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FIFTY YEARS
OF LIQUID HELIUM

K. MENDELSSOHN

LAST year the University of Leiden celebrated the fiftieth anni-
versary of the first liquefaction of helium. The achievement was
the crowning result of years of preparation and careful planning
by Kamerlingh Onnes, the Director of the ‘Natuurkundig
Laboratorium’, an institution which now bears his name. For a
lpng time the Leiden Communications, a scientific journal pub-
I{Shed by the laboratory, remained the only source of informa-
tion in the field of low temperature research. The LeidenLabora-
tory attracted scientists from all over the world, and they,
usually in collaboration with the permanent staff, made use of
the unique facilities in order to carry out a wide range of investi-
gations. Measured by the standards of its time, the technical
effort involved in helium liquefaction and the specialized experi-
mental knowledge required were quite exceptional, and it took
almost twenty years before other helium liquefaction plants
were operated in Toronto and Berlin. Even then, the scale re-
mained smalier than at Leiden, and only in recent years has the
Kamerlingh Onnes Laboratory been paralleled in other parts of

the world. (Inset S.) .
While even today low temperature work is carried out on such

a large scale in only a very few laboratories, the total volume
of research has become enormous. This is chiefly due to the
introduction of a reciprocating cooling engine that will liquefy
helium, starting from the temperature of liquid oxygen — which
is readily available almost everywhere — or even from room
temperature. This cooling engine was originally developed by
Kapitza during his Cambridge days in the thirties, and was
further perfected by Collins at the Massachusetts Institute of
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Technology. After the war it was made commercially available
in America by the Arthur D. Little Company,
sold well over a hundred machines. Maost of these have gone into
laboratories where low temperature work is carried out as a side
line, and this has led to an interesting change in emphasis.

In Kamerlingh Onnes’ days, large and costly equipment and
highly trained personnel had to be concentrated on the task
of providing the experimenter with a litre of liquid helium,
ie, with a few hours of research time, Since the technical
effort played such a large role in the work, it had to be con-
sidered an essential part of it. Now, with liquid heljum so much
more easily obtainable, it is often argued that low temperature
physics, as such, has ceased to exist, and that the use of low
temperatures has become merely an ancillary service in large
laboratories. This attitude is particularly strong in America,
where in a number of large laboratories the low temperature
research teams have been disbanded. Instead, a technician who
operates the commercial helium liquefier wil supply liquid
helium to those sections of thelaboratory where it is required.
The uses may range from solid state research to nuclear targets.
There is much to be said for this system, but it has certain dis-
advantages which are now emerging. Unfortunately, in most
cases this realization has come tog late, i.e., at a time when the
low temperature research groups have been broken up and the

personnel is either dispersed or has moved into other fields of
research,

who by now have

The low temperature field

The physics of low temperatures is that domain where the
thermal energy is reduced to the same order as, or even lower
than, the zero point of energy. It thus presents unique conditions
both for the design of experiments and for the handiing of the
physical problems. In order to appreciate these problems and to
devise means for their investigation, teams of scientists are
needed whose thinking is trained along these lines, and to
whom the special problems of low temperature physics have
become second nature. It is well to remember that the laws of
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‘classical’ physics which are based on the behaviour of aggregate
matter at room temperature are ‘classical’ because this tempeéa-
ture region is too high for the effects of the quantum laws tg e;
come noticeable. At ordinary temperatures energy 1s'share ou
equally over all the different kinds of ppssxble motlo'n tlhat ar;
atom can have with respect to its neighbours. This law o
equipartition, as it is called, breaks down. as the temperatur: hxs
lowered, the onset of non-classical behaviour depending on . e
nature of the substance. However, except.for the case of clha-
mond, the deviations from classical behav1our. all occur.be o;fv
room temperature. The most striking featurg is the falhilg;nzd
of the specific heats, which, in 1906, wa§ so brilliantly expla
by Einstein as the effect of the quantization of energy. ;

Planck had formulated the quantum theory six years ear 1e‘r,
but until then his fundamental paper had attracted rerparkatx
little interest. This was partly due to Planck’_s own atntuqe. )
42, with a solid background of classical physics, PlancAk did no
take too enthusiastically to the concept of energy havmg.struc-
ture. Rather than accept and champion his own .revolutzonary
discovery of the quantum principle, he seemed anxious to r.eco?-
cile it with the current ideas of classical phy§1cs, ac.cordmg bo
which energy was a structureless fluid, allowing arbxtr?xry hsu t‘
division. The decrease, at low temperatures, of the specific e}e:‘,
which at that time was being investigated by Nernst aind_ S
school, appeared quite inexplicable w‘ithin the system o(f c taslskxlcn "
physics. Einstein’s explanation of this remarkable an st .r king
effect through the quantum theory focused general atten 1(:1 o
Planck’s new concept of the nature of eqergy, hov_veve;, a &
the same time it correlated energy quantization with the rea

S. '

Ofllr(l) ?hiegl;f;a;g:: of 1906 Nernst formulated the th(;ri lav«;iﬁf
thermodynamics which soon was to becqme the gme \lyeﬁtsa][y
ciple of all low temperature researc'h. Thxs tfhe}?rerl?amum wily
emerged as the basic rule in the apphcatxon 0 t }tlee ‘gay o
cept to aggregate matter, but th1§ was notB e way by wher
Nernst had arrived at his great discovery. bemghiCh oo
chemist, Nernst was trying to find a method by w
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equilibria could be predicted. The early twentieth century saw
the rapid growth of the chemical industry which, however, at
that time still proceeded on the basis of isolated discoveries and
very empirical rules. With large sums being invested in chemical
production plant, the scientific planning of production processes
became of ever-growing importance. For instance, it was felt
that the fixation of atmospheric nitrogen by chemical reaction
with hydrogen could be achieved on an industrial scale
vided the equilibrium between the two gases and the rea:
product, ammonia, was known for a sufficie
temperatures and pressures. Nernst’s idea W
properties of two or more substances at 3 given temperature and
pressure not by a reaction between them but through the know-
ledge of what had happened to these substances in a kind of
thermal life history. He was looking for a reference poi;It at
which all substances would be in some way equal and it was
obvious that he should choose for this purpose the absolute
zero of temperature. The existence of such an absolute zero had
been postulated more than 250 years ago by Amontons, and by
the laws of a perfect gas, its position in the temperature s,cale i1ad
been fixed as —273° C. Throughout its long history, absolut
zero had been regarded as the zero point of energy an?d thi .
still its significance when Nernst became interested in it 151W'f15
the century. By then, with the kinetic theory of heat w Sar b
-lished, absolute zero appeared as a state of ultimate r et feStabi
molecular motion. Nernst therefore started with theeisdeaoiha;t

pro-
ction
ntly wide range of
as {0 compare the
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of aggregate matter which are all related to the physical signifi-
cance of absolute zero; the decrease in the specific heats, the
importance of the order concept, and the fact that the internal
energy of a substance does not vanish. It was this last result that
appeared, at the time, most disconcerting and was regarded
almost as a magical mystery. The mind trained in classical
physics found it hard to concede that, even at absolute zero, the
substance should retain part of its molecular motion and much
speculation was devoted to the exact nature of this zero point
energy. Today, when everyone accepts that the hydrogen atom
has a ground state that is distinguished from the other energy
States only by the fact that it is the lowest one, the concept of
Zero point energy does not seem quite so strange.

The importance of the order parameter, the quantization of
energy, and the existence of a large degree of motion that is not
thermally excited, these then are the basic principles by which
low temperature physics is distinguished. They had just been
established when Kamerlingh Onnes liquefied helium 50 years
ago and they have provided a continually growing impetus for
Tesearch ever since. Looking back on what has been achieved in
half a century, it is tempting to make some forecasts of the direc-
tions in which this exciting field is likely to move. There exists,
of course, a vast and widening field of fundameatal research.
Not even a rough survey of this can be attempted in a short
article and we must confine ourselves to accounts of the new
cooling methods which, in the near future, may lead to tempera-
tures of less than a millionth degree above absolute zero. There
are now, also, the first signs of technical applications of lc?w
temperatures, and it is likely that these may become quite
important in the next few years.

COOLING

The successful liguefaction of helium closed the chapter of cool-
ing by gas liquefaction that had been opened with the liquefac-
tion of oxygen by Cailletet and Pictet in 1877. The lowest tgm-
perature that can conveniently be obtained by evaporatmg
belium under reduced pressure js abont 1° K, but temperatures
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as low as 0-7° K have been reached by the application of very
fast pumps. For long, ordinary helium had been regarded as
the gas with the lowest critical data, but quite recently suffi-
ciently large quantities (of the order of a few litres at n.t.p.) of
the light isotope “He have become available for cryogenic use.
“He is obtained from the decay of tritium which in turn is the
product of nuclear reactions involving neutrons from a reactor.
It is therefore inevitable that the cryogenic use of *He should
have started in the Soviet Union and the United States. In both
these countries simple devices have been used in which a small
quantity of *He gas is condensed under pressure and by contact
with ordinary liquid helium. The vapour pressure over the con-
densed “He is then reduced and temperatures as low as 03° K
can be obtained. The work of the Russians has, so far, been
somewhat in advance because Peshkov and his co-workers in
Moscow have been operating a rather more elaborate cryostat
in which *He is constantly circulated. The gas is first condensed
in thermal contact with ordinary helium and the liquid *He is
then dropped into an evaporator where it is constantly pumped
off. The evaporated vapour is in turn condensed again, thereby
going through a closed cycle of operations. The advantage of
this ingenious method lies in the fact that the heat passed into
the evaporator is only the specific heat of the liquid *He between
1° K and the lowest temperature, This heat is small in compari-
son with the heat of evaporation of the same mass of *He which
is continuously pumped off. Thus, experiments that have to

unavoidable, and for these the cycling *He cryostat of the
Peshkov type is likely to become the method of choice.

As the supply of *He becomes i
more i i
uses are bound to increase it i et it 1 rotace
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temperature region below 1° K, *He is already being used as a
thermometric substance since measurement of its vapour pffzs-
sure is much simpler than the use of magnetic susceptibility
thermometers as hitherto. (Inset 6.)

With the liquefaction of helium it became clear that further
progress to lower temperatures would have to rely on some

_ method that was quite different from the customary process of

gas liquefaction, since no gases with lower critical data were
known. At the same time it was frequently debated whether it

~would be worth while reaching still lower temperatures since,

in accordance with the third law of thermodynamics, absolute
zero itself is unattainable. Producing lower temperatures, and
their interest for research are, however, by no means uncon-
nected, and cannot be considered separately. This will become
clear at once when we investigate the general requirements for a
cooling method. Since cooling is generally synonymous thp a
lowering of entropy, the entropy of the coolant must be high
at the starting temperature. In order to decrease it, the entropy
must further depend markedly on some parameter, other thap
the temperature, that can be varied conveniently. These gondh
tions can be illustrated on the case of gas liquefaction. EIISF of
all,a gasisa highly disordered aggregate and its entropy 1s high.
Secondly, the entropy of the gas depends markedly on the
volume occupied by it, and we can conveniently lower thg
entropy by compressing the gas. The decrease in er?tropy is
balanced by the heat of compression. Once this is carr.xed away
and not permitted to return, expansion of the gas, dmpg work,
will result in cooling. This process can be repeated until the gas
liquefies.

Cooling by demagnetization

It took almost twenty years from the liquefaction of }}ehum
until a new cooling method was suggested. In 1926 Giauque
and Debye independently proposed to obtain very ld\y temper;:l-
tures by adiabatic demagnetization of a paramagnetic salt. In
such a salt the elementary magnets of the electron spins do not
interact, even at 1° K, and thus present a disordered pattern,
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pointing in all directions. Applications
results in an alignment of the
sion of a gas, is accompanied b
magnetization). Provision is m
away and not to return. Subge
result in a cooling of the salt. T
on the strength of the field an
peratures of less than 1g-2

of a strong magnetic field
pins which, like the compres-
¥ the development of heat (of
ade for this heat to be carried
quent demagnetization will then
he degree of this cooling depends
d the nature of the salt, but tem-
’ ‘K have been obtained,

titten about the technique of the mag-

R nt can be a . ion of
measuring temperatures j pplied to the questio

' & Bewly opened region. The cooling

process must always depend ON 2 variag: .
; ariation tem-
perature and this change i of entropy with

the entropy can, in turn, be utilized

. , i
for tI}]xermotn:;mc pl{rposes. The quantity actually measured is
usually not the specific heag but often a more convenient pro-

perty of the substance ag_ i, the ca i
N 4 se o ts,
the magnetic susceptibiliry, f the paramagnetic salts

1?'2321:2;1 Test‘form ,the baramagnetic cooling method is a dis-
conlinuous one in which 5 $ample of salt is once demagnetized

and then allowed to warm u
P gradualiy ¢ i -
ture. Measurements on ej e ihe starting pera

ither the say itself or on another sub-
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stance, thermally atlz;ched toit, are taken as the warmingup Prc:;
ceeds. From this it is clear that, in order to be useful for acc"tr:b_
observations, the warming up rate must be slow,. and t?e fsThe
lishment of thermal equilibrium within the specimen, an-h t
first conditions can be achjeved by minimizing the : nﬂux’ o et;e,
while the second will depend on the heat conduction wuhutx N
specimen and the heat transfer between it.s Componenélparssl'las
very large volume of work on these experimental pro er? heat
been carried out in the last twenty-five years z.md raes o 1 o
influx as small as I erg/min. have been obtained. Fprba .Ox:§
time erratic, high warm-up rates were obse.rved and it e;dom
clear that the heat entering the specimen did not flow in rne-
outside the cryostat but was in some mysterious fashion f};}e Y
rated within it. Its source was eventually traced to small mec a] n
cal oscillations which the specimen, usually suspended by ny'o
threads, carried out as the result of vibration in the }abo_r?it:;:i
The dissipation of this minute vibrational energy by frlc'ment.
damping in the strings is large enough to spoil the e);penng ue
This example, which is one of many, shows that t eu vc;ry
Physical conditions obtaining at low temperatutes ’equge ?ound
Specialized experimental approach which is hard1¥1;0 Zervice.
in a laboratory where cryogenics is merely an ancillary tage de-

In order to reach very low temperatures by sing le s agnetic
Magnetization a Jow starting temperature and a high mlii and
field are required. Both these conditions require cox;r;peous o
€Xpensive equipment, and it has been found advan fgrom the
carry out the demagnetization in two stages. Ap ?rt into two
saving in large pumps and magnets, this separafm)nthe higher
Stages also aliows a choice of two different salts_ o £ mualti-
and the lower end of the cooling range. The feas:?“‘tgfothermal
stage cooling depends on the making and breakmghi per tem-
contacts between different parts of the apparatus. At bit such a
Peratures this is usually achieved by gas C(znductxon, o ber of
procedure is, of course, impossible below 1 K. Fora consider-
reasons, mechanical contact devices also Presefn:iilrcszltivity of a
able difficulties. On the other hand, the _he?;ecsuperconductive
metal wire, e.g., lead, is very much lower 1n
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than in the normal state. At these {ow temperatures, the super-
conduclive state is the stable one but normal conductivity can
be restored by the application of 3 moderate magnetic field.
Accordingly, a heat switch between different parts of the appara-
tus simply consists of a wire of Superconductive material, e.g.,
lead, and a small electromagnet with which superconductivity
can be destroyed. Figure 1 shows the application of such a

HEAT

T L]

I°K
SALT .
. K l e «irK ' 1°K l
/
[ MAGNET Y

1°K
SPECIMEN (K
(I°K «rK «I°K

Fig. 1. Diagram illustrating the o
refrigerator. The arrows indicate ¢
a break in the connecting lipeg
superconductive,

peration of Daunt's magnetic
he direction of the heat flow and
means that the thermal switch is
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spin cooling devices must cease to operate when the spins l.>e-
come fully aligned. The interaction between the electron sP“;S
can be further decreased by diluting the salt, but'th'en the cool-
ing capacity is diminished. However, once the' basic idea oflmﬁg;
netic cooling methods had been conceived, it was natura t ?

other systems than that of the electron spins should be inves -
gated. The obvious choice is that of the spins of t.he atomic
nuclei, and nuclear demagnetization as a new cooling devxcle,
leading to very low temperatures, was suggested ,ndependgnt )é
by Kurti and Simon and by Gorter. While the solutlop itsel

seems obvious, its realization is made difficult by very rigorous
experimental requirements. The nuclear moments are roughly a
thousand times smaller than the paramagnetic ones and there-
fore the gap between the two methods is rather too large “1?2
bridged conveniently. For instance, at a temperature of 0-01

a magnetic field of the order of 100,000 oersted is needed inorder
to achieve the necessary nuclear alignment for the §ubsequen;
cooling by demagnetization. Quite apart from the dxtfficulfy ‘1?

producing fields of this magnitude — free from disturbing ripple
- over a volume of, say, 20 cubic inches, the problem of estab-
lishing thermal equilibrium between the component parts of the
apparatus at 0-01 ° K is formidable. (Insets 7 and 8.}

After preparatory research lasting several years, a firstsuccess-
ful nuclear cooling was carried out in 1956 at Oxford, a few
months before the death of Sir Francis Simon. He thus h'ved to
see the success of the method for the realization of which h:;
had worked so untiringly. In principlc the experiment followe
the pattern of multi-stage paramagnetic cooling. The nucleér
cooling was preceded by an ordinary electron paramagne;lc
stage and the thermal connexion to the nuclear stage was made
by a very great number (1,500) of fine copper wires. Theolr warmt
ends were embedded in the paramagnetic salt at 0-01° K, h;a
contact being achieved by the large total box.mdary surfaf:e ;3-
tween salt and metal. The other end of the wires serve'd direct ‘}i'
as the nuclear stage. The copper nuclei were first ahgngiﬂqu
then demagnetized, and a temperature of the o.rder of | the
was reached. In this first experiment no heat switch between
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paramagnetic and the nuclear stage was y

: . sed and th
therefore warmed up fairly rapidly. It is clear that, as the :nel?l;t:;
is being developed, efforts will be made to reduce the influx of

heat into the nuclear stage a i
nd to maintaj
perature for a longer time, lain the very low tem-

Future trends

heﬁtit:tehlenternational Low.Temperature Conference in Leiden
summer of 1958 in celebration of the fiftieth annivel‘-,

inversion temperature) :fortr;]pression of liquid *He, below the
€ entropy, until it beco i
mes solid
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should result in a cooling to 10~7 °K. The first part of Pomeran-

chuk’s prediction came true in 1954 when W. Fairbank ar§d
others in America observed that spin alignment in the hqulld
becomes very noticeable below 0-5 °K. As for the second predic-
tion, that is the retention of spin disorder in the solid state, the
evidence so far available is insufficient and contradictory. Mag-
netic and calorimetric observations suggest that a change in tt}e
solid may occur already at 0-1° K, but whether this is the spin
alignment expected by Pomeranchuk at 10-7°K or is due to a
crystal transformation is by no means clear. In the former case,
the actual cooling on crystaliization would only be small. HOV.V-
ever, it is to be expected that within one or two years we will
know whether Pomeranchuk’s simple method has hopes of
Success.

APPLICATIONS

Until the winter 1938-9 it seemed clear that nuclear physics
would have few, if any applications. Predictions as to whether,
and when, a field of basic research will lend itself to the solution
of technical problems are, generally, impossible. The reasons,
Set out earlier in this article, why low temperature research has
attracted so much attention are purely academic, and even
Nernst’s original approach to the prediction of chemical equ.nll-
bria had, in the end, practically no influence on the way in which
research programmes have been shaped. The study of quantum
effects in aggregate matter has held the stage in the past fifty
years.

The availability of oxygen in liquid form has, of course, led ?o
a number of apptications of which the liquefaction process in
itself is by far the most important. Oxygen is used in a great
number of chemical and metallurgical processes, and has lately
come into great demand in steel making. The low temperature
liquefaction, or more correctly fractionation, of air is now
being used for extracting from the atmosphere oxygen in ton-
nage quantities. Storage, transport, and piping of liquid oxygen
received early attention,and have by now been widely developed.

In recent years two other liquefied gases have attracted
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considerable notice and their practical use is likely to become
important in the near future. These are methane and hydrogen.
Methane occurs as natural gas or as a by-productin oil refineries.
It is important as a fuel, but up to now the cost of storage and
transport in gaseous form have in many cases made its use un-
economical. Plans are now being actively pursued to liquefy
large quantities of methape where it is available cheaply and
then to ship it to the consumer in low temperature tankers. Its
boiling point is 111° K so it is clear that the handling of it will be
very different from transporting crude oil.

Liquid Hydrogen

In the fifty years that followed the li
by Dewar in 1896, the liquid has on)
quantities as a cryogenic agent for rese
mability and the attending risks of fire and explosion, its use has
been limited, and its elimination from helium liquefaction was
regarded as one of the chief merits of the reciprocation engines
designed by Kapitza and Collins, However, the need for large
quantities of deuterium for nuclear work has now focused atten.
tion on the low temperature distillation of hydrogen, and we may
expect to see sizeable liquefaction and Separation plants put up
in the near future. A beginning in the handling of large quanti-

quefaction of hydrogen
Y served in rather smalil
arch. Owing to its inflam-

be found useful in some cases,
Experiments have alsg

hydrogen as magnet coola

fields. Its latent heat is my

been carried out to employ liquid
nt for the production of very high
ch smaller than that of liquid air, so
hydrogen is inferior in its cooling capacity, but the electrical
resistance of coils made of

L pure copper or aluminjum becomes
very small at 20° K, the boiling point of hydrogen, and the Joule
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. i 1ds will play
heating in them is much reduced. High magnet{‘ii‘;le d thermo-
a significant role in the establishment ofl COid oydrogen may
nuclear reactions, and this application of liqu
therefore become important.

Loss-free electromagnetic devices

. . i iately
The idea of loss-free electromagnetic dewci\:ci)s‘g:fdand a
suggested when superconductivity was first dl etals or alloys
number of efforts have since been made t.o fin ;n n helium tem-
that would exhibit superconductivity at highert raas decisive as
beratures, Today this difficulty does not app(;ia iobium nitride,
at the time of Kamerlingh Onnes. A compound, ductive at the
NbN, has been found which becomes SUPerco: important, the
temperature of liquid hydrogen, and, rather m:) : uite easily. The
liquefaction of helium can now be carried ou qagnetic devices
Teal difficuity in the use of supercqnductors 13 TS fields of only
is the fact that superconductivity is destroye 1);rated in some
a few hundred oersted. Higher fields can be t(l:;ether these will
alloys, or in thin superconductive films, but etic fields is still
lend themselves to the production of high magn have been em-
vsTy much an open question. Superconductors M7 Pl
ployed as very sensitive bolometers for ﬂ:;e insignificance in
thermal radiation, but this use has Sun_k ! ?to !
COmparison with an entirely new application.

