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THE TWILIGHT OF
PARITY CONSERVATION

J.R.SINGER

EARLY this year Columbia University announced that experi-
ments performed in co-operation with the U.S. Bureau of Stan-
dards low-temperature laboratories left little doubt that parity
was not conserved — at least for three interesting nuclear re-
actions. What this may mean for physicists is an abandonment
of many years of theoretical description, and a reconsideration
of much of their work on nuclear theory. It is not easy to con-
vince scientists that a well-accepted principle is wrong, and in
the following article I shall try to describe the evidence that has
overwhelmed some of the older conceptions.

DEVELOPMENT OF QUANTUM THEORY

In 1949 Enrico Fermi said: “The concept of parity arises from
the fact that neither the Hamiltonian (the mathematical apera-
tion giving the energy of a system of particles) nor the energy of
an isolated system of particles (e.g., an atom or nucleus of an
atom) will change if we invert simultaneously through the origin
the co-ordinates of all the particles of the system.’

To Fermi and all physicists it was clear that space is isotropic,
and it made no difference whether we observed an atom from
the left side or the right side. Hence a change in position should
not alter the net energy.

Fermi, continuing, said: ‘Parity is a quantum-mechanical
concept, we do not know of any classical analogue.’

We must, therefore, adopt a modern or wave mechanical
description of particles rather than Newton’s physics if a de-
scription of parity is to be realistic. It is difficult to condense so
involved a subject, but an attempt follows.
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Quantum mechanics owes its origin mainly to Max Plapcﬁ
who in 1900 was forced to the conclusion that light is emitte
and absorbed in packets of energy called quanta. This was :
startling concept 10 contemporary physicists, yet they could fin
no way to circumvent Planck's quantum explanation of the Waz
that energy was distributed in the light waves given off by heat®
bodies. A few years later Albert Einstein showed that the photo-
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Fig. 1. Bohr mode! of the atom in which two electrons are

represented as forming energy conserving standing waves as
they revolve about the nucleus.
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electric effect was easily understood if light encrgy was con-
sidered 10 be carried by particles rather than waves. These par-
ticles are called photons or quanta of energy. At this point,
physicists began to believe in a discontinuous energy distribu.
tion, and developments gectrred rapidly. ;

In 1913 Niels Bohr devised an ingenious system of positive
charges surrounded by a planetary system of electrons to de-
scribe atomic siructure. Each of the electrons was permitted to
take a path around the nucleus comprising an integral number
of wavelengths. Since the electron would continue to establish
the same wave pattern, no energy would be radiated by the
‘standing wave'. A representation of this atomic model is given
in Figore 1. The implications of such a structure were advanced
further by Louis de Broglie who, in 1924, suggested that an
electron acts either entirely as a wave or entirely as a particle.
So radicat a thought might not have rapidly had wide accep-
tance, but at this time Davisson and Germer were experiment-
ing with electrons penetrating matter, and found that the elec-
trons provided the same sort of interference patterns as do
X-rays. Thus de Broglie’s speculation was accepted almost
immediately. But if electrons could act as waves, it should be
possible to describe their paths by a wave equation, and in 1926
Erwin Schrodinger derived such an equation. This description
of clectron motion replaced Behr's fixed paths far electrons en-
circting the atomic nucleus with a rather hazy set of conditions
associated with the Schriddinger equation. (See Figure 2 for this
atomic model.) The degree of “haziness', or uncertainty in the
electron paths swas explained by Werner Heisenberg, in 1927, by
his uncertainty principle. This principle states that an exact
measurement of the energy of a particle and an exact knowledge
of the simultaneous time are incompatible. Furthermore, the
more precisely the time is known, the less precisely the energy
at that time may be determined. In addition 1o the relationship
between time and energy, position and momentum also act as
interacting measurements: bath being non-determinate simui-
taneously. In practice, this indeterminancy or uncertainty is an
extremely small amount; 2 Mmicrameter measurement witl in no
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macroscopic world no one knows, but the effect of electron spin
is to provide a magnetic electron. The particles in the nucleus
are also magnetic; hence forces exist which depend upon
whether, relative to the rest of the atom, the electron is ‘up’ or
‘down’. The difference in energy between the up or down orien-
tation gives rise to a difference in the energy of light waves
emitted by the atom. Thus Uhlenbeck and Goudsmit justified
their spin hypothesis. Later, it was discovered that all particles
possess spins in integer multiples of the spin of an electron.

We have now reviewed the highlights of the quantum theory.
The real test of a scientific theory is agreement with experiment
~ even better, a theory is most successful if the outcome of an
unperformed experiment can be predicted successfully. Quan-
tum theory has done just that many times, because, in addition to
explaining the energy spectrum of light emitted from a heated
set of atoms, it has been used to predict the energy of particles
emitted from radioactive materials such as radium, plutonium,
and thorium.

In spite of the demonstrated success of the quantum theory
in the atomic field, it must also describe how billiard balls,
stones, and other large particles act with energies and constraint
forces imposed. This property, a description of the classical or
Newtonian particle as well as the atomic or sub-atomic particle,
is known as the correspondence principle. In both size domains,
atomic and polyatomic, certain measurable characteristics of
the system composed of the particle and the forces are invariant.
For example, both billiard balls and atoms satisfy the conserva-
tion of energy principle. For billiard balls, energy is given to the
table as the heat of friction, and to the air as sound vibrations,
but no energy is ever completely unaccounted for, though it may
no longer be useful. Where atoms are involved, energy of
motion is often given off in light particles, or even in a change
in mass. following Einstein’s relation stating that encrgy is pro-
portional to mass. but, even if invisible, all energy is conserved -
almost undetectable neutrinos carry off energy. Likewise,
momentum is conserved in both the macroscopic everyday
world and the tinv atomic world described by mathematics.
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CONSERVATION LAWS

In a nuclear reaction, certain conservation laws appear that
do not apply to large classical particles. This may be shown by
lei):;mmmg whgt .happens when a photon strikes an isotope of

lum, containing three protons and four neutrons in the
n;l;:'leus, and hence written Li". If the photon, whichisa quantum
?he lghtlenergy, has enough energy, an electron is driven out of

nucleus, and since the charge increases by one positive unit,
the lithium becomes beryllium as illustrated in Figure 3. This is

photon

Be'

Fig. 3. .
lgium' Iéehprescmanon of the transmutation of lithium into beryl-
cons.erv i{rge._energy. momentum, and spin are conserved. Parity
ation is not tested here, but there is no violation unless the

reaction h: . :
i n has a preferred orientation, which cannot casily be ascer-

an i
tranas‘r::;:fﬁ?;:e\:o?hy of a great alchemist. An element is
change, but the nteresting point here, however, is not the
ant? By carefu]conscwa“‘)n laws._ what has remained invari-
Momentum ne Cor:easurements,‘lt is found that energy and
what changed the elsewed' Ele.ctrfc charge is conserved — this is
tions of the incomi ement. Parity is conserved because the direc-
far as we know gg photon and the outgoing electron may, as
appears as a resu’l( f reverseq_ However, parity conservation
of the equivalence of any direction in space
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in the equations, rather than by the exhibition of any experi-
mental verification from this one experiment. One other con-
servation law might be observed; this is spin conservation.
Particles have either even spin or odd spin. The sum of the spins

_of the lithium and the photon is equal to the spins of the electron

and the beryllium.

BEHAVIOUR OF K PARTICLES

Many thousands of nuclear reactions can be demonstrated
which satisfy the five conservation laws, energy, momentum,
parity, charge, and spin; but in 1956 the attention of nuclear
physicists was directed to a recently discovered K particle,
which exhibited unusual behaviour. This particle, which is
called a meson (because its weight is less than a proton and more
than an electron), breaks down in the two ways shown in
Figure 4. Sometimes two smaller mesons, called » mesons, are

T
-n-+
T .

wt

T
TT +
Fig. 4. Two ways in which K particles decay. One particle (=) decays
into three = mesons; the other (8°) decays into two = mesons. These
were originally observed by means of bubble chambers and
photographic emulsions combined with the output of nuclear
accelerators.

the decay products, and sometimes three zs appear. Such be-
haviour does not conserve parity, which demands that the decay
process be unique.

In view of the fact that parity conservation is satisfied by
many other decay schemes, the first proposal advanced to ex-
p]air; two and three particle decay of K mesons was that two
tvpes of K particles exisied. 1f that were so, then parity would



14 Science News 46

be conserved, and the eXisting theoretical laws would then be

<orrect. However, no one wus able to detect the slightest differ-

ence between 5 K particle decaying into W0 = mesons and &
particle dccaying into three ~ mesons,

At that poin;, Professor Tsung Dao Lee, 4 professor of

Ceeded 10 oytline IWo experiments that would constitute a con-
clusive ey,

For one test, it was fiecessary that radioactive cobalt be per-
mitted 1o decay while 4 Powerful magnet aligned the magnetic
cobalt atoms ip one direction, The electrons given off by the
radioactive cobaj; Were to be Counted, and if moge particles
Came off in ope direction than another, this would violate the
conservation of parity law. Since this experiment had 10 be done
at a temperatyre of close to _ 273°C, Drs Ralph P. Hudson,
Ernest Ambler, Raymond Hayward, and Mr Dale Hoppes, all
Scientists jp the U.S, Bureau of Standards laboratories, co-
Operated in setting up the experimen;, They were also aided by
Professor C.8. Wy of Columbia Um’versity‘

S eXperimenta] arrangement js shown in Figure 5. The
Number of electropg per second given off by the radioactively
ecaying cobaly is always constant, Scintillation counters® sur-
roundgd the cobalt 5o that the relative number of electrons in a
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Fig. 5. Diagram of the experimental arrangement used to count the
electrons given off by a magnetically oriented radioactive cobalt

quently along that direction than in any other, T}}at i§, the elec-
trons preferentially have a path along the spin direction c?f the
decaying cobalt atoms. Before the results of this experiment
were reported, another group of experimenters completed a
different parity conservation test.



16 Science News 46

This second experimen
metry of the decay produ
man, Dr Richard Garwin
bia Universi&y looked at 1
that disintegrates nto
tion of the meg
obscrving

t 2iso required observation of asym-
ct. In this case, Professor Leon Leder-
»and Mr Marcel Weinrich of Colum-
he electrons given off by the = meson
194 wmeson and a neutrino. The orienta-
the ecl):c?fciﬁsrd?}xve 10 its motion was determined by
The experimental arr: fl\en o!‘f when lhg i mesons decayed.
tron generates » m Angement is shown in Figure 6. A cyclo-
mesons mll‘d\ " nesons which deeay into o mesons, The s

allide with a carbop olock where they come to rest. A

Soiend ¢

Kand g Mogs o, .
PR #ten,
from ryciotrnn e B T RN

Fig. 6. ;i 4
- 6. siand
magnctically. The elemrey. oo 0" PIOSK whers they are aligned
as a functio-; of fi:\ec{mns reselting from their decay are counted
the magnetic feld ¢ magnetic aligament which i propoitional 10
*¢ field (or current) in the solenoig
Mmagnetic field aij i
d aligns them since they have a magnetic moment.
xed direction as they
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would result in a different number of observed particles. It is
perhaps more startling if a spinning particle is considered as a
large ball. Suppose, now, thai this particle decays, emitting elec-
trons mostly in the upward direction. A mirror image of the
particle shows it rotating in the opposite direction, yet it still
emits electrons mostly upwards in the image as illustrated in
Figure 7. This implies that a mirror image observation is only
equivalent 1o a non-imaged situation when the spin or left to
right situation is not related to the top or bottom events. Since
three known experiments demonstrate that this is not so, the
principle of parity conservation does not satisfy all quantum
mechanical situations.

— ()

?‘
&

Fig. 7. A mirror image of a spinning particle emitting an electron in
a preferred directicn. Parity is not conserved because the image
view is not identical with the direct view. Although a spinning
magnetic particle would seem to provide the same lack of mirror
invariance. it does not. because the norih and south poles of a
maenet are arbitrary names, whereas particle emission determines

an absolute direction.
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v oy o sty end o mre comD
. » 11 1s a fascinating as ]
p pect of the team
in;;-}éoaqcsl:e::ments of modern physics. One of the most interest-
ing tk;e n‘:m:;eos ::(';v:\il.'remly proposed by Professor Yang is
nti-neutrino differ by t i ight-
g::??d screws an§ left-handed screws. Tth :': v:tllcl:ii;s:fgg‘e
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the l&iigfs??o Z: ‘é:s written, J. Friedman and V. L. Telegdi of
y icago have found that « me.sorlxs decay 10

p mesons with the axis of spi

e pin along the directi ion.

Th%s is another example of the non-c‘,nse:lr‘?chon of xpohon
he author would like to think Drs T Da“on orpty

R. Hudson, M. Lederman, and M Wein. - Lee, C. N. Yané,
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NEW APPROACHES
TO THE STUDY OF BACTERIA

D. M. ADAMS

BACTERIOLOGY is undergoing a transition. A vast literature
exists describing what bacteria do, but there is little that de-
scribes what they are, and how they function as autonomous
living beings. During recent vears, however, an increasing in-
terest has been taken by biochemists, chemists, and physicists
in the bacterial cell, and a fairly clear outline of its structure is
now emerging. It is the purpose of this article to describe briefly
present views on the structure of the bacterial cell, and to give
some idea of the methods being used in its elucidation.

STRUCTURAL FEATURES

Bacteria consist of a cytoplasmic membrane, which is semi-
permeable and contains the cytoplasm, nuclear apparatus, and
other cellular inclusions. These together forma unit, the proto-
plast, which can be separated from the cell wall and is capable
of an autonomous existence. Surrounding this membrane, and
probably secreted by it, is the cell wall, a structure of consider-
able rigidity which is responsible for maintaining the shape and
mechanical integrity of the cell under osmotic pressures that
may be as high as 20 atmospheres. Until recently the chemical
nature of the cell walls was unknown, although it bad been pos-
sible to make speculative guesses 0N the basis of, for example,
immunological reactions. There remains one more part of the
cel] to cescribel outside the cell wall proper there is often a slime
layer, or capsule, the thickness of which can usually be varied by
altering the composition of the growth medium. This part of the
cell, being the outermost, has important immunological re-
actions, and it may play other roles as well. Like the rest of the
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cell walt, however, the ¢a

tial part of the cell. Inde
out it.

