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GROWTH, REGENERATION,
AND TUMOUR GROWTH

JOHN O.LAWS

Many things from crystals to animal populations may grow,
but as a biological term ‘growth’ indicates an increase in size of
an organism in accordance with the regular plan which it has
inherited from its ancestors. Regeneration is the replacement of

. parts which have been lost either by wear and tear or by acci-
dent. Tumour growth, which will be described in more detail
later, is growth outside the normal pattern.

In many-celled organisms growth must be considered in rela-
tion to the cells which make up the body, and this process is in
fact the result of three separate changes which are of varying
importance in different phases of growth. The least important of
these is increase in cell size. In general, cells of any one type in a
given species of animal remain reasonably constant in size, and
the only important exception is an increase seen when the second
change is imminent, i.e. a division of the cell into two. Cell divi-
sion is clearly a fundamental character of growth in many-celled

. animals since it provides the necessary bulk of cells to form the
adult organism. Nevertheless one cannot say that the third type
of cellular change, that of differentiation, is any less important,
since without it the mere mass of cells would have little more
character than the non-cellular slime moulds. Differentiation,
the process by which cells take on their varied adult characters,
involves the loss of most of the potentialities of the original germ
cell, but at the same time the gain of function of one type or
another. Even in the adult body some cells remain in a state of
potential, rather than actual, function, eften with active divi-
sion (e.g. the basal cells of the skin and other epithelia), but as
their ultimate function is in fact already fixed, they must be con-

sidered as differentiated.
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The possession of such dividing cells is one aspect of the next.

attribute of the organism which we must ¢
tion. Most organisms normally lose functional cells of their
epithelia more or less continually during their lives and these are
as continually replaced by division of the differentiated but non-

functioning cells just mentioned; a process of physiological re-

generation. In addition most species of higher animals possess
to some degree the capacity to regenerate cells which are lost
only by the accidents of life. This capacity varies from the com-
plete reorganization of the body from a small portion, as in the
flat worms called planaria, through the replacement of maijor
parts containing many types of tissue, as in amphibian limb
regeneration, to the much more limited capacity to regenerate
only parts of an organ, as in mammalian liver regeneration.

All these types of regeneration have one thing in common;
they reproduce more or less faithfully the lost structure and in
no case produce excessive growth of any type. They are clearly
therefore under some control similar to that seen in the develop-
ment of the embryo and regenerative capacity is probably allied
to the extent to which such a control exists in the adult animal.
This expresses itself in the degree of de-differentiation seen
during the process. In the planarian which is to rebuild three-
quarters of the body, some cells at least must return to or have
remained in a state in which they are capable of producing prac-
tically all types of adult cell (totipotent state). In the amphibian
only certain tissues are present in the limb and the cell mass
which is formed as a preliminary to regeneration will be able to
produce a number of types of adult cell only (pluripotent state).
In the mammalian liver it is probable that the various types of
cell present in the regenerated organ are produced from similar
cells in the remaining original liver which only de-differentiate
in the sense of temporarily losing their function, without gaining
any new potentialities for producing other types of cell.,

It is interesting to compare the events in regeneration with
what happens in tissue culture. If mammalian (or avian) cells
are isolated and made to multiply in vitro (i.e. in a container,
usually of glass, with suitable nutrients) they will, given suitable

onsider - regenera- .
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conditions, do so indefinitely. In this they clearly differ from the
cells of a regenerating organ which cease to divide when the
normal bulk of the organ has been restored. It is not known
whether this growth control functions as a positive inhibitor of
growth in the intact animal, disappearing yvhen regeneration
becomes necessary, or as an active stimulus to growth appearing
when injury occurs. The fact that cells in vitro divide only when
stimulated by some active material, e.g. embryo extract, gives
some support to the latter idea.

On the other hand, such cells in culture retain their differen-
tiated characteristics, at least in potential form and, given the
opportunity, will function again as, and only as, those originally
isolated from the living organism. In this they resemble re-
generating cells. In cancerous growth the cells behave similarly
to those in culture, but with the fundamental ditference that this
occurs in the body itself. We see therefore that in considering the
nature of cancerous growth, it is of considerable significance to
study the process in relation to growth as a w_hole and to re-
generation. The remainder of the present article attempts to
present some aspects of this relationship.

A few years ago, in Science News 13, Professor E. C. Dodds
stated that the mechanism of cancer growth and its metpod qf
killing its victims were understood perfectly. He was in this
instance emphasizing that cancer in general obeys the same rules
as -other biological phenomena and possesses no mysterious
sinfluence’; nevertheless few workers on the problem today
would agree with this statement in any more special sense. We
in fact know little about normal growth mechanisms, let alone
cancerous ones. And an increasing amount of evidence of the
widespread biochemical effects produced by a tumoqr on the
rest of the body which bears it, indicate that in fact it has an
“influence’ which, while doubtless explicable, has not at the
moment been explained. '

In considering the origin of cancer it is customary to start with
the mechanisms of carcinogenesis, physical, chemical, or un-
known factors which apparently set in motion those cl-fanges
which end up with the production of a cancer. The action of
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these various factors is however very considerably influenced
by the characters of the cells with which they come in contact.
We will therefore begin here by reviewing some of the condi-
tions which we know to affect the capability of a cell to become
cancerous.

First one must consider the three categories of cells originally
defined by Bizzozero many years ago. They are: (1) fixed cells
which do not divide at all in the adult, for example nerve cells;
(2) stable cells which do not normally divide under physiological
conditions but may do so if like cells are damaged by some
pathological process and have to be replaced, for example liver
cells; and (3) labile cells which are continually lost and replaced
under normal conditions, for example the cells of most epithelia.
It is probably not coincidence that tumours occur most fre-
quently in labile cells, sometimes in stable cells, in this case often
following some other pathological process which has stimulated
cell division in the organ, but never in fixed cells in the adult.
Just what part in tumour production is played by cell division is
not known, but some evidence which bears on this will be men-
tioned later.

Even in the case of labile cells, however, there are influences
at work which further affect the liability to cancer production,
An excellent example of this is the influence of hormones, that
is of substances produced from the various endocrine glands
including the sex glands and having a wide influence on many of
the body tissues. At present it appears that this influence is more
widespread than had been thought; for example it has been
shown that an absence of hormones derived from the adrenal

gland will prevent the formation of liver tumours in animals
treated with certain chemical substances, although previously
we had little evidence that these hormones had an action on the
liver.

The most commonly considered example of the importance of

- hormones in tumour production, however, is the connexion of
the sex hormones with cancer of the breast in the female and
cancer of the prostrate in the male. This connexion is probably

. adouble one. In the first place the development of these organs

.. division is necessary
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depends on the presence of the sex hormones gt Puberty, apd
clearly, if they do not develop then, no cancer is hkelgt ltoiz:lgze
. 1 -
ome other more subtle
later. Secondly, however, there is s e o le in
ence which is little understood but is inferred from 1nd;ret<1:t
evidence — for example the greater occurrence of cancer o 1: e
breast in women who have children but do not suckle them than
i lly.
in those who suckle them norma
This type of evidence has been strengthened recentlyhby S?l?:i
which is more direct — concerning the part Qlayed by the p;s -
ary gland in the production of certain experimental t}l:'mho‘;ti[;qu
imal thi duces hormones whic -
the normal animal this gland pro ' e
i ivi in turn produces its own
late ovarian activity. The ovary i :
mones which, among other actions, depress the p:oducnforsleloff
i i i by the pituitary, a type © -
ovarian stimulating hormone ; B O e
i i ary is transplante
regulating mechanism. If the ov ' _ |
nogrumal site to the spleen of the same animal, lit gbr{)\:;(si t?reor:1 atrtll(i
As, however, the blo
forms the normal hormones. As, ; h (he
jver before reaching the rest o
leen passes through the liver th
:)pody (lfnlike the blood from the normal ovary) it is founcli1 th:;
this latter organ destroys the hormones or; the wa);'t};rec;uti pao nd
itui is gland therefore contin
e reach the pituitary. This g . .
nmt‘llarge quantities of ovarian stimulator which does reaclh :ltale
oua through the blood going to the splee_n.‘ As a r?sut e
ozary continues in a state of abnormal acnv.xly‘ and in many
. irrrxils after some time tumours may appear in it. ot
anOth r influences than hormonal ones may apparent'y influ-
t;e appearance of tumours, but it is difficult to dissociate
e?fcets in the intact animal, and the action of such a factorbas
. :lcr nutrition in reducing the incidence 9f tumours may be,
}mfe t. an indirect one due to alterations in glandular action.
" acr;1 what has been said of the greater occurrence of tumo.ur's
i 1‘:l‘r(t);ile’ cells it is clear that a potentiality at least for cellldw;i
o ¢ important in tumour formation. Whether actua cel
e for this is not certain. The greater llnal:;- -
! ly stimulated to division leads
i ‘stable’ cells when actual : ' 2
lity o nclusion, but some recent experiments in which

to such & © d with carcinogenic

tumour formation took place in skin treate



12 Science News 36

substance in spite of apparent suppression of all mitotic activity
during the period of action by the use of cortisone suggest the
contrary. However, until the action of cortisone is better under-
stood, the exact significance of this result must remain in doubt,
and it seems safe to say that, in most cases in which the process
of carcinogenesis has been followed, it was associated with
actual cell division in the tissue concerned.

The scene having thus been set, that is a number of suitably
receptive cells being present, the first stage or ‘induction’ of the
cancer can take place. The type of ‘trigger’ mechanism which
sets the process off may be one of the many known physical or
chemical stimuli, or, as in fact in most cases, unknown. Known
stimuli include radiations, ¢.g. X-rays, and ultraviolet rays, and
chemical substances of many types, e.g. naphthylamine which
causes cancer in dye workers; tar and oils; complex hydro-
carbons, either found in tar or synthetic, and many others. Some
are known to be active in humans, some are active in a few
species of animal and not in others; ail produce cancers which
are indistinguishable from those found occurring ‘spontane-
ously’ (i.e. without known cause) and it is because of this simi-
larity that they can usefully be studied in the laboratory. We con-
clude that though the cancerous process can be initiated by di-
verse agencies, once started it follows the same path in each case.

Up to now no unique positive property of cancer cells has
been found, but two aspects of their biochemical make-up are
worthy of mention because, if not unique, they offer an interest-
ing parallel with effects seen in regeneration. The first is the
power of cancer cells to produce energy by aerobic glycolysis,
a partial breakdown of glycogen, with a lessening but not
absence of normal oxidative metabolism. A similar state of
affairs is found in regenerative tissues of several species in the
early stages when cell growth is most active but differentiation is
not occurring. Possibly this mechanism represents an alternative
route of producing energy when the normal oxidative mechan-
ism is either insufficient, as in regeneration, or is diverted in
some abnormal direction, as it is suggested may happen in the
cancer cell.

Growth, Regeneration, and Tumour Growth 13

The second biochemical effect, which has now been demon-
strated in several ways, is the power of the cancer 'cell to a}lFer
the metabolism of distant tissues and to obtain its nu'trmve
requirements at the expense of the host cells_. A mahgna.nt
tumour will contintie to grow in a staryed ammz_al and gains
weight at the direct expense of the host tissues, which w‘aste. I.n
regeneration in a number of species the‘ phenc?menon of ‘protein
flow’ has been observed in which there is, during the early stages
of regeneration, a loss of protein ma.tte.nal from the r.est of the
body. Evidence tends to show that th}S isnotan essential feature
of the regeneration process, sincp artificial arrest of the flow does
not apparently cause any slowing of th'e process; neverthele.ss
it is a normal concomitant of rege:n'er.atlon,.and suggests again
that the cancer cell may show activities which, while absent.m
the normal adult cell, can nevertheless be found under special
conditions of non-cancerous growth also. .

Returning to the start of the cancerous process, it seems that
the first step is an irreversible one. Whether, however, it affects
all the cells exposed or only a few, we d_o not know, The reasqn
for this is the existence of a la.tent period, often a long one in
terms of the lifespan of the amma! concerned, before the can(;
cerous change becomes apparent. Either a‘few ce’lls are re.ndere
cancerous and then remain ‘dormant’ or ‘latent lll'lt‘ll snrrgd tcz
further activity; or all or many cglls are rendered ‘potentially
cancerous but must be further activated to becqme .true cancer
cells which then at once show themselves. This difference in
ideas is a real one, but need not concern us further here. Wpat
does emerge from this consideration 1_s tPat cancelt formation
occurs in at least two stages, the ‘induction’ phase wh‘lch we h_ave:
discussed already and what is often termed the ‘promotion .
Ph%Sheé existence of this latter may be.inferred_as abqve from
the existence of a latent period in ca'rcmogenems, b.ut in recent
years it has also been demonstrate(.i in several species that cer-
tain materials may act as promoting agents, speeding up.the
appearance of tumours which had been induced by true carcino-
genic agents, although they by themselves do not produce
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tumours. In general these agents do not influence the type of
tumour produced or its ultimate fate, just its speed of develop-
ment. Since continued treatment with a true carcinogen, although
it speeds up tumour formation, also tends to alter the character
of the tumours so produced, the separation of the two types of
action is shown up clearly by these observations. The best
known example of promoting, or as it is sometimes called ‘co-
carcinogenic’, activity is that of croton oil on mouse skin.

Formation of a tumour is thus seen to proceed in stages, but
thid stepwise progress does not stop there. A tumour once
formed may itself change in character, and this phenomenon
has recently attracted attention under the name of ‘progression’.
The simplest form of this is probably seen in the change from
‘benign’ to ‘malignant’, A benign tumour, like a wart, is charac-
terized by excessive growth - increase in cell number with
usually preservation of the function of the cells and no tendency
to spread either by invasion of the local tissues or by extension
to the more distant parts of the body. In most cases these charac-
ters persist throughout the life of the tumour, but occasionally
it acquires the property of spreading and so progresses to the
malignant phase. Malignant tumours may also arise directly
without a benign phase intervening.

However, even when malignant the tumour may still progress
further. 1t is common to find a considerable variation in appeat-
ance of tumours arising in one type of cell, and even in tumours
of one organ, due to a variation in the degree of differentiated
function that they show. Similar variation may occur between
areas in one and the same tumour, or between the original

tumour and its extensions in distant parts. Furthermore, if the |

tumour is made to survive through many generations by trans-

‘plantation from one individual to another, such a change may

occur in the course of this process leading to an entire alteration
of the appearance of the cells of the tumour. ‘

Not only is the external form of the cells subject to change
but also characters of a purely biochemical nature. An example
of this is seen in the progression of so-called ‘dependent’
tumours. These are tumours which can be produced in animals
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which have been deprived of certain ductless glands and there-
fore of the hormones produced by these. The tumours which
arise are invasive and can be transplanted from the original host
to other suitable animals ~ provided that the new host also lacks
the hormones which were missing in the original one. Later, if -
transplantation continues, the tumour progresses and loses this
dependence so that it will then grow in a normal animal. A simi-
lar type of progression probably occurs in human cancers which
are at first held in check by treatment, whether this be by hor-
mones, chemicals of other sorts, or X-rays, but later grow in
spite of continuation of the treatment. . .

The way in which such changes arise is not known, but it
seems probable that they occur first in one cell and_la}er come to
predominate by a process of ‘natural seiectior.x'. This is suggested
by the way that they seem to show up particularly in circum-
stances in which cell survival becomes difficult, e.g. in spread to
distant parts of the body, after transplantation and following
treatments designed to kill as many cells as possible. Under such
conditions sefection has its greatest chance to operate.

Such are some of the changes which occur in cancer cells
during the process of tumour formatiqn and progression. Tl}ey
may be summiarized firstly as changes in growtl? charactens_txcs,
some of which seem to parallel those. seen in regeneration;
secondly as loss of some of the functxona'll.gharacters of the
normal adult cell; and thirdly as the acquisition Qf new ones,
e.g. ability to spread to and survive in apnormal sites. '

What then is the mechanism by which these changes are
brought about? At present this is unknown, put several hypq-
theses have been put forward and will be considered here. Until
just recently the most important modern theory was that of
‘somatic mutation’, and this is still probably the most favoured.
It supposes that the carcinogenic stimulus, of whatever mfturt.:,
causes a change in the genic make-up of a cell or cells which is
then translated into active change in cell characters such as we -
pave been discussing. Some exponents of the theory _df’ not
restrict themselves to one such change per cell but are willing to .
consider that six or seven may be necessary to provoke tumou-
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growth. In support of this theory much evidence has been ad-
duced of visible changes in the chromosomal structure of cells
of tumours or cells treated with chemical carcinogens or X-rays
or ‘radiomimetic’ substances.* In fact similar changes can be
seen in cells in tissue culture or in inflammatory conditions.

More recently attention has been drawn to the resemblance
of tumour induction, development, and progression to epi-
genetic development in the embryo-albeit in an almost opposite
direction, since in cancer cells progression is usually in the
direction of greater growth {recdom, autonomy, and loss of
some specialized functions. Also one must emphasize that can-
cer cells even in very fast growing tumours which appear un-
differentiated are in reality far from the embryonic cells which
they may superficially resemble. Neverthelessthe general charac-
ters of the change are somewhat similar to embryonic develop-
ment and differentiation, and it may turn out to be profitable to
consider whether the type of mechanism involved in the two
processes may not be similar., Unfortunately the process of em-
bryonic development and differentiation is itself little under-
stood, but one fact which has emerged recently from the study
of nucleo-cytoplasmic relationships in various organisms is that
the cytoplasm plays more part in controlling cell make-up than
some geneticists have been willing to admit. From this has
emerged the idea that cell differentiation may be associated with
the development of some balanced relationship between genic
influence on the one hand and environmental influence trans-
mitted through the cytoplasm on the other. Whether this in-
volves the complete suppression of genic action and taking over
of the appropriate functional direction of the cell by new cyto-
plasmic entities (cytogenes) or whether direct action of some
genes continues with suppression in some way of the others is
not known. It may be that some basic functions like growth
remain under genic control while more specialized functions are
directed by cytoplasmic centres. In any case they are all influ-
enced by the environment and this detailed mechanism need not
concern us further here,

*See, for example, the article by R. F. Homer in Science News 31.
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It does seem, however, from a consideration of these points
that the presence of some positive altered entity in the.cax.lcer
cell which has so far been sought in vain is not a necessity in a
hypothesis of cancer formation. We know that changes from
growth to function and back occur in the type of cell we are
considering in response to environmental demapds and sgch
switches are presumably mediated by some enzymic mecha'msm
in the cell. It is possible to visualize a ca.rcinc_)gen affecting a
dividing cell in such a way as to remove or inactivate an enzyme
concerned in this mechanism so that a permanent fjevxat.lon of
energy to growth processes occurred. Such a dev1atx().n.njlxght of
course be incomplete, leaving a cell capable of both»dmdmg gnd
functioning in an entirely irregular manner. In this connexion
the recent suggestions by Professor M M, Swa-nn regarding an
accumulation of energy for growth in a special form* are of

i e interest.

Corslfzf;r:ts)lcheme might account for growth abnormalities, but
not necessarily for the capability of spread shown by the cance,r
cell. This is dealt with in the recent the.ory. of Professor H. N.
Green regarding loss of specific identlty in cancer cells. He
points out that normal cells must confain §qme marker §ub-
stances which enable them to be ‘recognized’ in the body since
such cells when misplaced in the adult are normally removed by
scavenger cells. If, he suggests, these marker su.bstances are
lost, then the cell would be free t.o wander and invade othgr
tissues without causing any reachor'x to remove them. In 'hxs
theory he postulates that such a loss is due to a shght alteration
being caused to these marker substances by ‘a caF01r30gen, f.ol-
lowed by antibody formation to the now forengp material.
Reaction of this antibody with the altered cell will normally
cause cell death, but in a few cases the cgll may survive by
adaptive loss of the marker substance, Ieavmg t'he cancer c:elll.
Green has experimental evidence t_o support this 1lmmunolog1caf
mechanism, but even without this, his conception of lois of
specific identity appears to b§ a valuable one, and capable o
direct experimental investigation. ‘

*See Science News 34, ‘Research Report’.
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Thus it seems as if, from the biological point of view, there are
now several lines of investigation open which may help to make.
clear the nature of the cancerous process. They appear to offer
interesting links with the studies of biologists on normal growth
and regeneration and it is to be hoped that a better realization
. of this may help to advance knowledge of ali types of growth.

THE SCINTILLATION COUNTER

E.S. WILLIAMS

AT the base of the stiil widening applications of nuclesf physu;:,
useful and alarming, there lies a natural pheno.menc'm‘ 1S'C0:,;l;¢h
nearly sixty years ago—the phenomenon of radnoact'nt/:tytl; u; which
certain atomic nuclei disintegra}te spoqtaneously wg ; tt . ;ns o
ing emission of energetic particles and radiati ns. e
St £ these unstable nuclei depends on the detectnop an
'StUdy' ¥ tion of their disintegration products, so that the instru-
e (li for this purpose are indeed the fundamental tools. on
whick usl: Ise has been built. Of these instruments the Geiger
i ahaes sfor a long time been the most important; bl}t a new
fotecto the scintillation counter, based on different prmc1p1'es,
fietFC_tOY,I few years it has been so far developed and applied
& ml'ng'. nna the point of challenging the pre-eminence of the
tha't o con ter. It is the outcome of the harnessing tog}tther of
Geleet Colllfl h.ysical phenomena, which are of intfzrest in therp-
. numbbe;toit Iailso has a certain beauty of construction, a surpris-
iszgsse’rsatility, and a fascinating hi§tory. e e sl
: William Crookes discovered in 1903 that whe
slr " n is exposed to «-rays in a dark room, the screen
phidge scr%e'lliantly fuminous. His apparatus consisted of .the
e et creen, before which was placed a sm?ll point,
ﬂlmrescen'thsa trac’:e of radium salt, and a simple microscope,
capped Wlth'ch the screen was viewed. This arrangement he
throve? ‘W i thariscope’, and with it he demonstrated that.the
callt?d ” ot duced consisted of minute brilliant flashes of l'l.ght
lun'nnosny pr(;d went with great rapidity. But the observations
“{,hlfgecﬁzz with it were purely qualitative, and no measure-
tha v
ments o 2’lnydli(s:<I:1c(>1v:=,vreyrerr:ril:;ier‘zed as a scientific 'curiosity, a
‘beifx(:?fﬁ :xperiment’, until in 1908 E. Regener devised methods

i i ber
for counting the scintillations in order to determine the num
or ¢
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of a-particles falling on to th

for two obs i ¢ screen. The usual pro

2 moving ta‘;f:i}t tgav;lew the screen, and for eacﬁrt: er(eict:l;?dw::

the tape represented l; s seen. The aumber of coincidences on

precattions were ey le number.of actual flashes, and elaborate

observational errors (Zr:\ed "0 f:llminate S0 far as possible the

form, the most widei ¢ scinuiation technique became, in this

numerous discoveri Y used method in radioactive researych and

ford and his grou 5 were made by its use, notably b ther-
o. y by Ruther

One of
of the fundamental laws established in this period was

the law of i i
radioactive decay. This simple law states that the

number of atoms n of a radioacti
umd : . 1ve substance aki
Eem; :z::ii;s ’I:r_oi%u:,g: t(j\ t.he total number otf)r:tdokr;nsgi\;l :‘:::
sont: that , » Where A is a constant characteristi
substane deﬁ;l‘é:; bS;g;veldl'er had shown in 1905c ltc}:zlxst“t(;)?sfl?\s
coud e deduced by s?'mlng only that the disintegration of an
o was sublect to i ell ;ws of chance and that the probability
o i o z;l fe trapsformed within a given interval
formation of that at:moT;\}i‘: srr:;avl‘)/'};'kh e e e
formatio . ility is a con ich i
e e fto;' :::lcz:)t:)::sfof the same kind. The law :;2;:2 ltc:blz
e e o or'the gbserved radioactive phenomena
e ioaper! researc\}/}e?ﬁcatxon of the initial assumptions waS’
o e Or a number of years, the scintitlati
Scintillation coun:;‘no;‘;:;cf otll;tal;it :gog ot N
e A n 1 the field for abou
alt ulgittx g:s‘},;l;sa]t\tjhtz] was 'llmited by the methc:dt:‘)vfe :goﬁ;s’
the light flas ior;izateio o@s in which radiation was detected bg
feans of the foniza {;v 1t produced had from the first vied with
o s of‘:t., hen th; former methods culminated in
the development of efproppmonal, and Geiger counters thelse
B e e S of choice, and the scintillation count’er fell
e i tse or nearly twenty years. It is, however
orthy of not w: even as lat.e.as 1932 important experime ,
ere the original two-observer scinti ‘ﬂlS
apparatus had been employed. renilation

Thel‘ i
e 1S a common factor, but also a diﬂ:crence belween thes
’ e
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two main types of detector. Both of them depend fundamentally
on interaction between the radiation detected and the electrons
of matter through which it passes. In both also there is a trans-
fer of energy from the radiation to the material used for detec-
tion. In the scintillation counter, the energy absorbed is stored
in so-called ‘metastable states’. 1t is the reversion from the meta-
stable to the stable state which results in the release, in the form
of quanta, of the energy thus stored. These quanta are of energy
within the visible or ultra-violet range. The possibility of pro-
ducing ‘metastable states’ of suitable energy is a property of the
material concerned. Those which possess it are known as ‘phos-
phors’ — substaaces which luminesce when exposed to energy-
imparting radiation — and these may be either liquids or solids.
In ionization methods, on the other hand, an electron is totally
removed from an atom or molecule.

