the high-altitude observatory at Climax,
Colorado, the increase was greater; and records obtained during
high-altitude balloon ascents showed an increase of several
hundred-fold. So large an increase is of interest not only as an
isolated occurrence. The greater the maximum increase, the
more surprising on general grounds is the absence of much more
numerous occasions when a comparatively small increase is
observed. The discrepancy has suggested to T. Gold, of the
Royal Greenwich Observatory, Flerstmonceux. the existence of
some form of threshold for the emission of cosmic radiation

Science News 40

particles from the sun - or, more probably, as he thinks, for

their escape from its near neighbourhood. On this view, there

must be enough particles to produce sufficient modification i~

the magnetic field of the sun to permit their own escape: other-
wisc there will be no contribution from the sun to the number
of cosmic-radiation particles reaching the carth.

CHINESE CLOCKWORK

A mechanical ‘missing link’ between the water-clocks of Baby-
lonia and Greece, whose time-keeping depended on the rate of

flow of water, and the European clock with its movement con-
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trolled by an escapement has been brought to light through the
study of Chinese texts, of which a preliminary account has been
given by J. Needham, Wang Ling, and D.J. Price, working
together in Cambridge. The use of astronomical time-keeping
devices by the Chinese has been known from literary references
and a few fragmentary remains. What has now been discovered
is that they combined the principle of the water-clock with a
form of escapement based on the weighbridge. The key text is
an account written by Su Sung in A.D. 1090; and in the light of
this a tradition of design based on these two principles has been
traced back at least to A.D. 725. Earlier devices, built at dates
between A.D. 130 and A.D. 590, are thought also to have included
an escapement. But this is not certain.

The astronomical clock described in Su Sung’s ‘New Design
for a (Mechanized) Armillary (Sphere) and (Celestial) Globe’
was large and complicated. He gave enough detail for working
drawings of it to be prepared. The driving force was supplied by
the flow of water or mercury into a series of containers or scoops
attached to a wheel, which was thus rotated (the scoop wheel).
On this, a system of mechanical control of movement was super-

imposed. It included a weighbridge which prevented the fall of . <

each scoop until full, a check on the rotation of the wheel at
another point, and a device which prevented recoil. The driving
system included gearwheels, shafts, and, in later models, chain
drives. Among other problems, that of securing rotation about
an axis inclined to the driving shaft had been solved. The fluid-
flow system included three reservoirs, at successively lovflel’
heights,and the water or mercury for twenty-four years’ running
was raised by mechanical means to the top reservoir.

In sum, the interval between the falling of one scoop and the
next was controlled by the rate of flow of the water or mercury,
and the course of movement betwcen falls by the Che_Ck and
anti-recoil arrangements. It is in this sense that the d;sxgn was
a ‘missing link’. It included the idea and the realization of an
escapement, but this did not provide the main control of time-
keeping. For the rest, the arrangements for the control of water
flow had been carefully thought out; the escapement was nearer
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to the European anchor escapement of the late seventeenth et
tury than to the European fourtcenth-century type and the
design as a whole shows that Chinese astronomical clocks,
planetary models, rotating star maps, and the like, though meant
rather for demonstration than for accurate time-keeping, were
‘the earliest complex scientific machines”.

Needham, J., Ling, W., and Price. D. J. Narure, 1956, 177, 600.