To stud i
in situ by : :eeﬂ‘;:il?v:ls 15 s of the cell we must either study it
property, or else we me fOW 10 be specific for a certain type of
Both of these appro u;t take the cell apart and study the pieces.
may be separated faC es have paid dividends. The cell walls
s i o the protoplasts by mechanical dis-

integration. This is achi ou
ion. s ieved b i
suspension of cells with ve ¥ shaking a concentrated aqueous

washing and differentja] Small glass beads, followed by
pure. Alternatively, ul centrifugation until the preparation is
disintegration. It ¥, ultrasonic wayes may be used to bring about

: - It 1s customary o check the purity of nfe final

cI;Su::: does not appear to be an essen-
the cell can continue to exist with-

ith the enzyme, lyso-
» if suitably protected
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Electrophoretic studies

When a charged particle of colloidal dimensions is suspended
in a liquid between two charged electrodes, it moves towards the
electrode with a charge opposite to its own. Thus, bacteria with
an overall negative charge at physiological pH'’s, owing to the
ionization of carboxyl and phosphate groups on their surfaces,
move towards the positive electrode with a measurable mobility.
This is known as electrophoresis and it is especially valuable in
the study of bacteria because we know that by taking these
measurements we are observing a property of the outermost
layer of the cell, often a slime layer, which is the first layer met
by anything approaching the cell for absorption or ingestion.
Briefly the problem is this : given the mobility of the cell - which
is related to the surface charge — and its variation under certain
chosen conditions, how to determine the surface composition.

One approach that is often useful is to study the variation of
mobility with the pH of the suspending medium. This involves,
in effect, a titration of the surface groups. Figure 1 shows the
result of such experiments upon two different species of bacteria.
As the pH decreases and the suspension becomes more acid,
negative groups upon the surface of the cells are neutralized by
the hydrogen ion of the acid being added and the charge gradu-
ally reduced. If the charge can be reduced to zero and then re-
versed it is often an indication that positive groups are present
on the surface. which hence may contain some protein or other
constituent having basic groups. The results of this kind of work
on cells may be compared with similar work on non-living sur-
faces of biological substances such as oil droplets covered with
lipid or polysaccharide. But, although quite a number of these
so-called model surfaces are available for comparison, this
would still not constitute an infallible method, because there
may be some overlap between the behaviour of the various
classes. A more specific method has been developed recently,
however, which is based upon a fundamental property of the
ionic groups of the surface, namely, their polarizability. This

properiv is a measure of the ease with which the positive and
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ability of the negatively charged group on the cell. It is also
important which polarizability is the greater, that of water or
that of the ionized group. Consider now theions Li+, Na+, K+,

On the surface of these ions the fixation of a negatively

charged ionized group will be easiest in the case of the smallest
ion, Li*, and will be increasingly difficult for Na* and K+,
Now, if the ionized group is more polar than water, the polariza-
tion energy will be added to the Coulomb energy owing to
attraction of the opposite charges, and in this case the above
order of cations will not be disturbed; in fact the spread may
even be increased. The polarization energy for the smallest ion,
Li+, after it has lost some of its water of hydration will be
greater than for the others, and so, for an ionized group more
polarizable than water, the order of decreasing affinity is Lit,
Na+, K*. As these ions are gradually absorbed on to the cell
surface the charge will be decreased and there will come a point
at which it is zero. The concentration of any ion that causes
this to happen for a given surface is known as the ‘reversal of
charge concentration’. Since reversal concentrations can be con-
sidered as an inverse measure of cation affinity, we must expect
reversal concentrations to increase in the order Lit, Nat, K+,
This is the order found for phosphate colloids. When the
polarizability of the ionized group is less than that of water the
polarization energy will oppose the Coulomb energy, and thus
Li+ will be fixed with the greatest difficulty and the order of
affinity will be reversed.

Enough has now been said to show that by increasing the
number of cations used to six or eight, preferably having a com-
mon anion to eliminate anion effects, the nature of a colloid
surface may be decided with some accuracy. Usingthisapproach
the surface of Bacterium coli has been shown to be covered with
carboxyl groups which originate in a mucopolysaccharide, and
that of Mycobacterium phlei, an acid fast bacterium of the same

e causative agents of tuberculosis and leprosy, has
have a surface composed partly of a phosphatic
of protein. Figure 2 shows the reversal concen-
bacterium and their order is seen to be

class as th
been shown to
fat and partly
trations for this latter
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similar to that of the phosphate colloid, which is only one of
several phosphate colloids that have been characterized in this
way. The case of M. phlei also involved the use of the anion
effect. This acts in a manner similar to the reversal effects de-
scribed with cations. If a surface contains positive groups, the
mobilities in. say, M/100 NaCl and NaSCN will be different,
but if the surface is composed of polysaccharide, for example,
there will be little difference. In fact, there exist sequences of
reversal concentrations with alkaloids by which many proteins
may be distinguished, but nobody has yet tried to apply this to
the study of bacterial surfaces.

Many variations even within one strain of bacteria are re-
flected in the electrophoretic properties of the cell. As far back
as 1936 it was shown that the mobility of B. coli varied with
age, and this must indicate changing proportions in some com-
ponent of the surface. Furthermore, many bacteria exist in two
modifications known from the appearance of their colonies on
a solid medium as rough and smooth forms, and it was shown
that in B. coli these have different mobilities. And to add even
more interest to an already complex situation, it was recently
reported that strains of this same organism, B. coli, exist which
are sex incompatible and sex compatible and that they have
different surface properties as shown by their different affinities
for certain dves. Thus, it can be seen that the surface charge
upon a cell carries a great deal of information about several
aspects of cell structure and function and that, if these charges
can be interpreted, perhaps by the reversal of charge methods
as much as by any other, then we shall be able to learn much
about the outermost part of the living cell.

An interesting application of electrophoresis is the recent
study of the training of Aerobacter acrogenes to the drugs pro-

Fig. 2. Reversal of charge concentrations of some common cations
for (a) a phosphate colloid. (b a sulphate colloid, (¢) a carboxyl
colloid. (di M. phlei. The order of the reversal concentrations for
M. phici is seen to be similar to that of the phosphate colloid.
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flavine and crystal violet. When this bacterium—-and many other
types of bacteria for that matter - is grown in gradually increas-
ing concentrations of these drugs it survives and will eventually
live in concentrations that would originally have been lethal
to it. It is then said to be trained to this drug. This property is
transmissible to subsequent generations even in the absence of
Fhe drug and it is sometimes accompanied by marked changes
im surface properties. There is apparently more than one type
o.f drug resistance because, considering onlv training to crystal
violet, it is found that, depending upon the age of the parent
culture from which the trained strain is produced, three different
types of trained cell are borne. A young culture produces a so-
callgd type 4, which has exactly the same electrophoretic pro-
perties as the parent; an old culture produces a type C which has
vastly different surface properties; and a culture of intermediate

age, one w-ith'imermediate properties. This process will be men-
tioned again in the next section.

Infra-red studies

Almost all substances absorb radiation in the infra-red region
qf the spegtrum, and by virtue of the different molecular vibra-
tions possible in each molecule this is a highly characteristic
property of a substance. The infra-red spectra of many sub-
stances of biological origin such as nucleic acids, mucopoly-
sacchgrides, fats and so on have been recorded. It was therefore
a logical extension to take the spectra of bacteria. The first
recorded instances came from America, but the work was taken
up and put on a firm footing by workers in Great Britain, As a
result it is now possible to identify bacteria by means of their
infra-red spectra. Figure 3 shows the infra-red spectra of four
species of bacterium. It will be noticed that for the most part the
differences are small, but they are definite and what s more
important they are repeatable. Provided that 4 carefully stan-
dardized technique is used, these small differences and indeed
smaller ones, can be faithfully reproduced. A statistica]y method,
of comparison developed in Britain has been shown to be valid
So this puts the comparative study on a numerical basis ra‘thel:

PERCENTAGE ABSORPTION
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Fig. 3. Infra-red spectra of four different species of bacteria.
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than a visual one involving direct comparison of the relative
intensities of various peaks. By now spectra of some six or seven
hundred different bacteria have been recorded. and apart from a
very few closely related strains it is possible to distinguish be-
tween them all. This method is rapid and in time may to some
extent replace the time-honoured methods of the medical bac-
teriologist. Interesting though this is in itself, it is clear that by
virtue of the differences that mark them off from one another
these spectra contain much information that is of interest to the
cell biologist. Owing to the common structural features of each
of the component fractions (e.g., proteins) almost al} bacteria
show absorption at certain common frequencics, but variation
from spccies to species in the proportions of the components is
the main reason for the variety of outlines exhibited by bacterial
§pectra. Attempts to interpret these spectra are s(iil in their
infancy, but a certain amount of progress has been made by
using the following approach.

Comparison of the bacterial s
simple and complex substances
logical origin, gives some indicaty
absorption peaks. For example, t
found in the spectra of compo
units and are associated with vib
peaks marked B, ¢ are always f
But to confirm such indication
formation the chief method h
Suppose we extract the fat of
and leave the remainder of th
Spectrum of the cell residue w
tion of the residue has been co

pectra with spectra of both
» including materials of bio-
on of the origin of some of the
he peaks marked A are always
unds containing hydrocarbon
rations of the C—H bond; the
ound to be intense in proteins.
s and to get more accurate in-
as been of selective extraction.
a cell with a simple fat solvent
e cell intact. When we take the
e find that the spectral contribu-

o it resid considerably increased with respect
§ contribution to the original whole-cell spectrum. This is

because it is necessary to take a constant weight of sample for
each' Spectrum and we have thus magnified the contribution of
part qf the cell and made it easier to recognize, By using suitable
chemfcal treatments this can be done for most of the different
consmuer.us of the cell in turn. It will be noticed that here we
are studying the cell as a whole, but we can correct the results
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to some cxtent for the contribution of the cytoplasm and so use
it as a method for studying the cell wall. Analternative approach
is to prepare cell walls as described above and use them.

Al the moment it is not possible to give a complete interpreta-
tion of these spectra since even the spectrum of a protein cannot
yet be fully explained, but the above approach can be used to
provide a quick guide to the main components of the cell wall.
For example, in Micrococcus Iysodeikticus, which is a nasal
commensal, treatment to remove polysaccharides caused the
peak marked D to be considerably attenuated. Since there was
no nucleic acid in the cell walls, and very little fat, and the re-
mainder of the spectrum could to a large extent be explained by
the presence of protein, it was concluded that the cell wall con-
sisted of protein-polysaccharide mucilage. There was, of course,
further evidence, but this is the type of approach in use and
should give an indication of the information that can reason-
ably be expected from it.

A particularly interesting case is that of the training of A.
aerogenes to crystal violet, mentioned above. The untrained and
the type C strains had vastly different spectra although they bore
a parent-progeny relationship and would be expected to have
closely similar spectra. There had obviously been a profound
alteration in the cell composition, and a fat was eventually
isolated that had a spectrum containing all the unusual features
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Fig. 4. Infra-red specirum of Acrobacter acrogenes. type C, trained
:o erystal violet. This should be compared with that of the parent
strain in Fig. 3.
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in the s

cell resf:ie;ér:m oaf the type C cells. After removal of the fat the
effect of trainli)rf)ge t;eglt%havg a fairly normal spectrum, so the
the cells. Not onl hedrug had been 10 alter the fat content of
increased but the fzt i concentration of fat been vastly
the parent before tra-ns-elf was different from that produced by
cess are not yet und ning. The full details of this training pro-
since we have to ac:mood and the scheme is no doubt complex
interesting (o note thOunt for three different trained strains. It is
is identical with thar g FeCtrum of the type A trained strain
applications of inf; at of the untrained parent. There are other
lems, but space ra-}red spectroscopy to microbiological prob-
problems being ;r? udes their description here. Amongst the
bacterial s udied by this method are the germination of

pores, and further drug resistance phenomena.

Analytical Studies

Analysi :
Chemist}glsiso: ‘t,hle bacterial 'cell wall by the methods of bio-
the cell. 1 a pablc tool. in the study of the components of
: d‘:; Dh)f'sxcal techniques described above help with the
comgp Zsitt}i‘: arrl;angemen.t of the cell, and to some extent
present in th D, but to discover what amino-acids are
polyeacchsin, proteins of the cell, and what sugars form the
their ultimate uS, we must break down the parts of the cell into
down he varior:ts or molecules. The usual method is to break
dilute acid, and t}? péns’ say the cell wall, by hydrolysis with
Ttis com’mon y en identify the products chromatographically.
of two classes accnozlv}edge that all bacteria can be placed in one
in a procedure k ording to whether they retain or lose the stain
this reaction 1 \:3;% as the .Gram reaction. The mechanism of
it makes soems S‘l bunexplamed, but nevertheless the division
difference in como ea fundamental one. There is a marked
tive and G position betw.een the cell walls of Gram posi-
ram negative bacteria. The cell walls of Gram nega-

tive species contaj
in about ten times mo i
e A re fat and
glucosamine (an amino sugar) than do tho ram mositioe

cells, and their i
4 protein compone: ibi
range of amino nts exhibit

understan
with its

se of Gram positive

A < almost the complete
-acids found in proteins. On the other handp the
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cell walls of Gram positive species are found to contain much
less fat and have a protein moiety which contains only three or
four amino-acids, namely glutamic acid, alanine, either di-
aminopimelic acid or lysine, and sometimes glycine or serine.
The distribution of the sugars varies greatly between the species,
although glucosamine and another amino sugar, named mur-
amic acid, are always present. These results point to a ‘basal’
cell wall structure built up of the following organic molecules:
1 hexosamine component that contains glucosamine, muramic
acid, and sometimes galactosamine; a peptide component as
described; and usually 2 polysaccharide containing not more
than four sugar residues. This does not mean that the cell walls
of these bacteria contain only these components. It is thought
that this possible ‘basal’ structure of sugars, amino-sugars, and
peptides which is pictured as linked up in a highly complex and
unspecified manner, forms the basis upon which is attached the
antigenic part of the cell well. This latter part can be removed
by proteolytic digestion and may contain amino-acids differing
from those taking part in the ‘basal’ structure.