Now the wheel bas turned full circle. Postwar improvements
in methods of converting a light pulse into a pulse of current
have led to the removal of the great Jimiting factor in the original
scintillation apparatus, that imposed by the human eye. The
replacement of the eye by electronic detectors of light has led
to a gain of from 10 million to 100 million in the closeness of
pulses which can be separated, depending on the type of detec-
tor used. This has been the primary innovation, although other
developments have followed from it. In the following pages, the
components of the modern scintillation counter will first be
described, and then examples of its uses will be given.

COMPONENTS OF MODERN COUNTERS

In place of natural mineral crystals — usually zinc sulphide ~
there is now available a variety of phosphors suited to special
uses. Between the phosphor and light-detector, there may, in
some applications, be a ‘light guide’ so that the two former com-
ponents can be physically separated. In place of the eye and
recording tape, W€ have a photomu\tiplier, in which an initial
small pulse of light is converted into a cascade of electrons,
which is then further amplified, and finally the amplified pulses
are counted. Figure 1 shows the arrangement schematically.
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Types of Phosphor

Certain inorganic crystals exhibit the phenomenon of lumin-

sed in the days of the visual

po'llyhmerize(_i (or plastic) solutions,
presegciu(r;xzsscence of i.norganic crystals is attributed to the
A isturbances in the otherwise regular crystal lattice

erbya component of the [attice being missing or by’

th ) :
o oenpir:‘sence of an mpurity. It has been found that the introdue. -
© an otherwise pure crystal of a controlled amount of

::.gunt)‘r gn{es a ,more efficient luminescence, the impurity being
1' to af:tlvate the crystal. Common examples are zinc sul-
pl}lde activated with manganese, and sodium iodide activated
with thallium, A few crystals are efficient phosphors when i
the pure state, as, for instance, the naturally-occurrin scheeli .
(calcium tungstate). § scheelite
These inorganic crystals are particularly usefu] as detect
of.'y-rays: Thgy contain atoms of high atomic number : e
thus efficient in converting the energy of thijs highly pen:tr:'at?;;

hich will be released in or near the

are optically clear.

The luminescent : ,
. process in organic ¢
of a different natur, ganic compounds appears to be

e. The phenomenon js here a molecular pro-
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perty, and this accounts for the fact that luminescence occurs
not only in organic crystals but also in liquids and vapours. The
organic phosphors are all highly transparent and can often be
grown into very large single crystals; the flash of light emitted
by them is extremely short, the resolution time within the phos-
phor being of the order of 10-10 second.

The advent of luminescent liquids has made possible the
almost unlimited increase in the size of phosphors, and this has
led to a great extension of the field of application of scintilla-
tion counting. More surprising, perhaps, is the discovery that if
an organic phosphor is dissolved in a material such as styrene
monomer, and the solution is then polymerized, an efficient
luminescent material is obtained. Such plastic phosphors are
optically clear; they are not fragile; they can be obtained in large
volumes; and they can be machined to any required shape.
Examples of crystalline and plastic phosphors are shown in
Inset 19.

Mounting the Phosphor

The selected phosphor has to be so arranged that the light it
produces reaches the photomultiplier with as little loss as pos-
sible. Other things being equal, the more efficient the light collec-
tion the more sensitive will the complete instrument be as a
radiation detector. When mounting the phosphor a number of

‘requirements have to be met: (1) Light other than that produced

within the phosphor has to be excluded; (2) the scintillations
have to be efficiently directed on to the photocathode surface;
(3) the phosphor must be protected from mechanical damage
and, if hygroscopic, from moisture; (4) it must be possible to
bring the phosphor into an advantageous position with respect
to the source of the radiation to be detected; and (5) the phos-
phor should be screened from extraneous radiation. ]
Numerous types of phosphor-holder have been developed to
meet these requirements, the details of each depending upon
the purpose for which the particular counter was made. The
problem of how to achieve maximum light-collection from the
phosphor has taxed the ingenuity of numerous workers. The
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xsciilc.:z ro;fd s;?;le:;lg the phosphor surface or of surrounding it by 3
been shown th:: i:acsezrltna;arclizcst?;] 1:0“, but it has more recenty
. ' stances increa i -
il:r: hresults if all Sl‘lrf.aces, except that through w}?iecdhll]igg}:tcc:::s
the photomultiplier, are frosted, i.e. rougl ;
o e , ghencd to a matt
. rI:at;JiS};c;izh(?r is to be placgd near to the source of radiation,
e tine Th§sary to remove it some distance from the photo-
com'uncti(;n Wlisthoi:gurs w.hcn a scintillation counter is used in
lovins huae e vafxous typgs of particle accelerator em-
P linrer ﬁwga%:oe;?, 15}::(:: h.ere 1tfis best to mount the photo-
. egion of intense magnetic fields. It
::iopzcr:f;;sf ;Vt;eg tt;(e instrument is required to investigate differ-
by ihe apparatlu Sem-(;ali ’t:(e;atn; \;/k;crc the lrays would be scattered
a 4 alse results. In many cases it is
neces.sary to measure the radiation inside a narrow cavity or
?r%:;::ng Wbere it would l?e 'quite impossible to introduce eyleC—
: eguxpment, a restriction which often applies in medical
applications of scintillation counting.

In.a!l’these situations a light guide (or light pipe) is used. The
pf)ssxb}lle was beautifully demonstrated many years aéo b
SIF William Bragg when he showed how light could be tran:j
mitted along a curved water jet. The principle employed is that
of tgta\ internal reflection; if light comes from inside a dense
medium to the surface where it meets a less dense medium - Ny
glass/air — the ray will be reflected back into the dense m d'e'g.
prov1ded the angle it makes with the perpendicular to thee wr
face 1s.greater than a certain maximum called the ‘critical SUI‘:
Thus if light enters one end of a rod of, say, ‘perspex’ il.nglt?]-
pass along to the other end so long as any ben’ds arepsexﬂ“; l't o
gradual for the }ight rays all to impinge upon the wall e
greater.than the critical angle. Where this requiremeS it a“glei
be met it has been found to be satisfactory to sil . Ci{ﬂﬂo
surfaces of the rod. silver the polished

In its application to scintillation counting the light guid h‘
taken a numbe.r of forms, and varies from a short ﬁrobge ; : '1;1'5
metre or two in diameter to one of two or three centimlgtlrel;
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diameter and several feet long. In all cases the crystal is cemented
at one end of the guide and the photomultiplier at the other, the
whole being surrounded by a light-proof outer covering. Some
degree of success has been achieved also with flexible guides.
When it is necessary to investigate the radioactive content of
small weak sources, O of sources emitting radiation of low
energy, it is possible to introduce the source inside the crystal.
An inorganic crystal is grown to a suitably large size and a hole
of, perhaps, one or two centimetres diameter is bored into it to
receive the radioactive samples. Such crystals provide an excel-
lent device for the radjoactive assay of liquids, but a simpler,
and often adequate, method for this purpose is the provision of
an annular bath surrounding a normal cylindrical crystal. Here
the radioactive source is made to surround the crystal instead of

vice versa. (Figure 2.)

open-topped container
which slips over

cylindrical hole
cylindrical (iysral

C rystal

Fig. 2. Sectional diagrams showing two methods used to improve the
degree of proximity of the source of radiation and the detecting

phosphor. By such methods as these it is possible to increase greatly
the efficiency of the detector and so to be able to assay very weak

sources.

The assay of extremely low energy B-particles has often pre-
sented a difficult problem, and the situation becomes even more
complex if the source is also a weak one. Recently, in the assay
of certain biologically important materials, this problem was
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solved by the neat meth i o be
od of dissolving the ance
’ > ne subst:
asi;lyed in a liquid phosphor. In this case (he ‘geomsetry’ ats it i
called, was so good that virtually 100 per cent of the ’emt‘tt ls
f itte

radjation was absorbed withi
. ith ..
detection efficiency. in the phosphor, giving a high

The Photomultiplier

Whether directly or through a li i
hos ) 2h a light guide, the li
En((i) rlzlll;rszzr;ll(:csta photoseqsxtwe surface in the phlgthotnﬁlolglpltil:
an electric field iﬁgs.f“",“ it. These electrons are accelerated by
where they give ri impinge upon a second seusitive surface
ber of eloctrons fl?hto the emission of a greatly increased num:
similar manmer a'n o ese electrons are in turn accelerated in 2
cess is repeated Al mpinge upon a third surface, where the pro-
acceleration are"n ln: mb?r of such stages of emission and
stage the numbez'1 fc;] ed in the photomultiplier and at each
lecting, electrod ot electrons is multiptied until the final, or col-
into ar;nplif rode receives a very large pulse. This pulse is led
ying apparatus and thence to ister where if i
recorded. a register where it is
Two types of photomultiplier are in co
. mmon use. -
sy oused e v ecopd by s Radi Corpraion
country by M I ‘Ir,)elir » non-focused type was developed in this
3) is fitted wi.th :a.s £ oo reiones, Ltd. The focused type (Figure
coated with a ph tenes of curved electrodes, or dynodes, each
oot A photosensitive material and so arranged th;t th
ctrons emitted at each dynode are focused on to the .
of the next in the series. In the linear type (Figure4) the dsurface
are composed of slats of metal arranged in venetian bli dynodes
electrons released from the surfaces are dragged betm form;
sla_ts upder the influence of an electric field and are ac‘c':velen o
to impinge upon the next dynode, multiplication bein eg_rated
as before. A fine-meshed grid is placed before each %tac e
screen the secondary electrons from the influence of thynode t'o,
field of the preceding stage, and so facilitates their ¢ elecuic
photograph showing two examples of the linear t ope A
multiplier is reproduced as Inset 20. ype of photo-
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Dynodas
Light incident

$\, S~ photocathode
Screen

Collecting clectrode
Fig. 3. The R.C.A. photomultiplier has curved dynodes so that the
electrons are not only multiplied at each surface, but are also
focused on to the surface of the next dynode in the series. Only
the first three, and last, dynodes are represented. '

semi-transparent

photocathode —__|)

—

Light incident l
rngm phosphor N%*

“ Dynodes 1,2and3 Collecting

electrode

Fig. 4. The EM.L photomultiplier has dynodes in the form of vene-
tian blinds. They are mounted in a line, the electrons in effect pass-

ing through each of them.

The use of electron focusing in the R.C.A. type makes it pecu-
fiarly sensitive tO the influence of magnetic fields. Even the
earth’s field is capable of disturbing its function when the tube
is placed in certain positions, The longitudinal, non-focused type
is relatively insensitive to magnetic fields, and it has been found
that with simple screening it is possible to operate such tubes
satisfactorily in the vicinity of transformers and in other situa-
tions where stray magnetic fields are encountered.
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In the focused type the electrons move in a uniform intense
electric field and they have a short, and constant, time of transit
from one dynode to the next. In the longitudinal type the
secondary electrons are released into the space between the
dynode slats, a region of low and unequal electric field intensity,
and their transit time is long and somewhat variable. Since this
variability occurs at every stage, the overall transit time of the
electrons shows a considerable ‘spread’ and if one pulse follows
closely upon another the two may merge and be registered as a
single pulse. Such merged pulses are said to be ‘unresolved’,
while those which are kept separate are said to be ‘resolved’
(Figure 5). The resolving time of a tube is the shortest interval
between two successive pulses which are registered separately.
That of the linear type is about 10-8 second (more than 10 mil-
lion times better than the human eye), while the focused type has

a resolving time more than 10 times shorter still, i.e. less than
10-9 second.

Resolved unresolved

Fig. 5. Resolved pulses appear separately, unresolved ones are ‘run
together’ and are counted as a single pulse.

Further Equipment

In addition to the phosphor and photomultiplier with or with-
out an intermediate light guide, the complete scintillation coun-
ter requires certain items of standard electronic equipment,some
of which are common to counters of other types. In the first
place, a very stable constant voltage has to be supplied to the
chain of resistors which divides the potential difference into the
necessary steps to supply each dynode with its correct electric
potential. This voltage is produced by a stabilized ‘power pack’.

The pulse of current collected from the last dynode (the
anode) is amplified before being passed to the recording device.
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Because of the short resolution time of both Phgﬁphlor‘ é‘;?’
photomultiplier, the amplifier must have correspon t‘f;i ;’l cloc
circuits. At one time it looked as i_f tbe more COffl;’::rlx ;nce of the
tronic equipment might well seta limit to the per. ¢ transistor
instrument as a whole, but the recent develppmzn oL
circuits solved the problem almost before 1.t h_z:i atrradi'a on it
When counting the pulses caused by the incl e}?i 1 arise fr(;m
is necessary to exclude the many smaller pulses :1" O efaces.
the spontaneous emission of electrons from thed'ition e be
Similarly it is necessary that heavily iomzing 1a ‘adiation if the
components of a heteroge
the rilative intensities of each component mt;asurslds'e from the
These requirements are met .by - gTh? ps n electronic
amplifier through a discrimma‘qng C{rcult. is 1fa eetron®
. rting out the required size of pulse from those
:e:ifii ;"f‘;os:\ the amplifier. It is as though each pulse were ‘trie
r

for size’ before being passed on. The acceptable size can, of

i i the user of the instrument; in many
be varied at will by ' . 3
COUX'S;,e can select either all pulses above a c'ertaxr-l npmmum or
Caslesthosc lying in the range between two given limits — the so-
on . . .
ll);d ‘channel’ discriminator. (Figure 6.)
caWhen the pulses have been sorted the selected ones pass to a

Pulse sizc——

Timeg——%

i - erimination between different sizes of pulse. If the dis-

Flgc}i?r;irlllettrr]gl:eitz level A, then all pulses of height less than A4
are ignored, and only those greater than A4 are counteFl. Ifa ch:‘i)r;_
nel discriminator is used, then only those pulses falhqg, eg. e
tween A and B are counted, not or'\\y smaller ones being :ggor
but also those such as X and Y which are larger than level B.
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scaling circuit where the ‘powers of ten’ are directed along differ”
ent channels for recording, the total number of pulses being
indicated visually or recorded graphically. Instead of this in-
tegral result it is quite easy to present the information as a ‘count
rate’ 5o that the number of pulses arriving in unit time can be
seen at a glance. Alternatively, in some applications, the result
can be more conveniently expressed in the form of a picture on
the screen of a cathode-ray tube. A complete scintillation count-
ing unit is shown in Inset 21. :

APPLICATIONS OF THE SCINTILLATION COUNTER

A scintillation counter is an assembly of apparatus the compon-
ents and arrangement of which can be varied to suit the need.
The technique as a whole is thus flexible. Its uses in research are
of many kinds, but it will be possible to touch briefly on most of
them.

Detection of Radiation

The mere detection of nuclear particles and radiations was
the earliest application of the scintillation technique. It is still
important, and some general notes on this use will be given first.

Alpha-particles can be detected with high efficiency with most
of the known phosphors. A very thin screen of the luminescent
material suitably mounted close to the window of the photo-
multiplier is robust and sensitive, and is also efficient for the
detection of protons and deuterons. Since all these particles pro-
duce in the inorganic phosphors much greater flashes than do
electrons or y-rays, they can be distinguished from them and
counted in a heavy background of 8- or y-radiation. .

The organic phosphors are commonly preferred for the detec-
tion of B-particles. Here care has to be taken to ensure that the
light shield surrounding the crystal is sufficiently thin to aljow
the S-particles to pass. In many cases it is preferable to give the
B-particles free access to the phosphor, as is done in the detec-
tion of «-particles. In some instances, as mentioned earlier, it is
€ven necessary to incorporate the source of B-particles within
the phosphor itself.
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Compared with other types of counter the' scintillation coun-
ter has a very high efficiency for the detection of y-rays. This
make$ it admirably suited for measurements on weak sources
and in applications where the detector cannot be brought near
to the radioactive material. Important fields are those of medi-
cine and geology. In the former it is necessz}ry to 1'.edx.n':e a tracer
dose to the smallest possible level, the ultimate lm}ltmg fac.tor
often being the efficiency of the detector. In geological applxca-
tions the advent of this highly sensitive detector has made it pos-
sible to make aerial surveys for radioacciivc ores where before it

to prospect on the ground. .
W%Is'lrllee c;:f::t);on %f npeutrdns has always presented a pecuha.r
problem because they carry no charge anfi hgnce are not pri-
marily ionizing. If the neutrors are ‘slow’, iLe. ff they are of lo:v
kinetic energy, they are able to d1'51.ntegrate hthlum.; thus c.rys'ta s
containing lithium are very sensttive to these partxclgs. thhlur.n
iodide activated with tin affords a method of detection tpat is
nearly 100 per cent efficient. Fast. neutrons release protons in the
presence of hydrogen. This is an important property since all the
organic phosphors are rich in hy(!rogep, agd the entering neu-
trons will thus release protons which give rise to lpmmescence.

The detection of mesons and other' ufxsta})le pamcles presents
its own problems,* and numerous scintillation instruments have
been designed for this purpose. Many of them ar.e used for the
study of cosmic rays, but recently the hc?ayy partxcles prOfluFed
by the larger accelerators have been investigated by similar

methods.

Spectrometry

If the radiation to be investigated is heterogeneous, it is often
of great importance to know over what bz.md or ?ands of the
energy spectrum the radiation spread's. 'It is also 1mportan§ to
know what proportion of the total radxz}non possesses a particu-
lar energy. Such information throws light on t_he processes by
which nuclear disintegrations take place, and it fac:hta'tcs the
detailed study of ‘extraneous’ radiation, such as the cosmic rays.

*See, for example, the article by R. M. Tennent in Science News 35.
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This quantitative analysis of a beam of radiation is called
spectrometry. ’
The spectrometry of the heavily ionizing particles such as
a-rays, fission fragments, deuterons, and protons is simple whed
an inorganic phosphor is used. Here the efliciency with which
the energy of the incident particle is converted into luminou$
phofons is fairly constant for particles of the same kind, so that
the intensity of the flash emitted is proportional to the energy
of the particle. The various sizes of luminous pulse are sorted
electronically, as already mentioned, and a graph is then Pl"tted
showing the number of particles in each range of energy.

The scintillation spectrometer has limitations when aPPIied
to 3-particles. It has a poor resolution at low energies, but satis-
factory results have been obtained at energies above 200 keVs
§nd a number of novel devices have been designed to improveé
its p.erformance. The proportional counter,.on the other hand,
bas in turn been improved, and the direct scintillation spectr®
meter may here have little to offer except where the 3-particles
are to be measured in coincidence with y-rays from the sameé
source.

Less direct applications are, however, being reported. A typi-
cal example may interest readers of the article by Barnett it
Science News 34. Here the B-rays of different energies were
separated by means of a magnetic analyser similar in principle
to the mass spectrometer, except that the extent to which the
tracks of the particles were bent was here dependent on the
velocities rather than on the masses of the particles. The detec~
tor was a phosphor which gave flashes proportional 1o the
energy of the incident particles. Thus it was possible to select for.
counting only those flashes approximately corresponding to the’
correct energy. Scattered particles and other sources of spurious
pulses were automatically ignored by a suitable setting of the
discriminator circuit.

The spectrometry of X-rays and y-rays poses a problem, since
the radiation can interact in more than one way with r:nattel'
through which it passes. For this reason, a mixture of y-rays of
comparatively few different energies may lead to quite a com-;
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plicated spectrum, often with overlapping peaks. The solution
to the problem is simplified by scintillation techniques. This is
especially so where the source is weak and where the component
of interest happens to be only a minute fraction of the total radia-
tion. Both calcium tungstate and thallium-activated sodium
iodide give rise to sharp peaks in a graph relating counting rate
to pulse height. The resolution in energy may be good enough
in a simple case to enable the spectrum to be sorted out. If this
fails, there is available a variant of the method in which the
pulses caused by a single process of interaction are separated
from those caused by others. The process selected is that in
which a y-ray photon collides with an electron in the manner of
a billiards ball, so-called Compton scattering. The means for
selection is provided by the short resolution in time which scin-
tillation counting provides. By using two crystals, suitably
placed, it is possible to count only ‘coincidences’ between flashes
caused in the first crystal by the incoming y-ray, and flashes
caused in the second crystal by electrons ejected from the first.
In that way, a spectrum is obtained in which there is only one
peak for each energy of y-rays.

The spectrometry of neutron beams, too, presents special
problems. The tin-activated lithium-iodide crystal mentioned
earlier as a detector gives poor results in spectrometry, but the
scintillations produced by the recoil protons released in organic
phosphors provide the basis of good-resolution neutron spectro-
metry. A number of neutron ‘telescopes’ using this principle
have been developed for use with the large particle-accelerators.
Jue of these, in use at Berkeley, California, employs four stil-
bene crystals in a line, the pulses from each being fed into triple
and quadruple coincidence circuits before being recorded.

Very High Energy Particles

Early studies of particles of very high energy were confined to
‘he investigation of cosmic rays, and gas counters and photo-
sraphic emulsions were the detectors normally used. Coincident
vith the re-establishment of the scintillation counter as a re-
iearch tool, the rapid development of the various particle-

B
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accelerators took place, so that the main weight of research it
this field swung from cosmic rays to supervoltage accelerators
and from the older methods of detection to those using the
scintillation technique,

The lines of research fall under two headings: scattering
experiments, where the elastic and inelastic interactions between
nuclear particles are studied, and meson experiments where the
interactions of these short-lived, quantized ‘pieces’ of nuclear
field are of interest. In scattering experiments observations aré
made to determine the absorption of the particles in matter, and
to measure the relationship between the energy of the particles
and the angle through which they are scattered in various ab-
sorbing materials. The study of mesons includes the measure-
ment of the number produced as a function of the atomic num-
ber of the target atoms, the energy and type of meson obtained,
and the degree of interaction of various mesons under different
conditions.

Scattering experiments employ scintillation ‘telescopes’ (i.e.
a number of phosphors in a line) of the type mentioned in con- |
nexion with the spectrometry of neutrons. The axis along which
the phosphors are mounted can be rotated so that the particles
arriving in any direction relative to that of the primary beam
can be studied. The ‘coincidence’ technique previously men- |
tioned is employed in the ‘telescope’ to enable the observer to
identify the particle. 1

|
Lead collimator Absorbers
v
Mesop.

P p P

noontala,
beam [lj ﬁj I /‘j ] ljj7
\Pho;}mulriphem/

P~ Stilbene crystals

Fig. 7. An arrangement of a series of separate counters in a row is

called a ‘telescope’. Absorbers are inserted to adjust the effective
range between detectors.
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The very specific decay properties of m‘:-.sgr:)s z;x:i :;ic:ntsc;
identify them even though they are accompanied by n immense
number of other particles. Apparatu's of this cla;lss,ovlv1 e
use of properties intrinsic to a particle, depen.ﬁsa“ he ability
of the scintillation counter to respond §pecxltcis iz o oo
separated by extremely short intervals of time. Lis In great oo
trast to the older equipment which measures or:n y e ol
properties. The proportional counter, for exampie,

used before 1948, often showed larger pulses caused by the back-

rticles under inves-
i e caused by the pa :
ground particles 1hah 157 les were more numerous in the

igation. and the unwanted partic he
;lagtailct)l(:;y perhaps, 100: 1. The enormous advantage of the scin
s »

. o ; oDOr-
tillation counter is thus obvious, but t‘hls is n?kt‘ :tllti] ;h:] ;;Xi n?sm
lution time so

. counter has a Jong resolutic ‘ m
tlcc:)rnr;a:lissible counting rate is relatively low, the.ustefu:Nci(t):rt)he
gble to be recorded thus being but a few per mlnl: :S. With the
scintillation counter, data which took sev'eral mon to ob!
can now be far more accurately recorded in a matter of days.
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Fig. 8. Diagram of apparatus used to study the decay of =-mesons.
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Suppose that X-rays of energy between 300 and 400 MeV fall
u.pon a target. Then n-mesons will be emitted at upproximatcly
right angles to the direction of the rays and will enter a suitably
placefi Fletector. In one form of apparatus this consists of an
allfxmmfmm absorber followed by the phosphor and pﬂotomulﬁ'
‘1; r:ecro?nczdw:ms:zgarate counters (Figure 8). These are connected

A p:;)smve 7-meson decays into a y-meson in about 2x 107
Zeic;r(x) ~,ﬁand the p-meson in turn decays into an electron in about
e causs::scc;nd.lThe entry of the 7-meson into the first phos-
ey s a pulse to be recordeq, the emission of the j-meson
ghves ise Lo second pulse, and similarly the production of the

1 Inturn gives rise to a third pulse. These pulses are timed
:tzzt'rzmcally and hence the process of meson decay can be
- ulree .th;\tbts}?rbers can be placed between the phosphors to
St 3ewfents to be recorded take place where they are
i aﬂe,ratl;1 g urther phosphor and photomuitiplier can be
oo tr:n erss(: r:wc; and connec.ted in ‘anticoincidence’ with
ing will not be re ev(vj ' ich passes right through without decay-
enzirvgl;ie)rg: forfthe production of a neutral r-meson by high
o : ays rom a synchr_ocyclotron was first obtained by
the use of a scintillation technique. These neutral mesons decay
nto two quanta of average energy about 100 MeV, and
although the primary particles cannot be detected, thes’e two’
y-Tay quanta produce scintillations by which their presence can
!)e recorded. By an appropriate arrangement of the phosphors
it has been shown that these quanta are emitted in pairs and
that no other ionizing particles are simultaneously emitted.
Mgasurements of the angular distribution provide data from
which the approximate mass of the initial particle can be de-

duced. This has been shown to be about
! the same a
e s st s the mass of

Nuclear Isomers

Many radioactive nuclei decay by B-emission, the positive
charge on the nucleus being thus increased by one unit. The
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nucleus so formed is of the element one place upwards in the
Periodic Table. Since the lost charge carried with it a negligible
mass the nuclear mass will remain unchanged, ie. the ‘mass
number’ is unchanged. Such a ‘new’ nucleus is called an isomer
of the parent nucleus. ‘ '
Many isomers are extremely unstable and decay with half-life
periods as small as 1072 second. That is, after one thousand-
millionth of a second half of a given quantity of the substance
will have disappeared. The decay of these rapidly disintegrat%ng
nuclei can be studied only by instruments capable of resolving
such minute periods of time, and the scintillatiqn coupter em-
ploying organic phosphors is the only one that is feasible. The
standard method employs two counters. One records the radia-
tion accompanying the formation of the isomer, and the‘oth.er
records the radiation emitted in its decay. The electronic cir-
cuits of the second counter are $0 arranged that they will oply
pass a pulse to the register after a definite, though m.n?ute? tm.]e
interval has elapsed since the passage of the pulse orlgxnatxng in
the first counter. These ‘delayed coincidence§‘ are plotted against
the delay time and hence the half-life of the isomer can be deter-

mined.
1000

100

Coincidences per minute

0 30 40 S0 60 70
pelay (x10785s)

Fig. 9. See text.
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The type of curve obtained is shown in Figure 9, where the
coincidence rate js plotted on a logarithmic scafe against the
delay time. As the delay time is increased, the rate of coincidence
on the graph is reduced linearly (i.e. the actual rate js falling
according to an exponential law). In the hypothetical example
shown the coincidence rate when the delay is 50 x 10-8 second
is 10 per minute. The rate is reduced to 5 per minute when the
delay is made 70 x 10-8 second, and thus in this case the half-
life of the isomer is 20 x 10-8 second.