The . .
Cryotron s on circuit elements

The operation of a computer depend k a corrent. A

which, on receiving a signal, will make of b;"gah the electronic
number of such elements have been used.’ Of- v ]?n the switching
valve is the best known. Speed and rellabﬂl-tyé that supercon-
process are essential features. It is now real.:)Z: to other devices
ductors offer possibilities that are so §UPF;‘}lelium required for
that they far outweigh the cost of the liqui In its simplest form
Maintaining the necessary low temperature. called, consists of 2
the ‘cryotron’, as the new element has b eeln layer éoilofanother
Superconductive wire around which a sing iiiti)(lms are arranged
superconductor is wound (Figure 2). Con
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GATE WIRE
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Fig. 2. Diagrammatic representation of a cryotron.

so that the coiled superconductor will tolerate higher fields than
the ‘gate’ wire. When the coil is not energized, a current can run
through the coil, which will itself remain superconductive and
render the gate non-superconductive so that the metal regains
its normal resistance. Since the change in the gate is from zero
to a finite resistance, the rest of the circuit can be so dimensioned
that it senses this change as the opening or closing of a contact.
This is thus a relay with current gain. Apart from its simplicity,
the individual cryotron element need not weigh more than a few
milligrams and a thumb nail will provide space for a dozen of
them. Moreover, the power dissipation of the device is neglig-
ible. While the cryotron offers outstanding performance in
operation, superconductivity provides even more striking facili-
ties for the other function of a computer, i.e., storage. In general
a good memory device is more difficult to construct than a
switching element, but here, too, a simple solution is provided.
If a superconductive circuit is split into two branches, the cur-
rents in them are inversely proportional to the inductances. If
one of the branch currents is interrupted, for instance by use of
a cryotron switch, then the whole supercurrent is forced into
the other branch. This state is maintained even when the cryo-
tron gate is again made superconductive. The current in the
circuit can now be 'regarded as being made up of the two original
branch currents with a supgimposed circulating current. If now
the external current is switched off, the loop made up of the
two branches is left with the persistent circulating current. The
device has thus stored the memory of the current flowing
through the branches when one of them was cut. The circuit
will retain this stored information as long as it is not warmed

Fifty Years of Liquid Helium 23

up, but it can, of course, be erased by applying. fresh C}xrrents to
eryotron switches in the branches, or by passing a bxg.enough
current to render both branches normally conducting (Figure 3).

AR
7

]

Fig. 3. A superconductive memory device. The cryotron switches 1n
the branches are used to break the circuit.

These are just a few of many possible superconductive com-
Puter devices. By using suitable designs, switching times of a
few millimicroseconds have been obtained, and there seems to
be no doubt that the future will bring very compact, fast-
Working computers with large storage capacity made up of
Superconductive components. Apart from the more orthodgx
applications, these computers will be especially suitable for‘ in-
corporation into missiles where they can perform the requu.'ed
calculations for guidance, orbiting, and so on, without having
to rely on calculated results telemetered from the ground.

The applications of low temperatures mentioned here are
only the more striking ones. The alignment of atomic nuclfn b'y
low temperature methods has led to the discovery that parity 1s-
not conserved in weak interactions. The use of liquid hyfirogen
as working substance in expansion chambers has led to impor-
tant advances in nuclear physics. Thermal conductivity measure-

~ments on superconductors have led to a new and powerful

Metallurgical tool. Deposition of electrical discha.rge products
at helium temperatures has permitted the trapping and sub-
Sequent investigation of free radicals.

In conclusion one can feel confident that the next fifty year;
of liquid helium will prove again the golden rule that effort an
money devoted to basic research are well spent.



CACAO-ITS CULTIVATION,
PROCESSING, CHEMISTRY

B.D. POWELL

Cocoa and chocolate are manufactured from the fermented
and dried cacao bean, the seed of the tropical tree Theobroma
cacao, the fermentation and drying being carried out in the
country of origin.

In 1957, 101,000 tons of beans, valued at £21,000,000 were
imported into the United Kingdom, and the individual con-
sumption of cocoa and chocolate confectionery was 12 lb, the
highest in the world.

From these facts the importance of the cacao crop is clear
and in this article the history and use of cacao, its classiﬁcation,
botany, cultivation, pests and diseases, fermentation dl‘ying,
and chemistry will be discussed, and the manufacture ,of cocoa’
and chocolate outlined.

HISTORY

The cacao tree, indigenous to the Amazon
of South America, was cultivated b
before Columbus discovered the New
after his fourth voyage, introduced {

and Orinoco forests
¥ the Mayas and Aztecs
World, and it was he who,
he cacao bean 1o Europe.

is alleged to have been 50 goblets: thi
shared with the Swedish botanjst L,i
1720, named the tree bearing the be
of the Gods).

The custom of drinking chocolate (different from both the

anaeus, who, at a later date,
an Theobroma cacao (Food

Cacao 25

eating chocolate and the cocoa drink as we know them today)
Spread to England {rom Europe in the seventeenth century, and
chocolate houses were opened for the sale of chocolate as a
drink, and also as cakes from which the drink could be prepared
In the home. Pepys wrote in 1664: ‘To a coffee house to drink
chocolate, very good !’ In the eighteenth century the methods of
grinding the imported beans were improved, but the beverage
still remained much the same as the Aztec preparation in that no
f?t (cacao butter) was removed from the bean, though by this
time it was usual to add sugar.

In 1828 van Houten removed some of the fat by pressing the
roasted bean to produce the cocoa powder as we buy it at the
present time. The extracted fat could then be mixed with sugar,
and with roasted and ground beans, to give a true eating choco-
late similar to that of today. A reduction in the price of cocoa
Was made possible thereby and the popularity of cocoa and of
the new eating chocolate grew rapidly.

Another great advance was made in 1867 when Peters, in
Switzerland, devised a method of manufacturing milk chocolate.

THEOBROMA SPECIES AND COMMERCIAL VARIETIES

Only two of some twenty species of the genus Theobroma de-
scribed in the literature produce the cacao of commerce, T. cacao
and T. pentagona (the latter in insignificant amount): the re-
mainder are not cultivated. :

There are several varietics of T. cacao which differ in the
appearance of their pods and seeds, though the characteristics
of their vegetative parts are similar. Three varieties of commer-
cial cacao are generally recognized — Criollo, Forastero, and
Trinitario.

When Criollo beans are removed from the pod (which shows
ten deep longitudinal furrows) and cut through, the cross-section
exposed is white or pale purple in colour, becoming light cinna-
mon brown after fermentation and drying. Few countries now
grow pure Criollo — Venezuela and Ceylon are examples of
those that do — and the annual world production has decreased
over the past fifty years until it is now in the region of 5,000



26 Science News 51

tons. The flavour of the chocolate from Criollo beans is distinc-
tive, though not strong, and is sought by some manufacturers.
Forastero beans have a deep purple ‘cut’ when unfermented,

and after fermentation are chocolate brown. The pod, too, is
different ~ the husk is thicker and more

tero cacao is found in almost al] cacao
more readily than Criollo,

lightly furrowed. Foras-
areas and since it grows
and is less exacting in its demands,

over 700,000 tons, mostly
variety is described more ¢

Production of the third
about 50,000 tons, mostly
America; it is harvested fr
hybrids. Trinitario and Cri
‘choice cacaos’ and com
Amelonado.

The total annual world production, tho
one year to another, now runs at abg
shows its growth since the end of th

from West Africa and Brazil. The
losely as Forastero Amelonado,

type of cacao, Trinitario, stands at
from the West Indies and Central
om trees that are Criollo-Forastero
olio together comprise the so-called
mand a premium over Forastero

ugh it fluctuates from
ut 800,000 tons, and Table 1
e last century.

TABLE |

Cacao production 1895-1955

— T

Year Tonnage Percentage choice
cacao (approx.)

— a0 tapprox)
1895 75,718 _
1905 143,587 _
1915 291,712 40
1925 487,660 i
1935 667,431 _
1945 614,000 -
1955 800.000 -

“mﬁﬁk

During the period under revi
has decreased, both absolu
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THE CACAO TREE
Botany

. to its

The cacao tree (Inset 1) takes about ten ye;‘arrslt:;if)?;actice
full height of 20 to 30 ft though it is common ﬁt the object being
to prune, with a consequent reduction in he’;i :Tlode of branch-
to make the harvesting of the pods easier. 5 f: the straight stem
ing is uncommon — after growing for 3 to ;;lmost horizontal,
forks and gives rise to fan branchgs which arZ chupon or sucker
a phenomenon known as jorquetting. Later, for a few feet ver-
arises below the jorquette, and after grO":;mgSually another once
tically, the forking occurs once more, an' ubranches the leaves
or twice in the life of the tree. On the fan hile those on the
are alternate and lie in a horizontal plane, wdiing are borne in
chupons and the original main stem of the S:c limp, hang ver-
a 3/8 spiral. The young leaves of the tree r, but when mature
tically and are of a light green or red colour, length of up to
become stiff, Teathery, and evergreen With a is that it bears
15 inches. Another unusual feature of the trl(zjeel’ branches.
flowers and pods on the main stem and the o been little studied

Pollination in relation to the cacao tree haser been a limiting
until recently, presumably because it has everal thousands of
factor in cocoa production. Altpough severse of a year, per-
flowers may appear on a tree during t?e ;:81140 per cent of the
centage pollinated is low, perhaps on 3{1. ated fowers come 10
total. Only a small proportion of the pollin? mature pods. The
fruition and a smaller number stxll.becortr;ere pod, known as a
limiting factor js the wilting of the imma ollination is due t0
cherelle. Work in Ghana has shown th?t'g midges, which have
fiying insects, and in particular to the Helei countries. The large-
also been reported in other cacao-growing st capsids, and as 8
scale use of insecticides for spraying agamt attend mealybugs
Possible means of controlling the ants tha kes it important to
(the vectors of the swollen shoot.vxruses)tx?t?e stage be reached
investigate their effect on the mldge(,i =
When pollination is adversely affected.

ipe it weighs
Ripening of the pod takes about 18 weeks. When np



28 Science News 51

approximately 11b and contains within its husk some 30-40
beans arranged around the central placenta and surrounded,
individually, by a mucilaginous pulp. The colour of the healthy
mature pod depends on the variety of the tree, and may be red,
through a range of intermediate shades, to yellow. A tree will
bear when 3-10 years old, the age being dependent largely on
the variety. The yield increases during the first 25 years and

then remains more or legs constant for a like period of time.
For a tree the figure of merit is the pod index —

pods from which 1 1b of dry fermented beans ca
usually in the region of 12 for West African Am

Cultivation

the number of
n be obtained —
elonado.

The cacao tree grows in hot,
between 20° N and 20°
10° N and 10° S -
the tropical rain fo

humid conditions and is found
S latitude, and then mainly between
in fact, it prefers the climatic conditions of

rest zone. It is cultivated in areas that have
average annual rainfall figures as widely different as 45 and

200 inches. Temperature is not too critical, but ideally the day
minimum in shade conditions should be 80° F. An increase in
altitude has an adverse effect only in that is usually leads to a
reduction in temperature. The Cropping season is well defined in
some countries, for instance in Nigeria and Ghana, but in others
the harvest is spread more or Jess uniformly over the whole year.

oung cacao tree

ing made to increase the

amount of informatjop available on the mineral needs of cacao

trees,
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Cacao

Pests and diseases

; nd pests,
Growing cacao suffers from a number Off d:zzz;erse:d, o{):cur-
some of which are of local, _and. others o Ware wollen shoot
rence. Amongst those of major IMPOance ® =" o Lo
(a virus disease), black pod, witches _ broom, a
diseases), and insect attack by capsids. disease in 1938, some
Swollen shoot was recognized as a Virus Ghana, though the
three years after it had become serious in ed in ;hat country
earliest outbreaks now seem to have Ocsurrrfs — swelling of the
25 years previously. Hitherto, the Symp ° saic patterns on the
shoots and branches, and characteristic m(;)« d been attributed
leaves, followed by death of_ the tree — n; drought. Over 20
variously to poor soil, insufficient Shade’z a isolated and the
virus strains of differing virulence have Deer ia, and in a mild
disease is known in Ivory Coast, Ghana, Nigeria,
form in Trinidad as well. . he wind
(;];clgo \firuses are spread by mealybugs (C?:clil(lrsbz’ftfeeding,
or ants) which become infective after Sever; ansmission of the
remaining so for some hours afterwards. TT: bugs are readily
virus takes only a few minutes. Exposed nleitiilon given by the
killed by several insecticides, but the prote raying useless as
‘tents’, which the attendant ants form, made sp
a control measure. . ainst the
Formicides now under test may prove de.ﬁecstéviniistigation
ants, and indirectly, therefore, against the 15531}151 mealybugs
of systemic insecticides as a control measuriioi is painted on the
has not given encouraging results-a prepar?tlhe roots, or injected
trunk or leaves, placed in the ground near ous to the feeding
into the tree direct — to make the tree POISoleen made and this
insect. Selection of resistant types of trg © tTaisn the short term; the
Offers perhaps the best long term SOlON® BRe 0 oV ingected
cutting-out (65 million trees in Ghana-an has been resorted o,
trees, followed by burning and re.plammg’cussions in Ghana 2
a method that had serious political reper ed practice of this
few years ago. Fortunately, the Cor?tml‘lcontained’.
Measure has led to the disease now being
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Black pod is a serious disease, found universally in cacao
areas, which attacks pods in wet conditions and is due to the
fungus Phytopthora palmivora. 1ts incidence is higher when the
annual rainfall is heavy and the humidity high, conditions that
lead to rapid spread of the fungus from pod to’ pod and tree to
tr.ee. The ?od turns brown around the site of the attack and the
discoloration spreads quickly over the entire pod which then
goesvrf)tten. Bordeaux mixture has proved the most effective
fu_ug.mde. If the pods are mature at the time of attack the b N
within may still be in a suitable condition for fermentat'e o
In South America, both witches’ broom and monilia h10H~ 1

proV.ed. to pe harmful fungus diseases. The former att:‘cl:::a SI(:
the? 11vmg.tlssues, and only by breeding resistant trees is ¢ sta 1
being achieved : the latter causes pod rot and can be d lon it
by spraying with Bordeaux mixture, et with
‘ Much dafmage is caused by capsid bugs in many cacao-

ing c':ountrxeS. The insects inject a toxin into the tissues grz“’lv-
feeding al.ld the capsid wounds are frequently invaded“lg e
fungus. Dieback, or even death, results particularly if the t d 'a
weakened by drought or repeated attack. Insecticides s,urfxe .
D.D.T. and B.H.C. have proved effective against capsids o

' THE CACAQ BEAN
Fermentation
Fermentation of cacao beans be
b

. un withi
of harvesting the pods, is the first, a g ithin one or two days

r.1d one of the most important,
tlo.n of cocoa and chocolate.
dried, when certain chemical

come into play.

Sta’fﬁ; q:gre Iz:cqassible ppds are removed by cutting through the
ith a knife, and since the tree will not bear climbing, the

more remote are dislodged with . : ;
curved blade on the end of 3 long ‘; olzleCker which consists of a

The pod (Inset 2) is opened b
stone, or another pod, or by spl

this last method, though frequ s e Rusk with a cutlass;

ently used, is to be deplored,

y knocking it against a large -
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because the beans can be damaged with a risk of insect entry
and infestation later. A wooden spoon is an aid to the removal
of the beans from the pod, separating them also from the pla-
centa and any broken pieces of husk.

Cacao beans are fermented in many different ways — in holes
in the ground, in heaps, baskets, or boxes: even old wine barrels
are used in Ivory Coast. The period of fermentation is from
6 to 8 days for Forastero beans, and rather less for Criollo, with
occasional mixing. Variations in metfiod and duration are so
great that it would be difficult to find two quite identical pro-
cedures. In the first day of fermentation, some of the pulp runs
away as ‘sweatings’ and the temperature begins to rise gradually
(Table 11) until by the third day, the bulk is at its maximum™*
of about 45° C, where it is maintained until the beans are put
to dry, either in the sun, or in an artificial dryer.

TABLE 11 Temperature and acidity changes in a fermenting box

Days o 1 2 3 4 5 6
Temperature °C 28 33 38 44 43 4 42
Cotyledon pH

66 62 55 47 48 49 50
Pulp pH 37 38 38 40 48 49 50 ’

pH of cotyledon at end of sun drying (13 days after beginning of
fermentation) 5-3

When fermentation and drying have been successful an
examination of a sample of beans will show each to have a
fissured interior, chocolate brown (Forastero) or cinnamon
(Criollo) in colour. Unfermented and partly fermented beans,
which are slaty and purple coloured, respectively, in the case of
Forastero, should be absent.

Fermentation in holes in the ground fortunately finds little
application — the hole can easily become water-logged and the
sweatings cannot drain away. It is probably true that more beans
are fermented in heaps (Inset 3) than in any other way. A conical
mound of 500 to 1,000 Ib of beans is formed on a layer of banana

*Higher maxima are sometimes obtained.
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or plantain leaves, which are also used as a cover when the heap
is complete. To achieve a more uniform product, it is desirable
to ferment the beans in a wooden box — the so-called ‘sweat box’.
A series of holes in the floor of the box allow the sweatings 10
drain away and care has to be taken to see that the wood used
in construction gives no taint to the beans, and that nails do not
penetrate to the interior, for they can cause black marks to
appear on the beans. It is often convenient to employ a set of
three boxes arranged in a cascade. The beans are then shovelled
from the upper to the middle box after two days, and from the
middle to the lower after another two days have elapsed. These
transfers have the effect of mixing the beans as well as aerating
them. The capacity of the box varies considerably from one
fermenting site to another; as long as the depth of beans within
does not exceed about three feet a satisfactory fermentation is

lobtained. As with a heap, the beans are covered with a layer of
eaves.

It has recently been claime

d that small titi f beans,
i.e., 20-501b, can be ferment duantities of be

ed satisfactorily in thin layers on

things: first, that the balance stry
the mass, and heat joss fro
the beans will rise to about
for two to three days; seco,

ck between heat production in
m it, be such that the temperature of
45°C and be maintained at this figure
ndly, that the beans are aerated.
Drying

the ground, or on trays (Inse

; : t 4), which must be covered when
rain falls, or on drying wagon

S, 1.., large trays fitted with wheels
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which run on rails, so that they can be run back under a shelter.
" These shelters can be kept to reasonable dimensions if the rails
are so arranged that one wagon will run aboye anothe}'. An
alternative protection is a movable roof, running on rails, so

" - that it can be drawn over the beans lying on a fixed floor. Such

methods have been in use in many places —~ West Indies, Central
and South America, Indonesia, etc. I -

In other areas, less fortunate in their climatic conditions, it is
necessary to use artificial heat to dry the beans, because to rely
on the sun alone where the rain and cloud are excessive l.eads to
the serious risk of mould. This is one of the worst de.fec':ts in com-

" mercial cacao beans, since the unpleasa?t flavour it introduces

ersis ut the process of manufacture.

d Cactzgtzirr(;g?;ave bein in general use_for o'vgr 50 years and
there is a record that they were discussed in T.rmzdad as early as
1865. The types have been numerous and various, anfi only tge
most important of those which can be found working at the
present time will be described. )

In the simpler types of artificial dryer, beans are c'lnidnb()i’
heating the drying floor below by hot air. Pipes are ins a1 e
within the air space beneath the floor and through the{n m;cu ate
water from a boiler or the hot products of combustion rpm a
wood fire or burning oil jet. The drying ﬂoqr may permg the
passage of hot air through the beans (Martin dry?r), and the
addition of a fan (Vis dryer) to draw off the. moist air is an
advance. The roof of the Martin dryer is sometimes constructed
so that it can be run back in times of fine sunny weather and the
drying process hastened by direct heat from the sun. .

In the Cameroons dryer, the space between the flue pipes a[.1d
dryer floor is filled with earth, and an uneven temperature dis-
tribution results, making more frequent raking of the beans
necessary. Faulty construction is commgn, and smoke may come
into contact with the beans thus causing off ﬂavou‘rs. In ,the
dryers of the stationary tray type (for example, the ‘Chula’) a
blast of indirectly heated air is forced thropgh a stack of metal
trays, with wire mesh bottoms, and containing wet fermented
beans. When the desired output of dry beans is very large, and

B
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tray loading and unloading becomes laborious, it is an advan-
tage to use a continuous dryer such as the Biittner, An endless

row of trays passes spirally down a vertical cylj ]
which hot air is circulated. Viinder through

The Gordon and McKinnon dryers have achieved a large
mea'sure of popularity; a large cylinder rotates slowly about a
horizontal axis, along which hot air flows and escapes into com-
partments containing the beans. The rotation of the cylind
leads to the rubbing of the beans against each other dy mh o
dry, they exhibit the polished appearance prized b ;s:, , when
buyers. The shell is also rather thinner op accounf of theec:tflf:la

sive aciion of one bean on anoth
sive er, and there j i
incidence of broken beans, 'S an increased

For success it is essential with all dryers that no chance be -

CACAO BEANS

Cleaning
|
Roasting
i
Cooling
Cracking
[
Wi i
nnowmgTHEOBROMINE
NIB

Grinding

——— Pressing

CACAO BUTTER

‘ SUGAR l
MILK

MILK CHOCOLATE

CACAO BUTTER

| SUGAR l

8

cocoa PLAIN CHOCOLATE

Fig. 1. i
1g. 1. Schematic flow sheet of tocoa and chocolate production.

Cacao 35

given for the beans to be exposed to the products of combustion
or taint will resulit. '
Uses of the Cacao Bean

The cacao bean is mainly used for the manunfacture of cocoa
and chocolate, and a flow sheet showing the outlines of the pro-

" cessing.involved is given opposite. Cleaning of the bean is fol-

lowed by roasting, which develops flavour and aroma, and
loosens the shells. After cooling, the beans are cracked and the
shell winnowed away, leaving the cracked cotyledon known as

"nib. Cacao butter is extracted from the ground nib by pressing

and the resulting cake is pulverized to give cocoa powder. The
extracted butter is used in the preparation of chocolate by incor-
porating it in a mixture of nib and sugar, for plain chocolate,
and in a mixture of liquor, sugar and milk, to produce milk
chocolate. Chocolate which is used to cover confectionery is
usually made thinner by the addition of a relatively greater
amount of cacao butter.

Cacao butter itself finds a use in pharmacy, because it is hard .
and brittle at room temperature yet melts at blood heat. Theo-
bromine occurs in the shell and nib, and has some medicinal
purposes, but its greatest use is for the preparation of caffeine.
Shell, which accounts for 10-12 per cent of the bean, may serve
as a cattle food as well as a source of theobromine.

CHEMISTRY OF CACAQ

The use of the term ‘cacao fermentation’, although well estab-
lished, is not entirely satisfactory. Breakdown of the pulp is a
true fermentation but reactions in the cotyledon are not. It has
already been stated that the process of fermentation is one of
the most important of the many involved in the production of
cocoa and chocolate. The subsequent chocolate flavour will be
poor if it is not properly conducted and will be virtually absent if
the process is omitted. During fermentation, changes occur in
the cotyledon of the bean and also in the surrounding pulp.
Some chemical constituents are altered while others are des-
troyed, synthesized, or exuded in complicated processes as yet
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incompletely understood. Carbon dioxide is produced by bac-
terial action in the pulp and from the respiration of the cacao
bean, the latter contribution ceasing on the death of the bean.

Pulp

The main role of the pulp in fermentation is as a site of exo-
thermic reactions which provide a suitable pH, and sufficient

heat to raise the temperature of the cotyledon of the bean, for
the all-important reactions concern

chocolate flavour to take place. A mi
to add to the subtle flavours found
the main chocolate flavour,
An approximate analysis of the
Water

ed in the production of
nor contribution might be
in beans in company with

pulp is as follows :

80-0
Citric acid 1-5
Glucose and fructose 153
Sucrose 06
Pectin 10
Amino acids : glutamic, aspartic
Asparagine

The sugars are broken down

. > { by the action of yeasts and bac-
teria, pectic enzymes disry

Pt the cells, and much of the pulp runs

. s course, other organismg there
that do not take part in the fermentation reactions.