AFRICAN RECORD OF LAVA FLOW

A note on a geologically recent lava flow in East Africa, pl{b‘
lished lately by the Geological Survey, Tanganyika, has a claim
to more general interest from the way in which evidence of ﬂ}‘
date of the flow has been obtained. The principal source is 3
local historian, one Andulile Kajigiri, a headman from Lusm_'llc
Village, on the north side of Kicjo'. His account, based on i~
formation passed down through three generations, is as follows:
The cruption was predicted a year before it happened by a prophet,
Kipenya Nkunguruka, who said it would commence at about
7 o'clock in the morning. The first sign of activity was a long plume
of whitish smoke seen at 10 o’clock in the morning. By about noon
this had reached cloud-like proportions and blotted out the sun. The
people were much afraid and began to pray to their gods. Rumbling
and thunder-like sounds also began at noon and went on until about
8 o'clock at night. When night came they saw fire and red-hot ash
coming out of Sarabwe and Fiteko. They waited until midnight and,
as nothing had happened by then, went to bed for the night. Shortly
afterwards, at about 1-2 a.m.. the lava came down the valley, engulf-
ing villages whose pcople were still aslcep. Those on the higher
ground saw the red glow of the lava spreading below them and
smoke rising from it. When morning came the lava was still smoking
and was quite soft. It kept moving for two days. slowing up and
finally stopping on the third day. Smoke, fire. and cinders continued
to be emitted from the cones - Sarabwe was active for the first day
only, but Fitcko continued for three days — with waning activity.
People would not cross over the lava flow for about 16 months
afterwards.

) Sarabwe and Fiteko are two cones, about half a mile apart,
in the group of which Rungwe is the major central voicano.

I'4
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D. A. Harkin, the author of the report, had concluded fro:
Beological evidence that the flow from these cones represente
the most recent activity in the district. Whereas other rocks i
the district are covered with pumice tuffs from the more rece
Rungwe eruption, those of the Sarabwe-Fiteko flow are no
An approximate dating of the flow was made possible by the fa
that Andulile Kajigiri had sufficient record of his ancestry, an
of the tradition embodied in his account, for it to be asserte
that the original narrator was one Mwambapa, that the flo
took place when he was a young man of about 25, and that thi
must have bcen about a.D. 1800. As Mr Harkin points ouw
Mwambapa's account ‘might well apply to a present-day eruf
tion". For those familiar with African customs, it should per
haps be added that the times given have been translated fron
African usage to European.

Harkin, D. A. The Sarabwe Lava Flow, Kiejo, Rungwe District. Geo
logical Survey, Dodoma, Tanganyika.

STRUCTURE OF BIOLOGICALLY ACTIVE MOLECULES

I am indebted to a correspondent for the following note: “Th
work of C. H.Li and his colleagues of the University of Cali
fornia on the structure of ACTH, the adrenocorticotrophic hor:
mone (mentioned in ‘Rescarch Report’ in Science News 38)
while it was the first determination of the structure of the hor-
mone from sheep, followed the earlier determination of the
structure of pig ACTH by workers of the American Cyanamid
Company. Its chief interest is that it allows comparison of the
same hormone from two different species. The Californian
formula* differs from that of the Cyanamid workerst only in
having two amino-acid residues in place of two others; a mix}ute
but distinct difference in the polypeptide chain of 39 amino-
acid residues. The difference is that there are alanine and §enqe
residues at Joci 31 and 32 in place of Jeucine and alanine in pig
ACTH. There is still some disagreement on one other part of the

*Li et al.: Nature, 1955, 176, 687.
tBell: Journal of the American Chemical Society, 1954, 76, 5565.
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chain; on its central portion no successful results were Pu"“’hqu

before Bell's note in 1954. The structures of large poﬂiOd_?

near the end of the chain had previously been discovered at the
Armour Laboratorics, Chicago (for pig ACTH) and at the Uni¢’
versity of California (for sheep ACTH). Workers in these
laboratories have now studied the whole molecule and theif
most recent formulae differ both from each other and irom'l
correction recently made by the Cyanamid workers to theif
original formula. Since more than one form of ACTH can be
extracted from the pituitarics of one specics, comparisons be-
tween the structural formulae suggested by different groups ©
workers may be complicated by more than the species differ-
ences.
Part of the interest of the work of Sanger and his colleagues
at Cambridge (mentioned in the same ‘Research Report’) was
that it allowed comparison of the structures of hormones with
the same biological activity which, however, came from different
mammalian species. The insulins of pig, sheep, and ox are so
similar in their physico-chemical properties that, once mixed,
they cannot at present be separated. This is not surprising in view
of the very small difference in the complex molecule made up of
s1 amino-acid residues, with its system of cross-linking between
chains which is common to all three species. The only portion
of the sequence where a difference has now been found 1s:
threonine-serine-isoleucine  (pig)
alanine-serine-valine (ox)
alanine-glycine-valine (sheep)