Gram negative species have not Leen investigated as inten-
sively as Gram positive ones, and owing to the much larger
number of constituents it may well take much longer to arrive
at a full understanding of them. The Gram staining reaction is
still unexplained, although it is apparent that the intact cell is
essential for the reaction because parts of the cells are uni-
formly Gram negative no matter what their origin. The walls of
Gram negative species, which may contain up to 25 per cent by
weight of fat, are known to contain lipoprotein granules similar
in size to those obtained by disintegration of the cytoplasmic
membrane of Gram positive cells. But it is not yet known
whether these granules are part of the cell wall proper, or
whether they are part of the cytoplasmic membrane enmeshed
in the cell wall. Under the electron microscope, walls from some
Gram negative cells show two lavers, the inner consisting of
spherical macromolecules, a state that has not so far been re-
ported amengst Gram positive species. It will be seen that since
the cell walls of Gram negative species contain a large lipo-
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. , there will be tWo contributions to the amino- '\

acid analysis, namely that from
any other proteinaceouy
‘basal’ structure found in G
present in Gram negative ce
recognition,

the lipoprotein and that from

ls but may be screened from

Kinetic studies

So far we have worked fro
lnwards: starting with the slj

§ component that may be there. Thus, the -
AM positive cells may well be
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many biological svstems. ‘It seems not unlikely that there are
after all no individual units endowed with mysterious powers,
but that the mystery. indeed the miracle, lies in the initial con-
junction of partial systems which minister to one another’s needs
in the appropriate wiuv.' Let us take an example from a very
simple case of this sort, that in which two substances X and Y
arc being formed. each at a rate determined by the catalytic
activity of the other so that
dX 'dt=\Y and dY dr=unX.

Neither X nor Y ualone would increase in an autocatalytic
manner, yet if we solve these equations we find that after a
period of adjustment the amounts are given by
X=X'er und Y= Yekt

where X7, Y are vatues at 7-:0. It can further be shown that even
when more complex interdependent svstems are postulated in-
volving several stuges and bifurcations, the final law governing
the formation of the various products is one of exponential
increase. These systems therefore appear to be autosynthetic.

Turning to the practical side of the problem. it is found that
there is much evidence to support this type of mutually depen-
dent reaction pattern. For example. it is well known that the
amount of nucleic acid in bacteria at any one time is related to
the rate of growth at th:t stage and that the equations

d (Proteind dt = X (Nucleic acid)

and .
i (Protein),

d (Nucleic acid) /dr
fit the observed quantities fairly closely. Selective disturbance
of the workings of the cell is possible by growing the cells in
the presence of drugs and chemicals that, for one reason or
another. block a certain reaction and cause some aprarent upset
of cell economy. Thix may manifest itself by the appearance of
an unduly long leg phuse. the phase that precedes the period of
active growth and division known as the logarithmic phase, or
the appearance of filamentous and deformed cells in the culture.
By means of these and other carefully designed experiments
evidence is slowly accumulating to show how the cell works,



34 Science News 46

how the cell wall is built up, how the cell prepares for division,
and the means whereby unusual metabolites are incorporated
into the synthetic scheme and fetha] drugs dealt with

Conclusion

There are so many types of bacteria, and their activities cover
suc.h an immense range, that it will be a long time before their
activities and properties are understood in any completencss
We are now beginning to understand how the cell js made U;;'
in what manner the various parts are arranged. and what func-y
tions they have. It is indeed only an outline, but
ning has been made and in filling in some of t
methods described above wijll probably pluy
They are not the only methods used totslud;'
but they are amongst the more valuable fr(;n
of understanding structuraj composition,

a good begin-
he details the
an important part.
bacterial problems
1 the point of view
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MINERAL DRESSING

E.J.PRYOR

IN 1952 ihe University of London instiluted a three-year course
leading 10 a B.Sc in ‘mineral dressing’. Other countries are now
doing something similar but the demand for scientists trained
for this important work is far from met. The purpose of this
article therefore is to expluin what the term ‘mineral dressing’
means - to explain how it fits into the pattern of modern techno-
logy.

The minerals that justify mining and working up into metals
or other busic materials in industrial use, are mostly found in the
form of low-grade ore deposits. In the past the rich ores were
often spectacular, with easily visible crystals or nuggets set in
lodes, lenses, or other deposits from which they were easily
separated by a few manipulations based on crushing and the use
of gravity. Today the ores mined are usually very low in assay
grade, and the valuable mineral is often disseminated through
the barren portion of the lode. or vein, in the form of specks so
small that thev are hard to see without a microscope. To smelt
the whole of such run-of-mine ore in order to extract its one or
two per cent of tin. copper, or other metal would be an expensive
and wasteful business. The first stage in extraction metallurgy is
thercfore to remove as much of the valueless rock as cheaply as
may be, in order that the retained fraction can be treated econ-
omically by more costly methods. This upgrading is the work
done by: the mincral dresser. who takes the ore as it comes from
underground, liberates the valuable specks from their matrix
and then sorts out these specks. In this operation, methods are
used that employ many of the resources of physics and chemis-
try, in operations at least as involved as those used in chemical
engincering.

One big difference between mineral dressing and a chemical



36 Science News 46

process is that the raw materials in minceral dressing are stony
and almost inert. Another is that in most of the processes used
the physical structure of the ground particles — whether valuable
concentrate or barren tailings — remains unaltered, save for
minute changes induced by treatment with surfuce-active agents.

The work done in the mill is not contined to the needs of
metallurgy. The phosphates used by the furmer, special cements,
abrasive garnets, urunium for atomic piles, asbestos for car
brakes, tale for face powder, china cluy for fine ceramics, low-
ash coal, diamonds, fluorspar - all these are among the grist
ground from the huge tonnages of rock treated every day by one
or other process.

Treatment starts as near the mine us the lie of the country
permits. The first stage is the liberation of the valuable con-
stituents. The big lumps of rock from the mine go through
crushers to bring them down by slages to a diameter of an inch
or less. Since modern mining is heavily mechanized, waste rock
is almost always mixed with the true ore sent to the mill, but
during this dry-crushing it is ofen possible to remove some of it.
Wherever the colour or lustre of the ore is sufficiently marked to
be readily observed as the coarse run-of-mine rock moves along
the conveyor belts on which it is displayed, hand-sorting is still
used. If ore is radio-uctive, a Geiger Muller counter can take
over, each piece of rudioactive ore signalling its presence uand so
causing an automatic deflector to remove it from the passing
stream. If the waste has a density of, say,2-7103:0,and the value-
bearing ore is 3-1 or more, these lumps can be separated at this
carly stage by the dense-media process. In this, the ore and waste
are fed into slurry of ferro-silicon and water maintained at
a splitting density of 3-05. The heavier picces sink and the light
ones float 10 their separate discharge gates, thus leaving Jess of
the original tonnage to go on to further treatment.

After this preliminary sorting and crushing the ore is mixed
with water and runs the gauntiet through horizontal evlinders
half filled with steel rods or balls, which churn and b;n".cr il to
a fine pulp. The process is continuous and accurately controlled,
its object being 1o free each valuable speck of mineral fairly
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completely, and to end the grinding process just as soon as this
has been achieved. Some of the physical and chemical processes
used in the subsequent stages of treatment are very delicate, and
will not work properly if the particies are S0 big as to have a
fast settling rate in water. 1t is a measure of the uccuracy pgs-
sible in mineral dressing that even particles only 2 or 3«'f in dia-
meter can be successfully separated if their value justifies the
cost, even when hundreds of tons are treated every hour at these
microscopic particle sizes.

The mSthopds of mineral dressing most in use bcforg World
War I were limited to gravitation in pulsing or streaming cur-
rents of water (jigeing, sluicing. and rabling), the use of magnets
on ferro-magnetic orés. and such hydro—mctallurgicul processes
as the cyanidation of gold and the leaching of copper.

A particle drifting down through still water re:ichgs a ter.-
minal speed in accordance with the force of gravity acting on.lt
and of the retarding effect of the laminar flow of water past its
rubbing surface. If the particle is big, and one of a Crowdefi
layer, it can be tossed up and down by violent pulsation till it
stratifies according to muss and shape, and the strata can be
separated continuously. This 18 the process of jigging. In mbl.ing,
used for fine sands. the crushed ore is rolled downstrc.:un in a
nearly horizontal device to which skidding recipro.catlo.ns are
applied to produce a separating effect. If the particle is very
small its mass-effect can be increased by the use of centrifugal
force in the separating machine. .

The overwhelmingly important process in use today is based
on differences in the surface tensions of the various minerals
liberated when a Jump of ore is ground to the fineness of ﬁO},lI‘.
The development of this powerful technique has' b%‘en swift,
with practice often ahead of our knowledge of prmcnplcé. The
process depends on a difference between the Surfz.xcc 1ensnpn of
one mineral in the pulp and that of all the other Kinds. This ten-
sion is developed so as to render the surface of one min?ral
species aerophilic (air-loving) while the rest remain swimming.
Air is then mixed with the pulp. The aerophilic particles attach
themselves to air bubbles and rise to form a froth which can be
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removed with its valuable load w
away down the tajlin
sticking to the air-bub
that their grav
grip of the air.

Now let us consider a
the object is to sepurate
rite (zinc sulphide)

hile the unwanted ones swim
gs race. The particles floated (as those
bles are described) must not be so heav'y
ity-pull can overcome the holding effect of their

typical differential flotation, in which
first galena (lead sulphide), next sphale-
» and finally pyrite (iron sulphide) from the
ore, leaving only a barren siliceous tailing. First the pH is
adjusted to an alkalinity of between pH 8 and 9, using, iﬂ_fhc
grinding mill, sodium carbonate, with perhaps a little Soqlum
silicate, and a trace of cyanide to ‘kill’ any random metal ions.
The silicate is a ‘dispersing agent’ added to keep the ne\yly
sheared surface of the particles free from slime, which othefv_mc'
could mask these surfaces and make any further ‘conditioning
impossible. This ‘conditioning’ is a process in which m}?eﬂ‘m
differences between the surface reactions of the various mmcrafl
species are developed. A very small quantity of collecting chemi-
cal (usually potassium cthyl xanthate) is Sil”efi mn. “$ molecules
are altracted to the positively charged lattice points of.lhe
ground sulphide minerals, which, being newly sheared, are in a
highly reactive state. ‘

When a crystal structure is broken, the atoms forming the new
surface are partially reft from lhe_ c?lher atoms around them. A
crystal structure is a regular repetition of a system of bonds be-
tween its component atoms, arranged to salisfy the energetics of
the closed system at the lowest level of excitement. The effect of
a sudden break is to leave the surface atoms unbalanced and
electrically charged at the sites where these atoms are built into
the crystal — the lattice sites. In minera] grinding this excited
surface, with its positively and negatively charged lattice points,
is suddenly formed in the aqueous pulp. At this moment, if the
mineral dresser has done his job correctly, a molecule of
xanthate swims up from the water surrounding the particle,
sheds its potassium jon and hooks on to a positively charged
lattice point by means of its now negatively charged group.
while the ethy! alcohol, which forms the rest of the xanthaie

[ 9
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. : n. That
molecule, waves above the scene like an anchored bsilxi(t)ostate o
is the picture we have of the proccss at our pre
research. . rocess
If indiscriminate coupling of this sort took Plvalcse(’étieptrace&
would fail, so it is necessary to add other chemica Iphate is used
of the order of 0-1 Ib/ton of ore, or less)j Zine sulp r zeta zone
to produce a common-ion loading of the lr;;;rr;e):xa'xsierlginactive 50
. hi /rite usua :
round sphalerite, while the pyri . , ili d
10;,”] :she{hg ;H exceeds 6. The silica attracts sxhca}:eit:ﬁe
[* - 0
h\'dgroxvl groups, and retains a hydrated surface throug
lreatment. . aerophilic
At this stage the galena particles havﬁ bejc"g?;ulp ispnow
while all the other minerals are hydrophmg'fa trace of cresylic
subjected to intense aeration in the presence by air bubbles and
acid or of a terpene. The galena s picked u};: Z it becomes part
floats to the surface of the aerating tank w derb the terpene to
of a mineralized froth, sufficiently Stabl]lzcd yich concentrate
be skimmed off before bubbles explOdcrd"m ar
of minute particles of galena ;:s ;en:(i‘l’;";r;t line of flotation cells
i r
Next comes the sphalerite. Fron . - ulp flows
- th:‘l‘mks in which the aeration is carrlcd,ou}t] lt::i anpraised
to anoiher‘ conditioning treatme;n. TherpSHu]:;;“ZCis dded o the
— coppe ‘ o
. so with lime. A trace 0 . is gives time for
tp‘;?ps :zl?ch is stirred for several mmutesa'[(;hxsoiziltvzsn i
S ) us phase and depos ) i
s to leave the aqueo ; : s. This
‘C':)!It)izc’r ](:)?ms at the surface of the SPhaler"cP,thC;:eo differ-
:;lm(s:x gndclcctuhle surface change make? pmc]“;‘?dg but from
ence to the essential composition of the zinc sulphi 'k 15 zine
now o the éépper envelope ensures that, so to spea ‘1hate .
o o ¢ delivered at the correct address. More qur; e
contents ﬂ(ri the pulp goes forward to ano%her row of flotation
ad‘;ic?‘. an which a new mineralized froth is removed, this time
ceils from E .
. : sul hlde. X . .
ofhngh-g.rgde Zflrnocm ﬂl"egc cells is now adjusted with sulpl?t{rlc
The tal\‘l_f;g £5 or 6 and again ‘floated’ after a further addition
a;‘d m(; p::: ?Fh-is time the pyrite rises in the froth and the now
of xanthate. S Y
valueless silica is run to waste.
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This is but one of the many tre
time in thousands of mills d
the course of the work, ori
toughness of the ore, in ch
rainfall varies seasonally
tion, and other ¢
have a smooth
autom

atments going on at the present
ay and night. Many variables affect
ginating from slight changes in the
anges of purity in the local water as
and atfects the salts carried in solu-
auses, Since it is important (o any flowline 10
rate of travel through ¢
ation is used wherever possible to
While the ore is st lumpy,
along the transporting, crush
dealt with promptly,
pile up and dam
scan such lines

ach processing stage,
operate the controls.
any power failure or breakdown
ing, and screening lines must be
otherwise hundreds of tons of rock may
age the system. Closed-circuit television cameras
»and photo-electric cells warn the operator when
a conveyor belt is running empty or g holding tank is too full.
At key points the PH of the pulp is checked and recorded, and
electrically operated valves adjust the entry of water and
chemicals in accordance with changes in the composition o'f 1].10
pulp $o us to maintain a correct ratio between solid and liquid
at the desired alkalinity,