Aeration is fdcilitated by mixing, and also by the collapsing of
the pulp, thus enabling air to be drawn into the mass of warm
beans from the sides of the heap, or the holes in the bottom of
the sweat box. Aeration must not, however, become excessive,

Cacao -7

or undue cooling will occur and other unwanted effects relsult r:xls
well. In the Jater stage of fermentation (3-6 days) the to'tahnu
ber of bacteria becomes less, probably because the high tem-
erature is unfavourable to them .
’ Ini?ially, the pH of the pulp is about 3-7 (Table 11) - duefet:
citric acid, to which the testa is impermgal?le, a}nd durmg’ !
mentation it is lost in the sweatings. The citric §c1d —a relz}tlve'z
strong acid — is lost from the pulp at the same t.lme‘ as z;_cl:etslfl :§;d
is produced, and the net observed effect is a rise in p h o
fermentation be unduly prolor.)ged beyond six days, the p o
the residual pulp, and the high temperature, .encou(;"agte'S the
multiplication of other bacteria, whose metabolic pro Tt;c oy
versely effect the flavour of the subsequept choco]ate].n need e
beans are, in fact, decaying and putrefymgz hence th ‘ee zt o
move them to the drying trays or the drying machin
right time.

Shell

Little work has been done on the shell, which accounts for
about 10-12 per cent of the weight of the dry ferme?ifad ebean,
and it is of slight economic importance at the present time.

Cotyledon

At the beginning of fermentation the bean is, of course,
viable and remains so for.about 36 hours, until it is killed by the

" combined effects of high temperature and increased acidity,

both resulting from reactions in the pulp a!ready ov;tlm;;i. Tk;e;;
is a conflict of opinion, however, due mainly to the ; t;nc thi

an objective assessment of chocolate flavour, as to whet. ;11' is
period in the fermentation heap, when the beanﬂls via ;, is
necessary for the full development of chocolat; . :aw;ur: t\alvlo
types of experiments have beenAdone to test this: ( )t'l:S"é
laboratory beans were raised rapidly to a temperatur elg dred
which was then maintained for several days; (2) severa urtl T et

pods were kept at —12° C for a week before br_eaklrtl)g, eXBTaC -
ing the beans, and allowing them to ferment in a ﬁox. ea?s
from both experiments did, in fact, have chocolate flavour. In



38 Science News 51

this second experiment, the temperature cycle followed fairly
closely that of an untreated control fermentation, showing, inci-
dentally, that the heat of ‘incipient’ germination, made a ;w li-
gible contribution to the total heat of fermentation ’
The more important constituenis of the cotyleélon are — in
decreasing order of abundance ~ cacao butter, carbohydrates
polyphenols, proteins, theobromine, and cat’fein’e v

(@) Cacao Butter

Cacao butter is the major constituent of the cotyledo (55 per
cent of the dry weight) but appears to undergoyno E gt
fermentation: it is pale yellow in colour, non-gre o o 11:1
and ha.rd and brittle at temperatures less t’han 27g° ésyﬂtxo touc' ’
range is shor_t,‘and above 27°C it becomes soft m.l ing ?mstgc
mouth and giving a pleasing sensation. It is the éoofit;gﬁsge oef

consumer and manufacturer alike that cacao butter exhibits -

these unique physical properties! ; H
and the melting point wf)arif:)s frci:x; cocnicgloog;;it:;'m Polymorphe
a property .partly responsible for the need of tr?x t? anOﬂ_‘ef_'
the mou}dmg of chocolate preparations. A ; (rincal S
1lzutter w?ll cpntain less than 05 per cent (.>f fregeo;)attsa:;%e OCf
na;\r/: baen 1odéne valuf: of 38, T‘he constituent g]yce’idesyarelfe ;t;n
nber and contain the acids oleic, stearic, and palmitic. i
approximately equal proportions, together with a I he linoteic:
the predominating glyceride is the 2-oleo e linolele:
current research in this field is directed at
ture of the minor glycerides. *
It may be mentioned her
content of the bean is fract?o::t :vt;tehie;cem'age‘ ph.osphatide
small decrease takes place in ferm’e b me indication that a

on.
(b) Carbohydrates

With regard to the ca
rbohydrate
cotvled ) : content (15
co! 3;; ::r,“t:;et 1€1ct.ufe is far from completef va‘:gz::: tt)hc:;f :;:
' originally 6 per cent) sta i
mentation has been disputed T unchanged in fer

tected - a pentose, a methy} ;;entose f et s has .
s ITuctose, glucose, raffinose
) ’

-Palmito-stearin, and
discovering the struc-
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stachyose, and others, as yet unidentified. In total they account
for about 1 per cent of the dry weight. The residual carbohydrate
is made up of cellulose, pectin, etc.

(c) Polyphenols and proteins

The two classes of compounds most affected in fermentation
are the proteins and the polyphenols (each accounting for about
8 per cent of the dry weight) and both have been the subject of
considerable research.

The polyphenolic compounds are found in special storage
cells in the cotyledon and when death occurs by the combined
action of high temperature and lowered pH, they migrate to the
site of the enzymes and undergo chemical action. The poly-
phenolic fraction is made up of : 2 anthocyanins (0-5 per cent),
at least 3 leucoanthocyanins (2'5 per cent), 4 catechins (3 per
cent), mainly {(-)-epicatechin; and lastly, complex polyphenols
(2 per cent). The 2 anthocyanins, 3.8-D-galactosidyl- and 3-a-L-
arabinosidyl-cyanidin, account for the purple colour of the
cotyledon of a fresh (unfermented) Forastero bean but are
absent from Criollo. After the death of the bean a glycosidase
enzyme hydrolyses them, liberating galactose and arabinose
respectively, leaving cyanidin which is converted to a colourless
pseudo base. Optimum, though not critical, conditions for this
glycosidase activity are a temperature of 45° C and a pH of 4.
Oxygen is not required for the reaction. Compounds included
in the complex polyphenotic fraction inhibit this reaction while
others in the fraction are themselves hydrolysed. During this
period little change occurs in the catechins and the leuco-
anthocyanins though there is some loss by exudation. In the
latter half of fermentation when the pulp has been broken down
and air enters the mass of beans more readily, reactions begin
which are only completed in the drying phase. Polyphenol oxi-
dase plays a part here and the polyphenols undergo oxidative
browning, hence the chocolate brown colour of the well fer-
mented and dried bean of commerce.

For the polyphenols the fermentation and drying processes
can be divided, chemically, into a hydrolysis, not requiring air,
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of glycosides, followed by an oxidation, for which air is

sary, of non-glycosidic polyphenols and polyphenolicagl gzcez.
There is also the tanning by the polyphenols of pro (ein§ ¥ lm‘;i
ing enzymes. If, because of unsatisfactory fermentatj oo ‘:i'.
tions, polyphenol oxidase activity precedes glycosida 1on condi-
purple beans will be produced: it is known from in se actmts'l,
rr_lents tha't epicatechin oxidation products wil] 1;1"1;0 xpen
sidase activity. It will be noted that there is a sjj lllxtl tt g.l yeo-
the oxygen requirements of the fermenting mags - Sgumcf’nﬂlct in
be available for the bacteria to proliferate an(i » Cient must
perature adequately, yet there must not be enou rf:x;e the fem-
activity to occur before hydrolysis by the glycosicgj or oxidase

With regard to the protein, an account of a de;?f;d
not .comple.te study has been published recent] h’_thoush
carried out in Trinidad on Trinitario beans. Proteig f VIV xcb .
ways: ('1) by hy§r01Ysis to peptides and amino acidls o
conversion to insoluble forms, involving tanp; s, and (2) by
phenohc compounds. As fermentation proceeds, f Ny b}’ poly—
increases, aftaining a constant valye after t’h ree amino acid
soluble peptide content also increases, byt fcnchree days._ The
after three days, after which it subsequently fallesS "; maximum
the more complex soluble peptide increases in this lztf;nngé
k stag

: € seen
changes described and the time o?edt::i;no;hfh: l’g’gress of the
ean.

(d) Theobromine gng caffeine

Theobromine, the prine:
) » the prine i
n cola nuis and tea) j ipal alkaloid from cacao (also found

S confined exclusively to the cotyledon
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(15 per cent) if the bean is examined at the time of its removal
from the pod. In fermentation there is a diffusion, which starts
at the death of the bean, from the cotyledon into the testa, and
the dry bean contains equal percentages in both the cotyledon
and shell. Caffeine is also present in cacao, but to about one-
tenth of the extent of theobromine.

Flavour and aroma

‘Chocolate flavour’ has frequently been referred to, but from
a chemical standpoint, little can be said either about it or about
the aroma of cacao products other than that fermentation and
drying (in the country of cultivation} and roasting (in the cocoa
and chocolate factory) are the processes most concerned.

Chocolate flavour cannot be attributed to only one or two
chemical compounds: it is obviously due to a balance between
a large number, and it will become better understood as research
on the chemistry of fermentation continues, Gas chromato-
graphic techniques should be of great assistance in helping to
solve problems connected with aroma. The day when chocolate
flavour and aroma can be assessed chemically, and therefore
objectively, is still far in the future.



ELECTROPLATING TODAY

D.JL.FISHLOCK

FEW engineering practices have proved as controversial as
electroplating. This widely applied method of decorating and
protecting less chemically stable structural metals has, for vari-
ous reasons, tended to fall into disrepute in some quarters, In
this article it is hoped to examine some of the problems, and
describe some of the progress and developments, that are taking
place in this complex branch of applied science,

ORIGINS AND DEFINITIONS

At this point a brief review of the origins of electroplating is in
order. The craft of electroplating, or electrodeposition, is the
art of producing films of metal with closely specified physical
characteristics from a solution of its saits. The term electro-
deposition, although often used synonymously with electroplat:
ing, is reserved within the trade for relatively thick deposits such
as those needed in electroforming, in the repair of worn or over-
machined components, and in the protection of chemical plant.
Electroplated coatings, on the other hand, are generally very
thin — rarely above 0-002 inch, and often only 0-0002, in depth
—~ and should be fine-grained, strongly adherent, smooth or
bright in appearance, and of low porosity if they are to be of
value. The distinction from electro-refining lies in the relative
unimportance of the physical properties of the deposit laid down
in this process, provided that the deposit is sound enough 10
withstand handling,

Electroplating was born at the start of the nineteenth century
shortly after Nicholson and Carlisle, in 1800, first electrolysed
water into its constituent gases. The first plating patent was
issued in 1810, and by 1837 jewellers were practising gold and
silver plating, using batteries to supply the current. Large-scale
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commercial plating began about the middle of the century, but
the full exploitation of its possibilities had to await the invention
of the low voltage D.C. generator in 1874. Then followed a
gradual improvement of solution formulae, the empirical dis-
covery of brighteners and other small additions to the solution
which could so effectively influence the characteristics of the
deposit, and an appreciation of the fundamental importance of
correct and thorough pretreatment prior to plating.
. Until well into the present century much of the industry lay
in the hands of individual craftsmen who had acquired their
knowledge of an intricate and often extremely vexatious art by
the laborious process of trial and error. Such hard-won assets
were jealously preserved and handed down from father to son -
relatively little information being published. Ironically, it has
taken two world wars to produce a real understanding of the
importance of electroplating. The importance of metal finishes
= not merely nominal ones, but finishes that would preserve
components and articles perfectly under the most diverse and
adverse conditions — were only gradually appreciated. Decora-
tive finishes, again of lasting quality, came into considerable
demand after the first world war. The processes available to
fulfil these demands were the result of extensive research by
plating supply houses and independent research organizations.
These institutions had, however, to overcome the reluctance of a
strongly conservative industry to make changes, and nowhere
was this in greater evidence than with regard to the plating solu-
tion itself,

The plating solution

The nineteenth and early twentieth century plater had rela-
tively few metals at his disposal. In addition to silver and gold
the only ones of significance were nickel, copper, zinc, brass,
and to some extent tin and iron. Plating solutions, the essential
ingredients of which are metal ions and usually an electrolyte
to improve the conductivity, were based on soluble and inexpen-
sive salts such as chlorides and sulphates. Only one complex ion
type of solution was available, that based on cyanide. Thus
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cyanide formulations were universally used for silver, gold, and
brass, and for some copper and zinc baths; sulphate for nickel
and iron, and often for copper and zinc; while chiorides also
featured prominently in later nickel solutions and for tin and
iron. Nitrate, the third simple radical, finds little application
because it is unstable and liable to be reduced to ammonia a;
the cathode. The past two decades have seen the introduction of
many more metals, including chromium, rhodium. cadmium
cobalt, indium, and aluminium, and a host of useful a,lloys whicl':

include tin/zinc, tin/nickel, tin/copper, speculum, nickel/cobalt
and various combinations of silver and tungsten ’ )

Iems is, therefore, readily understoogd
some tempting inducements : .
quired minutes instead of hour
less and eventually no polishin
metal, would then polish it wh

S, and gave deposits that needed
8, or which, having plated out the
en the current was reversed; solu-
s and alloys hitherto unconsidered,
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than were customary, needed to persuade the metal to plate out
at all, fet alone at a reasonable rate. A similar situation exists
Wwith the new nickel and silver plating solutions, which also need
much heavier currents to gain full advantage.

Even today there are some very well-founded objections to
large and sudden changes in plating practice. An economic one
lies in the capital cost of a large and usually rather inflexible
2utomatic plant. A machine such as that illustrated in Inset 9
Wwould probably have to be scrapped if, for instance, a nickel
solution plating three times as fast were incorporated. Again,
alloy plates offer many advantages over pure metals, often
blendiﬂg the best features.of their constituents; many solutions
co-depositing two and even three metals have been evolved
which work perfectly — under laboratory conditions. In the
Wworkshop eight out of ten of them prove anunqualified nuisance.
Analytica] practice, too, often lags behind solution formula-
tions, with the result that the plater is presented with some un-
analysable concoction that can only be maintained (and even
then there is often some doubt) by the supply house sponsoring
it. In addition, more elaborate electrical and chemical plant and
control equipment are often essential concomitants of this pro-

gress (Inset 10).
PLATING MECHANISM

The physico-chemical mechanism that promotes the transition
of metal ions into solid atoms in a crystal lattice remains largely
unexplained. The difficulties involved in probing into this
Phenomenon, which undoubtedly holds the clue to stronger,
more ductile, more corrosion-resistant deposits, are indeed for-
midable. The ion-to-atom transition takes place within a thin
film of electrolyte known as the cathode film, which is probably
less than 0-01 inch deep, and is in contact with the cathode while
electrolysis is in progress. The existence of the cathode film has
been confirmed by several ingenious techniques, the most re-
warding of which is Brenner’s freezing cathode.! Using a hollow
cylindrical cathode into which he introduced a freezing mix-
ture, Brenner was able to solidify the contiguous electrolyte
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and could then machine off successive layers of known thickness
for cher‘n%cal analysis. In this way he was able to show that the
composmqn of the cathode film bore scant physical or chemical
re}atxonshnp to that of the main electrolyte. In nearly neutral
nickel solution, for instance, the pH of the cathodeyﬁlm was
sufficiently high for nickel hydroxide to be in suspension, and
to become occluded in the deposit; again, a marke?ie 0 ntra-

tion gradient of nickel ions exists in this ’region concen
The actual deposition of metal depends on the existence of 8
sufficiently high potential difference between the inl teln'czns in
the cathode film and the negatively charged cathic? lWhen
:l'eutrah.Rd the ions appear to take their places in a cr;‘stal lat-
cf:tr‘:;“c’u\;’:t? lf:ra ::;rsly F;}llectrodeposited metals is a face-
. - ihere are two current hypotheses:
:::u;ie:li:) t?jrtrgetalhatom discharges at the point }\I)vphere it is
exists within its :rht e crystal structure, or, if no such point
higher potential top ere of influence, discharges at a slightly
that atoms are dis ‘t‘]‘mate a new lattice unit. The other suggests
and initially are ;.ncd arged at random over the cathode surface
them to locate their ?nv:)es,? x;?:p:::: air_ltmobility which enables

. € site in the lattice unit.

g € versati . .

1:;1;‘;;}‘:25?:‘“; solutions. It could well :ﬁ:ﬁ:ﬁflﬁ: ::::;t:n?::l
eliminate theglozstrizcedsuztfn?trf aﬁiﬁ;ﬁ’m"°“““s’ and help us 10
h i ; appears inherent in the
Sszgecth:ﬂ;q:f"s“s S uch as those of nickel: it coulgte:;:»lain
the mechanicall ;&iiggten&al stress and porosity which reduce
and corrosion resistance of many de-

posits; and it could aid the elect:
. T 1 . .
physical characteristics closelyozgg:el;t to deposit a metal with

Work is proceeding, for a given purpose.

arti . cqs
acquire a deeper underga::i‘;ﬁlgz\gfy ﬂ:n British universities, to
ese problems. In this work

three techniques appear t
4 o hold outstandi i
g in -
i he o 0 i o e
el 0 -dl raction apparatus for examining‘ the coati e uie o
re — and especially the structure of the first layers oflr;%oin?fc;
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be deposited. Recent experiments have indicated that a tem-
perature of several hundred degrees centigrade exists within the
surface layers of electrodepositing atoms and that there is a
close similarity between electrodepositing and condensing films
of metal.? The second, used in conjunction with X-ray diffrac-
tion, interferometrical and optical goniometrical experiments, is
the use of a 16-mm. ciné-camera in conjunction with & micro-
scope to take a film of the cathode during electrolysis.® The third
is the use of radioactive tracers to track the movements of atoms.

NEW PLATING SOLUTIONS

The limitations of simple inorganic solutions based on sulphates
and chlorides are numerous. These are corrosive ions, usually
used in the presence of excess free acid to increase co_nductivity,
and this poses many problems in handling and contamiqg them.
They also tend to give relatively coarse-grained deposits, par-
ticularly if addition agents areé pot used, this property being
relatable to their high degree of dissociation. Often, t00, this
results in displacement reactions with metals to give l?adly ad-
herent plating. Further, in most cases there are definite upper
limits to the rate at which metals can be deposited from them.

Cyanide solutions, although containing complex ions, and
free from some of the above {imitations, pevertheless have one
big drawback in their toxicity- Thus there is ample justification
for development work on entirely new solutions.

Sulphamates

These are the most recent salts t©0 find commexrcial application,
little being known of them prior to about 1950. They are the
salts of amido-sulphonic acid, H.SO,.NH, and they exhibit
many useful attributes in plating solutions. They are stable, and
give highly conductive solutions which can.be worked faster
than those of simple salt, while the deposits themselves are
smooth and fine grained, and if hard, as is nickel, have little
internal stress. Sulphamaies have been successfully used for the
deposition of cobalt, iron, cadmium, zinc, lead, silver, rhodium,
and indium, and, most jmportant of all, nickel.
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Unfortunately, although very extensively investigated and
promoted, particularly by Piontelli in Italy, the very high cost
of the acid and its salts militates against extensive application.
This factor, however, could well prove a minor one even now in

the case of precious metal solutions, while the price may be .

expected to fall with increasing demand.
Fluoborates

Probably the most useful of the new ions is fluoborate. This is
not strictly a complex salt, since it is highly ionized in solution;
yet in many ways it reacts as if it were. The acid is highly stable,
and is produced by the interaction of boric and hydrofluoric
acids:

H,BO,+4 HF —> HBF, 1+ 3H,0

In the solutions used for plating some 1 to 5 per cent excess
boric acid is present to ensure stability (the solution will not
then attack glass, for instance), and also to give more conductive
electrolytes with less tendency to vield nodular deposits. They
have fc?und extensive application in the plating of tin, copper,
zing, nickel, and indium, and most significantly, lead. Today
the lead fluoborate solution is the most important’ of some four
or five electrolytes for this metal. Its characteristics are similar
to fhose of sulphamate solutions, but the solubility and conduc-
tivity are higher, while any difficulty hitherto experienced in pre-
paring fluoborates in situ is now obviated by the sale of metal
concentrates. cher important applications lie in high speed
cont.muous strip plating with tin and 2inc, and in the deposition
olfl tin alloys such as the solderable tin/lead and tin/cadmium
alloys.

Pyrophosphates

These are derived from pyrophosphoric aci i
heating orthophosphoric acid : PIOSPROric acid, obtained bY

2H PO4 —_—> HAP O
. 3. . 2 1+H20
The ortho salts similarly yield pyrophosphates. These have

founc! an impprtant role in the replacement of cyanide copper
and zinc solutions. Pyrophosphates of these metals are insoluble,
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but dissolve in excess potassium pyrophosphate to give a non-
toxic and highly conducting solution, with 2 pH of 8 to 9. Fo;
copper the pyrophosphate bath replaces botp the.corroswe :cl
Sulphate electrolyte, and the hot cyanide which wxll‘not produce
smooth deposits of depth greater than about 0-001 mch.'U.nfor-
tunately a cyanide solution is still required for a prehmm;ry
‘flash’ deposit on ferrous metals to avoid the formation of a 1.:
Placement deposit. Pyrophosphate salts are now cheap enoug
to be attractive, while the simple operation of t.he bat?x and.the
Smooth, fine-grained plates obtained justify their gon§1derat101;,
They appear to have found little commercial application as yet,
other than for plating zinc and cOpper, and very recently for tin-
bronze and nickel.

Fluosilicates

These derive from fluosilicic acid, H,SiFe formed by the

action of HF on silica:

Si0, + 4HF ——> SiF, + Z.HZO .

3SiF, + 3H,0— 2H,SiF; +H,Si0,
These have not enjoyed the popularity that fluoborates Zom-
Mand, although a few solutions, notably for leadl,1 have eeg
evolved, Since they are less costly than ﬂyobpratgs, they a;et]:iset
in lead refining, while a secondary appl.xcatlon is as a substitute
for the sulphate catalyst in chromic acid electrolytes.

Chromium Solutions

Although the potential value of chromium as at de:ﬁre;tg;;r:
Metal was appreciated many years 280, it was Do u;l 2
that a commercially practicable method of plating chromiu
was worked out. This method, basically unconventional in that
it employs a strongly acidic solut‘ion of 6-valent chror;;t(;:_ acid,
and requires the presence of a critical amount of a smal fnmzn-
sional ion such as SO, to catalyse the deposition, is funda-
mentally unchanged today. In operation this solutlo.n ?ﬁgs
many advantages, but its extremely low elec‘tro-chemwa ek -
ciency (10 to 15 per cent) combined W1t¥1 the high valency ma es
the rate of deposition low indeed. Again, the catalyst content is
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critical and none too easy to ass

mgion, however, has proved ?;irz‘:;:g?tdy and quickly. The
ification. ¢ towards significant

One improvement has been to |

catalyst, so [0 incorporate a sli

catal;’,tic ior:.h Egtintclzle? }:a.t § remains saturated Wifffl:'igtg;ts ?IUZ:C

rather than the abs(;lults the ratio of catalyst to chrrc))mic Zcide

critical, this method fe concentration of constituents, that is

used. In practice, e . regulax.mg the catalyst COntent’ n l:s

balance, since it i’s ot o §tr0nt1um sulphate is added nd the

phuric a’cid; any risneoitnqtuhlte soluble enough, made up,v:?ilt]lzl stt?le

causes strontium sulphat e sulphate to chromic acid ratio ther;

There is also news fog ¢ 10 precipitate and adjust the rati

chromic acid solution m Rt‘xs§1a of developments with eold

containing ammonium ﬂuori:’;’clat @ cold

Organo-metallic Solutions

- These represent a complete de
ing practice, in that alcoholjc
?re used and that they are of y X
In many cases. They are not in
bu.t for the localized df;:posit'n
tained in a thick porous pad :
bon anode, electrical copne
work-piece. The work is the
ated pad. (See Inset 11.)