Large Volume Counters

In the section on types of phosphors, it was pointed out that
the advent of the liquid organic phosphors made possible the
use of extremely large scintillation counters, Recent work has
been directed to exploiting this possibility, and it is likely that
the large volume liquid scintillators will throw light on problems
not approachable by other methods,

The spectrometry of very high energy electrons (greater than
1000 MeV), for example, requires massive expensive apparatus
if magnetic methods are to be used. It is well known, however,
that such electrons give rise to the formation of electron showers
On passage through matter, the total energy of such a particle
being finally degraded to that of numerous low-energy elec-
trons. These can be observed in flight, through the small amount
of (Cerenkov) radiation which they emit. Hence, if the shower
is formed in transparent material, its energy can, in principle,
be estimated. If the whole shower could be captured within a
single phosphor, and the light collected in photomultipliers, then
the size of the output pulses obtained would be proportional to
the energy of the particle initiating the shower, and the spectro-
metry of such super-energy particles would be possible. In recent
experiments designed to investigate the feasibility of this tech-
nique, scintillation probes were used within piles of plates of
various absorbing materials, and the distribution of the energy
within the shower, and the extent of the shower itself, were
studied. The results indicated that large-volume Cerenkov coun-
ters seemed to have definite possibilities and it was hoped that
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the spectrometry of electrons of energy as high as 10,000 MeV
might ultimately be possible.

Ign another sZriespof experiments a liquid phosphor of 300
litres volume and fitted with 90 photomultipliers was used. The
primary purpose of this apparatus was to detect that most
elusive of all nuclear particles, the neutrino. Such a I?rge detec-
tor is, of course, also admirably suited to the detection of rare
cosmic ray events and it has been used for this purpose. It must
also have a very high y-ray sensitivity and this fact _has pe'en
turned to good account in measuring the natural radxoac'tmty
of human beings. Determinations can be made in a few minutes
so that the counter offers a new method for the measurement of

this, and other, very low activity sources.

Medical Applications

Wherever the properties of radioactive substances make them
useful in the medical sciences, there will the many adva.ntages of
the scintillation counter be brought to bear on det‘ec’no.n prob-
lems, The particular advantages of the. ir}strum(.ent lie in its great
~v-ray sensitivity and in the fact that it is possible to make th.e
sensitive volume (i.e. the phosphor) very smal!, and .to mount it
at some distance from the associated electr.omf: equlpm'ent.

The many applications of nuclear physics in medlcme, and
hence of the scintillation counter, may be placed u? ?ne of two
groups: those where measurements are made clmlc.ally, ?nd
those where the measurements are part of laboraFory 1'nvest1.ga-
tions carried out on various body fluids and on bxologlca!ly‘nn-
portant substances. Perhaps the greatest impact of the scintilla-
tion counter in this field has been felt in tl?e first group of
applications, a number of tests being now possible which would
have been inconvenient with the older forms of detector.

It is well-known that iodine is selectively concentrat;d in the
thyroid gland. The rate at which this gland is capable,.m a par-
ticular case, of removing iodine from the blood stream is a direct
measure of its activity. In certain diagnostic tf,sts a s.mall quan-
tity of the radioactive isotope of iodine is injected {nto a vel.n
and the rate at which this accumulates in the thyroid gland is
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meaSgred by means of a detector placed over it. The advent of:
the highly sensitive scintiflation counter hag mc.tant that much‘
sma.lle'r Quantities of the isotope can be used

Sxmllarly other isotopes are used in the i;westigation of the
gﬁicxency inthe circulation in, for example, a limb. Either the’
150f0pe 1s injected into a vein at a remote s:ite and.the rate of ;
btuxtl;liup of radioactivity in the limb is observed, or it is injected ‘
z:he c;:r cs:ltlcz1 ttic(mee tfs(tied, and ifs rate of clearance therefrom by
tivity ot the o VxV):rede.tIntbotlh of these cases the increased sensi- |
experimentl techniqui(? or leads to a great simplification in the
phf)trfa;l :::Zn cmenuoned in connexion with large-volume phos-
o radioa;lfn‘ter has been built capable of recording the
i w;ty gf the body._ Such counters are useful io
St the ot d};tng or mgeste_d radioactive compounds. The use
e n e ‘e::itiofs would mv91ve prohibitively long counting
ot on eac l‘m mdu'al. Even if these massive scintillators are
ot aval 0 a particular laboratory, satisfactory ‘total body

N measurements can be made with instruments incor--

porating the larger crystals of the inorganic materials mentioned |
earlier.
tioIr:; la nr\;mbetx: of_mediczﬂ applicgtipns a detector having direc-
0 properties is required. This is achieved by surrounding

e sensitive volume by a mass of material opaque to the rays 10;
be de'tected: a suitable cylindrical hole in this material then.
effect}vely collimates the radiation and satisfactory direction~
ality is ?chieved (Figure 10). For a given sensitivity a crystal is
many times smaller than a Geiger counter so that the amount

Space for potential divider  Lead ¢ollimator

Hole for e
Cﬂb(C{_._)E: > AN (Yl%rgllgml
ﬂ— =N
Phosphor

Phototulriplier

Fig. 10. Sectional diagram of a directional scintillation counter
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of collimating material needed is correspondingly reduced. This
is an important point when it is realized that the common col-
limating material is lead and that most directiona} counters are
required to be mobile.

When radioactive iodine is introduced into the thyroid gland
via the blood stream, it is often of interest to determine whether
it has been concentrated in one part of the gland more than
another or whether all parts of the gland are equally active.
This is particularly important when a lump is felt: is the mass
functioning or not? The answer is given by means of a ‘topo-
graphical survey’ using a directional counter. The instrument
scans the area to be investigated and records the radioactivity
present at each point, the result being presented either as a pic-
ture on a cathode-ray screen, or as a recording on paper, or it
may be necessary to observe the count rate at each point and
record the results manually. Here the scintillation couater has,
by virtue of its sensitivity, made the automatic recording of such
surveys much easier, and the reduction in weight of the collima-
tor has made the mechanical arrangements much more simple.

In the case of radioactive phosphorus the radiations emitted
consist of B-particles only, and quite a small thickness of
material is capable of absorbing them. Thus areas of phosphorus
concentration cannot be located by detection of the 3-particles
unless the areas are on the surface of the body. The absorption
process, however, gives rise to the emission of low energy y-rays,
and, if these are detectable, the presence of the B-emitter can be
inferred. Again, the great sensitivity of the new counter hasmade
this possible.

The fact that the phosphor can be placed at the end of a probe
and the light piped back to the photomultiplier has led to the
possibility of measuring the intensity of radiation within body
cavities without the added complications of electrical leads,
which the use of other detectors would involve. Since the phos-
phor can be quite minute, satisfactory probes for use in locating
tumours in the brain have been made. Such tumours have been
found, in many cases, to absorb some substances to a greater
extent than the surrounding normal brain tissue, so that it is
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fmly necessary to label a suitable substance with a radioactiv®
isotope, administer it to the patient, and later locate the centre
of radioactivity in the brain, thus assisting the neurosurgeon i
locating the exact part to be removed,

In ‘the laboratory the medical applications are intimately
associated with the application of isotopic tracersto biochemical
problems in general. The particular advantages of the scintilla-

tion form of detector are again due to its sensitivity, stability,

anq robustness, and as regards the assay of body fluids for radio-
activity these advantages alone have resulted in a simplification
of technique, a saving of time and labour, and an increase i
accuracy. As an example the assay of radioactive jron in blood
samples may be quoted. When the older methods of measure-
ment were the only ones available, the blood had to be digested
to free the iron, the iron then had to be extracted and electro-

plated on to discs, and each disc had to be assayed separately by,

2 g-particle counter. It was only by this method that the minute
traces of radioactive iron could be accurately assayed. Now the
results which took some days to obtain can be accurately re-
corded in a matter of minutes without any preparation of the
sarr.lple. A paralle! case was that of the assay of plasma radio-
active iodine where the plasma samples had to be carefully dried
on discs b.efore assay; now they are rapidly counted in a minute
or two using a crystal with an annular sample chamber.

_ The detection of stray radiation, caused by inadequate screen-
ing of radioactive sources and by contamination, is of great
importance in the protection of personnel from the harmful
Fﬂects of nuclear radiation. Thus ‘monitors’, portable detecting
Instruments of as great a sensitivity as possible, are needed in
every laboratory using radioactive materials. The many advan-
tages of the scintillation counter have ensured that in this field,
also, the instrument is widely recognized as an advance on older
J?ethods. In one instrument recently described a large scintifla-
tu?n screen was mounted at such a distance from a photomulti-
plier that flashes occurring at any point on it were received by
the photocathode. The screen was provided with a rubber seal
around the edges so that when it was pressed on a flat surface,
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such as the floor or a bench top, stray light was excluded and any
scintillations due to surface contamination were immediately
detected,

CONCLUSION

This brief survey of the history, principles, construction, and
uses of the scintillation counter will have given some indication
of its importance in modern physics, and in the fields where
physics is applied. Since its return to favour it has had a meteoric
career, and is now one of the most valuable of all instruments.
Only an outline sketch of the subject has been possible, and
the following up of its many ramifications is left to the interest
of the reader., :

FURTHER READING

Birks, J. B. Scintillation Counters. London, Permagon Press, 1954.
Curran, S. C. Luminescence and the Scintillation Counter. London,
Butterworth, 1953.
Nucleonics, 12, No. 3 (March 1954),
These give a most useful survey, with numerous references to the
already impressive volume of literature on the subject. To each of
them, but especially to the first, the author made frequent reference

while preparing this article.
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The first thing to be decided is whether a nucleus in fact h?s
an exact size, and since nuclej are very nearly spherical, this
means an exact radjus. If nuclei really were like billiards balls,
only smaller, this would not be difficult, but there seems no good
reason why a nucleus should have a sharp boundary. It is much
more likely that the density of nuclear matter decreases with
increasing distance from the centre of the nucleus, so that the
nucleus fades away rather than breaks off. This is, of course, not
a problem peculiar to nuclear physics; a similar question arises
if we inquire about the height of the earth’s atmosphere, As a
matter of fact, the density of the electrons which surround the
nucleus of an atom does decrease in this manner, so that it is
not possible to speak even approximately of the radius of an
atom. On the other hand, in a nucleus the available evidence
indicates that the density of nuclear matter remains roughly
constant over most of the nuclear volume and then decreases
rapidly to zero. To a first approximation it is, in fact, possible
to work with an equivalent hypothetical nucleus of uniform
density, a real billiards bali. (See Figure 1.) Many experiments
actually cannot measure the detailed variation of the nuclear

80 there appeared in Science News an
ed a brief paragraph, headed ‘Sizes of
ust about everything that at the time was
the subject. Since then, however, a great
0 has come in of the most diverse charac-
h much remains to be discovered, we are
what we do know than we were three years

*1. Little, ‘Models of the Atomic Nucleus’, Science News 23 (1953).
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Even if a nucleus has then what may reasongblg’f bri:aZuring
radius, it does not follow that different metho Se  othod may
this radius will yield identical results. Thus on sure the radius
measure the average radius Ry, ano}her may mgan Fortunately
of the outermost limit of the density .dlStl‘lbut.lodi‘cation which
the theory of the experiment often gives an in
ius is being measured. . ) roups
ra(¥ﬁ: :rsxethodgs of measurement can be d ‘V'dff‘,o'g:oatrxfed. fn
according to whether nuclear or.elecFrlc medear sarticle, such
the former, the measuring probe is a light nunicle and this will
as a neutron, a proton, a deuteron or an “'pa:ons ir’l the nucleus.
interact with both the neutrons and the pro ally charged, their
Although some of these probes are .electrlc all);' much smaller
electric interaction with the nUCl_"'uS N g_enerln the latter, the
than their specifically nuclear mteraCtllOI: article, such as an
probe is an electrically charged “o,n'fluc ° t%nly with the elec-
electron or a p-meson, and this will m;friceutral neutrons. This
trically charged protons, but nf)t with t e'nformation about the
method therefore can never give al.l th? lcan give, it is likely to
nuclear density, but what information ‘“ocally. for we know so
give much more accurately and unequiv ’

nuclear ones.
much more about electric forces than about
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It had been established quite early in nuclear research tha¥
the density of nuclear matter varies very little from nucleus_ tﬁ,
nucleus. It then follows that the volume of a nucleus containio8
A particles—neutrons and protons—is proportional to 4, an&
hence the radius to 41/3. This fact is ex pressed by the law
R=r,4"3 x 10-13 centimetres (Eqn 1)
where r, is a constant for all nuclei, although, as we have seel}
above, different methods of measurement are likely to give
different values of this constant. It has been the purpos¢

recent experiments to confirm the above law and to establish the
value of the constant r,.

NUCLEAR METHODS ‘

Of the nuclear methods the most straightforward is undoubtedly
that which employs neutrons. In this method a beam of fa.?t5
neutrons is directed on to a sample of the material to be investi=,
gated, called the ‘target’, which partially absorbs and scattefs.
the beam so that the outcoming beam is less intense. The reduc-
tion in intensity is due to the fact that some of the neutrons,:
instead of passing straight through between the nuclei, have
interacted with them and have either been scattered by them
or been absorbed into them. In the former case the neutron just
changes direction, in the latter an unstable nucleus is formed,
which sooner or later decays with the emission of one or more
particles. In either case the neutron has been removed from
the beam.

Now if a beam of neutrons acted like bullets from a machine
gun, it would be easy to calculate the radius of the nuclei in the
target. Suppose that a fraction n of the incident beam has been
removed by the target, and suppose that the target has N atoms
per square centimetre. If the radius of the nucleus is R, then
each nucleus presents an effective area 7R? to the incoming
beam, and if the cross-sectional area of the beam is X , we have

n=NX=zR*/ X = NzR*, (Eqn 2)
As N is known and £ can be measured, R can be found.
I have said nothing so far about which radius is measured by
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this method. It is clear that the incident neutron will be affected
by a nucleus in the target if it comes within the nuclear forge
range of any neutron or proton. The range of nuclear force‘; ;s
admittedly short, of the order 2 x 10~13 centimetres; never b-
less the radius measured by this method should be larger h.y
roughly this amount than the nuclear radius pr.op‘er, a}nd ths
latter is the radius of the outermost limit of the distribution. ¥ve
would expect then to find a law of the type
R=r, A3+, (Eqn 3)

where b should be approximately 2x 10~ centimetres. This

represents the additional range of the nuclear forces. e
Unfortunately, however, our picture is grossly oversimplified.
Neutrons are not bullets. It is one of the most fundamental facts
of modern physics that all particles also have wave aspect's.l In
consequence neutrons which, if they were purely_ par.uc t;s,
would miss a nucleus, may be deflected by diffraction, in the
same way in which a light wave is diffracted round an obstacle.
Thus the effective area which each nucleus pr.&se'nts to an
incoming neutron is much greater than #R* It variesin a c:r:l;
plicated manner with the energy of the peutron, be’mfg n:' .
greater for smaller energies and decreasing to 2zR?* for very
large energies. To be able to interpret the experiments simply, X
is therefore necessary to use very fast neuirons, of e.ne;gne-
greater than 50 MeV.* But at those ene.rgles the nuclei t tel;:t
selves are partially transparent to the incident geutrons, sno o
a neutron may pass right through a pucleus without being j
flected. This reduces the effective area of the nucleus by an un
known amount. The most reliable results have thereforebzec‘:,t’l
obtained at somewhat lower energies, mainly at 14 and 25 :n(i
The most complete are those of J. H. C_oon,‘ E. R. Graves and
H. H. Barschall of the University of California. When Equa
2 has been corrected for diffraction effects, 1t can be written
R=ynr[cNr, (Eqn 4)

*] MeV is the energy acquired by an electron when accelerated

through a potential difference of 1 million volts.
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gradient r,. The experimental results have been plotted in Figure
2. It is clear that the points jie roughly on a straight line, so that
the assumption contained in Equation 1 is very approximately
correct, but that there is a considerable latitude in the fitting of

pends on the energy of the incident
ards 2 for very large energies. The
8y has been evaluated under certain
¥ V. F. Weisskopf and H. Feshbach

clei that the radius is proportional to
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o of the latter equation. A plot of R against
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= 0.1 and that
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action which is added to the puclear one. terpreting the results
F. Rohrlich of Princeton University in “}n ro=142,and G. W.
of the scattering of 18.6 MeV ,‘)rmons_obta.'t oof Washington find
Farwell and H. E. Wagner of the Uqlversfl g articles of energies
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varying from (3 to 42 MeV yiel,d o= - results are generally
high as r,=1.8. The uncertainties in these the difficulties that
not due to experimental inaccuracies but 1:; made in applying
arise and the approximations that hav_e of the experimental
mathematical theory to the interpretation o very incomplete
results, A further uncertainty arises from .
ces. ioactive
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in on Figure 3.
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inside the nucleus is like 5 ball-bearing rolling in a saucer. Fitl
the ball-bearing has enough kinetic energy to go over the
of the saucer, in which case j
i case it will roll about the saucer for ever. (We pe,

N our analogy.) The energy E of the a-particle is cé
tainly as drawn in Figure 3, i.e. it is insufficient to surmount

barrier. However, according to the laws of wave mechanics U9
a particle has a small though definite chance of ‘tunpe.lll 2
through the barrier and appearing on the other side. This is
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ELECTRIC METHODS

We next turn our attention to electric methods, By far the most
important of these is the scattering of very fast electrons b)‘
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, king at the
atomic nuclei. This is basically eqmvalenzotlc\)'itllzopwgfer of a
nuclei through a microscope. Now the rfethe light used, i.e. it
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ence wavelength* — and the total energy, E, { the electron, mc?,
latter is made up of the rest-mass energytoif E is measured in
and of its kinetic energy. It turns out that,
MeV, we can write (very nearly)

n5)
A=A/ NV EE*-1). (Eq
We can then construct the following tabllw
E (MeV) 1 20 50 100 1
2
} A(10-Bem) 220 10 4
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1 v d
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n e 32,
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magnetic results. It lies essentially in the different character of
the nuclear and electric forces. Although the nuclear forces are
very strong, their range, as has been pointed out, is exceedingly
short, of order 2 x 10~ 13 centimetres, which is only a fraction of
the nuclear radius. It was because of thjs fact that we came to
the conclusion that nuclear methods measured the radius of ¢he
outermost limit of the distribution. The range of electric forces
on the other hand is practically infinite, and certainly extends to
distances hundreds of thousands of times as great as the range
of nuclear forces.* In consequence the effect on the electrons is
an average one, due to all the protons in the nucleus, and hence
the radius measured is also an average one.

The experiments yield a value r,=120+0.05, and possible
charge distributions which will fit the experimental results are
shown in Figure 4. The distribution with the dip at the centre

=
£
=
=

o

Distance from centre
of nucleus

Fig.4. Two possible distributions of the electric charge in the nucleus.

gives a slightly better fit to the data, although not sufficiently
better to make it possible to distinguish definitely between the
two possibilities. It is actually quite likely that because of the
electrostatic repulsion between the protons, these will tend to
push each other outwards, leaving a lower density of charge at
the centre.

Another method depends on the so-called isotope shift. Iso-
topes are atoms with the same number of protons but a different
number of neutrons. They are chemically indistinguishable, and

*The electrons in the outer atom are certainly influenced by the
electric forces of the nucleus, and the linear dimensions of an atom
are of the order of 108 centimetres.
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therefore normally occur as a mixture. Now the energies of the
electrons in an atom are determined by the nuclear charge dis-
tribution, and if we consider two atoms whose nuclei each have
the same number of protons, but one has one or two more
f€utrons than the other, then the corresponding electron
energies will differ very slightly. The difference, which shows up
a5 a splitting of a spectral line, is exceedingly small, but being
Measured by spectroscopic methods — than which there are
Probably no more accurate methods in physics — it is just det_ect-
able. From this tiny energy difference it is possible to obtain a
Measure of the increase in nuclear volume caused by the pre-
Sence of the extra neutrons, and hence of the nuclear radius.
Most of the experiments have been done by P. Brix and H. Kop-
rmann in Géttingen. These, too, can be fitted very well with

‘ re=1.2.

An interesting method that has been developed recent_ly fie'
Pends on the use of u-mesons. These particles are very similar
1N many ways to electrons, except that they are about 209 times
heavier, 1 they are captured by atoms, they perform orbits, just
35 electrons do, except that because of their greater mass the
fadii of these orbits are 200 times smaller. This brings them very.
close to the surface of the nucleus, so that the energy of a
H-Meson in an orbit depends very sensitively on the nucl;ar
Tadius. The effect is much greater than that of the isotope shift,
b}“ unfortunately the accuracy of measurement is much less
*Iice y-mesonic atoms are not easy to produce, and are ex-
tremely short-lived. In the same way that ordinary atoms emit
light of definite wavelengths, a u-mesonic atom emits X-rays,
and the Wwavelength of the X-rays determines the nuclear radius.

XPeriments along these lines have been performed by V.L.
"eh and 5. Rainwater of Columbia University, and these give
Values of r, close to 1.2,

Lastly we can obtain a value of r, from the amount of energy
§tored in a nucleus, This quantity was referred to as E by Little
™ his article, 1t contained, as he pointed out, a term due to tpe
T®Dulsion energy of the protons, which is a form of potential
®RETRY. The electrostatic potential energy between two protons,
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which are distance » apart, is well known to be &*/r. If

then consider the botential energy of cach of the Z protons of:
nucleus in the field of the other 7 i

will be directly Proportional to 2
tional 1o their mean distance 3
An exact caleulation shows t
eaergy term is actually given by

3Z2(Z ~ 13e*/ 3R,

Clearly 3/(5R.) is the qQuantity calied o by Little.* It is found by
fitting the complete formula for £ to the experimental value$
for the stable nuclei, and the resulting valye of Fois ry=1.22.
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{2~ De® and inversely propofs
part, which is of the order R:{(
hat the electrostatic potenti ?