The scientists who make the original tests and pilot-scale runs
on a given ore have a fascinating job. AJ] rescarch work con-
tains elements of detection, but as 4 rule they are watered down
by a monotony of measuring, weighing
lines. There is more of the thrill of
mineral dressing research waorker,
apparatus is considered. He need
micron or less

and titrating on 1edious
a4 good ‘whodunit' for the
a5 i appurent when his
S microscopes that godowntoa
. and micro-analytical apparatus to pick out a
minute grain and analyse it in 3 laboratory which. though com-
prehensive, waould pack into his brief-case. He must often use
apparatus for taking powder X-ray pictures, for spectrography
{emission and sorption) und for nterpreting results vielded by
this kind of probing. Then there are elutriating devices which
will sort out particles in liquids or air down to a few microns
in diameter. The size variable brought under control, the possi-
bilities of separation are checked interms of density

differences. From this work emerges
treatment,

and surface
A promising method of
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Next comes the pilot plant, in which the IZO]::(fjif;)erdbS;ﬁ]
lests ure run together in coniinuous form, ant.ca] e o
a steudy treatment is possible. It must be irarciglked. i the e,
tive u process may give too much trouble to cAr.ld o by Iogical
however prettilv it works in the labom.tory. e
Sleps we go to the stuge where the engmeerf r;_“‘duy ey
ton-an-hour pilot plunt expands to a 50()0 c:q]]erons e i
end-product may be copper for clc.clrxc:xl ms”;c ;}mad,ium o
bium in the special alloy of a plane’s jets. or Mi;]cml dressing
in the stub-uxle that makes a car safer tq stefzr. ! e e
is an essential step in bringing most mmcmls to duée e o
Mmen, whether in the novel use ofiur:\mumito prtoo[ e e
power or the ancient one of getting the tin ou

Nine. o
! %elese examples show the wide range of prolfalchnmql:rcvmllge‘fhe
dresser has to solve. and they are only r:)ﬂ_rt 0. the w i'v'en b
university course where specialized training 1,81 nof Cghcmi,stry’
undcrnru'du:nc 1s first trained 'fll'ntlzlrllcnl"{s ?0 e
Dh\'sic-f;. and geology. He then spccmlfzcs in n11gros%n1;);&;};ere >
Chc:miszr\', n;ctailurg,\', and engi.ncfcrm.g to the p(;xcl uhers he
can rcco'qni;,c through his spc"cmllztmon’tthe pilnd g!;a”ycon-
science, i;wpecl them in action in the Ia‘lbo}:'a o]r[:/r;;ng matly con-
trol them on the large scale cu‘.lcdv for 1;1 t crrlthc ne of oretreat
ment plant. His job may take him al och the world. Tt com-
bines several «ciences sq ;hl;?rcc;‘:l\,;e‘,r zi‘:;c,;icnccy h;; reapomeh

S¢S Intercs ‘hen, with 1 x g o ) ’
L‘:;;:Lini::\:‘ \\;l;’cn perhaps, is the ’most rew;:;':mf lfz:éu\iitﬁf
this c;xr;er is that those who f011.0w it are”meee itSg Sm;]dnrds b
out which civilization could ncn}her a}.i\'anc s standards of
vi e aintain them. since witirout the W ol
vine nor C\m' ]m“zlrc earths. and other refined .mmeml pro-
. S mCI»!; T‘ industries. man would find it even more
d}lL:IS‘. o the Q;eL alarming rise in the birth-ratc which has
i Meult :(;\. ,I:c;[.if:e i;{ many lands, let alone push back the waste
1‘1;‘;}“1?”‘(; x:mc the barren places for his use.
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THE ORBIT OF A SATELLITE

W. C. VAUGHAN

17 requites little imagination to recognize in the American and
Russian projects for Jaunching earth satellites during the Inter-
national Geophysical Year enterprises that may be as epoch-
making as any in man’s history. Success in these ventures at
once poses new challenges to the ingenuity of the engineer. Not
the Jeast of these. because it is generally regarded as offering the
most promising means for ultimate escape from the vicinity of
the earth, is the possibility of modifying the orbit of the satellite.
Much has already been written on the subject of earth satellites,
but currént literature has tended 1o fall into two distinet cate-
gories. The first of these js intended for readers whao have a
good grasp of the essentials of celestial mechanics: the second,
descriptive and often highly imaginative. makes little demand
either on the reader’s acquaintance with the laws of motion, or
on any ability to use such wnowledge of elementary mechanics
as he may po'ssess. There must be many, however, who although
they desire a more exact understanding of this fascinating sub-
ject have been led to believe this 1o be beyond their attainment.
Textbooks on mechanics do not usually make very attractive
rexding, and they are not infrequently exasperating when, in
their treatment of planetary motion, they refer the reader to
other works for some proposition associnted with the geometry
of conic sections, of to justify some step in calculus, Ttis, indeed,
not generally realized that o very clear appreciation of the main
principles of the subject can be obtained {rom a rudimentary
knowledge of Newton's Laws, backed by very modest mathe-
matical ability. The purpose of this article is to show how this
<an be gchieved.

Ciretilar OQrbits
1t is well known that any body fatling frecly towards the carth
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doF\‘ so.wilh an acceleration inversejyv pirc
of its distance from the centre of the carth. This acceleration is,
of course, the manifestation of the gravitational attraction be-
lween‘ the body and the ecarth, and it is directed towards the
ea_rth s centre. Near the surfuce of the carth, i.e.. at about 4,000
miles frpm the centre, a falling body which is negligibly impeded
by motion through the atmosphere gains vclol*ilv at a rate of
fibou! 32 feet per second in each second of fall. Thi’s acceleration
1S usually denoted by the symbol g. For calculations on a celes-
f“‘l SF“le it is preferable to quote this as the gain in velocity
‘f:/m“t‘s per second in each second; ¢ then has a value of
32/5280 or 0-00606 miles per second per second. At a distance
Of. say, r miles from the centre of the carth. a freely falling body
will have an acceleration of
a—0-00606 » (4.000)*/ r*
=97.000/r* miles per second per second.
A(fcorcling to the first of Newton's Laws of Motion, a body
moving in a straight line through space will continue to do so
with unchanging velocity unless it is influenced by an external
force. If it is to be made to move in a circle with constant
velocity, then it must continuously experience a constant attrac-
tive force directed towards the centre O of the circle, N
constant force produces a constant acceleration in {he
of the force. Tt is fairly easy to show that 1o Mmaintain
velocity v in a circle of radius r, the body must suﬂ'cr‘
tion v*/r towards O.
Let us combine the information contained in
ing p.aragmphs. A satellite circling the carth wi
velocity v miles per second at 4 constant 1" Ane Wi ~C0mmm
the earth’s centre O experiences n .o s o ANCE 7 miles from
periences an acceleration ¢/ p tles per
se:conq per sccond towards 0. An acceleration | L cs.pc
direction equal to 97 00¢ miles per sec ration in the r;qmrcd
ccond per second is, how-

ever, provided by gravitay;
er, pr aviational attracy s will suth
maintain the satellite in jig orbit if o il sutee o

portional to the square

Ow 4
direction
a constant
an accelera-

the two preced-

vl 97000

roor
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that is, if the orbital velocity is
v=311"r miles per second.

Here. then, we have a simple relation from which it is possible
to calculate. in terms of its hieight above the earth, the orbital
velocity of anv sateilite that moves in a circular path about the
earth. Thus. for example, a satellite circling at, say, 900 miles
above the earth is moving in an orbit of radius 4,900 miles. To
maintain its path, it must have an orbital velocity of 311/70 or
roughly 4 miles per second.

It is also an exsy maiter to calculate the time required to com-
plete one circuit of the earth. The circumference of the orbit
is 2= miles and the orbital velocity is 311/ 4/ miles per second.
The time T to complete one circuit, known as the period of the
satellite. is therefore given by the relation

T=2zrx vr/311
=002 x v/ r* seconds.
For a satellite orbiting at 900 miles above the earth’s surface, the
periodic time is therefore about 6,900 seconds, or 115 minutes.
Figure 1 shows the orbital velocities and periodic times for
satellites in circular orbits for heights up to 1,500 miles. The
foreeoing calculations assume, of course. motion in an atmo-
Sph(;rc 5(; tenuous as 1o have no appreciable effect. Atmospheric
drag would tend 1o slow down the satellite and reduce its energy
of l;]OIiOn. This would lead to shrinkage of the orbit, the fall
towards the earth restoring some of the lost cnergy of motion.
Approach towards the carth would, however. bring the satellite
into a denser atmosphere: the drag would increase and the orbit

would continue to shrink.

Modification of the Orbit

It is evident that in order to launch a satellite into a circular
orbit of given radius r. two very exacting conditions must be
S:xtisﬁcd.:l he velocity of the satellite must be 311/ v r miles per
second. and this must be ina direction exactly at right angles to
the line from the satellite to the earth’s centre. If either of these
conditions is not meat. the intended course will not be followed.
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Fig. 1, Orbitar velocity und periog of a satellite i,
This figure W3y als0 be used for satellites jpn Hiptical Orbits, if the
horizontal seale represents the perigee distance e keft-hand ver-
tical scale multiplied py VI Bives the Perigee velocity; the
righbha.nd Yertieal seajo divideg by yeg- € pives the period. If
the honznpt:%l seale represeny, the apogee distanee, the left-hand
Scale multiplicd by (g b gives the APosee velocity; the right-
hand seale divideg by Wiy [y gives the periogd

A Cnlar prpip,

Conwrsciy, if Suceessiugfy placed in he required orbit, any
f;ubsequem Modification of the Veiocily of 1he sutellite will cause
1 to depary from jig origing] path, In general, the new orhiy will
not be a cirele. Ta g PPreciate the SORSeqtiences of such an alters-
ttan in velocity, fe Us consider , barticylar case. g4 will he seen
from Figure § that 5 sateflite ¢ CONStant height of L0000 miles
above (he earth, ie. i 4 Cireular orbir of radius 5,000 miles,
will have an orbijry] velacity of about 4.4 Miles per second. Sup-
BOse that i Some way it can be given 4q additional outward

ve!acity Of 0-8 miles per Second as indigyreq in Figure 2. What
then wijj be jtg subsequen: path?
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Fig. o Bisplacement of a sorellite fm{n a ;';5; g?gi;rsb;ii;lh ‘an bt
| Pesplacen it of radius 5, s With ;
ongmally in a circylar orbi L ed by giving it an addi-
veiicm' of 44 miles per second, ;9 dhp}aczgn? Igt“:viﬁ commence
) M elocity of 08 miles per se ' -

ard velocity of 0 ‘ v -5 miles per

::)Ofiifcui‘»: [;3!3 dirzction PP, with a velocity of 45 miles p

second,

i f informa-
' e shall employ a piece o }
To solve this problem we s ala] anics
tion ergv:d fro§1 the well-known faw of %elem?l”;r;:i?:xgsl‘"y
which was first propounded by Kepler e; ﬂyz;zn t:z:io,n of a cen-
. . 1y moves under the )
This states that when a bedy m ' L
tra;gfl:c: te, a force directed nlways toiwa;d; rgeﬁl:;(:hgo;ige
N in equal intervals of
qual areas are swept out in eqt - a body. pro-
ffom the body to the fived point, A sutellite is ?;“}Ch Jﬁbgciyo’sg to
vided that jt is outside the atmosphere, y(ft " Zflg :nv other
the earth for it o be regarded as “’;‘“ﬂ‘“;”fge fixed point
. is. it such cases, > .
body. The centre of the earth is. in ¢ : drve
St;ppoge that the path of the body is rf;prexep‘tedkby :th:;azi
shown in Figure 3, and that the same time 7 is taken
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Fig. 3. Keple

r's second law. A satellite moving inany orbijt under the
influence of

a force directed towards O does so in such a way that
the line from it to O swecps out equal areas in cqual times, If the
time taken to trave] from P, 10 P, is the sume as that taken to travel
from P, to P, then the sectors OP, P.and OP, P, have equal areas,
This means that the distance OP, muliiplied by the velocity in the
direction MP, must equal the distance OP, muitiplied by the
velocity in the direction NP,.

from P, to P as from P, to P,. If O is the centre of attrs
then according to Kepler's Law, the sectors OP, P, and
have equal areas. If we make the time intery
short, then the areas SWeEpL out are triangles.
$OP, x P.M and 10OP, x P N respectively, w
pendicular to OP,, and PN is perpendicy]
is the distance travelled by the satellite in
tion at right angles to Op,, If therefore v,
orbital velocity in the dire
Similarly p,n

1ction,
or.p,
al ¢ sufliciently
Their areas are
here poA1 g per-
arto OP,. Now P,.M
the time 7 ip 4 direc-
' is its component of
ction at right anglesto Op,, PAf v 1,
TV, where v, g the component of orbial
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velocity at right angles to OP,. If OP, is a distance r, and OP,
a distance r., the law of equal areas becomes

) Lrovit=13r.v.t.
Thislexds to the important concluston,

R i locity of

It follows accordingly that, in any given oijlt,'ll-]e've by o
the body measured at right angles' to the lm;: Jo;r;:g’rhis isa,
multiphéd by its distance from Q, is alyvays.t elshe o.rbit b
fact of purticular significance in delineating
satellite. ' )

The second important principle that we Shdf“(;pfii/elll?t;l::
problem we are examining is that the vglocx'ty 01 erbit fe ot
any instant after displacement fron_1 its cmiqu ar lcc))Cil = ihe
res-u]tunt of its original orbital velocity and»:ioenv; (Fi);ure >
rouht about the displacement I‘n (he pos d "nlri ht anales,
the satellite has a velocity of 44 mxles per sec80n .](es gér Scc;nd
to OP, (its original orbital velocity), unc.i 0 lem ”;])c heoone
outwards ulonﬂ. OP, (the displacing velocity). bTO[ 5 mjl‘es ber
it will be seen ;}litl these have a resultant‘of a c1>1u Vo miles per
second directed along P,P,’. The satellite wlxl c.n ot
move in this direction. but is prevented from following
li / attraction towards O. A '

nSe‘ub;;\p?scc that after a certnin'u’me the satcllt;tefollzs irlzanc]l:)et(ijo:
point corresponding to P_ in Figure 4(a). As ef e g hon
at this instant s the resultant of a \‘/clocu){)‘sl . ) per
second at right angles to OP, (the f)ngmfﬂ or' ita 'vc oo 3/0, o
a velocity o} 0-8 miles per seconq na dlrecnont};]j;r;le;“’lm t(;
(the displacing velocity). The diagram shows the s o
be a velocitv of about 3-8 mllc§ per secon l[‘;C o 2o
P.P/. We therefore know the Orblml.VdOClIy a’nd the f1rec 1(31
of l’;lorion at this instant. To determine hoxy fa.r P. is .ror?' ,
we need to know the velocity of the satgl]xtc 1n.the le’CLII;)]n
at right aneles to OP.. This also can be easily obtzu.ned from t e
1\\'o‘comn~oncnts which cor?tnbuTc to thg o'rbna]' velocity.
Figure 4(b) shows that the displacing ve]o.my is equ,_va]em to
0<';mi]es per second at right angles to OP, in a clockwise direc-
tion, and O-4 miles per second out ulong OP_. The resultant
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Fig. 4. Displacement from a circular orbit. (a) At P,, the satellite
has the same components of velocity as it had at P namely, a
velocity of 4-4 miles per second perpendicular to the line from it
to O, and the displacing velocity of 0-8 miles per second n
tion parallel to OP,. The satellite will therefore move
direction P,P,’ with a velocity of 3-8 miles per second.
Kepler's Second Law, we require the velocity
OP,. The displacing velocity is equivalent to (-
at right angles to OP,, and 0-4 milcs per seco
resultant velocity of the satelljte
3-7 miles per second.

a diree-
in the
(b) Ta apply
at right angles to
7 miles per second
. nd along OP,. The
at right angles to OP, is therefore
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velocity at right angles to OP, in a counter-clockwise direction
is thus (4-4-0-7) or 3-7 miles per second. According to Kepler's
Law, this multiplied by the distance OP, must equal thf: corre-
sponding product at Py, L€, 3-7 x OP, =44 x OP,. OP, 1s, hpw-
ever, known to be 5,000 miles, so that OP. must be 5,946 ml_les.