The practice of b
X rush plating j
conventional § 1S Dot new i
conditions th:litoalll ;altsj sPIutions have been, fsuti hgherto g
while such dopost uctivity of the pad was ed. Under these
1ion as did take place caysed :trim: lyh ees
arked changes

oluti ; .
tion retained in it, and undesirable

olljstrit:;: from conventional plat-
oo h")f organo-metallic salts
oty gf igh metal concentration
g or vat plating, however,

metal. The solution is re-

Xi i
nlgllllbzzglg made to the anode and
or stroked with the satur-

the conductivity and high i
of the solutions allow cuyr

which surrounds 3 high-purity car- -
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nity. These factors
me of the unique
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ceivable in vat plating to be used with impu
and the rubbing action probably account for so
features of the plates formed.

'1_'he solutions are usually based on an 0rg
amino metallic one, together with an alco
agent. The chromium solution, for instance, can comprise an
amino-oxalate of chromium such as Gregory's salt {(NH,)s
Cr(C,0,),), methyl alcohol, and an alkyl amine wetting agent.
The chromium content is about 80 grams per litre, which is
actually lower than in conventional solutions, since the latter
are unusually high in metal. In the case of other solutions, how-
ever, the metal content is much higher than normal, €., rho-
dium 20 g/1. compared with 1 to 2 g/1., and silver 280 g/1. com-

Pared with 18 to 33 g/L*
CHEMICAL PLATING

but closely related, are
for chemically depositing

anic salt, such as an
hol and a wetting

Not strictly electroplating solutions,

:Zum;dl'ecently developed formulations i :
eSsemf adhefe'}t deposits of certain metals, cl"neﬂy nickel. 'Fhe
hy ial cof}Stltuents are a supply of metal ions and SOdlUfn
hol:()p ?os?hltf’, the metallic salt being continuously reduced it
of acid solution in the presence of a catalyst, Few me{als, one
imwhlc.h’ however, is nickel, are catalytic in this reaction, but

Mersion deposition with the liberation of hydrogen takes
Place at the surface of iron, alumiaium, copper, and carbon, thus
depositing enough atoms of nickel to ‘nitiate catalytic plating.”
The reactions involved can be summarized in three equations:
first the catalytic decomposition of hypophosphite

—2H+! +H,0
H(H,PO,) ——> HPO, — H,(HPO,)
catalyst
Hypo Meta Ortho

nickel ions

secondly, the catalytic reduction of
L2H 4 H(HPO,)~!

Nit.4 (H,P0,)-*+H,0 ——> Ni
catalyst

:lﬁld thirdly, the formation of nickel
e deposited metal

phosphide, which appears in
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(H,PO)~* + NI+ + THH —— NiP 4 SH+1 4 2H,0
2

catalyst
The last reaction arises as a result of an absorbed layer of nas-
cent hydrogen on the metal surface, and accounts for the phos-
phorus in the deposit.

The phosphorus content, about 9 per cent in the case of the
most highly developed of the commercial processes —
plate — no doubt accounts for some of the attractive fe
the deposit, including its high corrosion re
and good mechanical properties,

The original solutions tried were costly,
electroplating standards slow to deposit, bu
of a rather impressive number of additiona
cally changed the position in some respects
working bath changes rapidly,
laminated plate. Buffering salts
the value within the fairly nar
orthophosphite which accum
reducing agent is slightly solu
would rapidly initiate the co
the solution. This salt is there
tion and thus stabilize the

Kanigen
atures of
sistance, low porosity,

ephemeral, and by
t the incorporation
| reagents has radi-
. First, the pH of a
and results ip a heterogeneous,
and continuous alkaj; feeds hold
row optimum range. The nickel
ulates by decomposition of the
ble, but if allowed to precipitate
mplete catalytic decomposition of
fore chelated to maintain it in solu-
bath. Unfortunately the chelating

0 are examples, both of which de-
crease the stability of the hypophosphite molecuie, Then, be-

mixture the function of the constituents of which are often
interrelated. See Table 1.
To the analyst this mi

o Xture is a nightmare; in practice it is
maintained by an elabor.

ale regeneration system based on pH

phosphite accumulation, but extensjve industrial development
has extended this to eminently practical lengths. Again, this is
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TABLEIL

Constituents of Chemical Nickel Solution

; uence
Substance Primary Function M
Nickel ions source of metal fl—’in
i i t source of
H)i’gophosphxte reducing agen k) -
o atin
Chelating complexing SlOV:tgown p
compounds orthophosphite Iorw Sown plating
Stabilizers as above s i
e i eposit and
Accelerators increaseinstability | brightend };’0
of H(H,PO,} buffer p__
Buffering salts stabilize pH -
Inhibitors decatalyse pre-

cipitates

an instance of a formulation which, despite its complexity, 15
perfectly amenable to control. ' o of
Futur); developments in chemical plzm.ng hok: II;“:::; o
techniques for depositing copper and precious me ae ’eneration
sibly chromium alloys. The capital cost of the rsgat resent
equipment is considerable, but some of the processete iy
in the development stage require muc}§ less‘elal;or?] o i,
ance systems. Even today, and Ccrtamly.m t.e e o
chemical plating should supplant n}any engmeermg‘;,e rp& o
of electroplating, such as the repair ?f wom.olr owhich P
parts, and the protection of very mtrxgte articles N Signicant
be electroplated to an adequate thickness on a
Surfaces,

SOLUTIONS FOR ALUMINIUM

ini {lium,
Strongly electronegative metals such as 'alun;]mlllulrln,ebtzrzlaﬁng
titanium, and magnesium offer an attracuvg cha Ie _g opaine
chemists, both from an academic and, ?anlcplar y'lr: e e
aluminium and titanium, from a practical viewpoint.
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at least two interesting outlet§ for electrgdepositing alumini.um
coatings; one is as 2 ‘protecuve (and, with further processing,
highly decorative) ﬁmsl? for ferrous metals, and the other is in
electroforming electronic components, The difficulty lies in the
disparity in deposition potential between these metals and
bydrogen, and the consequent ease with which hydrogen is re-
.- Jeased in preference from aqueous electrolytes. Fused salt and
" organic electrolytes therefore offer the only alternatives.
Much interesting work has been done with various organic
solutions, at least four of which can be induced to plate out alu-
minium.® The most promising appears to be one comprising
Aluminium chloride 300 g.
Lithium hydride 6g.
Diethyl ether 11
Unfortunately, not only is this solution costly, highly inflam-
mable, and relatively unstable, but it is decomposed by traces
of moisture. Thus, although it vields plates of some promise,
since it must be used in a special air-tight vat and for obvious
reasons under the closest Supervision, its translation from
laboratory to workshop appears highly improbable,
Another solution is based on Grignard reagents, and is made

by dissolving aluminium chloride or iodide and an alkyl or
halogen halide in benzene. Thig give i

diethyl aluminium bromide and ethyl ini

3CH,Br+2A1 —> Al(CzHﬁ),Bz‘-}- Al(C,H,)Br,
Aluminium triethyl and tribromide are probably also present.
Sealed from the atmosphere, vats containing solutions of the
carefully dried reagents would last for months; open, however,

the electrolyte absorbs moisture ang becomes inoperable in a
few days.

A third method is based o
dinium bromide and alumin
cent dispersion in toluene,

0 a eutectic mixture of ethyl pyri-
ium chloride, 1t is used as a 32 per
kept in suspension by bubbling pure
rolyte. The properties of the deposits

obtained in this solution appear less promising than with the

other methods.
One of the latest solutions, patented in 1956, is based on the

€al plating bath already described is an €X
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‘ . . ination
-liquid complex NaF.2A)(C, H,), obtained by direct combinatio

tion

of aluminium, ethylene, and hydrogen and subsch;xg:t reac
with anhydrous sodium fluoride in the absence ducting quid

This substance melts at 35° C to give a cont A
Which can be used as an electrolyte at temperatu::asc e eaturas
and 150° C, and at high efficiencies. The most a:t aand et
of this solution are the low cost of greparz::; N racticable
Purity of the deposits, but it appears little
Workshop solution to the problem.

As regards the other electronegatiy
has been done. Magnesium can be deposit o colutions of
tions of Grignard compounds, and l_)erylhumears e
its salts jn liguid ammonia, Titanium a;());:i AL 2 e melt
Promising, a potassium titanium fluoride/s e oa, being 0n6
Used at 800° to 900° C in an atmosp here © mfkes’ use of an
Possibility, while a really hopeful .dxscovergmdcany’ e
aqueous sulphate solution—a reversion, para
salts,

e metals, much Jess work
ited from ethereal solu-

ADDITION AGENTS

. ] solutions
Plating solutions are no longer essent;all¥ t:g‘%teher salts to
Comprising a metal salt, and perhaps O'Ifle t;e characteristics of
facilitate operation or control, or modily

X iversity of sub-
the deposit, Today, they fr equently l}ili?l?d:r: g’e:enttyin small
Stances, often organic chemicals, W n agents. The chemi-

: itio
amounts and known collectively as add treme example, but

1 s ¢ surface active
Tequently encountered plating additions 2%

: nown since 1847
agents, brighteners, and levellers. Brxsht?“"i“};;e - silver solu-
fem the cfficacy of traces of rbe dxsual; first noted, include
o o or improving the lustre of the p{ate vi,)stances. In their ab-
2 host of organic and a few inorganic st

0 . tt and rough as
Sence deposits tend to become mcteasfngly gl asuccessful, have
they build up. Many attempts, noite upiverssy

i tiveness, but

een made to relate their structure t0 ﬂ:le‘;lslc‘; :&i‘;d Targely on

until very recently they continued to be Oy osely defined
30 empirical basis. In the correct, and ©
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quantity, and when coupled with specified operating conditions
such as bath temperature and current density, they can often’
especially in th; case of niclf(el baths, exert an influence on the:
appearance and structure of the plat i
: g’:}r rance and strueture plate out of all proportion to
Levelling agents are a very recent discovery, which induce the
deposit to plate preferentially into small recesses such as pits and
scratches on the surface of the work. Thus the overall Sﬁe atn'
to produce a plate which is smoother than the original s ; .
(Inset 13). In combination with suitable brighteners this Tmean
that a finely ground article emerges highly polished fr Cal;meﬂn
Both levellers and brighteners are lost by decom or'rt\'t o
sorpti'on,' and co-deposition with the plate, but thﬁl o ?d-
constitution usually precludes close analytic;l control lgomp -
must be made to rapid though not entirely satisf; : eCOl{rSC
methods of control. sractory physical
Another new addition is that of ¢ i
amounts qf many foreign substance ::izt;zglaiieigtfﬂve? S'man
thrpugh axF-borne dusts, impure water supplies, o tack on the
articles being plated. These impurities o ereaty e
quality of, in particular, decorative
sive chemical treatments to effect th
very small amounts of chelating ag
can be complexed and their nuisa
These substances, examples of whi
tetra-acetic acid and its salts, are ¢
and the very small quantities ne
drawback.

ften adversely affect the
p}ates, and require expen-
eir elimination, By adding
ents many such impurities
nce value thus minimized.
ch include ethylenediamine
Xpensive, but their efficiency
eded tend to outweigh this

PHYSICAL INFLUENCES

The influence of severa] i
The physical factors on the i

: ' plating mechan-
ism is 2 profound one; these include pH, temperatureg, solution

occasion exert on the deposit

Agitation i< i X
amoilga:)lg:;r‘:h;mpqrtam In many plating solutions because
ngs it helps to ensure the rapid replenishment
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of the cathode film and to displace gas bubbles adhering to ?he
cathode. Normally it is supplied mechanically or by bubbling
air through the electrolyte. If, however, the far more intense
agitation produced by ultrasonic vibrations is used the effect is
remarkable. Considerably higher currents can be passed through
the solution without ‘burnt’, i.e., dark, poorly cohesive, deposits
tending to form, while, depending on the metal being plated,
quite marked changes in the physical characteristics of the
deposit are obtainable. Nickel deposits, for instance, have been
found to have a higher tensile strength and hardness, and 2
smaller grain size, while inadequate pre-cleaning of the base
metal is less deleterious since the agitation displaces any traces
of grease.

This form of agitation is induced by immersing in the vat 2
transducer, which vibrates piezo-electrically or magneto-stric-
tively in sympathy with a high frequency alternating voltage.'At
very high frequencies this agitation is due purely to the vibration
of the surface of the transducer, but at frequencies around and
just above the audible limit, 18 ke/sec., a secondary turbulence
caused by cavitation appears. This is due to vacuum pockfts
forming at the metal surface, to collapse later with explosive
violence (Inset 14). The industrial possibilities of this discovery
are closely related to the development of cheaper and more
efficient ultrasonic generators. The valve generators used to
produce the very high frequencies are expensive at industrially
practicable outputs, but the discovery that the lower frequencies
can be equally and even additionally useful can be utilized
through the medium of rotary alternators.

It is only fairly recently that attention has been paid to the
wave-form of the applied D.C. plating current, but under certain
circumstances this can appreciably influence the deposit. The
first indications were when it was found that the chromium
plate deposited with a battery or with a 3-phase (fairly low
ripple) D.C. current was appreciably brighter than when de-
posited with single-phase D.C. No explanation has been forth-
coming, and no differences in the crystal structure of the de-
posits can be detected, but the fact remains incontestable. In
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1947 a scientist at the Westinghouse Electric Co. invented
periodic reverse current plating, in which an irregular form of
alternating current is used instead of the customary D.C.
Although rather costly to generate, this helps to produce sub-

stantially smoother, more uniform, and more corrosion-resis-
tant deposits.

CONCLUSION

The obvious query arising from this account of electroplating
progress is whether scientific research has contributed materi-
ally to the quality of plating. Certainly the answer would often
appear to be an emphatic ‘no’ when at any rate the plating on
motor car exteriors is considered., Even in this field, which is a
pretty severe test for a finish rarely more than 0-001 inch thick,
it is a fact that the finish on the higher quality models are not
often at fault. On cheaper cars there is a tendency in Britain, at
least, to economize on the finish, a tendency often conspicuously
absent from their Continental and American counterparts,
Many utilitarian finjshes have undoubtedly greatly improved
in quality, and contribute enormously towards reducing the vast
annual expenditure due to corrosion, while the development of
methods of plating light metals and alloys have an extremely
practical objective. Even the controversial chromium plate
shows promising signs of improving appreciably in durability
in the next few years — always providing, of course, that it is not
supplanted by some new finish. Recent work in bright nickel

Opments using several layers of
ifferent solution, hold promise of
-resistant undercoats for the still
ing. Further, the end of restricted

gated, however. In most of
problem has only been scra
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i ticular,
confidently be expected to yield good dividends. In parti

i CesSses
work is needed in the sphere of transplgntmg HZ‘:eSPI; o
from laboratory into workshop, although in so?i’:ecme o olating
larly in the development of highly electrom;.gas o or radical
processes, the existing techniqufas th.emse ves ca
modification before this can b_e v1suahzed;l/;sovwork
ing field thus exists for scientists prepare g
tion with both laboratory and produc'txon engﬂen .
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TRACE ELEMENTS IN PLANT
AND ANIMAL NUTRITION

A.B.CALDER

FoRr many vears it has been recognized that a certain limited
number of chemical elements are essential for plant and animal
nutrition, In the last thirty years in particular, considerable
attention has been directed by agronomists to investigations
dealing with the mineral requirements of plants and animals,
the discase conditions associated with deficiencies, and in some
cases excesses, of certain elements, and the remedial measures
required for the control of these diseases.

Apart from the elements carbon, hydrogen, oxygen, and nitro-
gen, which together with phosphorus and sulphur form the or-
ganic constituents of living plant and animal tissues, it has been
shown that the mineral elements calcium, potassium, magne-
sium, and iron are likewise essential for normal nutrition, while
in addition the animal requires sodium and chlorine. This has

been shown by the invariable presence of these elements in the

living organism, and by culture experiments which have demon-
strated that without them normal development cannot take
place. It has further been shown that certain other mineral
elements were present in plant and animal tissues although in
very minute quantities of the order of several parts per million.
Initially, however, their occurrence was regarded as accidental.
Animals depend for their food on plants which in turn derive
their nourishment from the soil. This food is taken up by the
plant roots in the form of a solution, and it was considered
reasonable to suppose that in addition to absorbing the essential
mineral elements calcium, potassium, magnesium, iron, sodium,
and chlorine, the plant simultaneously absorbed smalleramounts
of these other minerals which happened to be in the soil. They
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were, however, present in extremely small amounts, had no
apparent role in the metabolic processes, and were consequently
ignored. But comparatively recently, considerable advances in
analytical techniques, together with more intensive studies of
the factors responsible for normal growth, have established cer-
tain disorders of plants and animals as diseases due to deficien-
cies, and in some cases excesses, of one or more of these particu-
lar elements. These occur in minute amounts or traces and are
accordingly termed trace elements.

These trace-element deficiencies or excesses may affect the
health of the plant, or the animal consuming the plant, or both.
For example, boron is an element shortage of which in the soil
creates disease conditions in the plant, without producing an
effect on the stock grazing thereon. On the other hand, cobalt
would appear not to be essential for plant growth and develop-
ment, but if present in inadequate amounts (<0-10 p.p.m.) in
pastures, is associated with ‘pining’ in ruminants. In comparison,
there are one or two elements, e.g., molybdenum, selenium, and
lead, which can cause disease in the animal if present in the soil
or growth medium in excessive amounts. Many of these trace-
element deficiency diseases are so widespread as to be of the
utmost economic importance, and as such, to warrant further
investigations in relation to the elements concerned.

Problems of Trace Element Study

In the general study of trace elements, two main types of prob-
lem are involved: (a) the demonstration of the essentiality of
particular elements and the role played by them in the plant and
animal, and (b) methods of diagnosis and control of those
diseases of plants and livestock associated with deficiencies of
these elements.

With regard to the first problem, the essential nature of the
trace elements was for many years overlooked on account of
the difficulty of constructing diets for plants and animals en-
tirely free from the elements. In plant development these were
introduced into the culture experiments partly from the seed
from which the plant developed, partly from impurities in the
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water and nutrient salts used in preparing the culture solutions
and by solution from containing vessels. There also existed th;
possibility of atmospheric contamination. The same problem
was presented in the study of animal nutrition, the main diffi-
Zulty 1(;1 obtainir‘:g proolf of the essential natur;, of an element
epending on the availabilit i i
from the elements conce:rned.y of synthetic animal foods free
In order to investigate the essentiality of a particular trace
elemen't, means had to be devised of preventing the introductio
of foreign material from all the possible contaminating source:
For example, so-called pure analytical reagents often contai .
amounts of trace contaminants (e.g., Fe impurity in Na C?)m
and these may be sufficient in themselves to supply the 2d 32
the plant and animal. It is therefore imperative to s};ress :llfe y :d
for the purification of all material used in this type of , rl:e
for example the purification of Na,CO, used n pi,::t as}‘]’VfOT , as
and t}:e avoxdgnce of metal parts in water distillation a USI?DS
In this connexion, while various plant and animal disezllbpar; e
been attributed to particular deficiencies, the possibility Zefsin?e‘;e

ments must not be excluded. The

Analytical Techniques

In investigating the part
and animal nutrition it is ess
tative determination be ay
elements in plant and anim

played by trace elements in plant
eptxal that methods for their quanti-
ailable. The concentration of these
a} material is so low that the ordinary
YS1s are not sufficiently accurate. Dur-

ing the last twenty-five years a number of physical methods of
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analysis have been developed for the measurement of minute
quantities of material, and it is possible by means of these to
estimate with reasonable accuracy most of the trace elements in
plant and animal matter. Absorptiometric and spectrographic
analytical methods have mainly been used. The absorptiometer
is a form of colorimeter incorporating photoelectric cells by
means of which the depth of colour of a solution is matched
against that of a standard solution, and thereby measured. In the
spectrograph a small sample of the material to be analysed is
placed in an electric arc, flame, or other suitable source of ex-
citation, in such a way that the molecules of the sample are dis-
sociated into their constituent atoms, which are then stimulated
to emit radiation. This radiation is limited to certain wavelengths
characteristic of the elements in the substance and of the condi-
tions of excitation employed. The radiation is passed through a
prism and recorded as spectrum lines on a photographic plate.
Each line possesses a density or intensity of blackening, which,
under suitable conditions, is a function of the concentration of
the element excited. The spectrograph affords the most sensitive
method of measuring small quantities of a large number of
elements simultaneously, and provides a permanent record, so
that results are available for future reference. In the analysis of
trace elements in plants, soils and related material, attention
must be drawn to the need for freedom from contamination at
all stages of the procedure. All reagents used in any chemical
pretreatment must be purified, including those reagents used in
making up standard mixtures for calibration purposes. Mitchell
(1948) gives an excellent account of the application of spectro-
chemical methods in biological work.

Diagnosis and Control

The second problem in trace-element studies is concerned
with methods of diagnosis and control of plant and animal
diseases associated with deficiencies. Such methods are of im-
mease economic importance.

There are three methods of diagnosis. In the first method,
deficiencies are recognized by specific symptoms exhibited by
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;l}e ll)lant or animal. In the plant, foliage symptoms are usually
1splayed, as for example the characteristic grey spots in the

regar ;
mﬁmzi(;rtx}:iiisslaor?’t ;lt would b.e necessary to establish the mini-
organs for cach, f respective elements in the different plant
the present tin t;pi‘wles at different stages of development. At
contents of the dt?re are few .available data on the trace-element
analyses are ( (;.( ifferent ‘ammal organs, and mixed-herbage
animal. suct, ak ?ﬂ as an 1qdcx of trace-element status in the
errors (’es _filna yses .have little value howc.ver, unless sampling
(1955) haP?Cld 13{ on hill pastures) are taken into accoynt. Calder
hil S mvestigated the variation in trace-element content of
I pastures and has recommended 2 method for the sampling

of hill soils and herbage for trace-element analysis. The normal :

Yariation in mineral content of mixed hill pastures was investi-
8ated with special reference to the trace elements o S¢
cobalt, nickel, and iron. The variations in the cobalt a?jga{)?icel’
Contents of mixed pastures were found to be as gr . m;: SC
of acetic acid extracts of soil samples taken gt theg ety tho e
the pasture was sampled, and ranged from approxivioxtnlts ‘;Of;o
per cent. The variations in manganese and iron c‘ s (-
somewhat less (20-30 per cent), while those in Or_ltents e
{Ca, X, Mg) and silica-free-ash content major-lement

(b) soil type and plant associat;
{(d) personal error in sampli !