MIRROR NuUcLEl

iscredited, it must be mentioned

here, since it held the field for so long,

Among the light nucte; t
same odd number, say 2M |, of particles, but one of them has
M protons and M + 1 neutrons, while t
tons and M neutrons. A
Such nuclei are calfied
one is always f-ra
now be shown,

As far as the first M

two mirrar nuclei are

mirror nuclei, and of two mirror fzuc!F;
dioactive ang decays into the other, This wil

Protons and M neutrons are concr:‘mc‘}:
quite identical. But if the last particle I8

Sponding last neutron, F
two mirror nuclej d
ton decaying into 3
energy given out in
the efectrostatic pot
field of the other p

O that reason the proton-richer of the
€cays into the neutron-richer, the last pro-
fieliron with the emission of a positron. The
this radivactive decay must just be equal t0
catial energy that the tast proton had in fh°
rotons before the decay. On the assumption

*Little replaced Z(Z~1)by 2% The difference iz not significant.

here are pairs which consist of the -

he other has M + 1 pro-.
typical example is the pair N**and 0%

electrogtatically by the other protons and
ess firmly bound 1o the nucleus than a corres
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icular placen
that the chance of finding this Jast proton at at g:’t;l; tonp ace n
the nucleus is the same as that for anyb ove B alnated
Bucleus, the potential energy referred to abo
a be -
s oo E=6Me*f5Ru {Eq

. nd a plot of

The energy E can be determined ex;?enmfmla;ggthe gradient
£ against A~ /3 should then be a straight line,
of which we can find r,. . ints lie on a

It is certainly found that the exper. m,‘egt:;:tf;x: on this line
Straight line, in fact the accuracy with whic found is 1.46. As this
is quite remarkable; but the value of r, tbus.t must be compared
is the result of an electric measurement, i rethods, The dis-
with the values obtained by other electr :: rong?
€repancy is considerable. What has gone estion is rather com-

Although the complete answer to this qunce The assumption
Plicated, a partial answer can be given at otbe. last proton at a
made earlier about the chance of ﬁndl?% wrong. Just because
given place in the nucleus is almost ge{talg yone that s the least
this is the one proton that decays, it is tl ° <, while our previous
firmly bound of all the protons in thc‘m]ctl‘:ut it was just as firmly
assumption was equivalent to assuming tais taken of this, then
bound as all the other protons, If accoun t smaller than before.
the nuclear radius must certainly come ‘Z!“ mental approach by
Recently a much more exact and fundan fact, shown that 2
D. C. Peaslee of Columbia University has, in he evidence from
vajluc; reil 2 is at least not in conftict with the

p=1.

mirror nuclei,

THEORETICAL TREATMENT

3 tal
. e experimen
An interesting theoretical confirmation of th

n and B, Teller
results has recently been given by MilH;;:zf’enfLy in which we
of the University of California. In the tential energy well
described the o-particle as being.hﬂm - p: and protons being
(see Figure 3), we can also describe ngut:;g: we are now dealing

. ’ nly difference s - a proton
he%i} m %: Igi‘:‘:ﬁiigge;mymmi energy of a neutron ora p
with a sta 2
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in such a nucleus must therefor .
en NP ¢ ¢ be less th i
tu;;geﬁiitgl&ﬁr‘;“ehseparatxor.l. Only in this i;latyhz:: rt;::xioggl::
Since a neut;lfn .the barrier.
until it comes with; uncharged, it is not affected by a nucle®
energy curve is theref range of the nuclear forces. Its potenti?
add to this the elec:rore as in Figure 5a. For protons we have t
all distances, becaUSe?,Sta}tllc potential energy; this is positive
are positively charged oth the proton and the rest of the nucleus
potential energy o% thzn;thoor:Pel ;ach other. The electrostati¢
total potenti is shown in Fi e
obtainid b tla; energy of the proton in Fi ugrl;reS > al:{dhthis
y adding the two previous curves ] ¢, whic

v
v 14

TS
@ o ’

'g. s T te lia energy V as ct he distance ’ t]
Fi . he potien ton
1 4 as a fun 1on of t
the centre of thc nuClCus fOI (a) a neutron in a nucleus (C) a FI

in a nucleus. In (b)

- the purel
e ely el ; .
nergy of a proton in a nllclegs jsegcit;:;tanc part of the potentlal

Itis now a co

; nsequence of

certain energi d wave mechanics t

and that theie:a‘:}:tcl?yabpanide held in such f;a::‘ﬁff:azf;:‘f;:z

the well. If we imagine that se particle with any gi X

first particle 2;?: gine that we are filling up Suc&}!}i‘\":rhenergyllﬂ

the next, and so o‘:t(i; the lowest energy level, the :e c’ th;n.tt:
. Because of the sloping wall of the well

b4

M t C y g r 1nst e, an
al
l s ur alent to the faCt that fori
¥ a llelllatl thlS 18 & \'} s ance,

organ pipe can only emi
y emit certaj
tones, but no others. rtain notes, the fundamental and the over-

arti .
fh ;txcle§ with higher energy can sprea
se with lower energy.

energeti
nuclﬁztlc proton and the most energetic
s must have very nearly the same €n
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d further outwards than

d to prove that the most
peutron in 2 stable
ergy. This is because
by which 2 proton can

T
© complete the argument we procee

of
the phenomenon of B-radioactivity,

Proton
porennal energy

ensities for protons and neutrons in-

Fig. 6. Potential energies and d ;
ohnson and E. Teller, Physi-

side a nucleus. (Redrawn from M. H. 1
cal Review, 93, 357, 1954.)

emission of 2 positron, and a
mission of an electron, if such
e this means that if,
tic than the most

change into a neutron with the
neutron into a proton with the €
a change is energetically possible. I8 practic
say, the most energetic proton is more energe
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energetic n .
of a Posit:c:ﬁrggst will change into a neutron with the emi
g;lgzeus by deﬁnitiosx:)ri!;enzrie;gy’dand vice versa. As ® 7 .
on a . -radi i g
energy.* nd neutron in a stable nuoc?::: er’n:xt: lr:':\?lset :l:f
In Figure 6 the i |

protons have b potential energy curves
energy level Eeoefntgmwn on the same diagra‘f\ tthoe ;‘;:e?:)v?tsh
this it is possible te st energetic proton and ﬁeutron
neutron densities Tg_d§duce the variation of the rotc;n 2
~ We see at once th is s done in the lower half of the Bgure: %
I a nucleus, () theat (a) there are more neutrons than proto- i
proton density, and ( neutron density goes further out thas
All these facts are b <) the proton density has a dip in th miﬂdleg
that we have her orne out by experiment. It shf))ulld be notic ]
B, S e
ear met ger radiu i Tbe
distribution.h';:iss measure the Outerm(s)stth;zm?tlegffnt;onesﬁtro;
tween the mean r l;-lmpmtam, because the mere di Cren be-

adius and the radius of the oeurteen:f)es:e]?:it o

the same distri
- stribution i .
experiment |1 on s ualikely to be of the order required by

CONCLUSION
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+]
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I
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ontra I WEV y a Strlkl g H
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n the resul i
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much lie in the
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to perfect agre:rgds is almost suspiciousl The agreement amon
ent in nuclear physics };‘g;;o:; onefis not us
) ue, of course, {0

the fact that ;
there is li
The vaguen ittle we do not
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of the results obtained by ?\:::lll:: lecmtc, it
r methods re-

*More detai
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ence between th erations show th,
e m A ata
ost energetic protqg andv::y : mall energy differ-
utron is permissible
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ts our ignorance of nuclear f
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1 N}{”e added in proof. Recent
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merican Journal of Physics, 22,

ly Feshbach and Weisskopf have

Barschall’s results and have ob-
r=1.45. (See H H. Barschall,

517, 1954.)



SULPHUR IN PICTURES

SULPHUR is one of the twelve most abundant chemical eiv
ments; there is more of it in the earth’s crust than, for examPle’
of aluminium, chiorine, or calcium, noue of which are regar

as scarce. It is also one of the few elements, apart from the
atmospheric gases, which are found on an appreciable scale 88
the free element. Further, since it melts at 113-115° C, it cas be
extracted, when overlain by a dome of pressure-resistant rock,
by using a piped supply of superheated water to melt the sul
phur, and air under pressure to drive it to the surface; this is the
Frasch method, introduced in 1891. But for these two facts, it
is unlikely that there would at any time have been talk of 2
shortage of sulphur; the ease with which the limited, suitable
supplies can be exploited in this way has been too great.

Most of this ‘easy’ sulphur comes from Texas and Louisiana
in the United States, and, for reasons not wholly connected with
normal supply and consumption, it was decided in 1951 by that
country that both internal consumption and export should be
restricted. Although there was nothing basically new in the
situation, the result was a sulphur panic which in greater or less
degree affected most countries. The reason for this was the
heavy dependence of the chemical industry on sulphuric acid,
coupled with the need of other industries, notably rayon, fof
sulphur‘as §uch. Figur.e 1 shows the course of sulphuric ’acid
prodl'mtlon in Great Britain from 1925 onwards; apart from the
erratic movements of 1925 to 1933, the curve corresponds with
a growth-ra}te at about 4 per cent compound interest. The
accompanying photographs, to which these notes are a supplé-
ment, illustrate the course of events since 1951.

The et ot e spetimen e O T e et

e’ es from Sicily is a reminder that
;hls 11sland was the great historic source of sulphur. Except for
Ig::scgo;lzltl}?;gt;lo;’ st:lf;e? cllmng of SUIP hur by other than the

ed by comparison during more than 2

Sulphur in Pictures 61
generation. As well as Sicily and Italy, rock sulphur js worked
o 3 number of countries. The most important sources are de-
Positsathighaltitudes in the Andes,and others in Japan. Produc-
tion is, in general, well below capacity. The future use of these
deposits probably depends mainly on improvements in methods
of extraction, on which research and development are proceed-
Ing. There are several claims of ability to produce in competi-
tion with Frasch-method sulphur, and these ar¢ about to be put
to practical test.

2000
1900
1800
1700
1600

1400

Thousand tons per annum
o
Qo
o

700

o 1955

1945 1950

1930 lgas 1940
ar shown

Three-year averuge ending inye
1 Great Britain-

1925

Fig. 1. Sulphuric acid production i

_s) illustrates
The following group of photographs (Inseté S)thlguFrasch
developments in the production of sulphur ty
method. The most recent of these developmen
addition of production from Mexican su

; tput nOW
from the United States. In round figures, Mexicall outp

i S., and will prolong
wuepls, Tn (e s Ay lzrzlk::ruami more impottant

Supplies. In the same period, f
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discoveries were made in Louisiana. These reached full pro®
tion early last year, and have restored the American posi o
Reservesare variously estimated to cover the present rate of pi
duction during a period of about 10 to 20 years. In practicéi§
tailing off may be expected, which may be made good by Mexig
An off-shore sulphur dome in the Gulf of Mexico is now 8%
being examined. :

Elemental sulphur extracted by the Frasch method is &
pected to account for some 43 per cent of total production
1956, with a further about 3 per cent contributed by other nati

sulphur. An approximately equal guantity is contributed
sulphur in chemically combined ores, of which pyrites (ir
disulphide) is the most important on a world basis. Compar
with 46 per cent from elemental sulphur, 47 per cent is estimatet
to come from sulphur in chemically combined ores. The balanc
of about 7 per cent comes from so-called ‘recovered sulphur}
which includes sulphur from materials, notably petroleunf
natural gas, and coal, which are not primarily thought of
sources of this element. None the less, if these subsidiary source8
could be fully utilized, they would come close to meeting toté
world requirements. Although this is essentially a paper calculd '
tion, it suggests’ th.e scope which exists for improvement.
In Great Bntgm, the‘ only considerable source of sulphul
apart from coal, is the mineral aqhydritc (calcium sulphate), af
the next_ group of photographs illusirates production from thif
soutrcg, l"flo‘:-v?l:zh fh;_re has been recent development. As a ra¥
g‘;::;s or ::‘?s‘;:gc:izuilihu'r;c acid, the value of anhydri¥
quantity of cement clinker Theo‘:(l demand for a roughly ca
IRer. process used consists in heatid}
an accurately proportioned mixture of I
materials containing carbon, silica, ajum
The sulphate part of the anhydrite is red
O-ferrate and silicates of calciuny

These reactions are carried out ;
ctior tin a long rot iln, 1 o
end of which is fed a dried, crushed oot i, i o

of the raw materials, while t

alcium sulphate witl
ina, and ferric oxid¢
uced to sulphur dioxid®

-
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pulverized coal. The output of sulphur dioxide is cleaned gnd
converted into sulphuric acid by the ‘contact’ process, in which
sulphur dioxide is oxidized to trioxide in the presence of a cata-
lyst, and the trioxide is absorbed in already made acid. .
Kilns installed at the Billingham works of Imperial Chemical
Industries, Ltd, before the war are now producing about
100,000 tons of acid anaually from anhydrite mined on the site.
This rate of output has been more than quadrupled by three
recent developments. An extension to the Billingham plant has
raised output there to 175,000 tons; the newly completed. plant
of Solway Chemicals, Ltd, at Whitchaven has a capacity of
90,000 tons of acid, the anhydrite being mined locally, as at
Billingham; and the Widnes plant of the United Sulphun.c Acfxd
Corporation, Ltd, formed by a group of users of sulphuric acixd,
will have a capacity of 148,000 tons of acid. These ﬁggres, which
total 413,000 tons, may be compared with a total Brlt}sh produc-
tion of a little over 2,000,000 tons of sulphuric acid from ‘all
sources during 1954. Inset 6 and 7 show opgrations in the mining
of anhydrite at Billingham; Inset 8, sections of a rotary kxl:
during installation at Whitehaven; and Inset 9, a con:lplete
rotary kiln at Widnes, together with the plant for fgedmg fhe
prepared raw material into the Kiln. As well as thfs .use in m_akmg
sulphuric acid, much anhydrite is also used at Blllmgharp in the
direct production of ammonium sulphate f'or use as a n_nroge;—
containing fertilizer. Finely ground anhydrite (InseF 10) is m;]x
with ammonium carbonate solution, and ammonium sulpi -ate
is obtained by direct reaction. In so far as .the sulphat? 'm01er
is necessary to the distribution of ammonia-type fer(tilhzen;is in
acceptable form, the result is equivalent to an increased produc-
tion of sulphuric acid.
Ona wol;ld-scale, pyrites, as has been stated, n}akes bl); xf::: ::t}:
biggest contribution to sulphur supplies, apart r?;'lsesource 2l
sulphur. The proportion eSt'ima:eg ;:rcg?; f;:;ﬂ” ;er urce
1956 is 35 per cent; that estimated 10 .
GreatsBr?t:in, it has been recent policy tp mcreas; ftl';e Fr\lxs?tble;'
of pyrites-roasting plants, as of plants using anhy orc;el:n pyrites
shows pyrites mining in Spain, and Inset 12 a2 m
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roaster. [t seems probable that more than 30 per cent of British
sulphuric acid may now be obtained from pyrites. Productiod
from zinc blende (zinc sulphide) is chemically analogous, b',t
with the difference that the proportion of sulphur in the oré 18
lower, and that zinc is the primary product, so that output I8
limited by zinc requirements. )
Most of the remaining pictures arc devoted to so-called
recovery processes. Both in the case of petroleum products an
coal the biggest recovery has come so far from the requiremt’ant

that gas for public supply must be free from sulphur becausé .

of the sulphur dioxide formed in combustion. Thus in the petro-
leum industry, in 1953, nearly two-thirds of the sulphur re:

covered came from natural gas, and little more than one-third -

from petroleum as such. In the United Statcs, the largest sources
of natural gas are in western Texas, New Mexico,and Wyoming.
Some of these sources are free from hydrogen sulphide, others
yield gas containing as much as 42 per cent by volume, Inset 13
shows a recent extension to the sulphur recovery plant at Jump-
ing Pound in Alberta, Canada, where the gas contains about 9
per cent of hydrogen sulphide.

Petroleum offers a potentially bigger source of sulphur, be-
cause of the greater quantity used. The sulphur content of crudeé
oil ranges from about 1.5 to 5 per cent according to origin. The
difficulty is that the sulphur is chemically combined with the
bydrocarbons of the petroleum. Hence it cannot be recoveres,
if the crude oil is merely separated into fractions by distillation-
Chemical processes such as catalytic cracking and hydrogena-
tion lend themselves to sulphur recovery, and because the use of
these processes is increasing, so also is sulphur recovery. Inset 14
shows a recov.ery unit at the Stanlow Chemical Plant. The total
annual capacity of British plants for the recovery of sulphur
from petroleum is now around 35000 tons, compared with
about 100,000 tons in the United States. ’

Coal co'n.tains a variable amount of sulphur; the average con-
tent of British seams now worked is about 1.5 per cent. For the
?ee}son already given, the most important channel of recovery
is in the production of gas for public supply. In the usual pro-
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13, Sulphur from natural gas: (rom o dailv output of 60 miflion
cubte feet of natural gas at Jumping Pound. Alberta. 80 tons a iy
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PEANT MOVMEMENTS

fiici: ama I e

23 Photobopinm and seotopisnn, ihistrated i bean plants: Jeft.
normals conpre, bean plants cxposed for 24 fours 1o vers weak ute
Faterad themmation Trom the vighit, toswards which the plants ben
tphototropma: wrehir bean plants placed o the horizontal pU\?“”n
for 24 hows e bending towards the sertieal tpeotrapisitl.

26. Mimosa spegazziniis lefi unstimulated plant; conrre, same plan!
some S seconds atter stimulation thy touchy of the left top leal. whiceh
is now folded: right, sume plant U minute alter further stinalation
this time by heat apphicd with o match (o the end of the feaf.
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Cess, the gas is passed through iron oxide (hydrated ferric oxide)

Supported on wooden grids in long rectangular boxes. The oxide
Is converted into sulphide; and, if the gas is accompanied by a
small proportion of air, sulphur is liberated from the sulphide.
Inset 15 shows an array of these boxes at the Beckton gas works;
the building behind them contains a further two-tiex unit, which
enables space to be saved. A further channel of recovery is by
the treatment of the gas obtained from coke ovens in the making
of metallurgical coke, notably for use in the iron and steel indus-
try. Here the gas is used mainfy in the same works, and there is
an advantage, but not a requirement, that it be freed from sul-
phur. Inset 16 shows a plant that has been completed recently at
the Corby steelworks. This uses the Collin process in which the
hydrogen sulphide is selectively absorbed by quick ‘scrubbing’
with ammonia liquor, from which the hydrogen sulphide, but
not the ammonia, is later driven off. The hydrogen sulphide is
used to make sulphuric acid in the plant shown in the left of the
picture. The annual output is about 10,000 tons of acid, which
represents some 3,000 tons of sulphur. It has been estimated
that 67,000 tons of sulphur are wasted annually in Great Britain
by burning coke-oven gas without purification, of which up-
wards of 20,000 tons is contained in gas which is produced on a
large enough scale for recovery to be practicable. However,
neither in gas works nor in industrial carbonization does re-
covery of sulphur from the gas mean that the whole of the sul-
phur has been recovered; the proportion of sulphur in coke is
much the same as that in the coal from which it is made, and
from 60 to 70 per cent of the weight of the coal remains as coke.

The removal of sulphur from the gases produced in the burn-
ing of coal and of solid fuels made from it is? (ht}s a potential!y
bigger source of recovery than anythiqg which is now done in
gas works or may be done in the future in the tresinment of coke-
oven gas. This is a more formidable problem, if only because
the volume of gas to be treated is greater, and no general solu-
tion seems in immediate sight. [n 0ne method, used at the; Bat.ter-
sea pOWer station, the combustion gases are washed with river
water to which small quantities of chalk are added. With this

C
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method, sulphur is removed — at a price - but is not 1€ |
Inset 17 illustrates an alternative process, in which the suiP
dioxide is absorbed by ammoniacal liquor and fecovc.n‘_
Although this method is to be given a full-scalc trial at Non:)ni.;
ham, it has been pointed out that present supplies of amm nei
acal liquor would suffice for the treatment of only ?bolﬂ i
sixth of the combustion gases produced by powert statl.OHS- :
ever, the primary interest of electricity authorities is 10 gene

ing electricity, and it may be doubted if the approach 10 =
problem has yet been wide enough. jan!

The remaining picture (Inset 18) shows the jaboratory P ol
used at the Chemical Research Laboratory, Teddington, for I s
continuous culture of sulphate-reducing micro-orgamﬁms' X ‘5
hydrogen gas as the reducing agent. As was reported 10 Scien 6;
News 34 (p. 119), ‘for the process to be economic on 2 1““”,
scale, it would be necessary that a cheap and plentiful suPP )
of hydrogen should be available; or, alternatively, that @ con:
tinuous process should be worked out for the breaking do ed"’
into hydrogen and sulphur of the hydrogen sulphide extract
from the culture chamber, so that the hydrogen could be use.
again °. Since neither condition is immediately satisfied, the pro”
cess remains rather as an interesting possibility than an jmme-
diate contribution to sulphur supplies.

In sum, therefore, it may be said that, while ‘easy’ (Frasch)
sulphur has attractions so long as it lasts, there is both a genef
and a national advantage in limiting pressure on supplies:
possibilities of rock sulphur are by no means exhausted, SUP”
plies of sulphur-containing minerals are plentiful, and the X
tent of recovery from petroleum and coal is likely to be progres’
sively increased, if not spectacularly.
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A Survey af the Sulphur and Sulphuric Acid Position by R. Ash-
ton, A.L.Thorogood, and D.Neville-Jones (Londan, H.M.S.0,
1952) gives a useful survey of the position, primarily in relatiop'to
Great Britain, as it appeared at the time of the recent sulphur ‘crisis’.

The Quarterly Budletin, formerly issued by the Sulphur Explora-
fion Syndicate, and now continued under the name of the British Sui-
Phur Corporation, Ltd, provides a general source of information on
world sulphur, including methods of extraction.

~ "On the problems of sulphur recovery, seé:
Special Stud y of Sulphur Removal and Recovery from Fuels.

London, The Institute of Fuel, 1954.
A W.H
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Two forms of fluidization can be distinguished. In the afor®
mentioned case the air at first ‘bubbles’ through the solid bed.m-i
a way similar to the bubbling of a gas through a liquid. WI*.
increased air velocity the bubbling becomes more violent, 88%.
‘s.treams’ and ‘ribbons’ of the solid are ejected to considerabl®:
d\§(afsccs above the bed before returning to it and before tf'-‘f;
fiuidization begins. This is the so-called ‘aggregate fluidization”:
If, however, instead of air or gas, a liquid, say, water, is used 8.
the fluidizing agent, the oscillation of each solid particle in-
creases in velocity and extent as the bed expands. The P‘""’Sity
of the bed increases accordingly, and finally each particle, us
hindered by the others, behaves like an individual, This is calle?;
‘particulate fluidization’. :

It may now be asked, what practical purpose does all this:
serve? The general answer to this question is that fluidizin8
technique has caused a sort of mild revolution in applied chemis”.
trY and engineering. In the first place one can imagine the use ok
this technique for the distribution of all kinds of goods.

column of an adequate size and shape can store and distribute

by aeration & great variety of materials, such as grain, flout.

Fluidization ' 7

$0ap powder, cement, etc. Indeed, in the United States, such
Methods have recently been adopted and carried out on a large
scale. Specially constructed railway-cars transport those pro-
ducts. They are fitted with piping and compressed air cylinders
and travel as self-contained units. The goods, shipped in bulk,
are packed so tightly as to be able to support the weight of a
Man. None the less, the unioading proceeds sO quickly and
easily, with only one pound per square inch of air pressure, that
the conventional system using bags of containers is gradually
falling into disfavour. An American ‘Airslide’ car is shown in
Figure 3.

2 Gasoutlet
Spt;eﬁl“’* Insulation
she ¥
= Refractory
4 Burners
Feed
nozzle, i
& Auxiliary
burner
Alrinlet

Lime discharge

e calcination of lime sludge. (Re-

Fig. 3. Fluidizing furnace for th
icizing THr Handbook.)

drawn from Perry's Chemical Engineers’

In the chemical industry fluidizing methods have beeg intro-
duced on a commercial scale into its many pranches during and
after the last war, and 2 variety of industrial processes aFe
already carried out in the fluidized-solids reactors. Certain
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che.micals are made by reacting gases with a powdered solid, of
an intimate mixture of solids, under controlied conditions. This
has usually been done by passing the gases over the solids, and,
for the mixing of the latter, large, unwieldy, and noisy mixing
machines have been used. All these operations can now be per-
formed within a fluidizing column, aad this method is far more
effective owing to a more thorough interpenctration of the
reactants, since the gases have free access to the particles from
all sides.

The use of fluidized solids for carrying out high-temperature
reactions was developed by the Standard Qil Company in World
War II for the catalytic cracking of petroleum “feedstock’ 10
give a high yield of motor spirit (petrol). Already forty such
units have been installed with more to come in the near futuré
They are vertical cylindrical steel vessels containing finely
divided catalysts which are kept in suspension by the flow of
vaporized ‘feedstock’. The velocity of the vapour varies from 0.
to 2 feet per second, and this is sufficient to maintain a fluidized
bed in the semi-liquid state. The techaique is of particular im-
pqrtance when close control of temperature is required, for with
this system a better control is possible. In other processes the
solic? does not play the role of a catalyst, but may serve as heat
carrier while gases or vapours are reacting with one another. It
h?s been established that the heat transfer from solid to 8as and
vice versa in a fluidized column is more efficient than in the
conventional apparatus.

A further range of applications depends on the use of ‘fluo-
solid furnaces’. These are vertical shafts, single, or two or more
connected together, fluidized by the ascending gases. They aré
employed wherever an oxidation can be carried out with air or
oxygenat high temperatures, for example, for roasting arsenical,
pyritic, and gold ores; sulphides of zinc, copper, and iron; for
the calcination of limestone or of calcium carbonate sludge
which has been obtained as a by-product. A fluidization furnace
used for the latter purpose is shown in Figure 4.

The production of valuable metallic oxides and metals via
their halides, for instance, chlorides, is another field where

Fluidization 73
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Fig. 4. *Airslide’ distribution by fluidization, as developed in the

United States.