The only other case where such a comparison was possible
before was that of the hormones of the posterior lobe of the
pituitary gland: oxytocin (milk-¢jection hormone) and vaso-
pressin (anti-diuretic hormone), These substances, whose struc-
tures have been confirmed by synthesis by V. du Vigneaud and
his colleagues at New York, are peptides each made up of 9
amino-acid residues. They have the same structure apart from
two of the amino-acids; and, while oxytocins from pig and ox
are the same, vasopressin from pig and ox contains lysine and
arginine respectively at the same place on the chain.

SOME BOOKS RECEIVED

ATOM HARVEST by Leonard Bertin (London: Secker and
Warburg, 1955), pp. 253, 20s.

For the past four years Leonard Bertin has been the science
correspondent of the Daily Telegraph. Based on what are described
as facilities never before cnjoyed by anyone outside a government
department he has produced a book that is a rare mixture of the
authoritative and the human.

Much of it is a carefully documented history of our own time: the
perplexities that faced the atomic scientists (they weren't so-called
in the thirties); the realization of Lise Meitner and Otto Frisch that
nuclear fission was a reality; the setting up of the ‘Directorate of
Tube Alloys'; the far from smooth course of our collaboration with
the Americans during the war; and, with the horrors of Hiroshima
and Nagasaki fresh in our minds, the slamming of the door to peace-
time collaboration with the passing of the McMahon Act.

Then follows the fantastic story of Britain’s post-war nuclear 4
energy development, dotted with names that will be as nostalgic d
future generations as are those of Watt and Stephenson, the Rockét:
and Rainhill, to ours. ;

And tucked away everywhere are engaging human details : a:pd't":'i
gus in the Cockerofts’ garden; Hinton as the antique collector ; Peany:

paying £450 excess luggage for the collection of scientific “jund
collected from the Japanese atomic explosions and brought b“xtb:
Britain by Clipper. o

But enough has been said to indicate that 4rom Harvestis 8=

valuable documentary of our time.

THE NUMBERS OF MAN AND OF ANimaLS edited _by J.B.
Cragg and N. W. Pirie (Edinburgh apd London: Oliver and
Boyd, for the Institute of Biology, 1955), pp- 152, 155-

The proceedings of 2 symposium held in the autumn of 1954 by

the Institute of Biology. The aim of the meeting was to bring together
specialists in many different subjects who, however, had a common
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interest in the numbers of men and of animals. Papers range from

competition between beetles to the effects of mutations on fertility-

Ea.Ch. paper is followed by a short discussion in which many

Brltgxn's leading experts took part. Much of it is thought-provoking

dea.lmg_ as it docs, with the relation between scientific and medi

::)ZICS and the inevitable increase in population that faces the worl
ay.

GENETICS IN THE ATOMIC AGE by Charlotte Auerbach
(London and Edinburgh: Oliver and Boyd, 1955), pp. 106
8s 6d.

Dr Charlotte Auerbach is a distinguished gencticist who works at
the Institute of Animal Genetics in the University of Edinburgh. In
this small volume she attempts to describe the essentials of genetics
without recourse to the usual technical language and mathematical
symbolism that often makes genetics so formidable to the uninitiated
—and she docs so with a large measure of success.