COCOA-1ITS CULTIVATION,
PROCESSING, AND CHEMISTRY

1, Cocoa tree: a mature tree may attain a height of twenty o }hirty
feet but it is a common practice 10 prune the trees so as to facilitate
harvesting the pods. (Photo: P. B. Redmayne)
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3. Building a fermenting heap on the ground: the heap is covered with
leaves if there is a likelihood of rain. (Photo: P. B. Redmayne)

2. Cocoa pods are opened by knockin i

; o g against
illustrated here, by splitting the husk wit% a cut
Redmayne)

a large stone, or, as

lass. (Photo: P. B.

b

4. Beans being dried in the sun on trays. (Photo: P. B. Redmayne)
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structure due to a periodicity in g
itself arose from a foose slive
Non-Ferrous Metals R

eposition is clearly shown : the nodule

r of metal. (Courtesy of The British
esearch Association )

d P
13. Bright nickel plate with excepti
on a gramophone record maste;

R - B

ing powers, deposited

. (Ce .
Munning Co. (U.S5.4.)) (Courtesy of Hansom-Van Winkle-

14. Demonstration illustrating the formation of a water spout and
fine mist dispersion caused by intense ultrasonic cavitation at the
surface of a column of water. (Courtesy of Roto-Finish Ltd.y
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15. Spark shadowgraph of 3 bullet in fight.
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20. Image dissecting camera using lenticular plates. (Courtesy of
Jj. Langham Thompson Ltd)

21. High-speed continuous running 16mm. film camera
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and personal errors were shown to be relatively unimportant,
and there was no seasonal effect. The variations were found to
be generally of the same order of magnitude for areas uniform
within themselves, but differing in vegetation and soil type. A
fuller account of this work and the sampling of hill-lands for
trace-element investigations is given by Calder and Voss (1957).
A third method of diagnosis consists in introducing the element
in a suitable form, e.g., as a solution, or as a soluble salt, into
the plant or animal and observing the reaction. The principle
underlying such methods is that the introduction of the element
into the plant or animal in which the element is deficient will
produce a response in the direction of a cure of the disease.
These methods may further serve as methods of prevention and
control of disease. In the plant a solution of the element is ab-
sorbed through a cut surface. The usual response is a colour
change in the leaf which becomes greener and this may be
accompanied by an increased rate of growth. The animal may
be ‘drenched’ with a suitable soluble salt of the element, or the
salt may be added to the diet and the reaction noted.

Methods of control in the plant involve (@) the application
to the soil of a soluble salt of the element, €.g., COPPET sulphate
in the control of copper deficiency, (b) spraying of the plants or
crop, e.g., manganese sulphate spray for the correction of
manganese deficiency in sugar beet and oats, (c) injection into
the plant of a salt of the element, ¢.g., the injection of solid
ferrous sulphate into the trunks of fruit trees affected by iron
deficiency. In the animal effective measures of control include
(@) dosage with pills or tablets, e.g., ‘cobalt’ pills in the control
of cobalt deficiency in ruminants; the use of ‘Jicks’ and mixtures
C.Ontaining the necessary element, €.g., ‘cobalt licks” in control-
ling cobalt deficiency, (b) the inclusion in the diet of a salt of
the element concerned, e.g., the addition of manganese sulphate
to the diet of chicks to prevent manganese deficiency, and (c) the
spreading on the land of appropriate salts, .., the application

of cobalt sulphate in instances of ‘pining’ disease of sheep, at
the rate of 2 Ib of the salt per acre, will raise the cobalt level of

the pasture to a value suitable for carrying healthy stock.
c
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The curative measures to be adopted are more involved when
the problem is one of excess as opposed to deficiency. The prot-
lem may be further complicated when both deficiency and X
cess occur together, e.g., cobalt deficiency and molybdenu®
excess. One difficult problem centres round the inter-relatiof”
ship of lime and trace elements. A trace-element deficiency may
be due to (a) an absolute shortage of the element in the growt
medium or (&) the inability of the plant to utilize what is preseﬂt
in the soil following the effects of lime in rendering certain com-
pounds insoluble or unavailable, in other words lime-induced
deficiency. In addition lime does not have the same effect on 2!
trace elements. Cobalt, manganese, and lead are more soluble i
acid than in alkaline media. Lime will therefore aggravate defi-
ciencies of cobalt and manganese : if, however, there is an excess
of lead in the soil, liming will reduce the solubility of the lead
and hence the availability of lead to the plant. On the other
hand molybdenum forms compounds more soluble jn alkaline
than acxc} medxa_, and on a soil carrying an excess of molyb-
denum, liming will aggravate the difficulties,

The Role of the Elements

Reference has been made to the elements carbon hydrogen,:.
oxygen, nitrogen, phosphorus, and sulphur, whic}’x form the.
organic constituents of plant and animal tissues and the mineral,
elements calcium, potassium, magnesium (SOr;letimes refemdl

to as the major elements), and iron. The animal also requires
sodium and chlorine. Silicon is included among those elements,

which produce beneficial effects on the growth of certain plantss
but has not so far been shown to be absolutely essenlt)ial 0’
growth. Some plants, particularly cereals and grasses, prown in.
the absence of silicon seem to be susceptible to attack tg> fungi‘s;
The'g‘eneral functions of those elements in plant andyanimalT
nutrition are reasonably well understood, In the plant, carbom
hydrogen, and oxygen are derived from the air ax:xd v;ater and
used to build up fats and carbohydrates: nitrogen, phosphorus:

and sulphur are obtained from i
the soil a i ith the.
first three to form proteins. The powe; e T 0

r of the plant to fix carboB
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t";ill N _its green pigment chlorophyll, which contains m.agnesxpr:d,
o 2 Iron, although not a constituent of chloroghyll, is requir
X its formation, Calcium and potassium fulfil important func-
O:DS I the cell sap. In the animal body, c.:arbon, hydr?gfettt,
orYgen, and nitrogen are required combingd in the form ob a:i S
o olls and proteins, which form the major part of the body
5Sues, Tt must also be noted that water is the most abundant
Substance in the amimal body. Calcium and phosphorus are
™ quired for skeleton formation and are necessary constitents
Of other tissues, Sulphur is found in the tissues and is.an e§sennal
Part of sheep wool. Sodium and chlorine are required in rela-
tively larger quantities. The exact role of sodium is not f:leaf,
although it s known to be essential to life, while chlorine is
Present in, and necessary for the formation of; acid in gastric
Juice. Potassium, though it must be present, is not so important
an element to the animal as it is to the plant. Its fur'xctxons are not
Vet completely understood, but are concerned with the regula-
tion of muscular movements. Magnesium is required by the
ody in comparatively small amounts apd is very important
phySi(’logically, being intimately associated thh'calcxum m?t.a-
bolism, Iron exercises functions of fundamer%tal ;'mportance, its
2ssociation with anaemia and its concentration in the red cor-
Puscles of the blood are well known.
The minor mineral constituents or trace
2nimal matter occur in minute quantit}x}g}s};
Major and trace-element contents in ht
east Scmlana Coef éa 0-09-0-18 per cent, K 0-58—1-223per cent,
Mg 0-05-0-16 per cent, Mn 149463 p.p-m., Co 0-04-0- Ofp.p.mt.,
Ni 0-52-9-34 p.p.m., and Fe 100434 p.p.m- Those trace elemen ;
that have been shown to be essential mineral constztuepts ;])
plants and animals are listed in Tgble 1. Iron occurs 1;1 t ;
anima] body in such amounts that it is not generally considere

as a trace element; nevertheless its action is bound up with them

to such an extent that it may be regarded as occupying an inter-

medijate position. In the table certain elements are placefl in
brackets, e.g. silicon among the major elements, and selenium,
fluorine, and nickel among the trace elements. While silicon

element§ in plant and
Calder (1955) reports
pastures from south-
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produces beneficial effects on the growth of certain plants, there
is no evidence to show that it is absolutely essential in either
plant or animal nutrition. The trace elements selenium and

fluorine occur in plants, but there is no definite evidence that _

they are essential in plant nutrition. On the other hand, an excess
of selenium in plants is associated with disease of livestock feed-
ing on them, while if fluorine be ingested by animals in amounts
much larger than the usual traces it interferes seriously with
bone metabolism. With regard to nickel, there is no evidence to
show that it is essential for either plant or animal, and any
importance attached to it is due rather to its poisonous effects
on crops.

TABLE 1

The Mineral Constituents of Plants and A nimals

Category Source Mineral Constituents
MAJOR Plant Ca, K, Mg, (Si). -
Animal Ca, K, Mg, (8i), Na, ClL. T
Fe
TRACE Plant Mn, Cu, Zn, B, Mo, (S2), (F), (Ni). |
Animal Mpn, Cu, Zn, Co, 1, (Ni), J

In the following brief review of the essential trace constituents
in plant and animal nutrition, the more important deficiency
diseases attributable to trace-element shortages are discussed.

INDIVIDUAL TRACE ELEMENTS
Manganese

The agricultural significance of manganese was not realized
until deficiency of the element was associated with the disease
of oats called ‘grey speck’. The disease is characterized by the
appearance in the leaves of small chlorotic areas, which gradu-
ally expand, becoming brown at the margins and grey in the
centre, eventually coalescing to form brown strezks due to the
necrosis of the tissues in these specks. Two other well-known
pathological conditions in plants are associated with manganese
deficiency, viz,, ‘speckled yellows’ of sugar beet (intravena1
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chlorosis of the leaves) and ‘marsh spot’ of pea (necrosis of seed
cotyledons). The use of manganese sprays is effective in con-
trolling these deficiencies. A number of these diseases are due
to the low availability and oxidized state of manganese under
alkaline conditions in the soil.

With regard to animal nutrition, manganese-deficient rations
have been shown to give rise to defective bone formation in
birds, as for example in the disease of young chickens known as
‘perosis’ or ‘slipped tendon’. This disease is characterized by a
deformity of the leg bones and to some extent of the wing bones.
The addition of 10 parts of manganese per million parts of food
corrects this condition. On manganese-deficient diets egg pro-
duction and hatchability are affected and embryos may be
deformed.

Cobalt

Cobalt is not known to be necessary for normal plant meta-
bolism, but the plant acts as carrier of the element to the animal
for which it is essential. The function of cobalt is closely asso-
ciated with blood formation and the bacterial flora of the rumi-
nant stomach. It is required in the synthesis of vitamin B,,.
Sheep and cattle depend upon this synthesis for their animal
protein factor which contains vitamin B,,, and they cannot
thrive without it. One feature of cobalt deficiency in the rumi-
nant is a marked anaemia, and possibly the factors operating are
(a) interference with the bacterial flora and synthesis of vita-
min B,, and (b) the effect on blood formation. The symptom of
cobalt deficiency in sheep is a loss of condition with scouring
and is most characteristic. The condition can be corrected by the
administration of cobalt at the rate of about 0-10 mg per sheep -
daily. Experience has also shown that a top dressing of 21b of
cobalt sulphate per acre is most successful.

Two other diseases of cattle are known which respond to
cobalt medication, viz., ‘ketosis’ or ‘slow fever’ (characterized by
unpalatability and poor yield of milk) and ‘malignant catarrh’
(characterized by fever, cessation of rumination, and fall in milk

yield).
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Iron

Although iron is one of the most abundant elements in the
soil it is often unavailable in sufficient quantity to satisfy plant
requirements. While not a constituent of chlorophyll it is essen-
tial to its formation, so that the symptom of iron deficiency is a
chlorosis due to lack of chlorophyll. Iron deficiency is a serious
problem in fruit culture and certain timber trees also suffer from
lack of iron. The presence of excess calcium carbonate in the
soil, except when it is rich in organic matter, may render the iron
unavailable. The deficiency is best controlled by the injection
of iron salts into the trunks of the affected trees and recently
promising results have been obtained by the use of chelating
agents as a means of applying iron to plants (e.g., EDTA).

In the animal, iron deficiency is associated with anaemic dis-
orders, as for example that developed sometimes in sucking pigs
(piglet anaemia). The condition rarely occurs with litters having
access to soil or pasture. Control is effected by early dosing with
a solution of iron and copper salts. Copper is added here as it
functions in the mobilization of iron forhaemoglobin formation.

Copper

Copper deficiency in plants is characterized by a dieback of
growing points and is sometimes accompanied by deformed
growth. Two conditions of plants attributed to copper deficiency
are () ‘exanthema’ or ‘dieback’ or chlorosis of fruit trees, and
(b) a disease of plants known as ‘reclamation disease’ or ‘exan-
thema’ of citrus and other fruits.

In the animal it has
pounds occur in the blo
actual part played by t
animal is not clearly
apparently to be found

been shown that copper protein com-
od and liver of mammals. Although the
he compounds in the physiology of the
understood, the function of copper is

partly in the role of these copper protein
compounds. Copper deficiency results in the condition known 2

‘enzootic ataxia® or ‘swayback’ in sheep (general unthriftiness
and retardation of growth). Thes

rected by copper medication,

€ conditions have been cor-
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Zinc '

Zinc deficiency in plants is associated with a nur,nb;r of dis-
orders such as ‘little leaf” and ‘m9ttle leaf of citrus’ (c haracter—
ized by small narrow leaves). Zinc has never been s owtn o
cause deficiency disease in livestock, but deﬁcxfan(cly tsymp oms
can be induced in laboratory animals on synthetic diets.

Boron

Boron is essential in plant nutrition but although present in

i re is no proof that it performs any useful
211: ;?;[:a]l;:r(:)dg;:g ciency is fairly widesgread throu.gl.mout the
world axlnong fruits and vegetables. Diﬁaency ?or;dxtxonsbare
associated with the following diseases: h.e‘art rlgt ;) Sufasr ’I?}ft
and mangold; ‘raan’ of swede and turnip; ‘cork’ of apples. The

" deficiency is readily controlled by the application of borax to

the soil usually in amounts varying between 25-501b/acre.
Spraying is suitable for fruit trees.

lodine .. .

Todine is an essential element in amm:tl %uizﬁ:);o::éslsen;t
regarded as necessary for the plant._ Ce ?1 ated and fou;nd-t;
iodophenoxyacetic acid, have been 1nv’t;shlg esults to dats sug.
‘be of value as plant growth sub,Star.lces' e:m,e useful as plant
gest that organic compounds of 1od1pe may pchanges within the
growth substances. In the animal, iodine ex

body are regulated by the thyroid gland which derives jodine -

from the food and utilizes it for the formation of thyroxine. The -

e in this form is concerned with physical and

function of iodin ive capacity and growth of wool

mental development, reproduct

and hair. In ‘jodine-deficient’ parts of the world or ‘goitre’ areas,

livestock fed upon unsup-
i nd hairlessness occur among -
18););:;;323 rations. The condition may be corrected by the addi

tion of potassium iodide to the ration.

Molybdenum

Molybdenum has been shown to be needed for plant nutrition.

v
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There is no evidence, however, that it is essential to amm:;
 health, Nevertheless, plants can take up molybdenumin arl‘l‘Ol“;t s
injurious to animals. One example is provided by the ‘tea :
pastures in Somerset where 3 relatively high molybdenum C?n
tent of ‘teart’ herbage (3-20 P.p.m.) causes scouring of grazing
ruminants, The malady is cyred by the feeding of copper sul-
phate. A high intake of molybdenum apparently reduces the
concentration of copper that can be stored in the liver.

Selenium, F luorine, and Nickel

All three elements are kn

Own to oceur in plants, but there 18
no evidence that they have »

ing up to 50 p.p.m. nickel hav.
cereals have displayed Symptoms of heavy metal chlorosis.
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HIGH-SPEED PHOTOGRAPHY

A.M.P.BROOKES

Higu-sPEED photography may be said to bfzgm ;v:;? tg]i:
limit on the shutter speed of everyday camerEas is pai s m.o this
means at about one-thousandth of a second. Even queded odest
conventional cameras have between-lens sh.utt'ers s%a(; cded 1‘; to
a five-hundredth of a second, and the majority (;1  focal ps ane
shutters will give a genuine one-thousanfith, slomrter e shal
confine our attention tl)lllainlyf t;) ;:gzt;;ehi;n;e: ns e ver);
he problem o _ :
shtI)I;tetsiS:lI;cies, ta stli'aightforward one involvmgl .on.gna tshlzlt;:);:
intensity of illumination anq some methodho;fi ;r;xn aiﬁs lo time
the image of the object bemg photogfap Be a8 dusived cps
sensitive surface of the recording rpatenal.d u ratas recne,
sure times get shorter so thle ;echltléques and app: ,
in general, more elaborate. '
befffl)l‘:es’in?pist type of high'spc?ed camera is thebiiutrr; (;Zr;eli-z
illustrated in Figure 1. It consists of a _drl.ilﬂm around bom in
diameter carrying a strip of photogral?hxc rrf;l nd lts ;um
phery, which can be rotated so as to give the ilm foaimum
linear velocity of 300 ft/sec or so. The drunI:' xz ennarrow 1 2
light-proof container and the -ﬁlm moves be ind a w st
e to its motion. An image of the object is pro.Jec e
tranSV;r: slit which thus masks off all but a narrow poruqu of
rl'ﬁ:nimage. The lens used with this' apparatus is ﬁtted. with a
conventional type of shutter which is arranged to‘ remain tope]I:
for the time of one revolution of theT dru.m, thus g1vu;gt a sf rea
record of the component, in the d{rectlon .of the slit, oh atny
ion the object may have had during the t%me ‘the lens shutter
N There is thus no ‘picture’ of the object in the generally
aoo Ope‘;l . ense of the word but, nevertheless, a great dea‘l of
:;:::;'111’1t einfirmation about the object’s motion can be obtained



74 Science News 51

Direction of
Rotation

Fig. 1. Diagram of a simple drum camera. From me
: asurements of

the streak record, velociti

e , 1ties of move be
determined relative to the speed of m::lilrlrtl ot ope Oblect can
e

tesy of the Photographic Journal,)

nt of the film, (Cour-
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‘for a self-luminous object, such as an explosive charge, is

required.

When a conventional photograph is required the most
straightforward method is to use a normal camera set with its
shutter open in a darkened room and to illuminate the object
only for the exposure time required. This can be done by means
of a foil-filled flash bulb, giving an exposure time of a few milli-
seconds (seconds x 10~?), but for really high speeds it is neces-
sary to use an electronic flash tube, or an electric spark. Elec-
tronic flash tubes contain a gas, such as xenon, at low pressure
and a rapid discharge between two electrodes in the gas is
obtained when a sufficiently high voltage is applied to the tube,
being a triggering potential applied to a third electrode. Tubes
of this type can be arranged to give out all their useful light in
as short a time as 2 microseconds (seconds x 10-°) although this
time can be extended to 1 millisecond if necessary by suitable
modification of the tube and control circuits.

A simple spark discharge in air will give a briefer exposure
still, an exposure much less than 1 microsecond, although the
total amount of light available is lower than that from a flash
tube. For many purposes, such as the silhouette of a bullet in
flight (Inset 15), the light output is quite sufficient, and the small-
ness of the source makes it possible to arrange the illumination
in an efficient manner so that the shock waves and turbulence
in the air caused by the bullet are clearly seen. Very roughly, if

the energy to be dissipated in a discharge tube or spark is

N joules, the effective exposure time can be kept as small as
N % 10~7 for values of N in the range of 10~* to 10, and dis-
charge efficiericy in the range of 10100 lumens/watt. This
implies that a luminous flux from a single flash or spark source
is rarely in excess of 10° lumens and is a fundamental limitation
of this method.

Recently a source depending on the passage of a shock wave |
through argon has been developed and this gives a flash as brie
as 0-25 microsecond. -

It is not always possible to perform an experiment in the dark
and thus limitation of exposure by some type of shutter becomes
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necessary. Conventional mechanical shutters being much too
slow, considerable thought has been given to shutters operated
entirely electrically. The oldest of these is the Kerr cell, which
depends for its operation on the fact that the plane of polariza-
tion of light passing through a glass-walled cell containing nitro-
benzene is rotated when a high potential is applied between
clectrodes inserted in the cell. Thus if two polarizing filters are
placed one on either side of the cell and are orientated so that no
light passes, then, on the application of the appropriate poten-
tial to the electrodes the polarizing filters are effectively un-
crossed so as to permit the passage of light while the potential
on the electrodes is maintained. It is possible to produce appro-
priate voltage pulses of very short duration and exposures as
short as 10~ sec can be obtained in this way.

A more recent electrical device that can be used as a shutter

is the image converter tube.* The tube, illustrated in Figure 2,

consists of a plane photo-cathode at one end of which the object
to be observed is imaged optically, and a fluorescent screen at
the other end on which the electrons emitted from the photo-
cathode are focused to give a fluorescent image (Inset 16). The
arrival of the electrons at the fluorescent screen depends on the
application of an electric field which can be pulsed in the same
way as for the Kerr cell so that the time during which the elec-
tron image is projected may be made very short, even down to
3 x 10~° sec. The image on the screen is then recorded photo-
graphically (Inset 17). An advantage over the Kerr cell is that
image intensification can be achieved with the image converter,
whereas there is an inevitable loss of light due to absorption in
the Kerr cell.

All these devices require, of course, to be triggered at just the
right moment and achievement of reliable triggering is often the
most difficult part of the operation. With the foil-filled flash bulb
there is a delay of several milliseconds before useful light is
emitted and, in general, there is always some delay between the
initiating signal and the firing of the flash or operation of the
shutter in all systems, although this delay may be very small.

* Science News, 40 19,

High-Speed Photography 77

— Object O

\/

1> Objéctive L,

Insert here a sfit for
streak records,

Leave here an open
aperture for two-
dimensional pictures,
insert here a lenticular
plate for sequences of
dissected pictures.

Intermediate image of
object at plane P~

—1 : 1 Conjugate focus lens L

Second image
of object

_~Maganetic lens

{mage converter tube
Time base sweep
< deflector colls

Electron image on
fluorescent screen

Fig. 2. Schematic diagram of image converter tube apparatus with
an intermediate image plane at P. If a slit is placed at P this appara-
tus can be used for streak records. If an open aperture is left at P
the apparatus can take ordinary two-dimensional pictures of very
short exposure. If a lenticular plate is placed at P the image at the
photo-cathode is dissected into small dot elements. If a time sweep
is then applied to the tube the composite dissected picture sequence
appears on the fluorescent screen and can ‘be recorded by a plate
camera. The individual pictures of the sequence can subsequently
be unscrambiled. (Courtesy of Butterworth’s Scientific Publications.)
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It is important, however, that it is as constant as possible so that -

due allowance may be made for it although, of course, if it is
long it may not be possible to obtain a firing signal sufficiently
far in advance. Thus, if one wished to photograph a projectile
moving at 2,000 ft/sec, it might be most inconvenient to have to
arrange a trigger to operate some 20 milliseconds before the
projectile came into the camera field since this would be equi-
valent to a distance of 40 ft. There are occasions also when the
event being photographed will not occur at 3 time that can be
forecast with any accuracy, and in these cases a system having
the minimum of triggering delay time is essential so that the start
of the event can be used to operate the camera. If this is not pos-
sible then a series of pictures must be taken to cover the whole

of the time during which it can be forecast with certainty that
the event will take place.

It thus becomes necessary to be able to take what may be :

regarded as high-speed cinematograph pictures to make sure of - *

getting the one or two pictures that are important, although
there is often a considerable difference between the techniques
necessary to produce a series of pictures which will, when pro-
jected, give an illusion of motion and a similar serjes which will
be suitable for observing one by one. In the former case blurring
in each individual frame is of no consequence, whereas in the

latter case the maximum possible sharpness in each picture is
usually desirable.