In these cases the
th chlorine g8as,
t and reactant.

of great help.

fluidization is going to prove .
going 1o P h temperature Wi

ore is treated in a column at hig - en
which here plays the double role of ﬂu1dlzmg.3g is feasible; for
In a similar way the reduction of metal 0%’ es'on of oxid’es to
example, haematite to magnetite, OF t'he convers: r sulphate.
ather compounds, such as copPer oxide t0 Coppeintroduced into

Quite recently fluidization methods hav.e beer;x 2 powdered
the bituminous and brown coal industries, W eSle zses such
material has to be used for making' various vahi:r ga§ and’ hse
as town gas, or high-power industrial 825¢% Wadin of coal dust
gas’. Because of its peculiar _PrOPeFt‘es’ .the fee a gquite regular
is not easy, especially when, as 11 this case, e asification
flow is required. On this evenness of flow the Wcal device which
process depends. There is 10 form of mecmdm'tself so easily to
fully meets requirements, since coal dust lends ‘1 e bances,
blockages, ‘arching’, and similar mecmmcaovercome these
although electronically vibrated feeders may



74 Science News 36 a

troubles. In the United States it has been found lately that even
and regular transport and feeding of the finest coal powder can
be successfully brought about by fluidization. For this purpose
the sta‘ndard apparatus, shown on page 73, has to be ajtered by
attaching to the bottom of the column a vertical, small delivefY‘/
tube or even a capillary of, say, 3 millimetres diameter, throu

which the material is pushed out by the pressure inside the-

cc.:lu.m'n, It is, however, clear that as the contents of the colums
diminish, they must be replenished, and that this can be done
only after the operation has been interrupted. Therefore, eithef
two separate fluidization systems must be used, and arrang®

ments made for switching quickly from one to the other, of,

much better, two columns may be combined in such 2 way that
one serves as a batch feeder and ather one as a continuous
feeder. T.hey are connected by a capillary at the bottom and
form a single operational unit. The first has a hopper for the
intermittent supply of coal. From this column the dust passes
through the connecting pipe into the second column, and from
thel"e into the gasification furnace. For the short replenishing
petiods, the first cofumn is switched off while there is still enol
coal left in the second one to continue the feeding operatiof.
;1;10 work efﬁciex?tly such a feeding system requires a arg®

roughput, that is, the coal dust has to flow through fast enough
to prevent occasional stoppages. Astonishingly a capillary @
the diameter already mentioned can deliver hundreds of PO““ds
of coa! daily. From this brief discussion it can be seen how apt
are fluidization methods for the replacement of ofder and well-
kx?own techniques, and it may be expected that many more uses
will be found for them.

BRITTLE FRACTURE OF
STRUCTURAL STEEL

F.A. FOX

UNQUESTIONABLY the most important and versatile material
of engineering construction is mild steel, which is consumed at
the rate of millions of tons per annum. There are many reasons
why this is so; one of the highest imporiance is that mild steel is
(or should be) not only strong, but also ductile. ‘Ductility’ im-
plies ability for plastic deformation to occur before fracture.
This is important in service, since it represents in effect a reserve
of strength to permit a structure to withstand overloads without
breaking. If part of a structure is overloaded, it can, if ductile,
yield slightly to the loading, and this yielding may, in various
ways, have the effect of reducing
ture, even if deformed slightly,

paired.
‘Ductility’ is conventiona

the overload, so that the struc-
may still be not seriously im-

Jly measured in 2 tensile test on a

steel test-bar by obtaining the amount of plastic extension at
fracture and by the reduction of area at the point of failure. A
mild steel will usually show a plastic extension of about 25-30
per ceat of its original length, and the local thinning down at the
point of breakage will amount to perhaps a 60 per cent reduction
of area. Ductility is, in essence, the reverse 'of brittieness. It
would become a less important requirement if one could pre-
dict with complete certainty every stress which all highly stressed
parts of a structure would encounter in every stage O.f thélr ser-
vice; but this is not often possible. One pomt'whxch is still
obscure is the amount of ductility that is required to confer
reasonable safety on a givep structure. In practice, houfever,
there are clear requirements for ductility as a test of quality of

steels and other engineeriag materials.
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Scientific investigation of the deformation and fracture of

metals is a matter of considerable theoretical interest, and the
newer theories of deformation by propagation of dislocations
ha.vc given this work a fresh impulse. However, a series of major
failures of steel structures, all occurring within the last 20 year$
has given a very powerful practical urge to research work ot
the reasons for the sporadic failurc of steels in a non-ductile of
brittle manner.

BRITTLE FAILURES

This occasional tendency of steel to brittle failure in service is
not in fact new, although it has only recently forced itself on
our attention as a phenomenon too expensive to be ignore™
Reports appeared in the 70s and 80s of last century referring to
the strange failure of steel bars, appurcently quite good, when
subjected to slight loads. A prelude to the recent failures
occurred in March 1938 in Belgium when a bridge over the
Albert Canal at Hasselt collapsed into the canal. Eye witnesses
heard a sound like a shot and saw a long crack open. All frac-
tures, when later examined, were brittie, some were through
welds and others were through solid stecl plate away from welds.
The bridge was lightly loaded at the time; the weather was cold-
Ordinary tensilc tests and chemical analysis showed the steel t0
be apparently quite good both in this case and also in two othef
bridges of the same type which collapsed in Belgium during the
next two years.

One wintry evening in 1943 a welded tanker, the Schenectadys
lying quietly at her fitting-out pier at Portiand, Oregon, having
that day passed her acceptance trials, suddenly broke in two
with a report which was heard for at least a mile. The deck an
sides had fractured amidships and the vessel, held together only
by her bottom plating, jack-knifed so that the centre rose out of
the water. In the world of ship-builders and steel makers the
noise of this failure travelled far and lasted long, but was soon
followed by others. Between 1942 and 1952, about 250 welded
ships suffered one or more brittle fractures of such severity that
they were lost or were in a dangerous condition, and 1,200 moré

* bright and ‘crystalline’. This temper
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hips suffered smaller britile cracks, dangerous but notdisabling.
Between 1947 and 1952 there were 15 ships of between 2,000
ind 10,000 tons gross which broke in two after major structural
failure; of these, four were all-riveted and the rest of welded
construction. There have also been brittle failures in structures
of other kinds; pressure vessels, pi pe-lines, oil storage tanks, aqd
other large outdoor engineering structures have a}so failed in
the same way, the structural steels concerned being perfectly
satisfactory according to ordinary speciﬁcat.iop tests. .
These failures have given rise in Great Britain and the United
States to one of the biggest research efforts ever devpted to a
single problem of materials. These efforts hgve greatly increased
our knowledge of the properties and behaviour of steel, though
a single solution to the central problem is not as yet forthc.:om-
ing, and may not even be possibie. The numbe.r of'varlab!e
factors, some well and some less well understood, is quite large;
one may perhaps begin with 2 Jook at the fundamental prin-

ciples of deformation as they affect the problem.

TRANSITION TEMPERATURE

It was noted early on that the presence of notches in the steel

would have a Jarge cffect on the resistance to frficture, and the
speed of loading, whether static or impact loading, would also
be important. Early work on this problem, and on metals gener-
ally, had involved considerable testing with standard notches cut
in the samples, the toad being applied Fransversc.ly by impact.
It was found that the energy absorbed in fracturing a notched
specimen of a given steel was roughly constant at temperatures
round atmospheric, but that, as the temperature was lowered,
there was a sharp fall in the energy to fracture; the fractu;zi
became il and were 10 onger B, T el irac
ture sets in is called the ‘transition tempel.'ature’. The onset of
brittleness of fracture is not, however, SPeClﬁcéuy tied to lénpac§
loading, since brittle fracture can l?e induced in a z:iotchde insr;
by slow bending, or slow tension; it can _al.so be in ucte o
notched steels. It was clear that the transition temperature 1s
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B

importa s 3
dit;’eren:lstteil;eno@enon, it was noted that, with only slightlf’
s, markedly different transition temperatures could’

be obtai i iti
ned. Some give transition temperatures as low as, S8¥.

soz(;ngés::[rs tcmmruturcs of about 0° C, or even higher, and.
Notched imy :etar to temperatures which are common in usé’
doubles the W;ch] t;St bars are of standard dimensions; if oné
energy absorpti Of an impact test bar, one obtains a doubled
i0n 1s OCensionall Sore = OF one should. However, the situs*
ccasionally met in which a double width bar of appar

entl .
eneryg };g?i?d Stﬁ?l gives, on the contrary, a lower absorption oF .
an that for a single width bar. Changing other dimeg-

sions of im :
e o ampact test bars may also give rise to peculiar resut
ere obviously of importance, bearing in mind the

la i
rge size of the steel parts which had failed in service and the :

sSta H .
Il and arbitrary size of laboratory test specimens.

F :
or the crystals of ferrite (essentially iron) of which the pulk

of mild : ,
quired tstc?l consists, there exists a definite normal stress r¢”
cleave the crystals across the cleavage planes. This

stres: . .
s appears 1o be little influenced by temperature and the raté -

of loadi 4
by aozl?;ngr' However, the f?””C crystals can also be deform
process along certain planes; the slip process is initialed

byther ; . »
jnyg 1eme:Chmg ofa critical stress, which is increased by decreas- -
Crystalspa:au;re and by increasing rate of loading. If now ferrite

e loaded, normal stresses appear on the cleavage

ﬁi:n:;écair:ert‘h:ze u;‘crease with. the load. If the steel is ducfile’
through the piecn’ bofwever, slip and thus transmit load right
plaves have i i efore thet normal stresses on the cleavagf

ached a sufficient value to cause cleavage; this

process ca i . ° '
n continue till the possibilities of deformation are

exhausted :
and the specimen cracks. In the brittle steel, howevels

the ratio 1
between cleavage resistance and slip resistance 15 -

1 )
P(;;v::; :i[;(cj,uaxftitlhtehloaq flses‘ the normal stresses on the cleavag®
critical shear st ¢ critical cleavage stress is reached, before the
cracks. substs ress for'that stec'l is attained and the specimet
stress i’s unaﬂc:nnzlly wﬂhou‘t slip. Since the normal cleav:?g'e
cal shea ce by }‘@ucmg the temperature while the crl!!'

r stress for initiation of slip rises as temperature falls, it
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is obvious that, below some temperature, brittle failure will

always occur.

CRACK PROPAGATION

ated, elastic energy stored in the struc-

When a crack is once initi
or the propagation of

ture is released, and this energy is used f
the crack. Thus a brittle fracture may be injtiated by some
highly local set of conditions prevailing in some small volume
of the steel, and propagated by the stress system’s stored energy.
In the propagated part, there are chevron markings (Inset 22),
the apices of which point to the origin of fracture.

If one considers the relative speeds of a stress wave which is
equal to the transverse speed of sound in steel, and the high
speed of propagation of 2 prittle fracture, which is probably
characteristically about one-third to one-half the speed of sound
(speeds of propagation of 2,750 to 6,600 feet per second have
been measured), a brittle fracture may continue to propagate for
a considerable length even after the external load has been
removed, . ' ‘ .

We can now state that the ciccumstances in which brittle
fracture may be initiated in a loaded part are likely'(though not
certain) to include (a) low temperature at time of failure, (&) the
presence of a notch of notches, and (¢) high strain rate. And the
signs that brittle failure has occurred will include () absence of
evidence of deformation at points where the stt:ucture has
broken, (b) ‘crystalline' appearance .Of the break with chevrox;
markings, and © high speed of failure over long lengths o

se i

[?ﬁzt;;r;act or shock resistance of .n'aild steel cannot be pre-
dicted from tensile strength and ductility; earl‘y work to reveal
brittleness employed impact loading, and this has lefd to .the
opinion, still widespread, that brittie fracture .result's rom im-
pact loading. The failure of the Schenectac.iy in qmgt w;ter is
one disproof of this supposition. Another 18 given by t zt evi-
dences of deformation which can be seen in steel plate after 1t

has been pierced by a projectile.
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EFFECT OF WELDING

Such considerations have underlined the importance of choic®
of test methods. Tests of steel, and tests of tests of steel are being
made in many places. One factor of importance here is the pa
played by welding in the initiation and propagation of brittle
f'fulure. As we have seen, brittle failure has occurred alike 1o
riveted and in welded structures: however, more failures °
far come in the latter than the former class of structure. This
Bf:neral statement is not quite simple, since the total number O
riveted and welded structures is unknown, and the number ©
welded ships built is now about four times as great as ships wit
riveted hulls and decks. However, it is clear that a large wel

structure may be more liable to catastrophic damage than & -

similar large riveted one, since the former is more ‘monolithic’
and the high-speed brittle crack is therefore liable to be able FO
travel much farther and do more damage. Modified practice 12
t!.le construction of welded ships requires the inclusion of severd
_nveted longitudinal ‘crack arresters’, similar to butt straps us
In riveted construction. Welds in the plating end at a slot behitt
these arresters. Of 77 ships which suffered serious brittle failures
during 1942-52 and which were fitted with arresters, 25 failufes
did not involve the arresters, 46 involved failures which wer®
stopped by the arresters, and 6 had cracks which restarted OF
the other side of the arresters.

This question of the effect of welding is again bound up with-

the question of the detailed mechanism of the effect of notches
In producing stress concentrations and so producing cracks
under impact or static loading. If one considers only mild steel
of a carbon content well below 0.3 per cent, the heat effects ©
welding on the plate itself will have little direct bearing 0B ﬂ_“s
problem. However, the metal deposited in the weld may quite
possibly contain minute discontinuities or may have a crystd
structure which is weak and prone to micro-cracking under load-
These minute discontinuities may then open up to produce 3
real ‘notch’, which will then propagate through the plating-
Different steels, all of weldable quality, may give very different
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performances in virtue of different resistances to crack propaga-
tion from a notch of the relevant size.

Test methods must also take into account the large size of the
structural parts which fail, and work is going on to find out the
mMinimum sizes of test-piece which will correlate well with actual
performance in service. It seems that dimension; are relatively
unimportant, except in the presence ofa not.c'h; in the presence
of a notch, dimensions determine the condmon's under which
fractures are initiated and propagated. ﬂere again the mechan-
ism of the part played by 2 notch is decisive, and the notct% may
be not merely superficial, the result of some surface machining,
chisel or file mark, some over-sharp ghange of section, but may
be provided by internal discontinuities such as slag inclusions
within the metal; the relative importance qf spperﬁcnal and in-
ternal notches will depend not only on their size and shape but
on the stress distribution through the sections concerned.

In practice, the idealized standard notch of the laboratory tes;
assumes a wide variety of forms and 'be due to a v;netyﬁo
causes. Punching and shearing operations may gro gc;. tge
edge cracks; marks and defects at edges of plates 151 aP(;"f cri};icaei
flame-cutting process — all these may act as 12)0“’ te]s - Yown
effect in high-stress, Jow-temperature service. 'm?t.s :fd sf known
to have broken in two as the result of failure _mtx xah d from 5o
slight a discontinuity as a crater left at the pomt \: fierline o
ing arc was struck. Considerations of this 501: ar\lroidance he
great importance of good workmanship 1n e't + concerned
brittle failure ; equally, good design, in SO far as dl s
with avoiding the presence of sharp corners an

changes in the structure, is critical too.

RESIDUAL STRESSES

i t
No e presence Or absence of notches 1S of. no COnsequenc? a
all 1th tt:e s‘:eel is unstressed; the state~of stress 1S ::i;egfo\;z ?cﬁrl::;
consideration. A factor in discu§sxons of Stl.'s S esidual
assumed major importance in this prob.lemhl I re arsing
stresses. These are the internal stresses I t! ;1 Lo et be
from processes of manufacture and assembly,
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sustained in additi
various typez('idf‘c;lro: to external loading. Residual stresses are of
’ xample, the material itself, the steel platé, -

may, as deli
due to thehr‘:)ilriend from tl'le steel works, carry internal stresses
stresses would beiuoperauon b_y which it was produced. Such
the piece during rocltlfo non-uniformity of deformation through
rolling temperature Tl‘[;g and non-uniformity of cooling frof
stresses into a piece. f en, the welding operation puts residual
cooling which prod ¥ pl?te because of differential heating and
the weld area is comuce differential expansion and contraction;
pand, but is hinder grfessed on.hea‘ing (the metal tends to €%
metal) and is Stretc}: d rom dm.ng so by the surrounding col
again hindered b celd on cooling (it tends to contract, but i8
dependsona numybe;) ffm etal). The exact stress system set up
welding operations of factors, 1qcluding the exact sequence O
weld, for example ':xp;? of welding, etc.; the vicinity of 2 butt
weld and also acro hibits compression stresses parallel to the
tions of heavy rest ss it. Where the weld is made under condi-
again, other asse r;; ot the stress system may be complex. Then,
residual stressin "(‘)f y operations, such as riveting, may involve
or inaccurate ccgm 2 dlﬂ.mnt kind, where slight mal-alignment
to permit the riv ring will l°afi to preloading of parts in order
‘locked-in’ stress eting operation to be performed. The term
stresses of thie tes is Isometlmcs used to denote the sum of all
stress in one Sens}e,p,:. n.Sl_lch an internal stress system, 2 jocal
in the opposite se ust, it is true, be exactly balanced by anothet
internal stress is nfse;., however, such gross ‘neutralization’ ©
failure can be in'to‘ lttl.e ‘mpf>rtanc¢, since, as we have seen,
down occurs. itiated in a highly local volume where break-

The i .
on milc;n :tzzlu;l‘::eo}f,;e; l-dua] Strfsse§ due to welding operations
of the order of, say, 15 in restraint is considerable and may be
stresses have n:atuza'lll tons per square inch or more. Such high
it is by no means c Ytbfeen regarded with great suspicion, but
they may be imponcr ain that they are decisive, even though
the loading and unlc? r:; in the problem. One might expect that
have the effect of ading of a structure, often repeated, wou

of reducing the residual stress by causing 10
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and negative stresses. However, it bas
n stresses is not much

. It has been argued

cancellation of positive
been found that the magnitude of locked-i
reduced by the ‘working’ of a ship at s€a
from this that, since all welded ships contain locked-in stresses,
a.nd since these are not reduced in service, and since only a frac-
tion of the welded ships fail, locked-in stresses are not, in them-
selves, the main cause of ship failure. However, the last word
has not been said on the effect of locked-in stresses-

METALLURGICAL VARIABLES

The problem has been closely examined from the point of view
ich affect the critical

of th.e.variables in steel manufacture wh

transition temperature. The problem would vanish if we could
guarantee that each and every batch of structural steel had a
transition temperature as low as, 52, _65° C. It has been
f°‘{nd that for steels, otherwise similar in composition, one
which has been fully deoxidized during manufacture will have
a 19W¢l' transition temperature than one which has not beett de-
oxidized. Again, decreasing the crystal size of the iron-rich part
of the structure as seen under the microscope (ferrite), heat
treating (normalizing) the plate, and the use of a lower final
temperature of hot rolling all help to jower the transition tem-
perature. If one increases the carbon of phosphorus contents,
the transition temperature markedly rises and brittle failure
becomes more a possibility; an increase of manganese has the

opposite effect. Ordinary mild steel, as rolled, may have a transi-
tion temperature dangerously high at + 15° C; the same steel,
w a transition temperature at

heat treated (normalized) may sho
~ 15 °C: low-carbon, high-manganese, deoxidized steel, normal-
f about —65° C. Thick

ized, will have a transition temperature 0 [
plates (say 2 inches) are found to have considerably higher

transition temperature than thin plates (say # inch) of the same
steel. This adverse effect of thick plates, and the beneficial effects
of a lower temperature of finish rolling and of heat treatment
(normalizing) are, however, only other expressions of the
general statement that ferrite crystal size should be small for
low transition temperatures, sincé jarge plate thickness coarsens,
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and normalizing and low temperature rolling refine, ferrite
crystal size.

Emgirically, we now know therefore how to produce the low
transition temperatures we want. We can increase the man-
ganese/carbon ratio, we can normalize, we can deoxidize the
steel, These measures can be applied singly or in combination t0
reduce the [iability to brittle failure to a very low level. How-
ever, economic considerations in the manufacture and testing o
stru‘ctural steels are naturally very important; changes of com-
position, of practice, infroduction of new procedures 6F routiné
fests are all matters of expense which may become very large
in the aggregate. The processing of the stecl must therefore Pe
made to fit the economics as well as the technicalities of the cir-
cumstances; the steel must be made safe enough: it d0€S not
nee‘d to be made over safe, if that entails extra cost. For steel ©
a given notch ductility, there will be a given probability of brittle
fax_lure, and this will decrease as the notch ductility rises-
British steels, it has seemed that the most ready and effective
solption was to concentrate attention on a manganese/carbm
ratio which was sufficiently high: a value of about 3: { is attain-
able without great difficulty for British steels, and this appearl$ to
provide the safety required, at least for steel for thinner plate-
For thicker plates - say, | inch or more — the other remedies ©
he{‘t treatment (normalizing) and deoxidation may also be re”
quired to restore the necessary safety margin.

The necessity to counter the adverse cffects of increasing plate
thickness is becoming more important,since,for many purposes:
we are today tending to use thicker and thicker plate, as struc”
tures become larger and more highly stressed.

It is quite clear that we must understand a great deal more
about the mechanics of metal failure generally before we can
thread our way with certainty through the mazes of this problem
of brittle failure. Work on this topic is being done in many
laboratories all over the world. Meanwhile, we can COﬂgmtu]ate
ourselves in having at least some empirical aids to safety, which
are sufficiently reliable to permit us to continue in the structura
engineering business.

PLANT MOVEMENTS

A.M.MAYER

sociated with plants, and least of

all with trees or shrubs. 1f we think of movement in the narrow
sense of an entire organism translocating, then we find very few
instances in the plant world. Those which we do find are termed
taxic movements. Perhaps the best known cases aré when a uni-
cellular alga such as Chlamydomonas moves towards the llgh;
or when spermatozoids move towards the €88 py gleax;s o
flagella. Flagella are locomotive organs, whip-like fm shape,
which the little plant moves 10 and fro by a p_roc;ss o Cor;trac—
tion and expausion, which recallS,lbut is quite different irom,
the muscular contractions of animals: '

If on tl}lxle o(;her hand we think of movement 10 Fhe sense of
part of an organism moving, then the eyfamples in t.he plant
world are numerous. Parts of plants, theijr roots, their }eaves,
and their stems, all are capable of movements and do in fact
move continuously. These movem.ents can be cllassxﬁedlm vari-
ous ways. The classifications which the .botamst employs ar;
largely a matter of convenizrécf, bzcxl:tchl:rcertam groups 0

la avi an be related 10 € -
? 'Ii“‘tt\ubsei}:c;‘s”gftiinc ‘::ustomary to refer to autopomxc mOVem:ms.
These are movements which are apparently mdependelr(;t g Eﬁe
surroundings of plants. A rough analogy in man ‘g'ou nde; tto;
continuous beating of the heart, which is quite I0 epe

the environment, as opposed to {he response of the tha::{ :t«lh[;;h
withdraws when it is burned- In the latter case an exter imu.
lus caused the movement. perhaps the best known example

autonomic movement is the motion described bg the t}Ip “(:ifuﬂ;:
stem of many plants. In plants such as pgas or fa?s ; il be
seen by visual observation that the free tip regu a; 'yh scribes
a circular movement. This circular movement, which 15 4

MOVEMENT is not usually as
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inde .
tion ‘f’g?‘:;g‘ssfnextfmal coqdmons, is always in the same direc-
sun, whereas bi edp ant species. Thus hops always move with the
tion. This type gf o invariably moves in the opposite direc-
types of motion amOVemem is referred to as nutation. Similar
other cases the le rf‘; shown by the tendrils of many plants. In
show a rhythmic oa ets of a plant, such as for example Oxalis,
ence of nutation lf?mng and closing. 1t is easy to show the exist-
isthat the growtl;o l;%ven eusy to show that its immediate caus®
one side grows f: ndifferent sides of the plant stem differs. First
tinuous regular a?tSt’ thefn the other, and this goes on in a con*
It is one thing t eéna“?"' But this does not help us very much.
movement ang ao ;SCrlbe and identify the mechanics of the
lever and its mec}? other to track down and define the operative
ledge we could Ob::n.nsm. The sntuat‘ion is analogous to the know-
was fired at regul ain of a car engine if we did not know that it
be able to recg n§r lffterva]s by a timing mechanism. We wou}
tons without ang ize a regular, repetitive movement of the pis°
mechanism in g’aafparem cause. It is the nature of the timipg
unknown. We I"jonn;u:(onomouS movements which is still quite
then the other. now why first one side grows fast ad
T
me\'\kt]ieorsl‘:(:iont(}ju;:1y I;e of movement which we meet i, as already
COnditions’Of the nl response to changes in the environmental
even looked at thp ant. Anyone who has ever grown plants, of
must have noted them in more than the most cursory mannef,
near a window toweszmo"ef_"ents. The bending of plants, grown
the erection of’ the a: s the light, the downward growth of roots,
wind, all these exempli of plants bent or partly broken by ¢
roundings. Those o iy th.e response to changes in the sur-
because there s a JPSI mentioned are referred to as tropisms,
and its causative eff rectional relationship between the respOZ
the dark m eltect. Thusv‘h" plant organ which is partly 1
oves towards the light. They differ from movements,

descri o .
ribed as nastic, in which the response of the plant is indepen” -

den ; : .
cm:u(s)fothe direction of stimulus. For example, flowers of the
pen when the temperature rises and close when it falls,

this bei
being termed thermo-nasty. It must again be stressed that

Plant Movements 87

these distinctions of terminology are based on conveniencerather
than principle. In all the cases recalled, the actual mechanism of
movement is the same: changes in the growth rate of certain

parts of the moving organ. While there are many examples of

movements of various types, it is more interesting to consider

more closely a few that are better known.
As already pointed out, phototropism, or movement towards

the light (Inset 25), is widespread. At the beginning of the nine-
teenth century scientists were already wondering what might be
the cause of this phenomenon. Subsequent research has eluci-
dated much about its pature. It has been shown to be a very
intricate and fascinating mechanism. Very early on, it emerged
that the reaction to light was quantitative. In the same way that
the nerves of an animal will respond to different strengths of
stimulation, so the plant responds 10 various amounts of light.
At once the question arises, what constitutes different amounts
of light. It was found that a certain minimum of light was re-
quired to cause a response. This minimum of light must be given
during a certain period of time. Thus if we want to cause a plant
to bend by illuminating it from one side then we can do this by
giving it a certain amount of light continuously for a limited
period. We can, however, also give the same amount of light
interspersed with dark periods, provided that the dark intervals
are not too long. The effect of light is thus cumulative; if the
amount is above the minimum, and the intervals between doses
are not too long, there is 2 strict relationship between the time
of illumination and the light intensity. Let us assume that

illumination for 1,000 seconds with one foot-candle will cause
a definite known response in (A foot-candle is a

the plant.
measure of light intensity.) T be a bending of

his response will
the stem by a measurable number of degrees. If now we illumin-
ate the same plant for 100 secon

ds with 10 foot-candles or for
10 seconds with 100 foot-candles, the response will in every case
be the same. We cannot, however, reduce the time pefiod in-
definitely; there is a minimum time during which the impulse
must be given to the plant foritto be ‘perceived

* Both the mini-
mum time and the minimum of light needed to cause response
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are very small. The time may be as little as a fraction of a second
and the amount of light required, if given for long enough, fl°t
much more than the light from an ordinary torch, in the 1egiof
of one foot-candle.