If this process is repeated, the positionsofany numberof pom’ts
on the orbit can be found. and it quickly becomes evxdept that
the latter is un ellipse. Of particular interest are the points Ps
and Pp in the diagram of the orbit in Figure 5. The.se.: are.know'n
respectively as the apogee and perigee of the orblt’hthelr'pf):li
tions are particularly easy to locate. At apogee, the origina

\
%{n y \
>, [5'2\»11/.1
3
1
(A |
P»l
/
36 !
mlls /
. / ORIGINAL
NEW / ORBIT
ORBIT s 44 s

Fie. 5. The shape and dimensions .()f the new ’o,~hi{. 1_\t zlpggfct?’,\,

the displacing velocity of 03 I]’:II?S per s'c:f:onf}‘ IS;”T af 4!;& ‘110’n
exactly opposite to that of thc.on‘g:nul or‘bn‘xl’;\.c m.x‘t‘) 0.‘ ml BS
per second. The apogee velocity 18 therefore ! (: pn us‘ p\,r segpn
At perigee Py these two velocity components are n the same . 1r§c
tion. Thus the perigee veiocity B 5:2 miles pet .se.cond. -N\o} e
at both apogec and perigee the orbital ‘vc]ocny Is in a direction at
right angles to the line from the satellite to the centre of attric-

tion O.
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orbital velocity and the displacing velocity are in exactly oppo:
site directions, so that the orbital velocity at this point I
(44— 0-8) or 3-6 miles per second. This is clearly at right angles
to OPy so that 3-6 + OPy 44> OP,. The apogee distance OPa
is therefore (44 x 5.000). 36 or 6.111 miles. Similarly at perigee,
the orbital velocity is (44 1 0-8) or 52 miles per second in a
direction at right angles to OPp. The perigee distance OPp i8S
therefore (44 5,000), 5-2 or 4.23] miles.

The distance between Py and Pe, the major axis of the orbit,
is 10,342 miles. The minor axis is the width of the orbit measured
at right angles to PPy at its mid-point. This, from Figure §, is
10,180 miles. The area of the ellipse is

Mmajor axis  minor axis

A=ax e
2 2

In this problem, therefore,

10,342 10,180
A=mx e~ 82 680,000 square miles.
2 2

We require this result in order to calculate the time taken for
one circuit of the orbit. At apogee, as we have seen, the satellite
travels a distance of 3-6 miles in one second in a direction at
right angles to OP.. The area swept out in one second by OP,
is therefore a triangle of base 36 miles and heighy 6,111 miles,
i.e., about 11,000 square miles. According 1o Kepler's Law it will
continue to sweep out area at this rae throughout the orbit.
Thus the time necessary to complete one Trevolution must be
82,680,000
11000 seconds,
This gives a peri()d of abqut 125 minutes, In this time the satellite
recedes to a distance of just over 2,11 miles f arth"
T o ance of ju = S Irom the earth's
\ p €5 10 within aboyy 230 miles,

Elliptical Orbits

An ellipse is the path traced
B out by
that the sum of i dist o
always the same, A kn

N 4 point which moves so0

O‘HICC'S from two fixed points ¢ and O is
W i as .

tuge of the majn dimensional features
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of this figure will enable us to translate the analysis of the par
ticular problem we have just considered into more gen?ra
terms. Figure 6 shows an ellipse having a major axis 44’ o

Fig. 6. The gcometry of the ellipse.

Major axis A4 =2a
Minor axis BB’ =2b
co
“ccentricity e =——
Ecce A

OB=a
CB=b=ay(1- ¢
Area =rab
=za*V(l—e?)
(1+e)

Apogee distance OA' = ~ perigee distance O A4

(1—e¢)



54 Science News 46

length 2q, and a minor axis BB’ of length 2b. The ratio CO/C{‘t
is termed the eccentricity e. From the definition of the figure, !
follows that OB must be equal to CA. The main dimensions 0

the ellipse are now evident. 0

A satellite experiencing gravitational attraction tow'z{rdS.

will, as has been shown, require a velocity v,—311/ ~/r,: miles
per sccond at right angles to OP if it is to maintain a c1rcula(;‘
orbit of radius r, miles. If it is displuced by giving it an outwar

velocity v, along the direction OP, we may expect it to ,tuk_e up
an clliptical orbit. Eventually it will arrive at apogee A4 wnh_ﬁ
velocity (v, — v,) at right angles to OA’. Later it will reach peri-
gee at 4 with a velocity (v, -+ v.), again at right angles to OAi
According to Kepler's Law (v, - vs) x OA4” must equal (v, +Vd

x OA. 0OA" v,+vy 1svalv, -

0A . Vo— Va L —va/v,

Figure 6 shows, however, that 04’/ OA is equat (1 +1;1)/“ - o).
It is evident, therefore, that ¢ must eql{ﬁl Vd/"’m Le., tf C’CCCCH-
tricity of the orbit is the ratio of the displacing velocity to .thc
original velocity. The eccentricity of the orbit in the numerical
example considered in the earlier paragraphs was therefore
2/;t1{s perhaps rather more realvistic to consider the orbit in rela-
tion to the distance and ve?oclty of the satellite at perigee. If
these are respectively r, miles and v, miles per second, then
rp=r,/(1+¢) and vp=v,(1+ e). From the relation vo=311/Vr,
miles per second, it is not difficult to show that

311
Vp—

x4 (1 ey,

Vry
Thus, if we regard the horizontal scale of Figure 1 as represent-
ing the perigee distance of a satellite in an elliptical orbit of
eccentricity e, the perigee velocity may be found by multiplying
the left-hand vertical scale by the factor /(1 . ¢). In a similar
manner, if the horizontal scale is regarded as the apogee dis-

tance, then the apogee velocity is obtained by multiplying the
vertical scale by (1 --¢),
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A number of problems relating to the ‘launchmg of eartli
satellites can be examined by means of lhe _mfprmauon novlv :e
our disposal. Suppose, for example, that it is mtepded éO p z:he
such a body in a circular orbit at a height of 300 miles a lc;yte he
earth. Figure 1 shows that this requires_ that vthc §ate ite "
given a velocity of 4-74 miles per second in a (?ufectlon a;]rlgat
angles to the line from the satellite to the ez.mh s centre w er;ler
the stipulated distance. If, in fact, it attains 2} rathgr sma o
velocity, say 4-70 miles per second in tbe rec!un'ed dlrectlorcliis_
this range, it will enter an elliptical orbit haymg an apogeel e
tance of 4,300 miles. The ratio 470/4:74 is equal to ¥/( ——1
where e is the eccentricity of the orbit; e is therefore veri"gcle’e;royg
0-017. The perigee distance will then be (0-983 x 4,300)/ oy
4,158 miles. In these circumstances, the'refor.e, an error ?1‘(0 Y
about 1 per cent in orbital velocity will bring the sat; ;:no-
within 160 miles of the earth’s surface. Qn accountv?ve me-
spheric drag, it would, of course, pe unlikely to ’srl:]r Jaie
than a fraction of a complete circuit of th_e.earth. is mple
illustrates the exacting nature of the conditions for a succe
la . . .

‘?;:'(‘pogec distance rq in an ellipl?cal OI:bl( is, fro.nihixgn::j:oi
equal to (14 ¢) (1 —e) times the pe?gf; Trstian;’- r:»; e
axis of the orbit, which is equa | to (rat7p) ] 4 o
2r,/(1 — ¢). The minor axis is ¥/ (1—e*) times th;?{?:g:;;;’ix:gly
is2r, x v/(1+e¢)/ (I —e). The total area of the (;r i accordingly
7 V(1 +e)/ (1 —e)']. From the .Iaw of equal areas,
be proved that the periodic time 1S

T=002x vr'x

i horizontal scale of Figure 1 as
It follows that if we regard the zon! Figut
'h:(;)l(r)i»;e d:;stance, the value of T is glvenmbl_‘mulnplymg the

right-hand vertical scale by a factor I/ V(l—e).

Parabolic Orbits

The eccentricity of the orbit can be increased by making the
displacing velocity greater; as e increases, apogee becomes more
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and more remote. If a satellite having an orbital velocity Ve
which suffices to keep it in a circular path of radius r,, 15 given
an additional outward velocity v, it will, as has been shown,
follow a new orbit having an ecceniricity ¢- v /v,. Its apogee
distance will be given by r. r,, (1 €). 1t is clear, then, thal if
v is made equal to v, the apogee distance will be infinitely greats
so that the satellite will continue 1o recede from the earth. 18
orbit can, in these circumstances, be regarded as having an
eccentricity ¢ - 1. The curve which it follows is a parabola.
We may use precisely the same method for determining points
on a parabolic orbit as that emploved in the problem considered
earlier. Figure 7 shows an example of this when a satellite
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Fig. 7. Parabolic orbit. 1f the outward displacing veloeiny s cequal to
the original velocity in the circular orbit, the satelfite L;I‘IICTS 'l‘n*
orbit of unit eccentricity. This is the parabaly p p o

having an orbital velocity of 4-4 miles per sccond in
path is displaced therefrom by giving it
velocity of 44 miles per second.

a circular
an additional outward
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It has been cstablished that a satellite at a distance r miles,
having a velocity v, miles per second in a direction at right
angles to the line from it to the earth’s centre, will pursue an
orbit that satisfies the equation
3t

oy ——x v (1 +e).
[
In order that it should escape altogether from the vicinity of the

earth, v, must be large enough to make e unity. The condition

for escape is therefore

3t

x ¥'2

Vp=

v Tp
miles per second. To bring about the escape of a satelli.te which
is travelling in a circular orbit, therefore, its velocity must
be increased by a factor x 2. or about 14, in the direction
of original travel. Any smaller increase will cause it to follow a
closed orbit in the form of an cllipse.

Conclusion

This article has described a very simple but somewhat un}xsual
method for determining the orbit of a satellite. Mo‘reover, it has
been shown from the most elementary considerations hpw the
orbit mav be modified. This is a matter rarely treated 1.n text-
books on— mechanics: it has, of course, a special in!chst in rc?a-
tion to earth satellites. The reader who cares to exl?erxrpent with
the method will find no great difficulty in adapting \'t for the
solution of a wide range of problems on planetary n}otlon, even
though his mathematical knowledge is limited to a little algebra
g inations of armchair space navi-

and geometry. Indecd, the fase .
' care to apply the simple

gation are availuble to any who may
principles that have been here outlined.



NUCLEAR COLLISIONS

P.E. HODGSON

PART 11

IN the first part of this discussion of nuclear collisions (Science
News43)many of their characteristics were compared with those
of a collision between two billiard balls. There is often quite @
close analogy between whut happens on a large scale and what
happens in the nuclear domuin, and an understanding of one
can lead 10 an understanding of the other, provided that the
limitations of the analogies are recognized.

But nuclear collisions are much more complicated and sur-
prising to the physicist than are collisions between billiard balls.
There are several aspects that have only the most tenuous rela-
tion to events on the billiard table. These are the phenomena of
meson production, polarization, and nuclear disintegration.

MESON PRODUCTION

If billiard balls were made of flint instead of ivory, and if they
collided violently together, we might see in a darkened room
some sparks produced at the moment of impact. Something like
this happens in nuclear collisions. When the energy is high
enough, mesons are produced, and these, like the sparks, Tast
only for a very short time.

But there is this difference: with billiard balls the sparks are
little incandescent chips broken oft the balls and heated bv the
violence of the impact, while in the nuclear cuse the mc:sons
come entirely from the energy of the intcmcling p
cannot be chipped, however high the energy.

In Part T it was shown that the totul cross.
ability of nuclear collision, varjed with the
less on the whole with increasing encrgy.

articles, which

section, or prob-
energy, becoming
At about 200 MeV

Nuclear Collisions 59

(million electron volts), however, it begins to leve.l off, and re-
Mains constant until about 400 MeV, when it begins gradually

to rise again. This is shown in Figure L.

90 A

TCTAL CROSS-SECTION IN MILLIBARNS

T T
2';‘ 500 750 1000

<

ENERGY iN MeV IN LABORATORY STYSTEM

Fig. 1. The total cross-section for proton-proton collisiqns, shgwmg
the steady fall at lower energics and the subsequent rise owing to

meson production.

At this point a digression on mesons is necessary before it is
possible to understand this process of meson production. The
story of how in 1932 they were postulated by Yukawa to
account for the forces holding the nucleus together, and how
they were discovered in the cosmic radiation by Anderson and
Negidcrme\‘er in 1936. has been told by Terry Price in Science
News 16. 'Subsequcml_\' other types of mesons were found,
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first in the cosmic radiation, and then among the products of
the nuclear interactions produced by the purtictes acceierated
to very high energies in cosmotrons. Their properties have been
extensively studied and a summary of them will be found in the
article on ‘Fundamental Particles’ in Science News 31, Although
written only three years ago this summary is now seriously oul
of date, as many new discoveries and mcasurements, especi
ally of the heavy mesons and hyperons, huve been made since
then.