High-speed cinematography

In many instances exactly the same methods and apparatus
can be employed as for single pictures except that the light
Source or shutter is operated several times in succession to give
multiple images (Inset 18) on the same photographic plate. This
type of picture is very easy to assess since the plate is known to

[

have been motionless and all relative displacements between

successive exposures can readily be measured. It is not practic-
able, however, to get more than a dozen or so exposures without
confusion arising and it may then be necessary to place succes-

sive images on fresh parts of the sensitive material. Here again

" pictures per second has beent t
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conventional methods of ciné photography become unsuitable
or impossible with increase of the number 9f frames/sec re-
quired. Intermittent film motion cannot bg achieved much above
300 frames/ sec and beyond this the film is arranged to run at z;
steady speed, the image being caused to follow tht? nlmtxotr;1 od
the film during the time of exposure by some optfca. metho
employing rotating prisms or mirrors (Figure 3). A IEHEt is igax'r;
reached when the film speed is about 250 ft/sec, whic’ ooz)na es i
possible to take 16 mm standard pictures at ab'm}t 10, : i(sle::ho;-
half the usual frame height at 20,000/sec. If 1; is requir ! ae
each individual picture shall be sharp, then the efxg)s;re im
for each frame must be quite a small fraction of the framing
rate. (Inset 21.) i i ical compensation for
i ossible to dispense with optical compe:
th:tr:eslailij/(; Ir,novement of film and image if 2 t;u?liame;tgi:ls:
illumination time is attainabl‘e consistent wi ’ neand Kimum
permissible blur. Using repetitive spark illuminatio e
ing that a blur of 1/200 of the frame height ;so%;rrrzr » 1 (;s
possible to take pictures at a framing rate of' ’ﬂ g)e msoe:g?ed _
For this type of camera the film can conveniently X <
drum if the number of pictures desired doeshno ex?eed
glrnlozt 150. In this way the film can be run up to t edl:;utl;:] .
o time before the pictures are to be recorded,
Speed some time ble wastage of film that is inevitable

iating the considera -
:vz:?tgzgelerating the mechanism necessary to 1run a illtr:; sf:?t:
one spool to another at high speed. There is also no

‘the film and hence no danger of it breaking.

le to increase the linear speed of the

i mes impossib! i . .
m%egig;::: method can be used in which the 1m:\hge to .g:
re::n:ied is swept optically over a stationary film on the inst

3 i ting mirror which directs
i sible to give the rota ¢
ga.d’“m'gf,lfopf:e film a much higher angular velcolcnty .th?aa
dr?nlal:l ggiause the mirror can be made very much less ;:n 1be
meter and 10,000 revolutions per second or more

; i t a framing rate of 15 x 10
achieved. A series of 56 plcm;;;: with this type of apparatus,

the nhiact heing intensely self-luminous.
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(2

/

Fig. 3. Diagram
showip g the
principle of
image compen-
sation by means
of a rotating
block of glass.
(Courtesy of
J. S, Courtenay
Prart))
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Image Splitting )
Quite a different approach to the problem of producing a

: series of pictures at a high framing rate is the image splitting

i inciple of this is the possibility of
techni.ql.le. Thee::ld gllcytlllllrgesp rcl:rll gne photographic plate by a
comb'x e s so that any one picture is recorded as an array
masking prochesas a half-tone reproduction of a photograph is
of dots, muc inting purposes, except that the_aggregate area
D;oc:lucgd tfSOZ gr;posing one individual picture is only a small
?raétif)n gf the total area of the plate. Thfhd?rtsn:?grggglj;rslgtgzz
frame are therefore widely spaced from thei ti succ;ssive
. everal arrays of dots, representing 4
leaving room 'for f-ted between. If one imagines a photographic
frames, to be ms_eh dots in this manner it can be seen that, to
p!ate covered wit f dots, a mask with holes corre_spondmg to
view any one's;tto coo sI;o uld be held in contact with 'the p.late
the dots we w1s1 Siewe d against a uniform source of 1llumma‘-E
and the assemb Yl cement of the mask will bring another set o
:110:1. ‘Atsm‘_i:” d;;%ihis can be continued until all the sets of dots
ots into vi

have been observed. een adjacent dots compris-

If a sufficiently sm-asllc?;:;?ltzzt‘;uali ty of definition gf _tlhe
iqg any on? frame rll be made quite high (Inset 19) and Slmll,al‘
picture as v1eweél gz a television set, and if the dots them::) v;:
to that produced ntly small up to 300 separate fr?‘:‘;s : e
are made sufficie le plate. The great advantage o ’tl.s yfmm
recordec‘l on @ smgl avery small change of 1ma'ge.pos1fuf)n '
is thatitlnvolveSOI;]};h much facilitates the .raplfinty o {'a;mm;:g
framfa o fr?me ;V ; also extremely economlcafl in m;tengsmns
that is pgss‘bl;.rartnles of very much greater linear dime

i oduce . .
m;;li;]ose of 8 mm or 16 mm ciné film

- ition to move a physical masl'( close

Itis nota p.racncilf::: I;?lSIttlllZ required manner anc;, rr‘:;szni:

to the emul.s on sura (Inset 20), the effect of movmfgﬂ.le ok i

design of this camﬁIn front of the sensitive surfac; of r}: e

aChi;Yed lo I:;l(cl::lg!sre 4)thereare placed two plates having regu
graphic pla
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Fig. 4. Optical system of a series of high speed multiple frame cameras using lenticular plates

for dissecting the image into dots. (Courtesy of Engineering.)

H igh-Speed Photography 33
cylindrical lenticules on one surface of each. The pitch of th.e'
lenticules is 0-04 cm and the direction of those on one plate is
at right-angles to those on the other. If, in addltlop, the plates
are arranged so that the lenticuyar faces are touching, then the
pair of plates is equivalent optxcall'y to a large array of smali
Spl'glrilsc z;)llzl:::-s;:ir is mounted at such a distance in front of the
photographic emulsion that images of'a standard camera len§,
mounted in its normal position relative to the pl}otographlc
plate, are thrown by each small lens upon the emulsion surface.
The aperture of the camera lens a_nd the _focal 1engt1.1 of the srr!all
lenses are chosen so that the projected images are just touc}}mg
one another and the plate is covered as efficiently as pOSSl.ble.
Now if a disc having a series of small holes arranged in a spiral,

" a Nipkow disc, is rotated in front of the main lens in a plane at

right angles to its axis, and if the spacing of the }111°lesb 1sh§u<;lh tha}:
only one hole at a time is in front of tl:ne lens, t eg e mu ;acl |
of the small Ignses there will be an image of t eusr;la ol g
traversing the area covered by any particular small lens, an
this will be the same for all the small lenses. Th\{S atla1t1y n?ﬁment
the image being projected upon the photographuit1 plate wl;slnl con- |
sists of an array of small dots, one for each of tfe snga e?i;s’
and there will be 625 of these for every sq.cm 0 sulli a;eccz‘v 15»
photographic plate. Rotation of the Nipkow d1§c wil he ; ively
11 the areas behind the small lenses anq s1n§e the disc can
s i or more spirals in angular succession, the whole area
Car\’g twl‘z:.te can be scanned two or more times per revolution.
c())fnt t; epassumpﬁﬁm that a picture point i.s the size of the pro; i
jected image\of the hole in the Nipkow disc and that one set o

i i has
0 ' ves one fl‘allle then When a pICtuIe pOlnt
plctllre p 1nts gl s 1)

moved transversely by its own diameter,

~, been recorded. In this way any desired framing rate up to

i i i f 250 x 300 lines
er second with a picture resolutloq o :
iig’(v)voi(t)hpa sequence of 300 frames can be achieved. The effective |
tem is about f 6. .
Bt O et oA has been taken it is necessary to -

the series of pictures ' i ;
un:‘:?:r?lble the result, and this is done by inserting the developed
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plate into the camera again and viewing it by means of illumina-
tion projected through the whole optical system, thus masking
all but the dots required for any particular frame. Slow rotation
of the Nipkow disc will give 2 moving picture effect at a speed
which is slower than the original event by a factor equal to the
ratio between the taking speed of the disc and the viewing speed.

The lenticular plate and Nipkow disc method is only one of
several methods of image dissection, but the basic principle is
always the same in that the series of pictures is in some way
chopped up so that displacement of image relative to sensitive
material from frame to frame is kept at a minimum.

These limitations on the distance it is possible to displace an
image in a given time do not apply in nearly such a restricting
manner fo the images produced with an image converter tube.
Here the electrons forming the image can be given large trans-
verse displacements by means of a magnetic or electrostatic field
in a very short space of time, and thus a series of pictures can
be displayed on the image converter screen at a very high fram-
ing rate. The limitation here is the size of the.screen and the
lowest acceptable quality of an individual picture, but a series of
16 pictures can be readily obtained with a resz)lution on the
screen surface of 30 line pairs per millimetre all over a screen
of 10 cm diameter. This resolution is better than that of n:
lenses used to produce the primary image on the photoc th;:y

Recently the techniques of image dissection and th a' ee:
converter tube have been combined by the construct; eflmg'g
sected cathode in the tube. This cathode consists lofn (? 081 150
squares of photosensitive material at 0010 in Spacino Ti\' 1r111
produce a similar dissected image on the huores Bt seree
which can be swept across the available space bet:;em screen
elements so as to produce a composite record as with t;er; atice.
lar plate and Nipkow disc method only at the enticu-
ing rate, This rate is already as hig,h as s la 17nuch higher fram-
frames and could well be extended to 1>(<)9 0 per second for 50
faster. The main disadvantage is that only ag): I‘J'tsecond or even
the total incident light is used to release el ctone D e
photosensitive surface because the latter is soes ey ovetod

parsely covered
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but it is possible that suitable optical
arrangement could improve this considerably and e?tperiments
are being carried out using lenticular pla}tes for this purpose.
The inherent possibilities of schemes of this sort seem to be very
great and may well result in a very cqmpact electl_'omc camera
capable of taking photographs at all speeds from stills to a series
at a rate of a thousand million a second.

with sensitive material,
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THE THYROID GLAND AND
IODINE METABOLISM

C.E. SEARLE

JusT over three centuries ago, in 1656, a London phy_sic.ian
named Thomas Wharton published the first accurate descriptios

and illustration of the thyroid gland in a treatise on the gland$ o'f ‘

the body called Adenographia: sive glandularum totius corpors .-
descripto. He also gave the gland the name ‘thyroid’ which 15"~
derived from Greek and means ‘shield-shaped’. Similarly the ;

German name Schilddriise means shield-gland.

The gland is situated on either side of, and a little below, the .
larynx, and consists of a lobe on either side joined by an isthmus -
across the trachea. The weight of the thyroid varies consider* :

ably, but an average figure would be nearly an ounce for a
normal man and rather more for a woman.

Wharton seems to have regarded the function of the thyroid -

gland as being at least partly cosmetic, for he says that ‘it con
tributes much to the rotundity and beauty of the neck, filling up

the vacant spaces round the larynx and making its protuberant .

parts almost to subside, and become smooth, particularly in.
females, to whom for this reason a larger gland bas been
assigned, which renders their necks more even and beautiful’.
However, he also suggested that the jelly-like material now
known as colloid, which can be expressed from the gland, serves
to lubricate the trachea. Other writers thought the thyroid might
act as a shunt for excess blood to protect the brain, or that it
forms a part of the vocal apparatus,

Around the middle of the nineteenth century it seems to have
been thought that the thyroid gland, at least in adults, had 10
particular function, until it was found that surgical removal of
ealarged human thyroid glands produced in the patient a state

.
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Tesembling the known diseases of myxoedema and cretinism, of
which more will be said later. Animal experiments gave similar
results, which were, however, often confused by the simultaneous
removal of the adjacent parathyroid glands, which are vital to
the calcium metabolism of the body.

- The thyroid is now known to be one of the body’s endocrine,
or ductless, glands, producing a secretion thatisliberated directly
into the bloodstream. This secretion, the thyroid hormone, is
released in amounts fitted to the body’s requirements, a process
apparently controlled by other hormones produced by the
pituitary gland at the base of the brain.

NORMAL THYROID CHEMISTRY

The first clue to the remarkable chemistry of the thyroid gland
came in 1895, when the German chemist Baumann found that
it contained a high concentration of the element iodine, although
it should be said that iodine deficiency had been suspected as a
cause of human goitre soon after the first preparation of the

element from seaweed ash in 1811. A normal thyroid contains

approximately 10 milligrams of iodine, which represents about

1/2500 of its total weight. The thyroid hormone itself is in fact
an organic iodine-containing substance which is elaborated in

the gland from tyrosine, one of the constituent amino-acids of -

the thyroid protein, and iodine which is obtained from the food
and drinking water by way of the bloodstream. -

- 'The remarkable aspect of the thyroid’s function, however, is
not so much the actual synthesis of the hormone as the initial
extraction of the traces of iodine circulating in the blood as the

- négatively-charged iodine ion, I-1. The subsequent steps leading
- {&-the iodinated amino-acids can occur to some extent in other

parts of the body, and can also be simulated in purely chemical
experiments.

The two main iodinated amino-acids of the thyroid protein
have long been known. They are 3:5-di-iodotyrosine "and
3:5:3":5-tetra-iodothyronine, or thyroxine as it is usually
called. For a long time thyroxine, either alone or combined

. with other amino-acids in a peptide or protein, was regarded as

v
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the only thyroid hormone. It was first isolated in America in

1916 by Kendall who succeeded in isolating 33 grams (1-25 oz)
from three tons of ox thyroid gland. Iis molecular formula is
C,,H,;O.NIL,, and this very high proportion of iodine (65 per
cent) caused analytical difficulties which led at first to incorrect
structures being proposed for the compound. It remained for
Harington (now Sir Charles Harington, Director of the National
Institute for Medical Research at Mill Hiil, London) working at
University College Hospital Medical School jn London to de-
duce the correct structural formula in 1926, and the first success-
ful synthesis of thyroxine was announced by Harington and

Barger the following year. More recent syntheses now allow it
to be manufactured on a large scale,

Mechanism of thyroid hormone synthesis

After the initial abstraction of the iodide ion from the blood
by some mechanism that has not yet beep clarified, the syn-
thesis of thyroxine can be visualized as taking place in a number
of stages. '

-The iodide is first oxidized enzymatically to elementary
iodine. In this state it reacts with tyrosine, which besides having
the characteristic amino-acid grouping —CH(NH,).COOH is
also a phenol, capable of being iodinated in the benzene ring
at the two vacant positions adjacent to the —OH group. The
resulting 3 : 5-di-iodotyrosine then undergoesacomplex reaction
{which can also be carried out chemically under oxidizing con-
ditions) in which two molecules of di-iodotyrosine link to form
one molecule of thyroxine; the three-carbon side-chain of one
of the original molecules iseliminated;

The jelly-like colloid referred to earlier js actually the thyroid
storage protein, thyroglobulin, of which the jodinated and other
amino-acids are constituents linked through their amino- and
carboxyl-groups. In the diagrammatic representation of a small
part of one chain, R, R’, and R” represent various groupings
varying from —H in glycine, the simplest amino-acid, to
—C,,H;0,1, in thyroxine (Figure 2). The protein is broken
down to liberate thyroxine into the circulation as required.

a the process. See Figure 1. -
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Fig. 1. Formation of thyroxine and tri-iodothyronine.

A major development in thyroid chemistry occurred in 1952
when Gross and Pitt-Rivers at the National Institute of Medical
Research in London, and Roche, Lissitzky, and Michel in Paris,
independently announced the isolation of another iodinated
amino-acid present in the thyroid and in blood plasma, and jts
identification as 3:5: 3’-tri-iodothyronine (that is, thyroxine less
one of the two iodine atoms adjacent to the phenolic —QH

group).
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Fig. 2. Fragment of a protein chain.

Various biological tests in mammals soon showc?d tri-iodo-
thyronine actually to possess several times the thyroid hormone
activity of thyroxine itself. This unexpected regult suggested th?t
it, not thyroxine, might be the true active principle of the thyroid
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gland, being formed in a further step by the enzymic removal of
one atom of iodine from thyroxine. This would help to explain
the puzzling time-lag of up to two days before injected thyroxine .
shows its effects in the body, and its long period of action. v

The techniques that led to the discovery of tri-iodothyroning’,
have also shown other iodinated compounds to be present in the"
thyroid. These include 3-iodotyrosine (1948) and 3:3’:5'-tri-
iodothyronine (1955), and it will be clear that the two tri-iodo-
thyronines could arise not only by de-iodination of thyroxine,.
but by combination of one molecule each of mono- and di-iodo-:
tyrosine by the mechanism already given for the synthesis,,"f :
thyroxine. The evidence now indicates that 3:5:3-tri-iodo-
thyronine is indeed formed by this mechanism in the thyroid,
but by de-iodination of thyroxine in other parts of the body. -

A further change, this time involving the amino-acid por-
tion of the molecule, may be necessary, for experiments in rats:
without thyroid glands have shown that tri-iodothyronine i8.
converted to the corresponding thyroacetic acid. This involves"
a change in the side-chain of the molecule from —CH,.CH.
(NH,).COOH to —CH,COOH. It is at any rate suggestive that
the acetic acid derivatives of both thyroxine and tri-iodo~ -
thyronine have been found to stimulate respiration in surviving
slices of tissue very rapidly, whereas the amino-acids themselves
only do so after a considerable time-lag.

EFFECTS OF THYROID HORMONE

The administration of thyroid gland, a thyroid extract, of
thyroxine to an animal produces wide and varied effects,
oxidative metabolic processes involving carbohydrates, fats, and
proteins being accelerated. This acceleration is seen, for ex-.
ample, as an increase in the rate of heart beat, heat production,
Oxygen consumption, and urea excretion. However, it has long
proved difficult to investigate these metabolic effects outside the,
living animal, and hence we have very little information about
the detailed mechanism of hormone action and its importance

in life processes. The observations on the thyroacetic acids just -
referred to may help us to understand these processes better, but .-
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It seems premature to discuss various theories at this stage,
_Whatever the intermediate processes may be, much of the iodine
18 split off the molecule, to be excreted or to re-enter the meta- -
bolic cycle, while some of the hormone appears in the bile in a
Conjugated or degraded form.

An interesting aspect of thyroid hormone function is its im-

. Portance in the process of metamorphosis in amphibians. When

fed thyroid, tadpoles undergo metamorphosis prematurely into
Y frogs which do not, however, survive very long. Conversely,
Ormone deprivation results in the tadpoles continuing to grow
Without undergoing metamorphosis. Apart from its academic
Interest, tadpole metamorphosis provides one means of testing
Substances for thyroid hormone activity. A Mexican salamander
own as the axolotl normally lives and breeds in the larval
State, somewhat resembling a large, partially metamorphosed
tadpole with four legs and a long tail. It can be made to complete
Mmetamorphosis by feeding thyroid.

DISORDERS OF THE THYROID

. The main diseases to which the thyroid issubject, excluding those

involving inflammatory or cancerous conditions, can be broadly
divided into two groups ~ hypothyroidism, in which thyroid
function is reduced or absent, and hyperthyroidism, in which
the body suffers from an excessive formation of thyroid hor-
mone, The state when there are no obvious signs of thyroid
derangement is often called euthyroidism.

Hypothyroidism

T adults the effects of deprivation of thyroid hormone are
seen in cases of myxoedema, a condition which arises when the
thyroid atrophies and ceases to function. All the body’s meta-
bolic processes are slowed, and the sufferer is lethargic, men- -
tally dull, and abnormally sensitive to cold. The name myx-
oedema refers to characteristic thickenings that occur around
the face and hands, due to the accumulation of a gelatinous sub-

stance under the skin.
Once recognized, myxoedema can then be controlled by



92 Science News 5]

adrr.nmstrguon of a thyroid preparation or synthetic thy-
roxine, wnfh due precautions against overdosage Prolonged
treatment is necessary. The first recorded cure nt;w a ‘classic
case, was of a forty-six-year-old womapn who was’in an advanced
ftage of tlhc? disease in 1891. She was restored by G. H. Murray
o o 7 K sty
\ , ived a further -ei
Obviously an essential prerequisite of t:[/ler;iye;:lga&iiflﬁiy of

goitre.

pil;lglzsnedcl?:?gt?s at first Increase the gland’s efficiency at trap-
pig and ui hxzntntghthe available iodine, and a balance may be
oo o S ;1 feh body stnl.l gets sufficient hormone for its
tinued’ and Se% s o ypothyrc?ldnsm do not appear. With a con-
brmad se er;lnodme deﬁcnency, however, the enlarged gland
oroome pable of meeting the strain and undergoes degen-
v nl, a myxoedematous state then results.

moneodisr;?:f;’ Pregnancy, a'nd lactation impose a raised hor-
temporany enla;me rt:e thyroid, wl}ich sometimes undergoes a
Su%ply : normaﬁy afittq s:t:'uch times, even when the iodine
iodi::: i&:)cﬁ lt}l;atlc(e)\(;in the apparently modest requirement of
o }’,umai ly 200 millionths of a gram per day for an
y responsibl, 1sf not met over large areas of the world’s surface
ondarl? dise:s oxi-I thg w1despre:.ad occurrence of goitre as an
ence fon o1 el.’t' nlike most diseases goitre shows no prefer-
e y particular race.or area of the world, and there is

¥ a country that can claim to be entirely free of it. A recent

esti i i
Imate gives the number of gottrous people in the world as

;ss;za;‘ching 200,000,009, and even in the last few years surveys
e i;wsriv :; :roponllon of goitrous people to be as high as
: >over 1in 10 in Italy, and 1 in 5 in Mexi

A ico. In
1944 in England and Wales, some 500,000 school children and
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(v .
“y ung adults were estimated to have some thyroid enlargement.

.ile the most notorious goitrous regions of the world are in

e high mountain areas of the Himalaya, Alps, Pyrenees, and

e des, 8oifrc can equally occur in low-lying areas and even in
0astal regions. Much work has been done on the relationship
Stween endemic goitre, the geology of the districts in which it

+® found, and the mineral content of the drinking-water. While

s lies outside the scope of the present article, it may be men-
P'Oned that some of the most goitrous districts of England are
12 areas covered by carboniferous limestone, and that the pre-
‘Valence of goitre in Derbyshire even led to the use of the term
Derbyshire neck’ for the condition.
Although various mineral and other factors may influence the -
Production of goitre in some circumstances, it is now generally

- accepted that the basic cause of goitre is simply iodine defici-

ency. As far back as 1500 B.c. the Chinese were using burnt
Sponge as a remedy for goitre, and the use of sponge and similar
natural iodine-rich remedies is found again and again in medical
?vritings. Within a few years of its discovery in 1811, elementary
lodine was tried as a remedy for goitre, but owing to adverse

. effects from excessive doses it was discredited for many years

until its recognition as a normal constituent of the thyroid in
1895, Many studies, in which Marine and Kimball in the United
States were pioneers, have since demonstrated the efficiency of
small amounts of iodine in preventing endemic goitre. The
cheapest, safest, and most convenient method of giving it is by
the iodization of table salt with sodium or potassium iodide,
originally suggested by Boussingault in 1833, The equally effica-
cious iodate, which is rapidly reduced to iodide in the body,
may be used instead, and unlike iodide it is not liable to undergo
loss on storage. In a number of countries iodization of table salt
is compulsory; though widely practised in Britain and the
United States it is not at present obligatory, and in fact objec-
tions are sometimes raised against it. However, it is generally
believed that the tiny amounts of iodine involved (the maximum
addition is one part to 10,000 parts of salt) are absolutely safe.