The favourite material for the study of phototropism is the
coleoptile of the oat seedling. The coleoptile is the sheath en-
veloping the first leaf of the seedling. It is the coleoptile which
first emerges when oat germinates. So much work has beent done
on it because it is not only especially sensitive to light but also
easily worked with and obtaincd. The light response is COmP]ex
when high light intensitics are reached. Under these condition$
there no longer is a straightforward relationship between I¢”
sponse and intensity of stimulation. Thus, if we illuminaté an
oat coleoptile for one minute with 1,000 foot-candles, W€ o
not get 10 times the response given by 100 foot-candles for on®
minute, nor again does the latter give 10 times as much as 1
foot-candles for one minute. In fact the response, in the senst
of extent of curvature, becomes progressively smaller as the
light intensity rises till saturation is reached. There is then no
further increase in response from increasing the stimulus. In-
deed, if the light intensity is made very high, the plant will move
away from the light and not towards it. As if all these factors
were not enough, the picture is further complicated by ?he
observation that not all light is equally effcctive in causing
phototropism. While red light is almost ineffective, blue light 15
very effective in causing movement, the rcsponse 10 other
colours being intermediate.

Further study of the phototropic mechanism brought out an
interesting point. By no means every part of the plant is senst”
tive to light. Taking again the oat coleoptile as an example, only
the top few millimetres were found to be sensitive. If these Wer‘e
covered, the seedling no longer bent in the light. However, it 18
not this top region which actually bends. The bending occurs
further down about one to two centimetres from the tip, shoW”
ing a clear separation between the region of perception and the
zone of response. The next step in the study of phototropis™
again was fairly easy. It was to show that the actual mechanic$
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of the bending were due to a difference in growth rate between
the illuminated and unilluminated sides of the plant. It was
found that the illuminated side grew more slowly than the side
removed from the light, and hence curvature must occur.

It was not till the early 1920s that the next real advance took
place. Some extremely elegant research work_ by the Dutch
scientist F. W. Went showed that the phototropic response was
caused by a chemical substance which was termed I'letero-auxin.
He showed that by applying this chemical to one side of an oat
coleoptile he could imitate its response to light in complete dark-
ness. In fact the difference in growth rate was due to uneq}lal
amounts of hetero-auxin on the two sides of the plant: Chemists
soon found that hetero-auxin was indole-acetic acid. It was
shown later to be produced in the coleoptile tip and to d_xtfuse
from there to the zone of response further down, where it was
unequally distributed, being present in greater amounts on the
dark side. Hetero-auxin is of very widespread importance 1n
plant life, and is not only concerned in the light response.* It has
become evident during the last decade that one particular stage
of the growth of the plant cell was concerped. W_hen plants. grow,
their cells first divide and then grow in size. .Thxs g'row.th in sxlz)e
is chiefly duc to an clongation of the cell,during wh_xch it z:ibsor S
a great deal of water. It is this stage of cell Flongahon and water
absorpti :oh is effected by hetero-auxin. _ ‘

So g4::”0:8‘;tl::)ctotropism is concemed,. two questions ;ema:lu:;d
to be solved. The first is, how does auxin affect gr(;{wt ";a:]ed os
second, why does light cause it to be un.cqulall)’ ‘Smwl}llich o
the two sides of the plant. The first question 15 (?nlc on ik
increasing amount of rescarch in plant PhY§c119 Og:ﬁnal o
chemistry is centred today, as yet without providing S fvances
tion, As regards the second question, however, gre e
have been made during the 1ast few years. It Seeu‘;‘in <I>)n b
obvious that light causes the destruction of hetel"()-tahe ti;; o e
illuminated side of the plant. I this is 30, thet tn L8 o L
Plant coleoptile, or for that matter in any sensitive Sg' N ows

*See, for example, Science News 18, 32 (1950, and Scienc

19,79 (1951).
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;Zlgusl;gl;ng;ﬁ, the auxin appears in dilferent amounts, 08 oppo#
e si e tissue. If this is accepted, then the rest is more of
te dce:a\r. The hetero-auxin, or plant hormone, diffuses dOWf*

ards and reaches the zone of response in unequal amountss
Here it causes different rates of cell clongation, which in turt’
cause curvature. It remained to be shown that light does io fact

gtes :l-oy. auxin. An ordinary solution of hetero-auxin is percfectly
d.a e in the light. The effect of light cannot, therefore, be 8 -
irect one. An intermediary, which assists in the process of d¢5 .

:xt‘ucuon by. light, or photolysis, is therefore required. Such sub-
ances which are termed photosensitizers are of frequent occuf-

rence. A few years ago the one involved in the photolysis of

hetero-auxip was shown to be riboflavin, a compound requif
b)f many'ammals, being a component of the vitamin B complex.
Riboflavin had long been known to occur in plants, but here
;f)or the first time a definite function for it could be shown. It now
T‘;lcalme possible to produce an artificial light-sensitive orgad-
e leaf blades of nasturtium seedlings are sensitive to light, a8

cause a curvature in the leaf stalk when the blade is unilaterally :

illuminated. When the leaf blade is removed, no curvature

occurs. From young nasturtium plants having only two leaves,

the leaf blade was removed. In its place a small glass capillary,
containing a mixture of hetero-auxin and riboflavin, was place
on the leaf stalk or petiole. When this capillary was now illumin*
ated from one side, the petiole bent over, in the same way 8$ it
would do if the leaf were illuminated. Thus for the first time 88
almost complete picture of phototropic curvature was obtained.
_ Very recently an additional discovery has been made, whose
significance has yet to be fully evaluated. Some of the yellow
pigments of plants, the carotenoids, interfere with the photo-
tropic response. Thus if we add to the mixture in the capillary
placed on the nasturtium seedling a suitable amount of caroten®
the leaf stalk will no longer bend. The carotenoids can appar-
ently prevent the destruction by light of auxin. It seems that
they compete with the riboflavin for the light. If they absorb

sufficient light, the riboflavin can no longer mediate the destruc- :

tion of auxin. It is still too early to assess the importance of this
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discovery from the physiological point of view. It is possible that
the carotene is, in fact, responsible for the unequal transmission
of light through the oat coleoptile. Without carotene the light
would reach both sides of the coleoptile in equal amounts, as
this sheath is only about two millimetres thick. The carotene,
however, may provide a filter, which causes a suitable drop in
light intensity across the coleoptile. This view still requires addi-
tional experimentation before it can be finally accepted.

A second type of plant movement is that referred to as geo-
tropism. Plants, like every other object on our planet, are under
the influence of gravity, and the various parts of the plant have
developed specific responses t0 this stimulus. Thus roots, gener-
ally speaking, grow downwards, towards gravity, and are hence
referred to as positively geotropic. lq the same w_ay, stems
which grow upwards, away from gravity, are negatively geo-
tropic. These responses are 0f universal occurfence..When an
entire plant is placed horizontally, its stem will quickly turn

upwards (Inset 25) and its roots downwards.ATh.is can be eas'ily
shown, but it is less easy to prove that gravity is the operative
f ve gravity as we can light.

stimulus. Obviously we cannot remo ; i
We can only do the next best thing, that is, expose all sides

of the plant equally to gravity. This is done by glacing a p!'ant
horizontally on 2 wheel which slowly revolves in the' vertical
plane around 2 horizontal axis. In this way the plam is slowly
turned so that each side in tura is exposed to gravity to the same
extent. When this is done, the plant no lon_ge; tshlowsg any upward
ure. It just grows straignt a ong.
or&(;:;vffrdﬂf: rc‘;f;ervatiojns which h.ave peen described for
phototropism are also trué for geotropism- Thus the movelmdem
is due to unequal growth, which is caused by an unequa is-
tribution of auxin. The stimulus must be of a certain minimum
length and intensity in order to cause 3 r.esponse. The lexact Ipex-.
ception of the gravitational stimgius s, howeger, ess ‘3 heia;
Many plants contain in the root np}ar.ge starc grau;ls . hc
move, under the effect of gravity, \‘wthm the ;:latn; ;C}fs :are t;‘:
been suggested that these starch grains, called sha 1(:; ;iﬁon he
receptors of the gravitat'xonal impulse. Although the po
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the statoli
rootszids‘s(::;t;z ftr;g,ufmﬂy parallels the final position which e
plants which ;‘ is is by no means always so. Moreover eved
But whatever the i statoliths respond to gravitational stimuli
from clear wh ¢ immediate receptor of gravity may be, it is far
pravity howcvat is the next step in the reaction. Why shouXt
bution ,of i e}; I;efcewcd, cause eventually an unequal dlS.tl‘l'
O T00ls 10 i it rorth pointing out here that the reaction
side containin in differs fljom that of stems. While in the stem the
in the root T}?' most auxin grows fastest, the opposite is the.case
tally, the St'em lls explains why, when a plant is placed horizon-
concentrates urns up and “.‘e root down, The auxin in this cas®
rapid growth 0? ;he lower side of the plant. This cause® mgre
them to andO : ?Ce“S of the lower side of stem tissue, causing
root tissue, ca ‘lpwgrds, and faster growth on the upper side of
tropic res' o using it to bFnd downwards. Hence the overall 860
e fo.r[amnsc is obtzu.neq. It. has been suggested that the
placed plant i Ul;]equ;u d,'Stflbutlon of auxin in the horizontally
plant. The u 131 e creation of a potential difference across l!'le
may build nt er side bcco.m.es positive and the total potentlal
an BCCumu]apt' N SOm'c 19 millivolts. It is claimed that this causes
of its polar ﬂ:)on of auxin on the !qwcr side of the plant bgcause
the redintribution of 4 ds the positive pole. This explanation 2
the situation 'lﬂ:‘ of auxin is at best an OVC[‘-Simp“ﬁCMlO'ﬂ o
unexplained -Th ere are many aspects which it leaves entlre!y
in res e 1')rc.c:|s¢.: reason for the redistribution of auxif
P P(')nse to a gravitational stimulus is not known.
the ::::ﬁsivthe ]mOSt Striking of all plant movements is that of
touch, im ectp Tm’ Mimosa pudica. This plant is sensitive 10
pho\o,: - pia , electrical impulses, and heat. While geotropic an
th pic re§ponses are generally slow, taking many minutes,
the response of the sensitive plant to any form of shock is almost
;nstantapeogs. Mimosa has compound leaves made up of leaf-
i:tzii:hl:;ch in turn are made up of pinnules. When the pléfnt
stantl }{St'lmulated, by touch, the pinnules begin almost in-
antly, Wllhl‘n seconds, to fold up. When the stimulationis some-
what more vigorous, this is followed by a drooping of the whole
leaflets at the junction to the leafstalk, or petiole. When a really
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vigorous stimulus is provided, for example, by applying a match
to the end of one pinnule, the petiole itself droops at its junction
to the stem, and this is followed by the closing and drooping of
neighbouring leaves, till all the leaves of an entire branch have
fo‘lded up. This whole process is extremely fast, and within a
minute alf the leaves of the branchwillhave closed. Thesequence
of closing is important. In the stimulated Jeaf, as already stated,
first the pinnules, then the leaflets, and then the leaf stalk or
petiole close up. In the neighbouring Jeaves, however, the pro-
cess is reversed. Here first the petiole drops, followed by the
leaflets, and only as the last step do the pinnules fold up in pairs.
(Inset 26.)

The movements which have been previously described were
caused by differential growth. The movement of the sensitive
plant, which is frequently termed thigmonastism, is different in
mechanism. The pinnules are connected to the leaf rachis, and
this is connected to the petiole by hinges which are called pul-

vini. In the same way the petiole is attached to the stem by a
rmal state,

pulvinus. These pulvini contain cells which, in the no
are completely filled with water, that is, they are turgescent.
They can, however, lose this water to neighbouring cells and
intercellular spaces. These cells are chiefly situated on the lower
half of the hinge. When, therefore, a sudden loss of water occurs,
the lower half of the hinge loses its rigidity and can no longer
support the weight of the leaflet or leaf attached to it, which as
a result droops downwards. This is the operative mechanism by

which the parts of the mimosa plant move.
In view of the extreme rapidity of the response of this plant,
which almost suggests the pervous response in animals, it was
emical substance passes through

very soon suggested that a ch |
the plant very rapidly. It appears, however, that there is more
than one way of transmitting the stimufus. One is very fast. and
passes in one to two geconds from pinnule to petiole pulvinus.
This pathway exists only through 1iving cells and cannot be

d is somewhat slower

transmitted through dead tissue. The secon ‘
and takes up to a minute of two. It can pass through dead tissue.

It is apparently the method of transmission from Jeaf to leaf
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along the st . )
Substgancesi: Tmizllt:' (‘;Ugh 1t seems fairly obvious that a chemical
Moreover, even if ize' - this has still to be shown conclusively.
a chemical should cns shown, it still remains to explain why such
pulvinus. In fact th'ause a sudden loss of turgor of cells in the
as far as ever fro ‘; most puzzling of plant movements is still
There are a mur;‘t‘t a(;/mg found its final explanation.

to a variety of stiml l; e of other plant movements in response
perature, and wat u'l- Movements evoked by chemicals, tem-
these ha; o n':t er are among the better known. In none of
Desgite the lat ure of the movement been fully established.
mecharism of tg:ea:cqmulauon of factual knowledge, the real
understood arious plant movements is one of the least

aspects of plant physiology. The whole field pre-

sents a ;
challenge which plant physiologists are at present taking . .

up again with all vigour.

FURTHER READING

The devel
chv:r(s).p'?:n;" ?fft lh; concepts of plant movements is reviewed in:
13 especially). Amsterd of Plant Physiology (¢hapters 9. 11, 12,
More y}. Amsterdam, Scheltema and Holk 194
Sor. l‘Ec;nt advances are summarized in: cma, 949.
rank, A. R. ‘Plant Tropisms’ ’ R
B logy, 1, 59 (1950). ropisms’. Annual Review of Plant Physio-
rauner, L. ‘Tropisms and Nasti
of Plant Physiology, 4, 163 (?;‘;Z)lMovemcnts'. Annual Review
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ARTHROPODS
AND TERRESTRIAL LIFE

1. L. CLOUDSLEY—THOMPSON

ife must have begun in the sea and
d to the waters for more than half
its origin. Despite the instability
n comparison with those in the
provides apundant vegeta-

IT is generally agreed that ]
may have remained confine
the period that has elapsed since
of climatic conditions on land i

Oceans, the terrestrial environment
tion as a basis for food chains, 2 cOpious supply of oxygen and

the possibility of rapid movement. Consequently when plants
became firmly established on dry land they were probably soon
followed by various elements of the fauna. Life on land entailsa
number of problems for animals: larger forms require struc-
tural support, respiratory organs must become modified for air
breathing, and there¢ is no longer the surrounding water into
which toxic excretory products can freely diffuse; while mechan-
isms for the conservation of water and the maintenance of a
constant internal medium must be evolved.

In this article I shall discuss some of the ways in which a few

problems involved in the conquest of the land by the Arthro-
poda have been solved. That these problems are by no means
from the fact that several invertebrate

easily overcome is shown

phyla are almost entirely marine while others as yei possess few
terrestrial species. Indeed, the arthropods have been unusually
successful in exploiting the terrestrial habitat, and, by adapta-
tion, have succeeded in establishing themselves in nearly all the
habitable corners of the earth. Each aspect of their adaptation
lo life on land affects and is affected by other aspects. For ex-
ample, it might appear a fairly simple matter for an organism to
sliminate water-loss by the evolution of an integument com-
detely impervious 10 water-vapour: but such an integument
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w . .
" e::il:latzg:;) r!l:‘:c’c:C;)rtnp_crvnous to oxygen and carbon dioxide.'A
Pepiatory me anism has therefore had to be evolved whi¢
integument is é,f;xChdngc W_lthout excessive water-loss. If the
impgsgme i rigi band provides support, then growth be?(’l.nes
opossible i:::pt ymou[tmg: and this limits size. A size limit2-
upon the rate p;)se'd by respiratory mechanisms that deper
oy the t ¢ 0‘ gaseous cx}chzmgc. Nutrition and excretiof
> are ¢ oscly concerned with water conservation, as are be-
haviour and ecology. ,

AVOIDING WATER-LOSS

::ccor;?nrg (t]\:o of)vious ways in which small animals can €scap®
oy Soming msrccfned on dry land. One is to avoid dry ?laces an”
the oain ost if not :ll? of lhg time in a humid Cnvxronmet:j‘v
e ¢ beer; e0 €:1v91ve an impervious integument. Both .me‘ho y
b asen ();p oited by the Arthropoda and each has 1ts draw-
terrestrial ; vantages. Indced, on the basis of this charﬁl‘:tcr.the
two main eTbgrs of the phylum can be divided roughly into
oo main ecs) (‘)glc§l £roups, the first of which includes woo
fice, cen pedes, millipedes, and their allies which lose watel
pudly in dry air, and the second the arachnids and insects
whxcl? are govered with a fayer of wax that renders them com-
{)\:’:‘rz::vel_\l/rmdcpendcnt.of moist surroundings. In condition”
v lef than they are likely to encounter in their natural. sur
ndings, h.owcver, the latter group begin to losc water quickl!

by evaporation above a critical temperature (Figure 1)-

Behaviour mechanisms

o Plf?i/s%ologlcal and morpt.\ologicul adaptations alone WO!{Id be
nsuilicient to support the lifc of any free-living animal. Orienta-
tion a.nd behaviour mechanisms must also be evolved to retain
organisms in eavironments to which they are suited, to enable
them ‘to find food, mate, and indeed to carry out the innumerablé
functions essential for the continued cxistence both of them”
selves and of their species. Humidity is, of course, an enviros*

mental factor of prime importance to animals lacking a watel”.
proof integument. Woodlice are very sensitive to bumidity
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gradients and aggregate in areas of high humidity. The mechan-
ism by which this occurs is twofold: firstly, the animals show
adecrease in activity and speed in moist air, and, secondly, they
turn more frequently in damp places so that once they have

arrived in a moist situation they tend to remain there. This re-

Temperature (°C)
o 4

L%}
<

i

(%]

water loss (mg /cm?/hr)
S

s

20 40 60 80 100 no 140
Saturation defictency of armasphere (mm.of Hg)
Fig. 1. Rate of water-loss in dry air at different temperatures, and
corresponding saturation deficiencies, of 3 woodlouse (Porcellio),
millipede (Oxidus), spider (Lycosa), and insect (Pieris larva). In the
woodlouse and millipede the rate of water-10ss IS proportional to
but in the spider and

fhe saturation deficiency of the atmosphere, bu!
“insect it is negligible below about 40° C, the critical temperature at

which their epicuticular wax-layers become porous. Rate of water-
loss is expressed in milligrammes pet square centimetre of surface

area per hour.

f the air is also combined with
that causes them to make con-
dings as possible. The result
s enter narrow crevices, but
tly protect each other from
he response 1o light occurs

action to the relative humidity o

avoidance of light and a reaction

tact with as much of their surroutt

of this is not only that the animal

they bunch together and consequen

®vaporation. However, a reversal of t
D
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Wheg woodlice become somewhat desiccated, so that if ¥
daytime habitat should dry up they are not restrained ther® ¥
they dlg, but become attracted to light and are then ﬂw
wander in the open unti they find some other damp, dark hM
place where they again become photo-negative.* R

Som;what similar responses have recently been shows ¥
occur in myriapods which also jose water rapidly io dry &

Some species may even tend initially to move towards dry 84
but th_e reaction is gradually reversed as desiccation wa&i
Rea(‘:nons lo moisture, however, are of far greater importanc® ™
the lives of these creatures which seldom come to rest °"°°pt°g
a damp surface, than are responses to atmospheric humidity. %

The influence of water as distinct from air humidity has 8%
been widely investigated in anyarthropods; but it has beenshoW&
to be important to wireworm larvae whose wax layer becomes
abraded if rubbed by the soil in which they live. In these animas

orientation is achieved by two different mechanisms: firsts. .

larvae are more active in dry than in moist air, and second!s,
thFY show a directed response to low humidities. Thus they
migrate rapidly out of dry soil and aggregate in damp areas.

The reactions to humidity which are shown by insects mdi
arachnids possessing a wax layer usually result in the avoidancé

of moist air and are therefore not easily correlated with .m!}',j

specific physiological requirements. Examples of such behaviour,

are afforded by locusts, mosquitoes, lice, cockroaches, house-]
flies, and mealworm beetles. It is interesting to note, howav.e\‘,,‘
that even in these animals the responses may be reversed with
an adverse water balance. ' '

Although humidity is the most important factor of ‘hq
environment to woodlice and myriapods, they are unable to fin %
their way directly to damp places, Instead they are merely T¢-
pelled by drought. Nevertheless this stereotyped and curiously
negative behaviour is surprisingly effective in preventing them'
from wandering away from their normal habitats: but it does

LA

=

4

raise the problem of how dispersal can take place and new %
habitats become colonized.
*See discussion in Science News 28, 76 (1953).
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- There are a number of cases on record of millipedes, some-

times accompanied by centipedes and woodlice, migrating in
vast armies. Occasionally they have crossed railways and been
Squashed in such numbers that locomotives have been impeded
and sand has had to be strewn on the lines before their driving
wheels would grip. At other times cattle have refused to graze
on invaded pastures, wells have been filled with drowned corpses
and workmen cultivating the fields have become nauseated and
dizzy from the odour of millipedes crushed by their hoes. Such
mass migrations, however, are of rare occurrence and local in
extent, so that their net effect on distribution is probably negli-
gible. An explanation of the problem has been suggested' as a
result of recent work which has shown that the restraining

. Mechanisms are somewhat relaxed during the night when the

temperature falls and the humidity of the air increases. Thus
it is at night that these creatures are enabled to disperse them-

" selves and overcome the restrictions inherent in the physiology

of their integuments. .
The significance of the absence of a cuticular wax Jayer and

the development of strongly marked .reactions to envirompental
humidity gradients can be explained in terms off the necessity for
adequate oxygen supply in the absence of suitable respiratory
organs. An alternative suggestion has rgcen!ly begn proposed,
however, in the case of woodlice, acco.rdmg to' vyhlch, although
different species can withstand terrestrial condmon's o'f dr(?ught
to varying degrees, probably all spend most o_f their lives in an
atmosphere saturated with water vapour anq c_ixﬂ‘e}- mereI}.' in the
length of time that they are capable of surviving in dry air. The
conguest of the land by the ancestors of woodpce propably togk
place across the littoral zone, for shore-(.iwellmg species are still
the most primitive in structure. Now animals crossing ﬂ;‘? zone
may well be subjected to high temperatures, and the abi ity tlo
lose heat by evaporation of water may have had considerable
. e .
suxl';n‘:zlu‘]z; lbee mistaken to regard the absence of a cuticular wax
layer as a primitive characteristic, howe\fer, althoggh the forms
that lack one are so restricted in their choice of environment that
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they cannot be regarded as entirely successful fand animals:
Ratl?er, it seems that a particular method has been exploited for,
surviving the conditions of life on land. At the same timé
although the control of body temperature by evaporation caf”
not occur in the arthropods that have the otherwise overwhelm®
ing advantage of being comparatively independent of moist Suf*
roundings, the temperature of the thorax of flying insects such
as locusts may sometimes exceed the critical temperature at
which their cuticular wax layer becomes porous, so that Jocal
evaporation and consequent cooling may take place.

Impervious integuments and respiration

The integument of ail arthropods seems to be basically simi-
lar although it may vary greatly in complexity in different
groups. An exceedingly thin outer epicuticular layer of a sub-
stance known as ‘cuticulin’ is always present, but only in insects
and arachnids does this support the impervious layer of wax to
which their success on land is largely due. The insect cuticle
(Figure 2) is light in weight, rigid, impervious, and capable of
endless morphological and physiological modifications. Its innet
layers, known as exo- and endo-cuticle, differ from the epi-
cuticle in that they arc composed largely of chitin, a nitrogenous
polysaccharide having the empirical formula (Cnﬂlsoﬁb!)"
Chitin itself probably consists of long acetylated glucosamine
residues, and is soft and flexible. The cuticle owes its rigidity t0
a brown or amber substance known as ‘sclerotin’ which binds
together the constituent fibrils or micellac. Sclerotin is formed
from proteins which have been hardened and made insoluble
by the action of quinones; a process analogous to the tanning Qf
leather. The same kind of reaction occurs in some of the epi-
cuticular layers which, however, lack a chitinous foundation;
while cuticulin itself is believed to be a condensed, fatty lipo-
protein tanned by quinones.