Mesons can be divided into two classes, those that are pro-
duced in energetic nuclear interactions, and those that come
only from the break-up of other mesons. As the energy of a
nuclear interaction is increased, the first type of meson to be
produced is the x-meson, or pion as it is often called. Pions can
be either neutral, or positively or negatively charged. Neutral
pions have a mass about 260 times, and charged pions about
274 times. that of the electron.

When a meson is produced, its mass must be taken from the
energy of the collision, in accordance with Einstein's relution
E = mc¢*. Now the energy equivalent of an clectron i just a little
more than half a MeV. so about 130 to 140 MeV are required
before a meson can be made. This energy must, however. be
?Vallablg in the ccntrg-of—mass co-ordinate system of the collid-
ing particles, and not just as energy in the co-ordinate svstem of
the laboratory. Since for proton-proton collisions oncbéner t
¢ gy is
just about half the other, the energy of the incident proton must
be at least 260 MeV before pions can be produced on cner "
grounds alone. In practice, the probability of pion product; g‘}
appreciable only when the energy is substantially grm}t D
this theoretical minimum. This accounts for ﬂ-)c ri;,L
proton-proton cross-section in the region of 400 Me .
pion production. At higher energies two or moré i

roduced at once. A  hi : ore pions can be
p t very high energies. whole show f
r'nesons are»often produced. The higher the enera h owers o
is the cone into which these mesons are emitred & fhe narrower

Neutral pions only live for 3 very short I.ir > hef ;
taneously transforming themselves i.mo two e:zr efore spon-

r than
in the
V owing to

getic gamma
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rays. The mean life of a neutral pion is about 10~ 14 or a hundred
million millionth of a second. These gamma rays can, if their
energy is high enough, proditce pairs of electrons: these can
casily be detected so the properties of neutral pions can be
Studied.

Charged pions tend to |
about 109 or a thousand mi

transform themselves into a neutrino an (
called a 1 meson or muon. Muons hold the record for longevity

in the meson family: they last, on the average, for about .two
millionths of a sccc;nd hefore transforming into two neutrinos
and an electron. Charged pions, muons, and electrons can all be
detected quite easily by suitable instruments.

At still hicher energies, heavy mesons, having the mass of
about a 1hm;s;md electrons, are also produced in nuc]ear.col-
lisions. Using arguments similar to those given above for pions,
we find that this process may be expected to occur when 1hef
encrgy of the incident protons substantially exceeds 1,000 MeV,
this hés been contirmed cxperimemany. There are several differ-
ent (ypes of heavy mesons. each of which undergoes a character-
istic series of transformations.

Qu;: rc(cimrly an important discovery was n_mfle that had
long been anticipated on theoretical grounds: 1hfs is the detec-
lion of the anti-proton. The mass of a proton is about 1,836
times that of an electron, so it might be expected that protons,
both positively and negatively charged, would bg .produced.m
the collisions of protons of about S.OOO.l\‘leV. Positive or ordin-
ary protons are well known as the nuc!gx of hydroggn atoms, but
until recently there had been ne experimental evidence for the

existence of their negative counterpart. Theoreticians have,

however, always preferred 10 have their theories symmetrical
. es that would be unchanged

with respect to charge: thatis. theori

if the signs of the charges were revcrse‘d~ throughout were pre-
ferred. This hypothesis had been verified for electrons and
pions, so they had good reason to hope that 1t would hold also
for PrOlons.'hul until machines able 0 accclerate protons to

about 5.000 MeV were completed it was not possible to test this.

ive rather longer; their mean life is
Jlionth of a second. They then
d another type of meson
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When, however, the cosmotron at the University of California
was completed and began to produce protons of 6,200 MeV,
attempts were made as soon as possible to detect the antiproton,
and they were successful in 1956,

POLARIZATION

We are all familiar with the way collisions between billiard
balls are influenced by the spin we give to the cue ball; the same
is true in nuclear collisions. In Part 1 it was shown that nuclear
spins must be taken into account when interpreting these col-
lisions by averaging over all possible spin states. This raises the
question whether we can obtain beams of particles with their
spins all pointing one way instead of having the usual beams
with a mixture of spin states. If so it would be interesting to see
what happens when the polarized beams collide with other
nucleons; it would give us additional data with which to check
our theories.

In 1948 several ways of doing this were suggested by
Schwinger. It was shown that nuclear particles that have just
collided, or have been emitted from a nuclear reaction. are very
often polarized. But there is no way of finding out dircctly
whether a beam of such particles is polarized: to do this 4 sccon('l
scattering is necessary.

If an unpolarized beam is scattered, the same numbers of
particles go in all directions making the same angle wnhvmc
incident beam: we say the differential cross-section is azimuth.-
ally symmetrical. This is not so with polarized beams and the
amount of the polarization can be calculated from lhe.n‘umbcrs
of particles going in different directions. These two possibiliti 9
are illustrated in Figure 2. 1f we simply measure the nur.nbl I lc‘f
particles scattered to the right and 1o the left through th o
angle f, then, if the beam is unpolarized they will bg ; ISﬂt‘;ne
unequal if it is polarized. The fractional inequs; Hc egua - but
measure of the degree of polarization. AUy gives us @
sivzhclzlllsis?o(:lgfﬁlcrliltnztrcjzg ment 10 perform bec

¢ ary, one to make
and the other to show that it is po}

ause two succes-
. the polarized beam
anzed. At each collision most
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Fig. 2. Diagram showing the numbers of particles from polarized

and unpolarized incident beans scattercd into di(fcrcnt.fxzxmﬁthal
angles ¢. Drawn for on¢ scattering angle 0 only. 1 hg arrow shows
the direction of the polarization of the incident beam.

of the particles go in directions that are useless for the })Ufposes
of the experiment. s0 the initial beam has 10 be'v'ery intense if
there is to be enough of it left after two collisions to allow
accurate measurements to be made. .
Improvements in cycloiron desigen have made possible the
production of sutliciently intense beams. so in 1952 Oxley and
able to demonstrate the production of a

his colleagues were nstr
me. This has opened up a great

polarized bearn for the first t _
new field of experiments in nuclear ph}sxlcs.

The results of some typical determinations of polarization in
proton-proton collisions by a double scattering experiment are
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SCATTERING ANGLE IN CENTRE-OF-MASS SYSTEM

Fig. 3. Polurization in proton-protos collisions

shown in Figure 3. The polarization is plotted for several inci-
dent energies as a function of scattering angle in the centre-of-
mass system.

To see what sorts of experiments can be done it is very useful
to imagine a polarized beam as represented by u vector of
arrow; the direction of the arrow shows the direction of polar-
ization and its length the degree of polarization. 1 his is correct
only for beams of particles of spin one-half, but since protons
and neutrons both come into this category, many of the most
useful experiments can be casily visualized. (It is much more
difticult to visualize the polarization of beams of particles of
spin one, like deuterons. For them it is necessary to use a tensor
as wellas a vector to specify their polarization.)

We can conveniently think of an unpolarized beam as com-
posed of equal numbers of particles with spin up and spin down.
;(i)(;h:‘t:;;czc?;l:taSC[',I::::SHZ&Iion is zero, Thcn, if' such a beam

at sce more particles with spin ‘up’ to the
left, an('i more particles with spin ‘down’ to the right, the emer-
gent beams will be polarized as shown in Figure 4.
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beam need not be perpendicular to its direction of motion; it
will in general have a longitudinal component as well as a trans
verse one. Conversely, one scattering will only allow us to
measure the trunsverse component of the initial polarization; 1_°
measure the longitudinal component a second scattering 19
NEeCcessary.

We can now look at seme of the cxperiments that can be made
with polurized beams. The simpliest s the double scattering
experiment that allows us to measure the polarization produCe_
by scattering through diiferent anales. The next in complexity 18
the triple scattering experiment. The first collision produces 3
polarized beam. The second (the one we are really interested in)
alters this polarization. and the third measures the new polariza-
tion. Thus the first and third scatterers act as polarizer and
analyser. The two main types of riple scattering c‘(PL‘\’imcm'
with the successive scattering planes cither all in the same plane
or at right angles 1o each other. enahle guantities called the de-
polarization and the rotation of the polarization vector 10 be
measured.

Similar measurements relating to the fongitudinal polariza-
tion could also be made by quadruple and quintuple scattering
arranrements. At present these experiments are prohihitivc[y
ditficult because the available beams are not sufficiently intenses
but fortunately the same information can be obtained in a much
easier way. 1t has heen found that if o polarized beam is pasﬁcd
through & muagnetic field the direction of polarization is rotated
with respect to its direction of motion. Thus by simply puiting
a magnetic field between the suceessive pairs of targets in the
triple scattering cxperiments, measurements of longl’fUdi”a’
polarization can be made as well. ’

There is still another type of polarization experiment that 15
possible: we can ask what happens to the spin of the targct
nucleon. Suppose, for example, that a nuclcon A collides with 2
nucleon B, und we knew that, after the collision. the spin of
pointed upwards. Whether this tells us anythine about the spin
of B is measured by the correlation coefficien(. If we know fof
certain that B's spin is up as well. then the correlation is oné:
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if certa; L . L .
o €Mtainly down, i is minus one: and i€ B's spin is just as likely
co ;up asdown it is zero. Intermediate values of the correlation
elhic] .
Icient, between one and minus one, are measures of prob-

able knowledge. This is illustrated in Figure 6.
L v j2
- B 7, ’_// /l
. , R . “\Y\
. - - LY
C= o con C=-1

Fig. 6. The correlation coeflicient.

The correlation coeflicient can be measured by the arrange-
Ment shown in Figure 7.

Counters
- O A
-
=
o o B
T T » O C

o ‘\‘\<\
@) D

Fig. 7. Schemutic diagram of the experimental arrangement for the
determination of the correlation coefficients.

All the collisions take place in the same plane, and the four final
beams are recorded by counters 4, B, C, 0. The pairs, AC, AD,
BC,BD are connected in coincidence: thatis, a count is recorded
for the pair AC only if a particle passes through 4 at the same
time as another particle passes through C, and similarly for the
Other pairs. The correlation coefficient can be deduced from the
four coincidence counting rates. .
This experiment can be done either with a polarized or with
an unpolarized incident beam. and successive collisions need not

all be in the same plane.
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The simple definition of the correlation coefficient given
above must then be replaced by more exact quantum-mechanical
reasoning, and when this is done it may be shown that there are
five fundamentally different correlation experiments that can be
made, two with an unpolarized incident beam and three with 2
polarized incident beam. At the present time some of these
experiments are being tried in severul laboratories, but so far O
results have been published.

All the polarization experiments described so far have been
done with unpolarized targets, or with targets composed ©
n.uclei of zero spin, for which, of course, the concept of polariza-
tion has no meaning. To interpret these experiments it is, theré”
fore, necessary to average over all the possible spin oricntations
of the target nuclei. It would clearly be an advantage if ths
could be avoided by the use of polarized targets. 1t is, however
extremely difficult to line up the nuclear spins in a solid; it can
only be done by cooling to a very low temperature in an intensé
fnagnetic field. At present it scems that experiments with polar-
ized targets will not be attempted, particularly as all we want
to know can be obtained by the experiments already described.

The results of measurements of polarization phenomend can
be calculated from any postulated nucleon-nucleon or nucleon-
nucleus interaction in a wav similar to that described for the
Qiﬁerenlial cross-section in Part I. The greater variety of polar-
ization phenomena provides a much more searching test ©
interaction, and many suggested interactions consistent with the
cross-section data have had to be rejected because they aré
unable to account adequately for the results of polarization
measurements.

NUCLLEAR DISINTEGRATION

It is rare in billiards for one or other of the balls to be <hattered,
or even chipped, by the violence of a collision; but this happens
quite frequently in nuclear collision if the energy is high enougi!
So far as we know the nucleons themselves are quite unbreffli

able, so this cannot happen in nucleon-nucleon collisions. /
we can achieve by raising the energy of collision is the produc-
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ti
ar?:p?_itr(‘::r;lh&fSOns and pcrhaps even more nuclcqns (protox?-
itity of breqkmulr'on-aplmeutron pairs). But thgre is the possi-
Nuclegns or"f-uP if a single nucleon collxde.s W”h, a cluster of
essentia] ’Conij' l'wo nucleon clusters (or guclel) collide. The only
Ollision ;. Su;f:qn for such a break-up is that thg energy o'f’ the
its parts op | ficient to separate one of the colliding nuclei m.to
binding cm;rm yother .\vords', fhe energy must be gre:fter 1hz}n its
diSlingujsh Ug)A These CO”ISIIOHS are USUL.i“y czfllcd 1nclastfc,‘ to
Patticles oy lbcm fromA clastic collisions in which the .collldmg
dir Just bounce QJ cach other unchanged, except in energy

¢ction of motion.
Withh;;;zitplest in.elaslic ngclegr collision is that of a nucleon
ehergy po eron. Since the bquxng energy of the deuteron, or the
i only > 2;11red to separate its coqshiuent prot.o.n and .neutr.on,
beken ;) CV: lvhcre 15 aq npprccxable‘probabxhty of its being
y collisions at quite low energies.
anhj;e collision processes are much more diﬁ’xcult'm imerpFet
Volveg ebnucleonmuc}eop type becagse more particles are in-
1ained,' 9[ often they give }l'lfOI‘le[lOn that ?quld not be ob-
With dm any other way. For mstancp, Iht_: collision of neutrons
inters ep(crong can tell us somcihxpg aogut neu!ron-neu{rop
impo ‘C'“On; this could not be obtained directly ?ecausc it is
umt;bsllble to make a 1argef out'of neutrons algqc since they are
Sid.er de:. To a first approximation such a collision may be con-
Co\li:' as the sum of a neutron-pro.ton and 5 ncutrqn-neutfon
betss 100, provided some :1]]0\\'31'1&.-‘6 is made for the inferaction
een the two particles comprising the target deuteron.