. More serious than deficiency of thyroid hormone in an
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) . adplt is deprivation during foetal life and early childhood, since

it plays a vital part in mental and physical development. In its
absence irreversible damage may be done, so that even treat

- ment with thyroid may do little more than prevent any further
* deterioration. The condition that results js known as cretinism, .
and though the end result is similar, a number of causes are now
recognized. Endemic cretinism, attributed to iodine deficiency,
is found in many goitre districts, particularly in childrep of

goitrous mothers. The relationship of cretinism to goitre is not
simple; some goitre areas such as those in the Andes are nearly:.
free of cretinism, and cretinism is com t
where there is much intermarriage.
The American goitre authority, Marine,
goitre is the easiest and cheapest of all kno
vent’ and it can be controlled *. .. by available methods as soon
as organized society determines to make the effort’, Perhaps the::
slow progress in abolishing goitre and its associated diseasesis‘f,‘
partly due to their somewhat Iess spectacular nature compared .
with killer diseases such as cholera and malaria. B
.:S’poradic eretinism can occur in non-goitrous areas, and is the -
childhood equivalent of myxoedema. It may be due ’to atrophy. -
or absence of the thyroid gland, or to some more recently recog
nized metabolic defects in one of the stages leading from in- '
organic iodide to active hormone, such as an inability to effect
the initial oxidation from iodide to iodine. Recently some cretins.
who showed little response even to thyroid medication have
b'een found to show dramatic improvement with tri-iodotherv
nine, and in these cases there is believed to be a congenital lack
pf the enzyme which de-iodinates thyroxine to tri-iodothyronine' ;
in the body. o
A Tecent suggestion concerning the nature of a form of hYpO' :
thyroidism known as Hashimoto's disease (lymphadenoid goitre).
may'have important significance in fields other than thymid A
physiology. In this condition symptoms of hypothyroid;Sﬁi’.t-
accompany an enlarged thyroid, while the blood contains abnor-"
rflal_ proteins of the gamma-globulin type. These, it now seems”’
likely, are actually antibodies produced by an immunological

i

moner in goitre districts - -

once said ‘simple .-’
wn diseases to pre-.:

PeSponse to-a leakage of thyroid protein i“t.f’ t}::e' cn :::jul' ah
Which then have a destructive effect on the patient’s own thyr %

fd .
v
vea 't

Hyperthyroidism : L
“ The reverse picture to myxoedema is seen when an excess of
thyroid is fed to an animal, or in humans when an excessive,
Amount of hormone is liberated from the gland, producing’;

i¥mptoms known collectively as thyrotoxicosis. This occurs in

i ' i asedow’s disease,
Graves’ disease, known on the Continent as B

(Graves was a Dublin physician who published qbser.v;uons ont.
the disease in 1835, five years before §asedow did so; ;)_;;esv;tg’,
the condition had already been described as eatly asized b :&
E';a.rry, a physician of Bath.) The dlset.lse is chefracter sny
marked increase in the basal metabolic rate with l.le):o‘ih 3?;‘
sweating, and wasting, and if untreated may result in 4 eal roe
6 exhaustion of the heart. Varying degrees of thyroid enlarge-

hence the.
: i he eyeballs often occur, 1 e,
ment and protrusion of the ey tre’ for the condition. . -+

> : P o g0 |
alt;’hm;z;; Illlirsn;ezzo{:gl::::d gy a lack of lgquledge o!:' the
o¥igin of the disease, particularly whether it is primarily a’
gis:ease of the thyroid or not. Treatment 15, however, normag%;
directed at the thyroid, and may be very effective. o for
“$rprisingly, iodine may effect a dramatic 1mpr9vc: ent | i
f‘i time in’ cases of prifmary thyrotoxicosis, that 1s fo sai::f t;*
paﬁents where the condition arises.spontaneously, o tengda ) ¥
i emotional upset or period of strain, as opgosei to secondary’
fhyratoxicosis which affects some previous goitre-bearers. Apait. s
. y gurgical removal of part of the thyxzq g
ethod of dealing with the ioegct;t: t”:é;g
il i ' nineteen-forties when it was fiiscove ata
ﬁﬁgl;:r?fesfx:tinces had antithyroid activity, i.e., depressed clni}

B "'.‘

functioning of the thyroid gland. - S

K

An"‘thyroid drugs .- R :
in the last decade and a half
ber of substances shown in the. 8¢ ¢ , oy

| tb{::: varying degrees of antithyroid activity is very large, and
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a few of these have been widely used in (he treatment of Graves’
disease. The (lqses administered are carefully controlled so that
the amounts of thyroid hormone liberated are reduced to nor-

mal leVe]S' too 41 eat a dOSa (1 W en ]lal Y e
: » B 8 l“ O y \
. N 3 f Courbe, € I

Antithyroid activity w
phonamide drugs, but the
by Astwood in Americ
pleasant drug were pe

as first observed in some of the sul-
first compound used clinically, in 1943
& Was thiourea. Large doses of this un-
active and juss lloxioi(ie(i;zmd It was soon rgpluced by mor:

> LOmpounds containing the thioure

nucleus ip 3 si
U I AsiX-membered g . (hi : ition to
thiouracil jtself an ring, the thiouracils. In additi

ad e o idel
used drugs jn d its methyl ang propyl derivatives, Wldeé’
i ‘ more recent years have been the ﬁve-memb?r,eh
! 1C.th1mazole and carbimazole (official Britis

_onemical nomencluture of this class is confusé e:
than one f(;:nd its derl‘Vcd antithyroid drugs can react 1 mq;
8roup, g M one of whicy, contains the mercapto or th!

» SH, which g bel; An
a_Pparent exce
live of tp, v
advanta

tion : eved to be essential for aCtiV‘ty'~va.
Plion i carbimazole, the cthoxycarbony1 der!

defs ' e
ges o\?ry-dqlvc Methimazole. Carbimazole hasfi‘:::e
Cr ity p: ) -,
and longer gy, ts parent drug in lower toxicity, lack ©

i v . (o

ack to mcth'rd,tfon of action, but is presumed to be hquly(s)i
effect. Tpe J IMazole in (he body before showing its ami_lmyr

. Tug structures yre all illustrated in the thiol fo

(Figure 3),
H'uN& —_—
2 % NH, {or) H,N —-(':=NH
SH
H Thiourea
/C\\
N N N—CHs
N \ /
; ;
SH SH
Thiouracyy Methimazole

Fig, 3. Antithyroi drugs.
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A characteristic reaction of the thiol group is its reaction with
element:xry jodine, in which two molecules are oxidized to
One molccule of a disulphide while the iodine becomes reduced
to iodide :

2RSH +1. > RS.SR +2HI
One could imagine the drugs to react in this way with iodine in
the thyroid, reconverting the iodine to iodide and so preventing
the es;cntml iodination of tyrosine, but the apparent feasibility
of this simple reaction does not mean that this is necessarily
how the drugs act.

Thiocyanate, e.g.. KCNS, once used in the treatment of hyper-
tension, interferes with an carlier stage of thyroid hormonc syn-
thesis by preventing the initial iodide uptnkc‘ and discharging
todide already present in the gland. Polzxssn}lm perchlorate,
KCI0,, was more recently shown to bchavle similarly and has
been successfully used in treating Graves’ disease.

A wide variety of other substances, not practicable as drugs
for various rcaséns, have nevertheless marked untilhyrgid :\Fti_
Vity. A number of cases of myxoedema were traced to this eifect
of resorcinol (meta-dihydroxybenzene) absorbed over a long
period from an ointment applied to leg ulcers.

Naturally occurring goitrogens

In 1928 workers at the Johns Hopkins Medical School in
Baltimore had an epidemic of goitre in their rabbits, whose diet
consisted mainly of cabbage. Since then, many foodstufls,
mainly of vegetable origin, have been found l.o possess some
antithyroid activity. Intcrest has centred pzlrtlculurly.around
the cabbage fumily (Brassicae), many members of which con-
tain quite~high concentrations of a new class of antithyroid
substances, the thio-oxuazolidines. Most investigated has been
5-vinyl-2-thio-oxazolidine, but the 5:5-dimethyl and other ana-
logues arc also known (Figure 4).

The highest concentrations are usually found in the seeds,
though not as it happens in mustard sceds, the only ones com-
monly eaten by man. The most goitrogenic food in this class
appears to be the swede (rutabaga in America), but these and

D
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simifur vegetables do not scem likely to involve any goitre risk
in humuns; not only are the goitrogens lost in nornal cooking,
but owing to rapid excretion and metabolism they would only
show an cffect if eaten trequently and continuously. The risk is
greater with farm animals due to their Tess varied diet.

Under abnormal conditions the goitrogenic nuture of some
human foods may become more important, and claims have
been mude (and denied) that some wartime goitre wus attribut-
able to greater amounts of bruassicas eaten when food was in
short supply. In the last few vears it has been reported that
odide administration has not suceeeded in abolishing goitre
from some parts of Australia, Tasmania, and New Zealand.
There is evidence that this is due to 4 goitrogen in the milk from
cows fed on marrow-stem kale, or which graze on pastures con-
teminated with some types of weed. Calves from these cows
show marked thyroid hyperplasia.

Occusionally two races living in the sume district have been
observed to show dificrent incidences of
been attributed 10 differences
diets. However

goitre. This has usually
m the iodine contents of their
, Insome parts of Fiji where Tndians and Fijians
live in close association there is no
the Indians than among the Fijians,
in the Indiny

ticeably more goitre among
and since fish often features
menus the presence of a natural goitrogen in
their diet was suspected. One of the more obvious dictary differ-
caces between the two races is the large consumption of curried
foads by the Indians, and in 1951 the author was asked to sce
if the Jocally used curry powder contained any antithyroid
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activity. Results by a number of met}_mds were quite negative;,
but the interesting incidental obscr\{at.lon was made that experi-
mental rats relished a diet containing !O per cent of curry
powder, and grew much better than the animals on the same diet

but without the curry!

Ergothioneine .
This strange substance (see Figure 4) occurs i.n such varied
sources as the fungus ergot of rye, porage oats, an{m’u]l r]cd bloocé
corpuscles and, in high concemr:m_on,' n the SClTll.n’.l ) asm; o
the boar. It is mentioned here as 1t 1s }ncfmly me‘rc(li;;tc‘)‘-m.ql;, az-
ole known to occur naturally. Despltg 1ts Str?lclum. Shitt a.ryity
to some of the most active zmulh}"rozd drugs, 1]()‘J}(]:V(;T1 Sl (DIO—,
thioneine appears to be without effect on l‘hc ih‘yrolx(”ﬁg tmt LTS
function, if any, is unknown. It has been 511.g5cs'tc"([ ' ,: 1 Prot
tects the thiol groups of, for eXf!n7l’IC» CY“?*”Q ‘d:,d‘h“f\ VdﬁI‘I;Oles
inactivators, and recent Amcrxc:tniwork leXCdlés,ld po:s‘ble
function of crgothioncine as a constituent of an enzyme system.

RADIO-ACTIVE 10DINE

An article attempting to coYcr, howcver‘. l;]“c?}:o::: rgcldl'of
thyroid chemistry would be ln(,‘om_p]c?c “;i l‘;}”,l‘ 1‘090'\rcchn 102
of the part played by radioaciive Lodlpc 30 ‘n : an
in the diagnosis and treatment of thyroid dl\01SC dine is 127
The atomic weight of natural nGn—rud{oacnve 1(1,t I,‘,,l is 151‘
and that of the active isotope almost emn'cly.cnlp ,033 ’19.‘ 13 )
The latter has a half-life of cight days, and emits 5- and y-ra ia-
tion. It has a longer history of research‘ use than most r.adxo-
active isotopes, since, before it was available fror?'allomlctre%
actors, small amounts had been prepared by bombardment o
tellurium with «-particles in a cyclotron. o bt
After administration by mouth or by chctlonl, : e gvgs
exactly like **'I but can, of course, be dete'cicd and lme&\s-urte ‘hy
its radiation. Some of the dosc. bccomcs 1nc0_r‘p0r‘1'1e lx}r: :)1 be
various iodine-containing amino-acids, WhI’Lh 7c’anh i: mcg
separated chromalogr:lphic:lll‘y.' Paper Chmm,i;'o%mt?vg ;l]};;lo-
for small guantities. the positions of the radioac ami
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ucii_{* being found by making 4 photographic record (auto-
r;ulhogr;xph).'). On a larger scale, scpnrgtmn:w are C”CCI“-‘d by
column -(.-hmmuIwgr:;ph_\', when Geiger counters show the pre-
sfﬂ}‘c ol Ih.c di”}‘rcnl fractions in the outflowing solvent. Tt IS
d itheult to imugine (he discovery of ll'iv-im[«‘f”l)!"j’”“‘“ and sub-
sequent developments fuking place in the absence of these com-
bined techniques,
cx:[,‘[‘:,ll'itdn,':]‘1][:):‘1;-()I- Pnlcnli;nl :‘un(i.lhymid drugs h:lw been
‘ . rstinstance by finding out how they affect the
.mlu" at which a rags thyroid picks up an injected dose of radio-
1dine, F urlxhcr, by means of & counter placed over the neck of a
hm'nzm subiect, the antithyroid activity of » compound may be
c§llimatcd n muan directly. Briefly, Iiwc fechnique C(‘ﬂ‘i*‘; of
glang @ tracer dose of radio-iodine. and measuring the isotope
as it hcc‘omc\; fixed in the thyroid. When a \[C;“[)r\\zr;:i::hl—“”C
g;"uph 0_1 1])(% cou.mx‘ per minute plotted against the \([U:k\l‘C root
i)hellzlcni:,mli]!(?\::nt”?‘lil?? si»ncc udminix{rutioq hus been obtained,
“moumb} / e .‘u is g.lvcn fmd the readings continued. The
ot l;?t\l\:?};j') !h'c g.xl;xph N dcﬂccl;d from its original linc
. ontal 1s 2 measure of the activity of the conr-
pound in mun (Figure 5), .
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v Measuring the activity of antithyroid drugs with radio-jodine.

When a diagnosis of hy

ut “' a f“dé”f’*f‘ ol h}P“- or hyper-thyroidism is in doubt,
much valuable information may be guined from the rate of
ton following u tracer dose
ation, the exact position of an

thyroidal uptake or of Urinary excre
of rudio-iodine. Prior (o an oper
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enlarged thyroid, or of a growth which similarly concentrates
iodine, may be found by externally plotting contours of radio-
activity {Figure 6).

0 9 3772822 14 (6

Fig. 6. Distribution of a tracer quantity of *'Iin the thyroid gland
as shown by the counting rates of a directional Geiger counter
placed over the neck. (Courtesy of Prof. ' W. Speirs, University
of Leeds, and the Royal Institute of Chemistry.)

Considerably larger doses of radio-iodine are used therapeu-
tically in cases of hyperthyroidism and of thyroid cancer. Some
such cancers, and their metastases in other parts of the body,
concentrate iodine much like normal thyroid tissue; they thus
also concentrate radio-iodine, which can effect their selective
destruction wherever they may be situated.

Similarly a carefully calculated dose of radio-iodine can be
employed to destroy part of the thyroid’s function in cases of
hyperthyroidism. Despite its apparent simplicily the method has
not been widely used in this country, partly owing to the fear of
damaging other parts of the body and of malignant changes
being initiated. While these risks are believed not to be large, the
method is usuaily reserved for special cases.

FURTHER READING
Harington, C.R.: The Thyroid Gland: its Chemistry and Physio-

Jogv. (Oxford University Press. 1933.) E
Pitt—‘Rvivcrs. R., and Tata, J. R.: The Thyrog

mon Press, 1959.) (In the press.)
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SATELLITES
DISCOVERIES FROM SATELTI

‘ interesting, because unexpected, r'ew“hii gsssr:/;e
THI; most in satellites up to the present tnnf 4 e the
tions made ffom sn"on surrounding the earth where ! e e
becovery 01‘ a'relall() 000 times as many charged nua'cfxr IS) -
ponween 1000 anc "uec(cd from cosmic ray observatlon.‘h
ticles as h;xd’l?ccll‘ c,‘\‘:cnce of this region was b.rought 10,,1]&bt,
lower levels. Ihcl :Xl;\llen of the State Un'ivcrsny{of‘ ](,)2; ayt
by Professof_ J-]VS d in the Explorer slegllxt?s'. As a spc'a‘ :
ruments el Soci ty of London discussion on space re
the recent RO)’(\I SOC:‘lehYmd with an instrument lh‘a[ work-cd: it
search put it, ‘He Wfls.‘it a~ rather strong argument 1.or paying as
much SlmP]_e co eparing instruments as satellites, '
" aHCQUOH 10. vphr l?xrticle density begins at about 600 miles

The reston Of, h(llg mp; distance from the Earth that l‘ms yeI];o
altitude ;mfi extencs bs‘crvations made with the tunar prf) e
oy Jetermined. o (*)‘ bd the region is of limited cglcm. Rcccp-
iomcer) can e tr:imebs’ervulions from Pionecr did not b.egl‘;?
tion of elemecre l? with those from the Lxplorer sale‘lhlcsr,
soon enoush 10 (')(;Cbrc:vﬁ) the particle density recorded was l(}))w‘
but when ('h de bthé Explorer observations suggested t.a}:
In terms of lm,ll;\}l ic’niily of particles above lhe Equator, \'JVII
et wos 'pca h( nc;rth and south, probably in szou} the san;c
i Pc“}i;:)‘ie‘ irca which displays of auroraare mostfrequently
latitudes us tho |
observed an Allen attributes the region of high 1()1:1:22

Profese! Vm' ing of incoming particles by the E“}b{n y
denSiW_ N [h‘e '1E1]¥hi:cx;>lzlnzxti0n was supported at ld c:f lr(t)g/er
A t:C le:s:on by> Professor 1. Gold, who argued fu
Society disc
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that alter remaining for an average of about a month in the
trapping region the trapped particles might be expected to leak
towards the Farth. The trapped particles are thought to come
mesily from the Sun. Their direction of first arrival would be
disguised at lower levels by their stay in the trapping region, and
they probubly account for many of the lower-energy particles
deseribed Toosely as cosmic radiation. Higher-energy particles,
on the other hand, would come straight through without being
trapped. [Uis these that are ol interest in nucleur physics, and
previous evidence still stands that they come mostly from out-
side the solar system, possibly even from outside the Galaxy.

Also of interest is the association between particles from the
trapping region and aurorue. While o general connexion be-
tween aurorae and solar activity has been established for some
fong time, and many individual solar flares are followed by
mcreased displays. the connexion does not work out in detail.
An explunation of this is now provided. If a high proportion of
the particies emitted by the Sun are held up temporarily in the
trapping region. then a detailed, day-to-day correlation between
aurora and events on the Sun is not 1o be expected. There are
clearly many questions ihat only more observations can answer.
Among them are the extent of the trapping region: the distribu-
tion in number, encrgy, and direction of incoming particles
beyond it: the energy limits of the trapped particles: and their
variation in number and enerey with the sofar cyvele. Pioneer 3
Miy have answered the first of these questions. There remains
in the rest acase for more satellites and space probes.

In another instance, observations made from satellites have
differed sufliciently in quantity from those made previously to
raise new problems. Whereas previousty physicists have heen
required to account for temperature gradients in the upper
atmosphere of the order of five degrees centigrade per kilo-
metre, it appears that gradients as high as (wenty or even thirty-
five degrees per kilometre must now be accounted for. To Pro-
fesaor S, Chapman, the big

: _ inwards flux ol encrgy which this
implies is evide

nee for his theory that the hof corona surround-

ing the Sun extends, in effect, 1o the Earth, /| he peak temperature

Research Report 105

in the corona is probably about 1,000,000 degrees absolute.
From estimates of the thermal conduciivity of a hot, diffuse gas,
Chapman concluded that the temperature even at the distance
of the Earth might be more than 200,000 degrees. Prgfessor
D. R. Bates, of Belfast, was not convinced that any special new
theory was needed. o

Measurements of electron density in the upper almosphgre,
made from the Russian sputniks, have neatly rounded the region
of maximum electron density, which had been appr(.)ached‘ but
not quite reached in rocket measurements. The‘: maximum is at
rather more than 300 miles altitude. The spulmks.have COVfired
the beginning of the falling off, but beyond this there is at
present a long gap until distances of the qrder of ﬁ‘feW‘lho'usands
of miles from the Earth. Here tentatlye informatton is given b.y
the ‘whistler’ type of atmospheric, which t‘ruvcls from 01?c hemi-
sphere of the earth to the other and sometimes back'agfun, pass-
ing through very high regions of the atmosphere on its j(>ur11t?y_*
Many ‘whistler’ recordings have been made as part of the 1.G.Y,
programme, and the accuracy of the conclusions drawn from
them may be tested directly at any time. '

A further point of interest is the practicability of drawing
more accurate conclusions about the shape of the Earth than
has been possible from observulion.s made at grounq level by
the methods of geodetic survey. This ha‘d -been mentioned as a
possibility from the beginning, given sufficiently accurate obser-
vations of the path followed by S'dlellilCS‘. But to disentangle the
effects produced by air drag and by grmqty ~through the depar-
ture of the Earth from an exactly spherical shape - ha.d seemed
likely in advance to require more accurale 0bscrvat10n§ than
could reasonably be hoped for. In the event, the Royal Aircraft
Establishment, Farnborough, has done exceptionally good work
on the sputnik orbits; and, following a suggestion made by Pro-
fessor E. Buchar from Prague, the problem has been shown to
be less intractable than it first looked. As pointed out by R. H.
Merson and D. G. King-Hele, of Farnborough, the first-crder

*¥ See, for example, Science News, 29 104,
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effects of air drag und (he shape of the Eurth are of different
kinds. That of air drag is 10 lower (he high point (apogee) of a
satellite’s orbit and to muke the orbit less cliptical. A first-order
etlect of the bulging of (he Earth at the equator is to cause the
planc of the satellite’s orbit (o rotate about the axis of the Earth.
Therefore, 1o a first Pproximation, the eflects can be separated.
Using the rotation of the orbital plane of Sputnik 2 as their
main data - with daqy from Lixplorer 1 providing a check on
interpretation — Merson and King-Hele have concluded that the
Earth is slightly less flattened at the poles than had been thought
by geodesists. On this evidence, the distance from North to
South Pole through the centre of the Earth is about 160 yards
1.OU£ZCF than it was thought 1o be. But there remains a loophole
tor argument; and the substantial claim now advanced is that.
with more satellites (0 work on, the accuracy altainable should
hcrzjthout ten times as great us can be got from geodetic surveys:
l‘hc main purposc of the two-day discussion held by the Royal
Society was to direct atlention (o the fuct that too little thought
has been given to experiments that might be done with satellites
and space probes. and the cquipment needed to do them, com-
pared with the problems of lnunching und placing in orbit.

Buchar, - Nature 1958 182 198,
Merson, R.H.. and King-Hele, 1. G0 Narure, 1958 182 640.