An alternative method of hardening the cuticle occurs in
Crustacea whose endocuticle is heavily calcified and brittle, 33
in the shells of lobsters and crabs. Calcification, however, adds
greatly to the weight of the integument and so is only really
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fatisfactory in aquatic forms. In millipedes the cuticle is
hardened both by sclerotization and by calcification and is ex-
tremely strong, an adaptation perhaps correlatgd.&!r' burrow-
I0g and pushing. /

The process of tanning or sclerotization referred to above
Was first clearly demonstrated in the egg case or ootheca of Ehe

'«\j g A - _j

Epicuridc
Exocuticle

. f%?i’ii{j!t

L

l { / W{‘ggﬂ o Epidermis

Endocutick

Aa—————

Al
i

Hair-forming cell

Gland cell

Fig. 2. The insect cuticle, semischematic (after Wigglesworth).

cockroach. Here a watery solution of protein is secreted by the
left accessory or colleterial gland, while the right gland secre?es
a solution of protocatechuic acid, dihydroxyphenol. On mix-
ing the solutions, the protein becomes hard and brown. This is
because polyphenol oxidase, an enzyme pre.sent in the se;re-
tions, oxidizes the protocatechuic acid to its corresponding
quinone and this in turn tans the protein. Adjacent polypeptxd;
chains in the protein molecules become linked through their
reactive amino groups which are thus bloclfed. The §gmeftatx:-
ning process occurs in the protein impregnating the ch{tln o the
exocuticle as well as in some of the non-chitinous epicuticular
layers. If a newly moulted insect is
tOybe colourlessyand transparent so that the fg&ﬁf’
through. First the hardest parts such as the & Pe:

: .

) i F
flotrin2

o

examined, the cuticle isseen '
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&
f:;:g;_;:: within an hour or two the whole cuticle becoi
Var wn and finally blackish.
and aer:t)eu:simomﬁca“ons of the integument allow for flexib!
broken u ?:( For example, 1hg hardened exocuticle may ¥
branes mPPem?. ‘?dg‘?‘Sh"‘PCd pieces ut intersegmented men’
insects that t; klt] ending, or may be absent in bugs and otth:
these, the e id f. arge meals at irregular intervals (Figure 3). Is
the a’bdomz Cl:il‘:l_e is much folded to allow for the expansion
imegumemi: thg feeding. In bectles, the hardness of the
strands know often enhanced by the presence of a network 0
of the endoc n'as balkeﬂ_ el}lbedded in a homogeneous matrix
water va u;nclc. Certain ticks and insects are able to take UP
euvirom:::tr fohm the atmosphere even when in an unsaturat
humidi without lO.Slng their resistance to desiccation at loW
idity. The mechanisms by which this takes place, however
are not fully understood. :

(@
i

M

S

]

Y

2

247,

(b)

miliii-‘-“m’//

[

i
llﬂ%mul"'

Fllgi. iéel;:ltam?llels of ﬂexiblg cuticle : (a) intersegmental membrané of
2 permzt\;lt ic excuticle broken up into wedge-shaped picces
ab it bending; (b) extensible cuticle of a bug, excuticle beilg

sent except around the bristle, and epicuticle much folded to
allow for expansion. |

A number of authors have stressed the importance of mois- :

ture on the distribution of spiders. The conflict between the -

Incompatible requirements of respiratory exchange and the

\L;l;e‘;/engon of water.-loss has recently been demonstrated by the.
iter by a comparison of two common British species Cinj;

ferox (Inset 24) and C. similis, both of which have a cuticular
W:’} layer with a critical temperature at about 30° C, above -
which they quickly lose water by evaporation in dry air. At
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?*if"::wer temperatures, however, the rate of water-loss in C. ferox
18 almost double that of C. similis. C. similis ‘tires’ very rapidly
* When forced to run at full speed without stopping and is almost
3lways overcome in fights between evenly matched individuals
- f the two species. Both species can run for long periods when
Supplied with oxygen and it is suggested that the greater stamina
of C. ferox depends upon a proportiOnately larger respiratory
surf_ace acquired at the expense of greater dependence upon
tnvironmental humidity.
The primitive respiratory organ of the M
but special respiratory organs have been evo
Smallest and simplest of the arthropods. In inse

Ment is impermeable, a special system of min
tracheae’ leads into even finer ‘tracheoles’ that carry oxygen

directly to the tissues where metabolic processes take place. The
‘Al‘achnida possess both tubular trachea and hollow spaces —
lung-books — which communicate with the external air by a
8mall pore and contain a number of respiratory leaves and
lamellae (Figure 4). Scorpions have lung-books only, while
Spiders are passing through a primitive lung-book stage from

etazoa is the skin,
Ived in all but the
cts whose integu-
ute air tubes or

-/—————
pamellae kept apart
by vertical supports

Fig. 4. Lung-book of a spider as seen in section.

erged. Two pairs of lung-books without
mitive families while most others
books and a posterior pair of
tocalized respiratory area from
he respiratory pigment haemo-

which none have yet em
tracheae occur in the more pri
have an anterior pair of lung-
tracheae. Lung-books provide a
which oxygen is distributed by t
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Cyanin in t
because all t';fc:r)lt(i):st II'ISCC(S possess no respiratory pigments
tracheoles, ¢s are supplied with oxygen directly by the

The entr
spiracles Cl?):ec:; ;o both lung-books and tracheae is guarded by
way the miniey Y means of special muscles (Figure 5). In this
poses is allowuc;n quantity of air necessary for respiratory pur
much redaced CWhto cnrc.ulutc and consequently water-10ss is
sphere sontui - When an inscct or arachnid is placed in an atmo-
ning an abnormally high proportion of carbott

dioxide t i )
he spiracles are kept open to their fullest extent and the.

rate of w, . . o
ater-loss in dry air is then considerably increased.

= Artachment
A - ofocchuding
muscles

Fig. 5. Spiracle of a butterfly larva as seen in section.

. WATER CONSERVATION
, .
owth, Moulting, and Metamorphosis

ofIl_[;;l;]‘:g:g:.Sms growth tends to be a cyclical process, periods
novel, The F mf with activity. H. G. Wells used this idea in his
more’mark do:)h of. the Gods. In no animals, however, is .lt
punctuated eb an in the arthropods, whose development 18
preceded b Yy a series of moults or ecdyses, each of which 18
apparent i: at.pe'nod of active growth and followed by one of
together. i activity. All parts of the integument are moulted

gether, independently of nerve supply. The stimulus for this

_Is hormonic in nature, metamorphosis t00 bein

105

Arthropods and Terrestrial Life
g controlled by

hOl‘mones
digested by enzymes

. During moulting the old endocuticle is

fn the moulting fluid and withdrawn in solution trgrough the
Pore canals’, These are numerous fin® 1ubes, sometimes num-
bering over a million per square centimetre of surface, which

Penetrate the exo- and endocuticle. A new epicuticle is always
ulting takes place, sO

laid down beneath the old one before MO
little loss of water and a

. that this process is accompanied by

high degree of economy is achieved.

Nutrition and Excretion

Woodlice and millipedes ar
centipedes and arachnids, Wit

¢ almost entirely vegetarian, while
h the exception of certain mutes,

are primarily carnivorouss but diﬁergnt species of insects seem
to be able to thrive on almost any kind of organic mat.ter .Capg
able of supporting metabolism. In {1105}, water conser}:atn;r; :js (())n
Prime importance, but blood-sucking ipsects, tho;e ; a: ;'m'n-
the sap of plants and some aquatic SPEcies, 1r]ﬂaz' ::;zdoof ‘I m'le
ate considerable quantities of water in &S ort p X

i jui { plants
T 1 the copious watery juices o
hus the bugs that feed o r-chamber that allows fluid to pass

Possess a characteristic filte ) - )
directly from the anterior to the p‘ostenoxt reglofrlst l?f t:lt? nrlnexstga\:t,
short-circuiting the main digcs_nve region ]0 e 1“: o);
canal. This permits the absorption of very argefqu.an 1ties

food, necessary on account of th_e SCZ}TC{W Of :urdo_genqus
mate’rial in plant sap, without excessive dilution of the digestive

enzymes. like that of osmotic regulation, is
th;r::af::::;?l:e of a constant internal environment within the

i An aquatic animal surrounded by a large volume
animal body. crete toxic nitrogenous compounds with im-
of »'vater call'; e:ecc““y for water economy in terrestrial forms
punity, but the es the excretion of some compound less poison-
generally f"qmrnia More than half of the soluble non-protein
ous thap ammoni: ' . o are excreted in the form of ammon-

cts of woO : Cn e
Waﬂ; P;::; de, but the retention of this primitive character has
ium hy 4

of excretion,
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been attended by .
bolism. In higheryi,?siﬁ's‘““P suppression of nitrogenous
chief excretory compou ,:s in _blrds and reptiles, uric acid i
been evolved in respongc }Thls substance has in the first P .
Uric acid metabolism is co o the cOr}dmons of embryonic %
enclosed in a comparati rrelated with the development of 8
toxic as we have so atively impermeable shell. Ammonis %
pound for eggs dcvcfllodr}d is only suitable as an excretory ¢&
urea as this would ¢ ping in water: it cannot be converted §
relationships of thause uraemia, and in excess upset the osmorag
insoluble substan‘e egg. Hence uric acid, a non-toxic, hif
within the ¢ DeCs has been evolved which can accumul',
When o Cigic\l\(u;‘hout causing any ill effects.
life is left behind .atches, the uric acid produced in embryOf ¢
insect larva soonm the ifllantoic membrane. The newly hatc? of
lated during its emgt::ts rid of the uric acid which has accumtd
the pupa, drops of lfyopnc life, and shortly after emerging £ro o)
the anus of the ad I?md’ the ‘meFODium’, are discharged frof&
waste products of ult or imago insects and these contain
pound of the ara E”Pal metabolism. The chief excretory coﬁ
insoluble. chnids is guanin which, like uric acid, is VI
The princi '
Pishianpt::::izl excretory organs of insects are known a8 Mal¢
Uric acid cr; st;lnamed after Malpighi who first noticed them.
and pass intz ths ;r e excreted into the lumen of the tub od
rectal glands so tﬁ tlnd gut, where water is withdrawn by tb
ing practically no 2" a dl:y pellet of faeces and uric acid contain”
compounds ma :: ter is passed to the exterior. Other excretorY.
form of Pigme):;ts ;;ored and are frequently utilized id the
pounds, however d ¢ coml-?OSltlon of the excretory com
amount of water epends ultimately upon the food and
excrete a cleare;a-vauablc'_l:. or example, blood-sucking in
hour or so after uid containing excess water and salts for an
of metabolism d: meal : substam_:es which arise as end products
other insects that an(tiappear until some hours later. Aphids and
as do aquatic i eed on plant sap excrete a copious, clear urin®
quatic insects, for these have no problems of water

supply.
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CONCLUSION

‘-

?:h;g;,s‘:};?n Teview some of the ways ha
Pods, b er consgrvatxon is achieved by ;
tant » but the subject is a very large one and many other 1mpor-
migr:?‘“ts could have been stressed. The vertebrates probably
o ed to land by way of tropical swamps where the oxygen
ent of the water was low, so that the inhabitants bad already
te;°m§ adapted to air breathing, ad essential prerequisite for
ti estrial life. In the case of invertebrates the course of evolu-
On is less clear, but it is by 0o means impossible that the route
Via the littoral zone may have peen the one most frequently

fOIIOWed.
A The ancestors of the te
ave been restrained by be

ve been mentioned in
the terrestrial arthro-

rthropods may at first all
. haviour mechanisms 10 damp en-
Vironments, Later, some of their descendants, such as modern
Woodlice, centipedes, and millipedes, exploited still further this

insects and arachnids,

form of terrestrial life, while others: the i achni
8cquired waterproof integuments and the other physiological

and morphological mechanisms that must accompany them;
vbut all this is pure speculation. In the absence of direct evi-
dence comparative physiology can merely suggest the kind of
course that evolution may have followed.

The general speeding up of life in 2 medium of abundant

Oxygen-and negligible viscosity has resulted in increased special-
and only the size limit im-

ization of the central nervous system™

ngSed by respiratory requirements and the necessity for growth
iny Mmoulting may have prevented the arthropods from dominat-
'i :1 the terrestrial environment to an even Sreater extent - pos-
Hbly even to the exclusion of the vertebrates, including man.

rrestrial a
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fMmation that may be offered by the

RESEARCH REPORT

A. W.HASLETT

NUCLEAR ENERGY

{ important in

IF 0
ne concentrates on facts, the one that is mos
probably the

th;tizf‘asef}ﬂ' development of nuclear energy is
Power steC.lSIOn to proceed with a 10-year programme of nucl’ear
and devatloqs’ based in the earlier stages on an existing design,
oof th"lol_)mg thereafter in ways not fully spegﬁed. It is a
appli at, in the conditions of one country, the time for rapid
cation has arrived. If, on the other hand, one prefers “ifs’,

the . rs ‘il
1 the most important is probably the extent of detailed 1n-
‘have’ countries to the

be held in Geneva from
1l information can it be
il be built. The itemized

8 ?:?:)Ij‘a“ons scientific conference t0
€Xpected t:gUSt; for only on rather fu’
Program at confidence to proce-ed wi :
Vides th nge of the conference, whnch.has lately been issued, pro:
advice ef ramework that is needed; it has been prepared on tht;
Canag of a small committee which includes regresemauves o
not Oba,_ the US.S.R., Great Britain, and the United States. Itis
tnce isYlouS at the time of writing whether the.Geneva confer-
Nent intended to precede or to follow the attainment of agree-

on the constitution of the international atormi¢ agency

Vhich wil provide the channel for assistance.
e ,: Bri.t ish programme requires to be seen in the gontext of
Ways "(;enc.an one. The circumstances are filﬁerent in s‘e.vera}
‘Ourc.e ne is the greater need of Great Britain fo_r an ac.idmona
Mag, of energy; another, the greater fesources, mclud.mg‘com-
d of materials, behind the American effort; 2 third is the

3¢t that, wher . " in the hands of private

s, it 1S publicly owned in Great

arent dependence of the
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economic generation of clectricity from nuclear cnersy g
attachment of a value to plutonium, produccd as a by-P *
which is greater than its expected long-term value as 2 sct)‘ ",
further nuclear energy. In the United States, 1hi? Sl.tua § v
caused the rejection of plans by industrial orgumzatlat.‘s-oﬁ
combined purposes of clectricity generation in compe.utl ¥
existing types of power stations, :nd of the pro'dud"]f’:e
tonium for sale to the Atomic Encrgy Commission.
for this rejection has been a reluctance on the part © l:n -
mission to enter into long-term commitments for .lhe fro N
plutonium at a price such that clectricity gencration linc €
sent reactors would be economic. In Great Britain, the &
has been that an carly and expanding development °re
energy is a national necessity, and consequently that au p‘“
high value could ‘reasonably’ be attached to carly § g,u
plutonium, since its accumulation would be a prercquar
to the introduction of more efficient types of ‘-wd;\i 14
station and to the building of ‘breeder’ reactors, it v
fissile material would be produccd than consufm how &
assumed that, while later power stations ‘should $ um
improvement in efficiency ... the value of ?mloﬂ'
probably fall considerably during their lifetime "
approach is thus justified primarily by nced for ?on M
secondly by confidence in the stage of rapid cxpanst .:‘“
expected to be reached about 1965. It is because the U5 .8
of the first stage involves the sccond that the ne .
information arises. fall e
Both the British and the American Df"gmmmesed'ml of
parts - thosc devoted to the non-breeding and bre e
reactors. There is a further distinction between e:
reactors, which may produce more or less of POV L
built in their own right for electricity generatio ?,.p )
breeding reactors are included in the 10'Y°“r.B.nns
of stations to be built by the British Elccmc?‘Y‘ expf
the other hand, the Atomic Energy Authority3 = g
fast breeder reactor at Dounreay is Pfo"ismnald’;w o
begin working in 1959, one year earlier than the N
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for the first production stations. There are also a number of
further types of reactor, which are at the stage of ‘design study’
Or experiment,

The United States has no equivalent of the British production
Programme. But, against this, there is a greater variety of power
Teactors built or building. Three of these are of non-breeding
types. They are conventional to the extent that the maintenanée
of a chain reaction is dependent on the slowing up of the neu-
trons released in fission, and that the nuclear fuel consists of rods
of uranium, slightly enriched in the fissile isotope uranium-235,
and encased in a material which will meet the condition of with-
standing direct contact with the fluid used to extract heat from
the reactor., In each of these American designs, the fluid used is
a liquid, and in two of them it is ordinary water. One, known as
the ‘pressurized water reactor’, has been designed by the West-
inghouse Electric Corporation and will be operated by the
Duquesne Electric Light Company in Pittsburg. A closed, pres-
Surized circuit is used to extract heat from the reactor and to
Pass it through a heat exchanger for the boiling of water for. the
turbines. The other one, known as the ‘experimental boiling-
Water reactor’, is being built at the Argonne National Labora-
tory, and in this steam will be raised directly in the reactor. In
both these designs, the water which extracts the heat will'serve
350 as the ‘moderator’, by which the neutrons liberated in fis-

Sion are slowed to thermal energies. The last of the§e th}-ee
Feactors will use liguid sodium to extract the heat. It 1s‘be1ng
built by North American Aviation, Inc., and will retain the

Research Report

._'/ traditional graphite blocks as moderator. The advantages are
b the greater heat conductivity possessed by a metal, and the

Possibility of extracting heat at a relatively high temperature
Without corresponding increase in working pressure. The dis-
advantages are that liquid sodium is an awkward material to

. handle, and that it absorbs more neutrons, which implies that

€ uranium used in the reactor must be more highly enriched in

“Uranium-235. An economic advantage is considered to be not
) - Vet foreseeable, though it should come in time.

Compared with this group of American designs, the early
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:f;izgzcnfir;erauon of electric.ity from nuclear energy on
o hment of a \;]alug to plutonium, produced as a by-prod
furthor ngUd 'er than its expected long-lerm value as a source @
et au r:gr ﬁnergy. In the United States, this situation ha
ot uiec ion of plans' py industrial organizations for the.:
xiting 1 pe pofses of elecm.cny gencration in competition withg;
e fo);ps slo power statxpns, and of the production of plus?
fonm re'ec?'e to the Atomic Energy Commission. The reasons
e ] lon.has been a reluctance on the part of the com-:

on to enter into long-term commitments for the buying of!
plutonium at a price such that electricit ion f re-:
sent reactors would be eco i e geflcfalmﬂ 'rom en
has e orS nomic. In .Great Britain, the line taken:
enerey i nat‘an e)aﬂy anfl expanding development of nucleat’
g st o 1:?;? necessxty,‘and consequently thata relatively.
Dlotonium o 'reasonably _bc attached to early supplies ©
o iml',Odnce. its accumulation .wouid be a prerequisite bo
tatio e uc:on gf more efficient types of nuclear powel
P mater'olt e building of ‘breeder’ reactors, in which moré
B lta wo_uld be produced than consumed. It is thus
improvemezt, ‘whlle Ifatcr power stations ‘should show a great
e in efﬁcnency fhe value of plutonium woul
oy | thconsfldcef'ably d}mng their lifetime.” The British
APprox bs ug justified primarily by need for energy, and
emmz : g' g:on dence in the stage of rapid expansion which is
eRpected e reac'hed about 1965. It is because the justification’
of the first stage involves the second that the nced for full
information arises.

Both the British and the American programmes fall into tw@ :
parts - those devoted to the non-breeding and breeding types O
reactors. There is a further distinction between experimenta
rea_ctog's, whfch may produce more or less of power, and thos¢
built in their own right for electricity generation. ’Only noo-
breedu?g reactors are included in the 10-year British programme
of stations to be built by the British Electricity Authority. On
the other hand, the Atomic Energy Authority’s experimental
fast. brceder reactor at Dounreay is provisionally expected to
begin working in 1959, one year earlier than the date scbedule&
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for the first production stations. There are also a number of
further types of reactor, which are at the stage of ‘design study’
or experiment.

The United States has no equivalent of the British production
programme. But, against this, there is a greater variety of power
reactors built or building. Three of these are of non-breeding
types. They are conventional to the extent 1hat the maintenance
of a chain reaction is dependent on the slowing up of the neu-
trons releascd in fission, and that the nuclear fuel consists of rods
of uranium, slightly enriched in the fissile isotope uranium-233,
and encased in a material which will meet the condition of with-
standing direct contact with the fluid used to extract heat from
the reactor, In each of these American designs, the fiuid used is
a liquid, and in two of them it is ordinary water. One, known as
the ‘pressurized water reactor’, has been designed by the West-
inghouse Electric Corporation and will be operated by the
Duquesne Electric Light Company in Pittsburg. A closed, pres-
surized circuit is used to extract heat from the reactor and to
pass it through a heat exchanger for the boiling of water for the
turbines. The other one, known as the ‘experimental boiling-
water reactor’, is being built at the Argonne National Labora-
tory, and in this steam will be raised directly in the reactor. In
both these designs, the water which extracts the heat will serve

also as the ‘moderator’, by which the neutron§ liberated in fis-
sion are slowed to thermal energies. The last of these three
reactors will use liquid sodium to extract the heat. It 1s‘bemg

Inc., and will retain the

built by North American Aviation,
traditional graphite blocks as moderator. The advantages are
ssessed by a metal, and the

the greater heat conductivity po . )
possibility of extracting heat at a relatlYely high temperatu're
without corresponding increase in working pressure. Th‘." dis-
advantages are that liquid sodium is an awkw.ard.matfznal to
handle, and that it absorbs more neutrons, which implies that

: ¢ be more highly enriched in

the uranium used in the reactor mus i
onsidered to be not

uranium-235. An economic advantage ’is ¢
yet foreseeable, though it should come in time.
of American designs, the early

Coamngred with this group
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;iit:;lellce);;(l;rlentsc?'f ?rltxsh power reactors is based on a single,
o tge Caeta (d cience N(‘*uis 32, p.92): namely, that by fitting fin$’
ex"ac“o; rl; g:,s com';umng the uranium, the efficiency of heat
Xraction u))/ ahgas hcax} be so far increased by breaking up the
oo and liaud cer]tﬂ ¢ immediate balance of advantage between
gas and liqui ooling. In other words, for a given rate of heat

, the gas pressure necessary has been reduced signi-

fi .
cantly. The first four stations in the 10-year programme will be’

i‘; ;’;g;"scg’:]e? two are for operation in 1960-61, and two more
Stations.and f[c))arm}?n of rclt.:vant figures for the first two of these
gests that the ch t ehf'\mencan ‘pressurized water reactor’ Sug-
is expected to bofcl: as been well made. The generating capacity
little more tha e}:l f?ut twice as great, or rather more; the cost 3
and thereforenthd : ;md the tcr‘n;‘)eramrc at the heat exchangefs
350° C. com aredc ! ermalo efficiency, slightly greater (about
extent that tI;:e eWVY“h 275° Q). :Thc comparison is unfair to the
be improved, a dl:ency of 1_hf’ pressurized water reactor’ may
in design Bl,,ltr" that Fhe British reactors represent a later stage
white oo ~er thm relation to these figures the statement in the
our pres:)nt t ;t this is the only type of reactor ‘that is within
i the men f‘:t: nl'cal reach in terms of design and construction
the fort hutre appears modcstly expressed. The design of
The first foulrg ’Staglons which are to follow has been left open.
ones may be l'md"yd e developmcnt_s of the same type. The later
alloy of sodiul:]nm -;oolcd, using either water or sodium {or an
have been gainedig thl;(’imtsslum); experience of the latter wi}l
mental Dounreay reacto:. erval from the working of the £XPEE™
efﬁli(‘,thtfor the rapid development of nuclear energy and for the
1’eaclte:n :{Se of nuclear fuel there is necd for the breeder type of
valen?r(.)f tt;r: lt;lere are several possibilities. The American equi-
electricity gone Otl.nrca.y faSt‘-ncutr'on breeder, designed also for
hich s bﬁin rél l'(lm‘ is the ‘experimental breeder reactor No. 2
e (hig‘ ui t.at the Argonne National Laboratory. The
o ed ype is that a sr_mll core containing plutonium is
surrounde by a blanket of either natural uranium or of uran-
jum depleted in the fissile isotope. Plutonium is produced in the
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when a breeder reactor is used also as a

power source, is to extract heat from the small central core at
the high rate necessary. For this reason, the functions of breed-
ing and power production may have to be largely separated,
although both countries are trying to combine them.