. In practice, if we find that the energy of a scattered nucleon
18 less than we would expect from Newion's conservation laws,
We know that an inelastic collision has occurred; the missing
thergy has gone to break up one or other of the colliding par-
Uicles. With deuterons the struck particle has only one way of
reaking up, but in all collisions of more complicated nuclei
there are several competing processes. For example, suppose a
Proton collides with a triton. a nucleus composed of one proton
and two neutrons, then, quite apart from the possibility of
Mmeson production at high energies, six processes are possible.
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Elastic collision: ,H'+ \H’ —> H'4+,H’
Inelastic collisions : H'+ H' —— He*
H 4+ H —= ,He + .0
HUOE H— HE e W
MU HY s HE 4 HE
HY & HY = HY o HE ' +.n
Perhaps it is easier to visualize what is happening if we use
a more pictorial representation, with a solid circle @ represent”
Mg a proton and a hollow one O a neutron:

Elastic collision: @ 3 — > @ : 83 Bounce
Inelastic collisions: @ - 3 gg Stick-0
©-00 eg:0 Exchang®

a9 __ ., 9 . o]
[ JES ) > o @+ }( Break-up
- 063 ->0:0:0:0]

The first of the inelastic collisions is the opposite of 3 break-
up: the two colliding particles stick together and form one ne¥
particle (in this instance an alpha-particle). The second is @
charge-exchange collision. The charge of the incident proton
has jumped on to the triton or. in other words, the proton h3s
knocked a neutron out of the triton and takes its place. In the
third collision the incident proton has captured a neutron from
the triton, thus forming two deutcrons. The Jast two coliisions
are break-up processes.

All these processes compete with each other, though, since
they require different amounts of energy, not all of them are
possible at lower energies. In general, as the energy increases:
the break-up processes become more probable, and the stick-on
processes less probable.

These six possible types of collision are all that could con
ceivably take place, provided the combinations di-neutron 00
and di-proton @ @ are excluded because they are so unstable

7!
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hat they are not found (if formed momentarily, they would
eak up a1 once). .

The number of possible results for one of the simplest types
of collision shows the vast number of nuclear reactions that cag
lake place when heavier nuclei cotlide. This makes the analysis
Of such processes prohivitiveiy ditticult. Indeed, as soon a3 the
Mumber of resction products is more than two, both expert-
Mental and theoretical ditticulties become very great. Becguse of
this, atiention has so far been concentrated on the simplest
examples of exchange and break-up collisions, and little head-
way has been made with the complicated ones. ses

1tis very often true in particle physics that two extreme.c? e
are amenable 1o experiment and calculation; the very sxrrl pso
Cases with two or three particles and the case wl?en there gfethe
Many particles that accurate results can be obtained :;sttl The

Ner details of the process are neglected or averagz_ p h') the
Second applies. for example, to the problems stu1 ie  abable

netic theory of gases. Even (hough we have omy p

know]edzc of the motion of any individual pamcle WCICf:fl a:eg;:'

age out c;ur ienorance and make quite accgrale calcu 41 :frh -

the pressure Nvo!ume‘ and viscosity of a given am}oluﬂ two ggas;
€ can u)s(; calculate guite well what happers WACH

atoms collide, But if there are even three oF fo};jlzntllsjigijgley
Matics becomes hopelessty complicated, and pro® 1'\(io;1< to be
be solved if circumstances aflow plausible appro:‘i;zﬂ ( »\'/it‘h very
Made, Thus it is fairly easy to deal “.!hh very S 'fxralions that
large numbers of par'ticles: it is the intermediate situ

are most dj . :

The sta(::\ffiglttmc in nuclerr Ph.VSiCS',SfO if we %\(I)mf:oqn;q?;
simple collisions described above to collisions ,n1vo n:e‘ tstcan
Dumber of nucleons we once again find that snmge:‘c;()d pte
be developed that enable the processcs.to be unders mde; witha

Such is the case when a very energetic nucleon C‘?] s. What
fairly large nucleus containing some tens of nu¢ e]OHOY-‘ ‘High
happens l:as been described in some de{:nl in qrn a‘rn;:?e ot will
Energy Nuclear Disintegrations’ in Science News 33,
only be briefly summarized here.
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The process can be divided into two stages, the cascade stage
and the evaporation stage. The incoming nucleon enters the
nucleus and collides with one or more nucleons in it, knocking
them on and perhaps producing mesons if the energy is high
enough. These secondary nucleons and mesons often make
further collisions within the nucieus, until they tinally emerge
from it. After the passage of this meson-nucleon cascade, (h'e
residual nucleus is left with a large amount of energy. This
energy is soon shared among all the nucleons in it. Now and
then, however, a particle near the surface of the nucleus will
receive enough energy for it to escape, and this proczss will con-
tinue until the excess energy of the nucleus is so low that no
more nucleons can escape. The small amount of energy still
there is usually dissipated by the emission of electrons and
gamma rays.

Both stages can be fairly well treated theoretically. The col-
lisions in the cascade take place at such a high cnergy that by
comparison the forces that bind the target nucleons to the rest of
the nucleus are negligible. The results previously obtained for
free two-nucleon collisions may therefore be applied with ]il.lle
loss of accuracy. The evaporation stage can be treated statistic-
ally using one or other of the nuclear models described by
Satchler in Science News 43 One of these is particularly simple
to visualize : it compares nuclear disintegration to the evapora-
tion of a drop of hot water. In this way the relative proportions
of the different types of emitted particles, as well as their energy
and angular distributions, can be calculated for comparison
with experiment.

Of course many of these particles are polarized, and it would
be interesting to study how the polarization of the reaction pro-
ducts depends on the energy and polarization of the incident
particle. But this could be done only in a rather general way
because the polarization of any particular particle cannot be
measured; as shown in the previous section, it is only possible to
measure the average polarization of a beam of particles.
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CONCLUSION

By making use of analogies, in pariicular that between t.he col-
lisions of billiurd balls und those of nucleons u.n.d nuclei, a few
of the most important features of nuclear collisions t}ave. been
described. More detailed description ar}d undcrstgndmg is not
Possibie without recourse to muthematlc'al anal.yms. But 1thhas
been possible to get quite a long way without it, ian'? tos ov;:
What an extensive field of experimental and thi?r"ellca researc
is being opened up by the study of nuclear collisions.
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years h:;‘:):::;::e In aireraft performance during the last few
These are causeq bmf}?y problems for the physiologist to solve.
which pilots :;nd cy € stresses and abnormal conditions under
consider a few of t;ews now have to fly. In this article we shall
ing scope of what i ese problems, and indicate the ever-increas-

Physiological stl;fj-comm"nly termed ‘aviation medicine’.
first world war, wh 1€s were first applied to aviation during the
fitness of an ind’ivid enl Fermlq tests were devised to assess the
were not of great v;’]a bOr flying duties. In point of fact the tests
fitness rather t};fm t " ecause they tended to be tests of bodily
did assess such els.ls of aptitude for flying. Nevertheless they
alertness, Thes, QU'al'nt_les as reaction time, vision, and general
direct relatiomhgua tties, however, although important, bear no
airsickness Afxelpltgo problcm§ peculiar to flying — for example,
until the middie (hi 13- very liutle further work was carried out
and the import; irties, when, with the threat of another war
topic restarted d’ll}}:? o.f alr supremacy, medical research on the
directly, angd %l;ch fm “m‘?‘ however, research was applied more
centrifu,gal force actors as the effects of rarefied atmospheres,
These studies 5 noise, cold, and glare were investigated.
with it an eve proved the”' value when the war came, bringing
doctors and ?1 m'Oll‘e vl need ff)r research, and the efforts of
the war he[pe(jls!o 0gists in the Intervening vyears, and during
eventual airpsu oo Sl way towards the attainment of
obvious in the dsrvem?cy by the A”lc.s' This was particularly
and manceusre atys of the Battle gf Britain, when the need to fly
introduced the t SpeCdS.a"d altitudes greater than the enemy
oxygen-lack. Before. poaJor problems of “blacking out’ and
been carried'out tre the war most civil and military flying had
in th at altitudes where the concentration of oxygen
€ atmosphere was compatible with life,
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PROBLEMS ASSOCIATED WITH G*

At the present time, with aircraft regularly exceeding the speed
of sound, it is clear that efficient anti-G measures are essential.
!t is well known that blacking out is due to pooling of the blood
In the legs and Jower abdomen, with a consequent blood short-
age in the brain. This is brought about by centrifugal forces

> o) BLOOD POOUING (N LOWER LIM8S

AUNGRML 2 omnn rth el I

I ORMA, FORCE 5G
CF GRAGTY

Fig. 1. Black out due 10 high G. Diagram to show the_poo]ing. of
blood in the lower limbs due to the application of a high gravita-
tional force in the direction head to feet. The resultant blood

shortage in the head may suffice to cause foss of consciousness.

applied in the direction head to body, and occurs during sharp
turns at high speed, or when pulling out of a fast dive. Normally
the heart maintains a blood pressure sufficient to supply the
brain with blood under most conditions, but it is not capable
of responding quickly to centrifugal forces in the region of
4~10 G. As the force is applied, ‘grey out’, ‘black out’, and finally
Unconsciousness occurs, simply because the heart cannot pump
blood to the brain against this force. The pilot feels ‘heavy’ and
may have difliculty in keeping his head erect. The skin of the
face is forced downwards, particularly on the cheeks and eye-
lids, and the lower jaw sags, the arms are difficult to move, while
the Jower limbs are congested, rigid, and cramped. Expiration
must be forcible because the diaphragm is pulled down and the
abdominal wall pushed out by the weight of the liver, stomach,
intestine, and abdominal contents. In the relaxed subject, visual
disturbances appear at 3—4 G, dimming and greying first, then

* G =terrestrial gravitational force taken as a unit.
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black-out 4t 4-5 (;
Creases, conscioisge’ssr:gu:]rnc‘onxious"c“ at 5-6 G. As G de-
amaesia; vision returns af s with mental confusion and slight
only after effecy is a fecl?n‘gcro? lfe\‘LiSCC()nds_ and commonly the
The circul, iredness.
blood vessellsdinocrlz;;yxpl:i?s are dUC‘lO the forced expansion of
the reduced pressur ) bkdr[' the failure of venous return, and
problems assoc,‘uede above the heart. At first research into
able recording ‘a '\‘{llh G was hindered by the lack of suit-
recording Circu!lngpdmtus and, in particular, apparatus for
flyers varjeg w'ilje)r,y changes. Then. again, the reports given by
they could noy bc}’r";m(jj as high G causes mental confusion
Therefore the dcveloe ed upon for accurate scientific work.
towards further pr prment of Ih‘? oximeter was a great help
recordj brogress because it is capable of continuously
This ’l‘f :he blood supply to the head.

which when apfiag o34 ©f @ 1amp and a photoelectrie eelh
tus is attached so 1h0 the ear measures its opacity. The appara-
electric cell by p, ’at.xhe lamp is separated from the photo-
the cel depen()i/% uC ear ltself; ”’Usithe amount of light reaching
two factors, one Cpon I,hc ear opacity. This in turn depends upon
accounts fo'r sOme07n(;mm’ the bloodless tissue of the ear which
relative opacity of per cent of fhe opacity, and the other, thﬁ
latter is Obviouzl ? thc blood within the blood vessels. This
in the oxygen c;) y[ variable, and a reduction in blood supply, of
opacity of the ear; eAm of the.blood, will cause a reduction in t'he
alowered suppl (;f reduction of opacity will therefore signify
head and brajn )",l"h OXygen to the ear, and also, of course, to the
continuously rc.cor:J: (;lecte,- can be calibrated and an accurate
easily obtained. Wi I: picture of the blood supply to the head
came possible o rescry PO SRt Of the apparatus. it be-
brain, the heart n(:z Stl:llltimeoug]y t.he blood supply to the
arterial blood presq;; g c‘ e.lcctrocardlogram. pulse waves,
and the gravitatio ~!;e at various levels, the response to light,
It was found ‘for nal foree, so that progress became more rapid-
influenced by the Sme;mCe that t.he effect of G is considerably
tory mechani peed of onset, its duration, and the compensa-

nisms of the body. Suppose for example that a per-
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z(;):e’rs exposed to }G for half a minute. The eﬁccts are quickly
decreved and consist of tachveardia (acceleration of the heart),
failurased ear opacity, .dlecreased blood pressure at head level,
ViSione of peripheral vision, and probably retention of central
isme . Aflgr some seconds, however, the compensa_tory mechap-
sinuscg)rpc into play. The redgcgd blood pressure in the carotid
with Tings about vasoconstriction anq a raised blood‘pressure,

consequent return of peripheral vision due to the increased

lood supply to the head.

e

NERVE SUPELY ooo- -

,,,,,, EXTERNAL CAROTID

INTERI AL CAROTIL ...

CAROTID SINUS-- 77
- COMMON CAROTID

=

Fig. 2. The Carotid Sinus.

When experiments are carried out over shorter periods these
.CO"Tpensalory effects are not seen, although on the other .hand,
if the exposure to G is too short, the full effect of the high G
May not manifest itself. The continuous recording gear will
therefore show the effects of varying gravitational forces applied
Of varying periods of time: any positional changes and protec-
tive devices can be tested physiologically for advantageous
effects. The only remaining diftficulty hampering rapid progress
Wwas the :xpplicn}ion of the gravitational force. The wgrk conld
be carried out in aircraft, but the attainment and maintenance
of high G values for long periods is impossible. This resulted
in the deveclopment of a centrifuge designed to carry a human
Subject.

The reverse of blacking out, when force is applied in the
direction body to head. is known as ‘redding out’. It occurs if a
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1ot attem . .
the skuj) unl:itcsrdl;e:géslde !?Op.‘ln this case the blood pool-‘J_ in
G values upder these cre, vision is obscured, and prolonged high
rhage of 4 serious nat Ond»”lo_”s r_CSllll in eye and brain hacmf)r‘
rarely, and need e lh.ls effect is, however, only met with
The amoung ?0(~ be considered further.
considerably fm(,)n ;ercq”‘”d to produce blacking out varies
that tensing muscles r’erso.n to another, and pilots soon t:OUﬂ
similar proCedurég h',dg‘rummg’ shouting, ‘bearing down an
turns. All these f. v ad a favourable effect in pull-outs and tight
by COmpreg;jL)n 0} our the return of venous blood to the heart,
Pressure, and py (trlcno,e? with consequent increase of blo
flow, Th,c imr,i%bco”m.rmsxon of veins and increased ven(?uS
compressed: j[‘ - do.mm;,[ pressure is raised, and large venzS
resistance to r 1S Noliceable that 4 full stomach increases one’s
In the ab. aised G.
carried 01‘1[ ?incs o'fv“ ‘human centrifuge’, aptitude tests Were
Posture had . the ar. It was quickly reatized that the p]lo.tf
cemrifuga] f‘l considerable influence on his ability to resist
lowest in the e consequent blacking oul, this being
The props u;z‘rilght Posiion and highest in the pronc. J
generally C?E-"lilon was clearly impracticable at the time (and,
evolved Thp “hine. still is today) so a compromisc had to be
- 175 consisted essentially of raising the rudder pedals
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30 that the feet were almost horizontal, and of making the pilot
lean forward at an angle. The former reduced the pooling of
bloog in the legs, while the latter reduced the difference in height
between the heart and the brain, thus lessening the force required
t9 Pump blood to the brain. It can be seen that in the prone posi-
Uon the heart and brain are on the same level, so that the heart
does not have to work in direct opposition to the centrifugal
force, This simple postural change was sufficient to raise the
blacking out point from approximately 5G to the region of 7G.
Further increases in resistance to blacking out were produced

Y pressure suiting. It was argued that if pressure was applied
to the abdomen, then under conditions of high G pooling of the
blood would be reduced. This led to the use of abdominal belts,
Which, however, were found to exert only a slight effect on G
reSiStanCC; but they did minimize the downward movement and
Sagging of the internal organs.