MAN-MADE ‘AURORA’

Onany view of the evidence, there jy much of interest in reports,
assembled from Apiy, Samoa, and published from New Zea-
tand, of the oceurrence of magnetic disturbances, interruptions
of r{idio communications, and the appearance of striking chro-
ll'l'd'llC cifects in the night sky - all 45 common sequels (o a high-
altitude nuclear explosion 2,000 miles or so to the north, on the
oppo‘silc side of the Cquator, on I August 1958. ’
!n_formation about the explosion is mengre. According to an
official announcement at the time, n nuclgar warhead \?"19 cX-
ploded a( 4 high level above the p. : L N

Accondi acific proving grounds.
cording to newspuper reports, the explosion took place at a
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height of 100 miles above Johnston Island, 'z_md the light frgm
it was clearly visible throughout the Ha.wauan Islands, which
means at distances approaching 1,000 miles. If the lgtter state-
Ment is taken to imply a direct view of the flash, the height would
have been at least 115 miles. Merely from the scale of the effects,
it must have been a thermonuclear explosion. The temperature
reached would, in that case, have been of the ordexj of some
thousands of millions of degrees. But_ for com_pzmson with
effects observed in Samoa, neither the height at which the explo-
sion took place, nor the energy releu§ed, nor the temperature
reached can be more than roughly estimated or guessed. Also,
it is not known which are the predominant nuclear.reacnons
in current thermonuclear explosions. Some conclusions of a
more practical kind can, however, be drf.an. Among them. avre
the following: a thermonuc]ear.explosxon was enﬁected in"a
rocket warhead; radio communicalions were aﬁ.ected 2,000
miles away; the explosion, although at a high altitude, could
have been detected at a distance of at least 2,000, and probably
3’0'1(‘)}?;2;::;5 in Samoa were reported in the first instan'Ce by
J. G. Keys, observer-in-charge at Apia Obs:ervalory, and in the
form of a letter to Nature by A.L. Cu']lm;.gton, of the Ge.o-
physics Division, the Dcpartment of Scientific aqd Industrial
Research, New Zealand. The suggested connexion bel'WL?en
events in Samoa and the explosion depends in part on tnm.mg
and in part on the unusual character Of_ thc' events. The earljest
recorded time for the onset of magnetic disturbance was 1050
G.M.T. The explosion is said to have taken place approximately
at the same time; more exact information is presumahbly lack-
ing, although there seems (o be no good reason for silence on
this point. Effects described as ‘a man-made aurora’ were first
observed one minute later. Radio fade-outs are said to have
heen associated with the ‘auroral’ display zmdvto havg lasted
from one to several hours. Details of affected frequencies and
times have not been given. '

The next part of the argument 1s thgt the events reporte.d
were exceptional. The records of magnetic disturbance at Apia
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were sent to New Zealund (or examination, and are described by
Cullington as unusual compured with other records at Apia. The
sudden commencement’ of the disturbance was of a type seldom
opse}‘vcd there, and was about four times as big as is usual for
Ih»m formof commencement. Yot the disturbance was not world-
w:(dc, b“} appeared (o be localized in the Central Pacific. The
visual effects also seem (o have been unusual, no matter in what
way they are interpreted, ,

. I'he display began with bright rays in the western sky, at first
Yxolcl covered with reds, then changing gradually to greens.
There was ulso 4 crimson are {o the north with its centre 32
dheg.rccs above the horizon, and three or four red bands, with
:()egezerziieﬁrrﬁgg;l‘y due soutP} and at elevations of about 30 to

ecs. isplay was first taken to be aurora australis
.(uuslrum because Apia is on the south side of the equator). If 50,
it would have been so completely unusual as virtually to exclude
an explanation on these lines. Only one previous case of aurora
l}us been reported from Apia, and that as long ago as 1921
Second, 2.1]1 reports of aurora seen anywhere in the tropics have
been at timey of world-wide magnetic storms, and the displays
hu’v—c been at low angles to the north or south.
lhoxu.‘ who collect reports of aurorue are accustomed 10
feports in which the effects described are found on inquiry to be
:l.llrlhumblc to light scattered in the atmosphere. But the local
tme wus 11.15 p.m. 1o about 11.30 p.m., so scattered sunlight is
excluded, Moreover, the displays to the north and south suggest
an effect analogous to auroras and the form of the ll]llg}]Ctic
sudden commencement® is described as ‘similar to that which
one }vould expeet at a high-latitude station near the auroral
Zone’.
Ihe]nusl::]llllillglf:}g:]:::]:}lry ‘there seems lo'hc little doubt that
explosion i ne mu L%lsAr‘c%‘un.lcd at Apia :u‘c. related to the

’ nd the ¢ manifestation secn at Apin was a man-
T::;lde o; ixr11f1c1etl aurora due to a nuclear explosion in the upper
;hrT)(::[lo&;:;lé\ratzlizdl);«vzg :‘}:]C[}Cﬂ‘ectg due to this explosion may
aurorae.” According To later ‘nec::f?ry of magnetic storms and

f spaper reports, u number of

Research Report 109

Dh0tographs were taken. These, if good enough, should provide
a check on the conviction of Keys — and, at second hand, of Cul-
lington — that the visual effects were essentially of the same kind
as natural aurora. Viewed at third hand from England, the co-
incidence of explosion and regional magnetic disturbances,
radio fade-outs, and visual effects appears too remarkable to be
attributed to chance. The identification of the visual effects with
a form of aurora is less well supported by evidence, although
they appear difficult to account for otherwise. Should a further
high-level explosion be undertaken from Johnston Island, it
would be helpful if advance notice could be given to Apia. But
1o arrive at anything that could be described as a theory of the
effects, it would be necessary to have more informationabout the
explosion as such than is likely to be given. As well as height,
energy release, and temperature, it would be important to know
also whether fission or fusion reactions provided the main

source of energy.

Cullington, A. L.: Nature, 1958 182 1365.

ECHOLOCATION BY WHALES

Bats having been shown already to make use of a highly de-
veloped system of echolocation to catch insects, at least two
species of toothed whales are now strong candidates for the use
of a similar system to catch fish and avoid obstacles. Trains of
pulses, extending into ultrasonic frequencies have been recorded
in captivity from one of the smaller species, the bottle-nosed
dolphin (Tarsiops truncatus), commonly described as a por-
poise, and also under natural conditions at sea from the sperm
whale (Physetor catedon). The recordings of sounds made under
water by the bottle-nosed dolphin were made by Professor W. N.
Kellogg and his colleagues of Florida State University, and pub-
lished in 1953. Those from the much farger sperm whale were
made with the ordinary echosounding equipment of the research
vessel Atlantis of the Woods Hole Oceanographic Institution,
Massachusetts, and reported by E. L. Worthington and W. E.
Schevill in 1957. Evidence suggesting the use of echolocation by
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one species may thus be taken not unreasonably as suggesting
its use also by others. Fvidence which comes close to proof in
the case of the bottle-nosed dolphin has been published lately by
Professor Kellogg.

His experiments were done on a pair of animals given to the
Marine Studios of Muarineland, Florida, and transported 260
miles by road (o the university’s laboratorics. They were kept in
a mud-bottomed dredged pool, connected by concrete pipes to
a seawater creek. The tidal ringe was only 1-5 ft, and the fact
that Gulf coustal water iy naturally brownish in summer was
also a help in experiments. Together with the stirring up of mud
by the porpoises, visibility was limited 1o a maximum of between
10 and 20 inches; and the possibility that vision might be used
was more eusily excluded, Use of a sense of smell was treated as
impossible: the bottle-nosed dolphin has no olfactory bulb, and
keeps its nose or blow-hole closed while under water, Its sense
of hearing, on the other hand, was known 1o be acute and o
extend at least two octaves above the highest frequencies heard
by man. From the sound-recording experiments already men-
tioned, underwater nojses made by the animal were known (0
include trains of short pulses, with individual pulses as short as
one millisccond, and inctuding a range of ultrasonic frequencies.

In the first and simplest series of experiments, a varicty of
objects — including dead (ish, which were an accustomed food,
and streamliined shapes which could be lowered into the water
without detectable noise — were introduced into the pool. The
responsce to noisy introductions was usually a torrent of sputter-
ing pulses. As the larget was approached. the bursts became
continuous, and the animal moved its head slightly from side to
side, as if to get a better indication of direction. Afterwards,
occasional. apparently exploratory, bursts of pulses were re-
sumed. When an object was introduced without naking a noise,
there was usually an interval, which might be 10 or 15 seconds,
before the porpoise responded ~ apparently after an cxploratory
burst had been emitted. After the first burst, there came a stream
of them. If an identical object was introduced with a splash,
there was no interval,
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Other tests were of ability to avoid obstacles. Triangular metal
posts, with sides 2 inches long, and spaced 8 feet apart, were
arranged so as to give a rectangular pattern of obsmcles..There
were six rows, each containing six posts; and touches with the
posts were recorded electrically. The porpoises madp some
touches at first — apparently with their sides when turning. But
after a few trials, they learnt to make no touches at all, even on
moonless nights. o

The female porpoise was the older, and a.lso was less }nc!mcd
to co-operate. So, in the next series of expcnmepts —designed as
a test o‘f discrimination — only the male porpoise was usgd. He
was trained to discriminate between a small fish, a.bout 6 mcbes
long, which he liked, and a larger fish, about }2 inches, Wl}:ch
he had once liked but got tired of. In a final series (_)f 140 trials —
some in almost total darkness — he made no mistakes. As g
general comment, Professor Kellogg poir}ls out that the 'Spec({
;f the animals’ response was too great for an cxp.lan_utmn in
terms of taste: ‘The response is like that of a dog picking up a
stick on the run.’ )

There were still two further series of expenmc.n{s‘. In one of
them, fish of the preferred kind were pre%en!ecli :ﬁxmulumcously
in box-like containers, one with an open side, giving free access,
and the other with entry barred by a glas.% window. E\_/en the
co-operative male porpoise was at ﬁrst hesitant to put his head
into the open box; and, when this had been overcome, the
experiment took a different turn from lh'zl.t cxp;ectcd. What hap-
pened was that the porpoise learnt to position himself in fldVﬁl]Ce
before the opening that was not blocked by glass - presumably

; olass by echolocation.
dc?}i?ié?ri&:d b}; Professor Kellogg. In a.ﬁnal series of
experiments, he divided the ppol into two scctloncs byi a steel
mesh fence, leaving two openings, one or 'othcr of v\;hlch‘}\:{as
blocked by transparent plastic. The porpoises wlcr; t 1en : V-
vied from one section of the pool to the other. Eas ’\]){vas c,1vm;
50 trials, and they made, between them, onlly lwc? m’lsm es Oliqt c(;
100. Tn all the experiments, under-water signals wsre recor led.
and ‘the conclusion seems inescapible that the porpoiscs



, -
12 Science News s7
avoided the solid but invisible door by means of echo ranging’
Kellogg, W NL Kobler ; i
239, Kobiler, R and Mopris, H. N Seience, 1933 17

I\VY:;;.”(]vl(?gl(’\n, . B..and Schevill, W. E.- Narure, 1957 189 291.
uga . WONL: .S’l'[(’n('(‘, 1958 128 982, 7

StHp HYDRODYNAMICS

bt;;m}f;:::::)* {Sf;l,l{; }l'vl.\'dl't)clyrlzlrllicx Laboratory is du.c to
present year Th; ‘ cltham, I\"I?id?cxc\, l.wct'urc the end ol .lhc
1,300-1¢ lzmk.in thi:l!lll:i:!:jilll ‘;&-hwh most 1n1prcsﬁc% the c_vc. s 8
a.nd waves of up o two fcctki nsl:lc]ij:}(t‘“']‘lw‘ t"O‘WCdri he me ?u«“‘l‘-l'g?’
tve for spectators will be a b ?‘1 gcnu‘mcd. | be most dm(-l.u
remotely controlled mod © & basin, 100t by 100 ft, in which
to the \’;’&1VL‘§ nénﬁ(, II]]\(;( L"]S can be directed at any desired angle
duced, I Cnmb '”-Ll'm t(,’.‘md real-sea conditions can be rcpf()-
picce of CL]UipnI:‘em\")?l,m,l,h other luhf)ruturics, the ()lllstaxllai}ng
in propellers - (he f]: a /Wﬂlm’ !1}11110] for thﬂc study of cuvit:nt:o.n
in regions 0-{ low r(‘r“?]d‘f)lon of bubbles of water vapour or air
Vibration wnd. i P‘ :\-S,UIL,, whose subscqucx?l collapse Teads to
bubbles - ‘h\ t)\] ILIT\C c;a_sc?', to loss of power. Since th}e
in which lhérc ]: :Lil ?sloll?cd, i 1 _nccgs‘;:ry to design u circutt
a vertica| l"()rm.()fu ?Astim‘lml variation n pressure. This leads to
lower or return lin [L'Irtfl:[--ln the design used at Feltham, the
tunnel it wil h‘f 10 lf'.a;Hl below ground level. With this water
22 inches di:uncltcrp(.):\]vb C If) IFS! model propellers of up t'o
cnough 1o lead (o rdlx [‘lf’“d% 0_1 up to 3‘()‘}\'1101& The size is big
1 the same spocd /.[;‘ "% ljltfilcll'()xlx of full-scale pcrform:mc.c
tunnel i Ihé bia : _‘“ 1 }f\“fll“"UUOﬂ up to about 60 knots. This
ggest of its kind yet built.

SOME BOOKS RECEIVED

THE UN1VERSE — A Scientific American Book (London, Bell

and Sons, 1958), pp. 142, 13s 6d.

This is yet another collection of articles reprinted from the Scien-
tific American. They cover the history of cosmological thought, the
substance and the form of the Universe, cosmological theory, cte.
Three of the articles are by distinguished English thinkers, Fred
Hoyle and Martin Ryle of Cambridge, and Professor Herbert
Dingle, who supplics a cautionary envoy urging cosmologists to
keep their speculations and guesses within the framework of accepted
scientific method.

Included is a section on the Universe in photographs — some twenty
plates of unimaginably remote parts of the Universe as revealed by
the 200-inch reflector on Palomar Mountain.

SCIENCE IN ScHooLS, edited for the British Association for
the Advancement of Science by W.H.Perkins (London,
Butterworth’s Scientific Publications, 1938), pp. 150, 15s,

If, for reasons of national prestige, Brituin is foolish enough to be
persuaded to cngage in the current lunar rocket race, we are in for
a decade of aiming at the moon without much hope of hitting any
worthwhile stars. If our resources were limitless such lunacy might
not matter, but how can we equate the dissipation of a million or
so pounds at every step in this mad race with the fact that the expen-
diture on cquipment to teach science cven in a maintained boys'
grammar schoo! may be as low as 1s 1d. per pupil per vear. Truc this
represents the minimum. but what of the twenty-six girls’ schools
with between s 3d. and 3s 6d.

These are but a few of the disturbing facts revealed in this useful
account of the Conference arranged by the British Association in
the Spring of 1958. Other facts that come to light arc, for example,
that tens of thousands of our young people are being deprived of all
formal contact with scientific teaching because there is simply no
one to teach them.

After reading this important publication it is difficult to under-
stand how anyone can fail to see that raising the standard of scientific



[14 Science Neyws 57

learning in the populit
of prestige satellites,

: Sare the luxury
ionas a4 whole minst come before the lu

Tie Urrer Ay MOSPITERE by 11 S. W. Massey und R L. F.
Bovd (London, Hutchinson, 19s8), pp. 333,635
Althoagh nog t
ll]ill‘.)'

outid by the cquivalent of o Hippoceratic oath, for
EeRCrations scientists regided thamselves as belonging to an
internationy| brotherhood, I twenticth contury has wimcss}‘d a
siaed decling in thy attitide, and ihe harnessing of scicace (o mmonﬂAl
rather than humanitarion ends, But despite this, during the lnIC"t
national Geophysical Year, sciontists of ihe world are again ;1‘t this
VEIY moment colluboriting (o wn extent far excecding that of any
other humun group. :

In this volume Professor Maossey and Dr Boyd present an :mtl'mnmj
tive account (argely without the aid of advanced mathematics) of
the rescarches on the upper atmosphere that are being undcl'“'k?n
during the 1.6y, The phenomena discussed in detul include “‘dl.(j
fudeout, radio absorption. njght airglow. aurorae, meteors, Cosinic
rays, magnetic effcets. ang S0 0n.

The volume s desigaed for students and those scientists 0 uthCL’
ficlds who require 4 reliuble outline of the subject. 1t s illu ;lI'.lL‘d’b)’
alarge number of line druwines and photographs, some of which
are i enloyy,

There is a shory general bibliography and an adequate
index,

SIND AND M A LR by L. Schrodinger (Cambridge. at the
University Press, 1938), pp. 104, 13 6d.
Ever since mun becanie o thinking heing, the duality of mind {‘nd
matter has presented o puzzle (o philosophers and scientists alike.
I this Tittle volume — which i5 based on the Tarner Lectures that
he gave in Cambridge in 1956 - Professor Schrodinger analyses some
of the parndoxes arising {rom this dichotomy, and offers his own
suggestions for a solution of the problem,

T EcoLoay or INVASIONS BY ANIMALS AND PLANTS
by Charles S. Elton (London, Methuen, 1958), pp. 181, 30s.
At the end of the war the reviewer bought a house with a garden

bordered by an open plantation of Austrian pine. Wartime vears of
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Occupation with other more vital matters had led to tlhe r'legiitmif
the plantation. Birches and oaks had scedcd. 1hc4mse \t/)ei.mﬁlec .’md
grassy paths meandered through brfleks of wxlc_J xolse,[h.r‘kcts. .C;Ch
hawthorn ten feet high. Countless birds nested in “ef foxscter arents
spring the cuckoo visited the plantation in search o b
for it ing cggs. . e or
1‘)EI'llrlrie[flO::(illlIic;c:flocal authorif}’ th.ollgm tl,mtdlt ?Vas'ntlvn;;(t:})( CITbhler
the place up. They went through it with m’c ‘z]n bpx ur}()} .5 o fowcr
undergrowth was razed to the ground an ~l[l‘rn‘Lh»:d e e
branches of the pines were lopped. When all \::}5[411—:1: c;d‘ o end of
was a model of official tidiness — }fuu coul‘d S»Lt It(l:; cuckoos never
it, and the fresh cold wind swept its lengtJ:‘BUr_ ood pigeons :vho
came again. They've been replaced by a }zal,xdgl, \ivm gqprdcm' con
use the lengthening trees to spy on Ihcl.tld J‘lfr:d hs;es g(; .somc—
parsnip has invaded all the clearings: the lads : R

- clse. This is ccology. L . ; ant o
it ather voung scince, which i T reamen i there e
animal populations, their balance. ﬂm.j lh-ec, 1.1M~;(Hmon of‘ @ group
Elton is a pioneer. In this volume, which 154 an CX‘rkh " diﬂtil; tlhc wis-
of talks he gave on the B.B.C. Third ngmmrﬁk, hhxm(}m-d st
dom acquired through many years’ sxudy.. Ovcr1 3‘ énch chapter Lis
tions in line and half-tone add greaﬂ)f to 1ts Ya U-L'(. from onIc) who
fully documented and there is a full index. C(?l‘ani htemed w
had done so much to build up the prctscnt mmf ?[1 .L)t Lt il to ko
standing of conservation problems tl1x§ V.O‘h:l:].]i, L{‘,n;::mli o ta
;m important place in the story of man’s relation to ng '

MaN's EMERGING MIND — Man’s progress through time._

e ‘S - ﬂoz)d atoms, and the Universe, by N.J. Berrill

E;uc(f:d(l)cnc,,Dcnnié Dobson, 1958), pp. 398, 21s. R

he scope of this volume is somcwh'nt w1dcr, thar_\ 1t5dtxz);: n;;ic_
atrgr]:t Ssual?;cst. in that it contains a valuable backgroun pal

ontological 1‘”4 Z'()O[I;)g:‘:,li.?,:‘li:j}[]l:]is now Strathcona Professor of
The author s e ‘r‘sil\' Montreal, Canxzda, and every page

Zoology at MC("”,-S?&Z; of'an uncommonly well-furnished {mnd.

is marked by th? e icem years have. in the reviewer's experience,

Indeed, few books m”i;qlunccd account of man as the supreme (‘fo;

ﬁl'cscnmd ?;!f:,]\lilz;;int z)fvour planct. Nor is the author unaware o
e presen habitg
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the dangers that Jic ahead, if man is to retain the position in which

nature has placed him, .
"We can alwavs be wise fo hindsight but T am convinced we will
never Toresce the full consequences of any action we may be
melined to takes Therefore we have (o retain intelligence @Li
adaptability und play along atways with o minium of interter
enve with the schenie of things, As an incorporited part of nature
we can dhve wonderfully within her, but as a self-cjected outeast
turning to Yencee with lh;‘ lving cacth, we are ontmatched from the
starte [ am speaking neither in parables nor similes. This curth
5w fiving planet, although 1t s alive in o ways that we dQ not
fully comprehend. and unless we conform to the rufes of fife we
are in danger both from within and withaut. When eiliciency 13
less a tetish, when to live signifies nmore than getting {rom here 0
there, when idleness is no Tonger horedom but opportunity, when
there is time for fistening, when cormflonars and poppics belons
i the wheat, only then will we know that we are re-entering ovr
heritage.

Here, indeed, is the greatest story of all time told with disciplined

imagination,

PAVITRNS 0F DIsCoVERY - An inquiry into the conceptual
foundations of science by N.R. Hanson (Cambridge, at the
University Press, 1958), pp. 241, 305,

Dr Harson is w bellow of S Iohn's College, Cambridge. and Pro-
fessor of Philosophy ot Indinna University. In this essay he contends
that, while elementary particle theory has heen much discussed by
philosophers of science. its Teatures have not in fact heen properly
understood by them. and it is to examine this misrepresentation of
microphysics by philosophers that he hus written his essiy.

Itis directed at both philosophers and scientists. From it the latter
will derive a new understanding of the philosophical and histosicul
background of their rescarches: the former now have a fresh aceount
ol the nature of scicutific discovery.

The work s divided into six sections observation, facts, caus-
ality, theories, classien! particle physics, elementary particle physics,
and nearly o third of the volume is taken up by cxplanatory notes on
these major sections. No one need assume that this is an casy book,
but Dr Hanson's fumiliarity with both science and philosophy
creates o work worth assimilating in small doses,
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EvErRyDpay METEOROLOGY by A.Austin Miller and M.

Parry (London, Hutchinson, 1958), pp. 270, 30s.

If it were not for its intrinsic complexity, there would be no more
uscful entry into science than through an understanding of the
weather, because, apart {rom supplying a topic of conversation in an
otherwise publicly inarticulate nation, in a region situated as js
Britain in relation to the movement of the great air masses, changing
weather has an almost hourly influence on much human activity:
furmer, market-gardencr, shepherd. fisherman, mountaincer and
sportsman, captain of ship and aircraft, even the umbretla-carrying
‘city-mun’ who may be caught unprepared between home and office
‘an indignity that he might have escaped had he added wisdom to
caution and learnt a little meteorology”.

To augment such native prudence the authors have produced a
uscful and at times entertaining ‘Met without Maths’. It will not
transform the amateur weather watcher into a skilled forecaster, but
it will increase his understanding and appreciation of a much-
maligned government service. And on the scm'cAof the forecasts on
the inevitable occasions when they go wrong. it is well to remember
that :

“The answer may well be that we, the public, get the forecasting

service we deserve, or arc willing to put up with or, in the Jong

run. are prepared to pay for. By maintaining the Mcteorological

Oflice on an annual budget of little more than the cost of a single

modern bomber, we are perhaps attempting to get our weather

service on the cheap.
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