The second main possibility is the so-called homogeneous
reactor, and it is not yet certain whether this will just breed or
not quite. It is probably better thought of in any case rather as
a non-breeder which, by economy in the use of nuclear fuel,
would reduce the amount of breeding necessary for an expand-
ing programme, than as itself contributing directly to accumula-

tion. Its attraction lies in its simplicity on the nuclear side. In
place of uranium rods, there is 2 circulation of nuclear fuel in
f a central chamber which

solution. The reactor proper consists ©
is large cnough for the usual chain reaction to proceed at the
and which is surrounded by a

intended working temperature, ed by
heavy-water reflector. The liquid is pumped through pipes (in
hanger, and back again to

which reaction ceases) to a heat €x¢
ade self-control-

the reaction chamber. Such a system can be m
pumps can fail and be started

ling by temperature, so that the :
again without difficulty arising. On the other hand, there is an
obvious risk in the circulation of a highly radioactive and corro-
sive solution at a high temperature and pressure.vThe prin.ciple
of this type has been established at the Oak Ridge National
Laboratory, and two further reactors are planned. In one of
them, the heavy-water reflector will be replaced by a blanket 9f
thorium in which uranium-233, formed from the thorium, will
accumulate. This will not necessarily amount to breedfng. But
breeding from thorium has been accomplished already in a fast
breeder reactor. According t ecent anpouncement, .the U.S.
Atomic Energy Commission make available to

private users the fissile isot0 at 235, uranigm-233,
and plutonium — subject to accountability for the material. Pre-

sumably, a power company could, if it wished, emba‘rk on either
a fast breeder or a homogeneous reactor, though this seems un-

likely at the present stage- -
The long-term outlook is thus fluid. Fast bre

blanket. The difficulty,

oar
has offered to
pes - granium-

eder reactors are
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needed fo i ion i | !
rarapid expansion in use; but neither the fast breedﬂ':fi

power reacto
r nor the homogeneous reactor are yet proved. The;

U.S. Atomi o
AT ngr:tl;;rEnggy Comm!ssnon has been described by Dfz
tory, as ‘hed ii' .esear<‘:h Director of the Oak Ridge labora=:
Brivain o fo oy 8 bet'. There has been no hedging in Great’

» S0 far as immediate decisions have been concerned. Bu‘l”{‘

a number

stated, an d?fmf:?el:;: l:)’]P_es are being considered, as already’
o e olicy is no mor -and-dried i

Britain than in the United States. © cut-and-dried o, Great

A more i i
specific point of progress is that the disposal - or use =

54
21

of th i ; .
shou:drzcil?zs::: gss"’“ products formed in any type of reactor:
radio-elements fro e a major difficulty. By scparating only tW0
manageable m the rest the problem can be reduced t0:

proportions, while in limited quantities the two

separal
parated elements can be used. From the point of view of dis-

posal, it \
can be c};iss%ee:;tated tt}at the radio-clements formed in fission
idered as falling into three groups. At one extreme.

are t jori

: ye:rt')sz,n tl;ztgr§at majority, which have half-lives of less than

e llvnthnh a half-life of a year would be reduced

o ears ess than a thqusandlh of its original value, and in
ess than a millionth. Radio-elements in this grouP

can b
e looked after by storage in tanks, which can later be -

empti .
ra d?:)l-eetlie?::mused- again. At the other extreme, there are a few
bute impOrta:t;mth half-lives so long that they do not contri-
consists conv y to total radiation. The intermediate group
which hasahe;;l;.mly of only two elements — strontium-90,
try for the re :\ - lfe of about 20 years and can be used in indus-
o non-condu:’t"’a of static charge from factory belts and simi-
late; and caesiun:n1g3 7equ1;?mem on which charge can accumu-
gamma-radiatio - : , _whxch has a half-life of 33 years and emits
in hospitals. A n‘;) high enough energy (700 keV) to be useful
separation " pilot plant has been built at Windscale for the

of these two radio-elements. Chemical engineering

developm i
pment will be necessary for their continuous separation

onal
arge scale. But that done, the disposal of the remaining

fissi
ion products would be greatly accelerated; and, without

allowance for use, the output of those separated would be only
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about a ton or two a year, assuming as much electricity to be
generated in nuclear power stations as is NOW generated from
coal in Great Britain. This is the situation envisaged by 1975.
Clearly a ton or two of material presents no major problem in
disposal, however highly radioactive. Also the complexities of
separation will be concentrated on a comparatively small num-
ber of plants; separation will not be done in nuclear power

stations.
The programme of the
for contributions on fast reactors,

irradiated uranium and thorium, th
fission products, the technology of special materials needed in

the more advanced types of reactors, problems of leaks, pumps,
and corrosion, and the interrelation of reactor systems as a

whole. It is hoped also that information will be given on certain
types of reactor of which litile has s far been heard. An ex-
ample is the ‘fAuidized solid fuelled reactor’.* Also, the session

on the chemical processing of irradiated fuel elements — which
in plain language means the separation of plutonium — is item-
ized to include high-temperature processing and ‘volatility pro-
cesses’, as well as solvent extraction. There is scope also for the
discussion of safety problems in relation to the large-scale
development of nuclear energy, but not those arising from mili-
tary applications except so far as evidence from these is relevant.
The World Health Organization has announced its intention of

dealing with safety aspects, and contributions made to the con-
y be referred to the latter body.

ference under this heading ma .
It would be the appropriate body also for th.e sponsoring of
research on long-term geneti on which concern has
lately been expressed.
All contributions to th
states and specialized Uni
sessions will be open, and
token admission of members ©

Geneva conference makes provision
the chemical processing of
e storage and separation of

c effects,

will be sponsored by the
gencies taking part. All
t there will be at least 2
blic. No decisions will

an account of ﬂnﬁq

e conference
ted Nations 2
it is hoped tha
f the pu

*See the article by H. C. Pincas on p. 68 for
§plids.
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be t?.ken, or recommendations made by vote; but in the closins; :
§e3510n tbere will be communications from states participatins :
concem{ng measures for assistance to other countries in the usé
of atomic energy for peaceful purposes’. Considered in the
m‘)rmz}l sense as a conference, an cxcess both of people and con”
tributions may be expected; and time will be given also to the
uses of radio-elements in research, medicine, agriculture, ab
industry, which it will not be possible to discuss adequatelys -
however relevant in a broad sense. There will be evening lec-
tures, as at a British Association meeting, for the encourage:
ment of wider interest. From the point of view of informatiof,
all contributions are to be circulated, and will later be published.
The Sf:cretary-general is Dr Walter Whitman, Professor of
Chemical Engineering at the Massachusetts Institute of Techno-
logy. The president will be Dr H. J. Bhabha (India).

A Programme of Nuclear Power (Cmd. 9389). London, H.M.S.0.
February 1955.

Wi‘gnskzerg, A. M. ‘Power Reactors’. Scientific American, December

.DiSP705ing of Radioactive Waste". The Times, December 31,
p.7.

RADIO-ASTRONOMY

Resear?h by the radio section of the Cavendish Laboratory,
Cambridge, has led to a possible new mecthod for the study of
the lray-like structure of the sun’s corona, which by the methods
of visual astronomy can be observed only during a total eclipse
of the sun, and then to smaller distances from the sun's disc than
the radio-.astronomer can reach. The origin of the research was
a suggestion by K. E. Machin and F. G. Smith in 1950 that it
shoyld be possible to observe the occultation, or masking, of 2
Fale star when radio waves from it were suitably deviated dur-
ing thfeir passage through the corona. The first successful ob-
servations were made in 1952 on the radio star in Taurus, using
the type of spaced-aerial interferometer described by W. H.
Marshall in his article in Science News 31, and it was pointed

1954,
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out at the time that some form of scattering mechanism must be
involved. Further observations were made by A.Hewish in 1953,
using improved equipment. The wavelengths used were 3.7 and
7.9 metres on both occasions. Variations in the apparent inten-
sity of the radio star were found at angular distances corre-
sponding to between 5 and 15 solar radii. The more recent and
accurate measurements have made possible a theoretical discus-
sion which suggests that the cause of scattering may lie in
irregularities of electron density which ‘represent an extension
of structure similar to the visual coronal rays’.

A new departure of another kind in radio-astronomy has
been the publication on behalf of the International Astronomi-
cal Union of a list of radio sources which are considered certain.
The first such list has been issued under the name of Dr J. L.
Pawsey, president of the radio-astronomy commission of the
union (Commission 40), with the co-operation of workers in
those centres which have chiefly contributed. It is divided into
three sections. List 1 consists of 8 sources whose existence has
been definitely established, for which accurate posi.tions hgve
been given by a number of ObSCIVEIS, and for _whxch gptxcal
identifications have been secured. The tWo most interesting are

the sources in Perseus and Cygnus which have been identified
f these cases identification is

with colliding galaxies. In some of the . !
supported by agreement between radio and optical sizes. The
remaining two sections list respectively 9 sources for thCh

tely but for which

the radio positions are not known 0 accura

reasonable identifications have been suggested, and 21 sources
tween two Or more inde-

for which there is good agreement be .
pendent radio observers. An LAU. number has been given to
each source.

aciety, A228, 238 (1955).

of the Royal §
1 (1955).

Hewish. A. Proceedings
cal Journal, 1215

Pawsey, J. L. 4 strophysi
G COELACANTH

An account has been given by Professor J. Millot, Director of
the Institut de Recherche Scientifiue de Madagascar, of the

LIVIN
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g;s; ::servat:nons ona living' Coelacanth (Latimeria), the species
e'Minctpf-;ea ish whxch pntll 1938 was thought to have been
ﬁshermanr .solme 60-mllhon years. The fish was pulled in by &
1,000 metr:drfy at 'm.gh[ from 255 metres depth at a distance of
a;ld ill.o es »rom' a Jetty. A gqrcl was passed through its mouth
Arran empe mng, and with dlﬂlf)U“)’ the fish was ‘led’ to shore.
be sUngk at nts had been made in advance that « whaler should
basin, The foin}::e m‘shallow water to providc an emergency €3
the s . ¢ sh, which had appeared distressed on first reaching

urface, seemed to have recovered appreciably after an houf

or so, and passed the rest of the night ‘without any too obvious.

;?chotnvemence'. After daybreak ‘it became apparent that the

8 ,‘and above all the sun itsclf, was worrying the animal very:
mpch , and several tent canvases were put over the boat. BY
mid-afternoon, however, the fish was dying, and it was brought

into hospital for examination. It was 1.42 metres long and.

\:Agxlghed 41 ki‘logrammes. “There can be no doubt’, Professor
cox lg_t states., thz.xt d'eath was brought about by decompressiont

mbined with rise in temperature.’ The other outstanding im-
gressnon was of the extreme mobility of its pedunculate fins.
Crofessor Ml"k)l concludes that the only hope of keeping &
wzillzc;nth alive for a .longer time with the facilities available
s v«:lotok;:onstruct in advance a trellis-work cage in which
s uld normally be kept submerged at a depth of 150 to
00 metres, and would be brought to the surface only for limited
times for observation.

Millot, J. (translated by D. W. Tucker). Nature, 175, 362 (1955).

PRODUCTION OF STABLE ISOTOPES

é r‘?mi"der of the wide use made of stable isotopes in research -
I given by accounts published of their production at the Oak .
idge National Laboratory in the United States and at the

gt.orrpc Energy Research Establishment, Harwell, in Great
ritain. In both cases the instrument of separation or enrich-

ment is the mass spectrograph, the principle of which was de-
scribed by Dr M. P. Barnett in his article in Science News 34;
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" if the incentive from research needs had been sufficient, it could

" have been developed as a production method independently of

- charge. Since 1946, nearly a thous

* where the difficulty has been in c0

L

~ of lithium to 772 milligrammes an
_The biggest group of uses has b

10 element, these figures must be ta

.began later and is on a sma
.been separated and stocks are

days to meet the variced requirements

wartime requirements.

In the American programme, the original machines for the

separation of uranium isotopes have been so far developed that
two of their most important components ‘now resemble only
remotely those of a few years ago’; these are the ion source, in
which a positive charge is imparted to the atoms of molecules to
be separated, and the collectors on to which they are focused

electromagnetically and separated on the basis of mass and
and lots of separated isotopes

have been processed in the four mass spectrographs now in use,

and more than 200 enriched isotopes of neatly 50 elements have
been prepared. Additional elements o which work is proceed-
ing are S of the rare-earth series of elements, of which suitable
initial material has been lacking, and the 5 stable inert gases,
llection. Progress on both
problems is reported. Rates of separation of some elements are
quoted on the basis of a collector current of 100 milliamperes;

but, since the actual collector corrent varies widely from element
ken as illustrative only. They

our for the two stable isotopes
tour for four lead isotopes.
een in nuclear physics, where the
of one isotope from those of
types of experiment.

re two machines, both
ller scale. SO far, 37 elements have
available of most of them. A

special service has been developed for the production of targets
hese are made by a process

for use in nuclear bombardments. T

of secondary deposition, adapted to the element, frqm.already

separated stocks, In this way targets are produced W.lthln a few
of users. There1s a further

advantage that the final deposition starts froma definite amount

©of material of known purity- Both at Oak Ridge apd at Harwell

ome of the separated stabie isotopes are used also in the produc-

range from 26 milligrammes an h

ability to distinguish the reactions
others is useful in many different
Production at Harwell, where there 2
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tion of radioactive isotopes from them by irradiation in 8

nuclear reactor.
Keim, C P. Nature, 175, 98 (1955).

Allen, W. D., Dawton, R. H., Smith, M. L., and Thonemann, P. C»

Nature, 175, 98 (1955).

TRACKING THAMES MUD

The application of the radioactive tracer method to follow the
later history of Thames mud dredged from the Port of London
area, and mostly dumped at sea beyond the estuary, has been
reported by the Hydraulics Rescarch Station, Wallingford, of
the Department of Scientific and Industrial Research. The prob-
lem was to provide a tracer material which would reproduce as
closely as possible the movement of natural mud particles. Glass,
ground to a similar average size, was found to be suitable, and
a glass incorporating scandium oxide was prepared and was
irradiated in a nuclear reactor at the Atomic LEnergy Research
Establishment, Harwell. Radioactive scandium-46 was thus
formed. The treated and ground glass was then mixed with river
mud, and deposited in mid-channel at Gravesend at river-bed
level, using a drum which could be opencd by pulling a release
wire. This was done at slack water. A search for radioactivity
on the river bed was carried out during the next several days,
using Geiger counters in a waterproof container. The quantity
of material released was insuflicient to enable its movements t0
be followed for more than a few tidal cycles. During this period,
some of it was carried at least two or three miles upstream. It
was found also that the tracer material became so widely dis-
persed and diluted with normal Thames mud that there could be
no danger even if dredging operations were carried out later in
the area. The method is thus thought to be practical and Saf:e
for the following of river-bed material, if used in a jarger experi-
ment.

ARTIFICIAL DIAMONDS

Small artificial diamonds of industrial quality have been made
by F.P.Bundy and others in the General Electric Research
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York, by a process in which

ator: ctady, New :
Laboratories, Schene Y ve been subjected for varying

unstated compounds of carbon have b ;
periods to different combinations of high temperature and pres

sure. The greatest pressure used (100,009 atmosp hehr.es) w::utrl:.:
same as that used by Professor P. W. Bm_igman in his mef re-
ments at Harvard University on the physical p roperties ot c;he
pressed solids, This was his limit for Us.efm ex}i)e'??]e?os.make
highest pressure which he attained — without 2 ll[S,’Inder this
measurements ~ was about 420,000 atmOSpheres'h t graphite
pressure, but without special heating, he Calcume(jittha b did
should be transformed into diamond, but rqurte szd in the
not happen. In one combination f’f condmonst. uued e
General Electric laboratories, heating was C:;enrl: essure of
hours at a temperature above 2,800° C and un ! T!finch long
slightly over 50,000 atmospheres. A.CryStal-near ):13 have been
was obtained. Under other conditions, diamon identified by
produced in a matter of minutes. They have bee:ssed hardness
X-ray and chemical examination, and héve I: mass produc-
tests, It is stated that no thought has been g]veg ) diamonds of
tion, and that no attempt has been made to produce

gem quality.
’ Science, 121, 228 (1955).



CORRESPONDENCE

FINDING OUT ABOUT FUNDAMENTAL PARTICLES

Before the publication of Science News 35 , but too late for corr,

rection, I found a mistake in my article. The sentence beginning,

two lines from the bottom on p. 29 should have read : *The spi8

of the 7-meson is zero, and so the spin of the r-meson is Zefgj
also.’ Correspondingly, in Table 1, on p. 26, the spins of these.
particles should have been given as zero. These corrections aré
important. There are also two errors of typography : in the samé
table, the symbol {1+ should have been used (under ‘Decay:
scheme’) for the omega particle, and A° (under ‘Symbol’) for the
neutral lambda particle,

R. M. TENNENT
Department of Physics, '

University of Leeds

THE RIVERS WEAVER AND DANE

In Science News 33, Inset 22, you show an aerial photograph of
the Dane behind Shurlach. This you have titled, incorrectl!hlﬂ
“The River Weaver at Northwich’. I am alarmed that a mistakeﬂ_ ;
impression of the Weaver may thus be perpetuated. We have .
been slowly but steadily building our Whit-Monday Regatta up .
till it has now somewhat more than a purely local reputatiof. .

One of the facilities on which we rely to attract crews from faf
afield is an extremely fine mile-long stretch of water, which,
although not entirely straight, has two equal and opposite bends
of a mere 9° either way. You can understand, therefore, that 8
would-be competitor seeing the photograph authoritatively €b*.
titled ‘The River Weaver at Northwich’ would be hard put to it
to reconcile the convoluted ditch illustrated with the ﬁnest‘
course in the North of England to which we were hoping 10
attract his crew. "

A. S. IRVINE, Chairman, *

Northwich Regatta. ."

Correspondence 123

Dr Dury writes :

The caption should have read: ‘The Weaver vallt?y at North-
wich. One valley bend appears in the foreground, with some ten

Tiver meanders, mostly in the tributary Dane, and cut-offs in

*he present cycle’. The main river, at the top of the Ph°f°grflf’h’
as unfortunately much less apparent in the reproduction than
| the original.



SOME BOOKS RECEIVED

e i

CULTURE AN £
others (ParisDUl:UMA'N FrrriLiTy by Frank Lorimef and’
255, , Unesco; U.K. agents, H.M.S.0., 1954), pp- 510

)

Professor : . *

from the SideLgfnsrgz-rS] approach to human populations has bee8 ’

cultural conditions I:) O?Y' .apd ‘!‘e present study of ‘the relation ©
societies’ bears the o fertility in non-industrial and transition
theoretical discussio Stsmp of this interest. A general review am

of investigations in :lh Y Professor Lorimer is followed by accouie,

Professor K. A. Busi ¢ Gold Coast by Professor Mcyer Fortes and.?‘g

relatively low b'irth. - Buganda and Buhaya (populations © b

and Mrs Priscilla er"f’) in East Africa, by Dr Audrey L. Richar s

ence is the biologi Cllnlng; 'f3 Brazil, wherc ‘the predominant influ” .

marizes a series :fm: ;.actor' by Professor G. Mortara, who sum” .

Geografia e Sta“mcsa“ A‘fs carried out by the Instituto Brasileiro 6@

interest, the investigati though every contribution is individually of

degree of intensi gations described vary in scope, emphasis, and .

nsiveness, and not even the replacement of a would-be :

directing commi |
: mmittee by Professor Lori i 3
) sor Lorimer ha 3
tive unity to the whole. er has given more than rels i
i
i
-3

\
\

Facr,
versigl:frljoz AND FORECAST by Nelson Goodman (Uni-
ondon, The Athlone Press, [954), pp. 126, 155.

Compare i .
Professgr N(l l::’)lr:hogcr,c;feSSO( Braithwaite's Scientific Explanation,
process than with ded man is concerned rather with induction as 8
which underlies scie eductive systems, with the philosophy-as-such
do. Begimmins wi nce than with explaining to scientists what the¥
cedent s fabe), he ‘cjounterfactual conditjonals’ (in which the ante
valid and invald d‘?VC.lOPS the suggestion that ‘the line between
Masriatuion b::re (;CUOI.IS ... is drawn upon the basis of how the
working scientis r:n escrl'bed and anticipated in words’. Thoughthe
use of language he ay see little help in this hoped-far solution from
tially” followed b .g]ﬂght lezfrn f rom the author that the word ‘essea-
of a question beg};ed,e same’ or ‘similar’ was usually a fair indication

Some Books Received 125

Tue HuMAN ANIMAL by Weston La Barre (University of
Chicago Press; U.K. agents, Cambridge University Press,

1955), pp. 372, 45s.

Probably the most useful comment on Professor La Barre's book
is that those nurtured in the orthodox susceptibilities of biologists
should not be put off by his early definitions of living organisms and
evolution. As an anthropologist who draws on psychology and socio-
logy, but little on physiology, he gives a picture of enough of man to
be interesting and includes enough ideas of his own to make others

think.

Tre PiLTDOWN FORGERY by J. S. Weiner (Oxford Univer-
sity Press, Geoffrey Cumberlege, 1955), pp- 214, 12s 6d.

In contrast with other accounts, Dr Weiner (with more late correc-
tions than he can have wished) here concentrates on the human prob-
lem — one of the most intriguing raised by science — but concludes
that the weight of circumstantial evidence falls short of proof.

VARIABLE STARS AND GALACTIC STRUCTURE by Cecilia
Payne-Gaposchkin (University of London, The Athlone

Press, 1954), pp- 116, 18s.
For anyone who has pecome interested in the interrelated prob-

lems of variable stars, obscuring material, star populations, and the
geography and evolution of our own Galaxy and of the extragalactic
nebulae, this book collects much material that belies the precision
with which arguments based on it have often been presented; concen-
tration is required, but reading is not seriously difficult. In a final
survey the information given is described as for the most part vague
in detail and provisional, although on main outlines certainty is

growing.

oM by Selig Hecht revised with four

EXPLAINING THE AT
(London: Victor Gol-

additional chapters by E. Rabinowitch
lancz Ltd, 1955), pp. 224, 12s 6d.
Dr Rabinowitch has done a good job in bringing up to date the
quiet and simple account written by Professor Hecht in 1946, though
with not quite the distinction of the original. Professor Hecht's con-
cluding paragraphs, which remain valid and moving, are retained.
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The bo. . . .
it deser?r:dh:l: g:t before been published in a British edition, th

X-raY QIFFMCNON BY POLYCRYSTALLINE Mn%
ALS edited by H. S. Peiser, H. P. Rooksby, and A.J. C. Wik
son (London : the Institute of Physics, 1955), pp. 725, 6382

wiﬁ‘ :i\::rtl}xlﬁcirl;tly produced and useful book which many stud?

three pansa.t. eir l{branes should acquire for them. Its division io¥8

resalls obtad experimental methods, interpretation, and essays 98

S obtained ia different fields of use — makes it possible to ‘ﬁ

;(11;1cker anq more realistic view of one of the two main divisions
th y ana'l)'sxs than might be expected from the size of the book

¢ necessity for some thirty contributors, ";
-

APPLIED MASS SPECTROMETRY: REPORT OF A CONFBM

ENCE, 1953 (London: The Institute of Petroleum, 1934}
pp. 333, 50s. ﬁ

i 'tl'l(;|§ report of a conference held in London in October 1953
listed in cpmp}etnon of the further reading suggested by M. P. Ba ,
in his article in Science News 34; conversely, Barnctt's article COWE:
be used now as aa introduction to the report. K

i

' Y

3

THE HYDROGEN Boms by James Shepley and Clay Blair J£
(London: Jarrolds, 1955), pp. 216, 12s 6d.

A book which leaves a taste in the mouth. See p. 95 for some sta®®

;nents x_'elevant to_ the setting off of thcrmonuclear reactions; Pa"m
or anti-Oppenheimer prejudice. i

ABOUT OUR CONTRIBUTORS

J.L.CLOUDSLEY-THOMPSON is a lecturer in zoology at King’s
College London. Born in Kashmir in 1921, he was e_ducated at
Marlborough and Pembroke College, Cambridge. He 1s l?onoragy
secretary to the Biological Council, and bhas written previously in

Science News 23 and 28.
hematics at Christ’s College, Cambridge,

his Ph.D. in quantum mechanics at Uni-
He is now a lecturer in theoretl_cal

L.R. B, ELTON studied mat
during the war, and took
versity College London in 1950.
physics at King's College London.

i irmi d has done re-

F. A. FOx graduated in metatlurgy at Birmingham an s
search iﬁ various fields of physical metallurgy (DSc 1947). He is
now working in Salisbury, South Australia, directing _research' in
physics and chemistry in the Australian Defence Scientific Service.

ridge University and Guy’s Hospital, gradu-
g (;.t;;lrz'xsl;v:; i;-srgz)mlt;% %o 1951 he was Gull Student in the Patho-
logy Department at Guy's Hospital Medical School, working on
problems of immunology and cancer research. After obtaining his
Ph.D., he spent a year at the Institut du Radium in P;ns before
takin; up his present position as Research Fellgw in the Di‘zg.
ment of Experimental pathology and Cancer Research at S
University.

£ University College London,

A. M. MAYER, aged 28, te O e olosy (Ph.DY

hemistry (B.Sc.) to plant piy D

gl;zetlirgnse‘;i ;;oascworkgd in the Botany Department, Hebrew
University.

is a gradua

educated in Germany, ‘Sfadl_la;ing

- (Ph.D.), and worked in various mcus-
Berlmp(epand l)':'ngland before settling, in 1938,
oing research work on coal in the New

Technology.

H.C. PINCAS was born i Russia,

in the University of
tries and countries in Euro
in Australia, where he 18 d
South Wales University of

.« at King's College London anc}, after
L:;‘:;:l:tll::): :‘: 1’323 %hbyt;lf:eg a rlvledical Research Council post-
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2nd he spent some time in the development of sciatillation
108 techniques. More recently, he has been interested in phys
logica} problems, and js also taking medijcal degrees.

) (2) () *
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