Roughly the first two-thirds of the book arc straightforward
genetics, while only the latter third is devoted to radiation-induced
mutations. There is a useful short appendix of genetic terms which
will prove useful to readers who wish to cxtend their study of the
subject. Of this little volume onc of America’s leading geneticists,
H. J. Muller, has said: ‘This charmingly written account of heredity
and mutation by onc of the world’s foremost pioneers in these fields
will make clear to the reader why the use of atomic energy requires
the most scrupulous protective measures if future generations are not

to pay the cost”’

NucLEAR MAGNETIC REsoNaxch by E. R. Andrew (Cam-
bridge : atthe University Press, 1955), pp. 265, 35s.

Successful experiments on nuclear magnetic resonance only date
from the end of the war and this is the first book devoted to a
comprehensive review of the subject. It is not intended for the general
reader, but workers in many diverse fields of science will find it of
value. Nuclear magnetic resonance is of interest to all physicists. and
it is also of increasing importance to chemists, metallurgists, and
electrical engincers. In the industrial field it has been used already by
th.e oil industry and it also has applications in industries connected
with magnet construction, isotope extraction, plastics, and rubber.

Some Books Received 125

THE CyToLOGY AND LIFE-HISTORY OF BACTERIA by
K. A. Bissett (Edinburgh and London: E. and S. Livingstone,
1955), pp. 164, 25s.

Dr Bisset has produced a second edition of his book which origin-
ally appeared six years ago. In introducing it then he pointed out
that bacteria, as living creatures, had been little studied, and that it
was in the main their pathological activities that had received all the
attention. In this new edition he adds to our knowledge of bacteria
as organisms worthy of study in their own right. While all scientists
may not agree with what the author has to say about the structure
and behaviour of bacteria, even the general reader will derive great
pleasure from the large number of remarkable electron micrographs
with which the volume is illustrated.

AToOAMS AND THE UNIVERSE by G. O. Jones, J. Rotblat, and
G. J. Whitrow (London: Eyre and Spottiswoode, 1956), pp.
254, 25s.

When there is much talk of the fragmentation of science it is
refreshing to find threc scientists of very different interests coming
together to produce a joint work. The authors of Aroms and the
Universe are all primarily physicists but their particular studies range
from the very small (the atom and its structure) to the very great (the
problems of the universe). Atoms are much older than atomic bombs
and in the first two chapters readers will find useful background in-
formation which helps towards a proper understanding of present
developments in the field of nuclear energy.

Atom smashing ard atomic energy are adequately treated but ﬂ.Ot
to the exclusion of less glamorous, but none the less important’ topics
such as the propertics of matter in the mass. A short chapter takes us
from classical to modern physics and the latter third of the volume
treats of the structure. size. and age of the universe.

While obviously such a vast field has to be treated in
it is useful to find in one book a simple introduction to th
of classical physicists, nuclear physicists, and astrophyst
diverse fields as tire structure of matter and the struc
universe. The thirty-odd plates Diclude some particularly fine
astronomical photographs from the Mount wilson and Palomar
Observatorics.
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and King's College, Cambridge. Has held many important 3PP°"'"§
ments including Director, Sorby Research Institute. 1941, 8]
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principal University College, Ibadan, Nigeria, 1947-53, Reader #
Medical Entomology, University of London. Is now Head Of'

Department of Entomology, Rothanisted Fxperimental Statiod
Author of manyv papers on Insect Physiology, Ecologyn"d
Medical Entomology. @ikes walking. travelling, good f°°d,

wine.

P.G.MORGAN gridusted from London University as ap
student in 1949 and joined the Roval Corpsy of Naval Con$!
as a Constructor-Licutenant. After four yvears he was apP"'m

3
N

B

structor®
ed 81

Assistant Constructor at the Admiralts. He is now a Jectusef

» mechanical engincering in the University of Manchester.

D.R.NEWTH is a lecturer in Zoology at University College. Lor~
don, whose interests lie mainly in the early embryonic develop”
ment of vertebrate animals and in the capacity of older or?eS to
regenerate lost parts. Made an extensive tour of the U.S.S..R. in the
autumn of 19355 as the guest of the Soviet Academy of Scienccs.

(1)
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