Pressure on the legs alone gave very little protection, though
Wwhen it was applied together with pressure on the abdomen the
efficiency of the latter measure was almost doubled. Pressure
Suits were much superior to abdominal belts, and by gradual
developmem and improvement they are now capable of raising
fhe blacking out threshold by another 2G. They act by diminish-
Ing the peripheral arteriolar bed, increasing the peripheral
Tesistance and thus increasing both the arterial blood pressure
and the return of blood to the heart. The development of these
suits and indeed of all anti-G work was speeded up considerably
by the introduction of the human centrifuge. This consists essen-
tially of two ‘arms’ fifty feet long, which can be made to revolve
at any required speed. At the end of one arm is the test cockpit
Containing the subject, together with instruments which record
both the stresses to which the subject is exposed and hisreactions
to those stresses. The cockpit may also be in the form of a pres-
sure chamber, or a temperature chamber, as required. This type
of centrifuge has greatly facilitated precise research into the
problems of G under varying conditions of pressure, oxygen
supply, and temperature which were not casily performed prior

to its introduction.
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Oor 1nsty , . .
has shown the :\}JZ “Pplication of prolonged G in a centrifue?
fall in bloogd pressup ases of effect quite distinctly; initially 2
lowed by adaptatio re. tachycardia, and failurc of vision, fol
normal G is accom n.li%lc N vaso-motor changes. The return t0
supply to the br;linp;o I]Cd by a rise in blood pressure and blo®
shoot effcet of thc‘ c evels above the normal, due to an Vel
S0me important chcctompensmor.\’ mechanism. This results 17
certain extent il“'\inArg: Exposure 10 a high G will protect t0 a
wards owing toc;‘hc e ?ccond exposure some seconds after-
the other hand ex oaC“V”y of Co,mrrcns:tting mechanisms. OB
by positive G pr0§u sure to negative G (redding out) follow"ed
G alone, because th ces more severe reactions than the positivé
full effect on thé bloi:j:ompcns‘"‘mry mechanism is stimulated 1
the normal high G eff pressure by negative G and this then aids
pressure and bIOOde ect. The result is a profound fall in bloo
shown that if the neSU’ppl.), to the head. Tests in animals haVe
effects of high G qrer'w SUpply.to the carotid sinus is cut: the
of the COmPCm'ltc;r mcreﬂSC.d in severity, owing to the failure
satory mechanism.

THE SUPPLY OF OXYGEN

High altit I
pressure ;‘;isd?ty.mg Introduces problems of oxygen supply and
of emergencies l%)“r:c ”{)fat are complicated by the possibility
altitude are of <;0u : ,Cgs of oxygen-lack due to increase ©
the lack, upon th rse variable, depending upon the duration ©
incrcusc’ in allitt?dmdl%”duul subject, and also upon the raté 0
acelimatization. is oeb. . he latter, which is an illustration ©
of mountaincer; wh vious when one compares the performancé
of over 28 00()> ’fect ° .('mhM()“nt Everest have reached a height
whose OX,Vg,en equi mw ?’u‘t oxygen equipment, and a pilot
consciousness in t\i')o fm hdlls at _‘he same height, who will 10
oxygen will probab] (Lt ree minutes. A pilot flving without
6,000 feet, when a;1 iy : “l'l'cctcd by oxygen lack at about
will occur. The geriou';Cf;ﬁSe ln'the rate and depth of breathing
about 12-15 060 feet effects will not be seen until an altitude 0
anoxia will (;ccu T 1s rcaChC(_l» when typical symptoms ©
r. They start with an impairment of ph,VSiC“l
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and mental processes associated with a dangerous feeling of
well-being and confidence. At high altitudes circulatory changes
attempt to compensate for the lack with an increased cardiac
Ou.tpm and rate, all the senses are dulled, and finally at varying
heights between 20,000 and 30,000 feet the sudden onset of un-
consciousness is the prelude to paralysis and death, unless the

Oxygen lack is remedied.

pRESSURE CABINS
ESSENTIAL

i
MAXIMUM HEIGHT POSSIBLE
=) YiTH COPEN CIRCUIT' OXYGEN
EQUIPMENT

stows | . -

s

SLELING OF WELL BEING

£0 WITH LOSS OF
AENT AND EFFICIENCY

10,25y

iy RATE AN
CF BREATHING

LROUNL
LLves

Fig. 4. Diagram to illustrate the effects of increasing altitude.
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Clearly then, OXxygen must be supplied to aircrews if they are
If’ fly for any length of time at heights of over 10,000 fcet. Open
Circuit equipment will suffice to give adequate blood saturation
up 10 30,000 feet, ybove which the partial pressure Is too low for
€ven pure oxygen to provide ‘complete’ saturation, The maxi-
mum height at which the open circuit equipment can be used is
less than 45,000 feet, The following figures show this - breathing
bure oxygen at 40.000 feet, the oxvgen saturation of arterial
blood is approximately 80 per cent. At 45,000 feet the saturation
is 35 per cent, and at 50,000 feet the siaturation has dropped to
below 5 per cent.

The open circuit mask is clearly very wasteful of oxygen, and
to provide oxygen for the crew of 4 bomber, say, would require
extra equipment taking up space and increasing the weight, so
that the bomb-load, range. or maximum altitude would suffer
accordingly:, Therefore 3 closed circuit was required that would
conserve oxygen. This was brought about by passing the ex-
haled ajr through a soda-lime cvlinder to remove carbon
dioxide, and then remixing it with the incoming air supply. One
great difficulty with thig type of equipment is to prevent water
vapour in the expired ajr freezing and blocking the supply lines.
Obviously the ideal is a Svstem controlling the oxvgen flow
according 1o the pilot’s needs. This was provided by a mask
containing a “‘diluter valve controlled by a baromcter. The
Ereater the altitude, the more oxygen supplied, and so on. How-
ever the lack of oxygen is not the sole disadvantage attached
to high altitude flying.

LOow PRIESSURE EFFECTS

The reduced pressure, apart from cuusing oxygen lack, will also
Cause distension of the intestines and other orgins, owing to ex-
Pansion of gases. This May in some cases cause severe pain. A
.further point that in recent years has changed from academic
Interest to practical importance is that, at an altitude of over
63,000 fect, the atmospheric pressure is 5o low that at body
femperature blood and body fluids boil. These difficulties of

high flying have been overcome to a large extent hy the develop- *
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Ment of pressurized cabins. Aircraft carry air complre:,sors
Which Keep the atmosphere in the cabins at pressures \fvel a hovc:
those of actual flight levels, so that no masks are required, t elr::
are no tubes 1o restrict one's movement, and pe(?p!e can t:z'ih
Quite freely. This is quite satisfactory for an alrllpgr whic

Cruises at a set altitude. but is impracticable fgr a mlllta;y air-
Craft which may have to make rapid and c.on51derable c ang(cj:s
in altitude, and is designed to operate at helghts gre:lltly egc;ete;
ing thoge of an airliner. The reasons for lhlS- are that a gtam
aircraft, for instance. cannot be safely pressurized forzfi con:nce
level, the weight of compressor machin.cry reduces pebreo;;;lse to,
and a practical limit for pressurization seems to o cose ro
89.000 feet. Above this limit, the sealed cabin wi

"built in' atmosphere is necessary. _ _

The eqquipmc{)nt of a modern ﬁghter pitot s?r\/risal:dll;;l;tgl‘:::
Most of the problems associated with Iow pressu S
lack. For instance. the gradual reduction lr(lj fp ure o
&round level to about 30,000 feet is cqmpenséte dot)x)gen g
Matic valve mechanism which supplies an a’n'.an”v in}c,:rcases as
ture to the pilot. The oxygen content automatica ént oxvgen 15
the altitede increases. until eventually 100 per ¢

i ain extent
being sunplied. The cabins arc pressurized to a certain s

i nl
but at a flight level of 55,000 feet the cockpit pressure r:;y Och
be e%ivwfem to 45.000 feet. Now, as stated previously,

. hing pure
Oxygen saturation of arterial blood (when l.)r?m- ient
°X§§en) is only 35 per cent at 45.000 feet a}?d ﬁ::elrseégilelfﬁts be
t0 support bodily functions. The oxygen asi circumstances a
fed to the lunes under pressure. Under normﬂonimclion of the
Person creates a low erssur? ;;:Lch]els]?isa];); cczms;ng air to be
diaphragm and expansion 0 . ; i e-
s L b e
Ment, i.e., the relaxation of the diaphragm, 1 o
recg;i loi' ﬂi]cchmg passages, all combine u;forccn::ll]' 2?;;;2;2;
lungs. With pressure breathing, however, the normz] y . o e
res};iralion is reversed. ]nsy'nrat@ﬂ I,S p?SSlvfi’ O;Vmbs hile
oxveen under pressure forcing its way into .c?bltln$;, wl :
eXr;{ralion is active, and the lungs have to be forcibly cleared o
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oxygen ; o .
nonle?rclicarbon ledee agn‘mst the oxygen pressure. This is
fiyers fi asy to accomplish at first; it makes speech difficult and
nd it tiring.
Hyper- 0 s )
larly)tlni(rievregcil;:?jt-ltqn has been found to occur in pilots, particu-
disturbs the O égn:)o]f fear or stress. This excessive breathing
blood. DiZZinc:g/q IOZS -lfdnce, apd increases the alkalinity of the
ticularly of Ihc>}‘1l~mdb o 'co-ordm:m'on, and muscle spasm, par-
the pilot of a hix't; s, mdy rcst{lt, }Vlfh obvious consequences to
problem w‘l;icla ggffd aircraft. So far the only solution to this
dents is’to mak] ’Sh '~~_l€VCd to have caused a number of acci-
either control hieslbc pll}?_t aware of the symptoms so that he can
breath. reathing consciously or temporarily hold his
“'};;\:hhr:lligo};:::ctc‘i‘r/e 39.()00 feet, loss of pressure in the cockpit,
failure C:E)nstitut SO‘W{‘A‘; 'Io encmy gunfire or simple compressor
SCiOllSr;eSS is lost? “"‘ serious t‘hreat to survival, because con-
thought that éx lln e.sys than fifteen s.econds. At one time it was
causcv serious hvmpno_ﬂlye ,decobmpressxc‘m of~ this nature would
by C‘(Dcrimc;1zg uv mJ'“r} owing to distension and tearing, but
be untrue —.provli’do'n amr,nals and man this hns been shown to
breathing has becnmi Ih‘»ll the glqms remains open. Prc.squrc
bCCZiUSC]hc pressur shown to be 1rnpgss:blc at these heights,
external pressmé vc lln the lungs, being fn.r greater than the
chest. The first m "' O‘U d place too muc:h strain on the lungs and
of a preﬁsuré o et‘“* of combating this emergency was the use
cock pit r‘*ﬂwmd‘l:lcol‘n which mﬂ:ltcd :ultonT."aticley when the
external preésure I(L)\Sho‘st: The waistcoat provided the necessary
maintain theuim t 'c chest and enabled pressure breathing to
saturation at ad m‘f“-”‘omr)’ gas pressure and arterial oxygen
plete s‘::invti";n iili‘rdtf?[[tcrjds'. A l}'vglcnl development was a com-
proved 1o bebso i'i"i('l :ns g \x:th ;‘nﬂrl,[:lhlc tuhes, but these suits
worn for short Zrio‘d T?]‘Om 'Or“blc that they coutd only be
to descend to : gpf ) s. lhey did. however, allow pilots time
of atmosr;hfert;l Ra o tlltude after sudden decompression or loss
so that the air-unilccm Y. true pressure suits have been designed
o o o air under pressure is next to the skin. and the pilot
enclosed in a miniature pressure cabin. Naturally the
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with its small volume
an that required for a
ble for use in light

apparatus necessary to pressurize a suit
is much lighter and more practicable th
Pressurized cabin, and is thus more suita
fighter aircraft.

Emergencies in stratosphere flying, which entail escape from
an aircraft at extreme heights, have again broughta considerable
humber of physiological difficultics. As the aircraft may be out
of control and flying at high speed, the pilot must be ejected
from the cockpit in order to avoid hitting the tail of the aircraft.
He i ejected by an explosive charge and on leaving the aircraft
bas to face the blast from the slipstreas, lack of oxygen, and
intense cold due to the rarefied atmosphere and high altitude,
and a low external pressure at which his body fluids might
Vaporize. In addition. again owing to the rarefied atmosphere,
the speed of descent may be sufficiently great to preclude the safe
Opening of a parachute. By experimenting it has been shown that
decelerating forces of up to 30 G may be produced owing to a
Parachute opening soon after bailing out at 35-40,000 feet. This
Mmeans that the pilot must wait until he slows up in the denser air
of lower altitudes before he opens his parachute. In this free fall
period, dangerous centrifugal forces may build up as a result of
the pilot and ejection seat spinning at high speed. Since 1944,
when the injuries received by the first pilots trying to cscape
from jet aircraft were carefully analysed, all these problems
have been investigated by doctors and physiologists, some of
whom have carried out large numbers of test jumps. It was
obvious that the body could not withstand the blast from the

slipstream, and even with the advent of the ejection seat, the
wind was still suflicient to tear away helmets and oxygen masks
essential for the free fall period. Facial injuries were also
serious, and eventually 2 canopy was invented which is pulled
down over the head until it reaches the level of the sternum. At

this point the canopy triggered off the explosive charge, and

the force of ejection ensured that the canopy in turn pulled
tighter over the head

and face. This provided adequate protec-
tion for the initial stage of escape. Further work developed suit-
re suits and oxygen s¢

able pressu ts for the drop, while clothing
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sufficient to insulate the wearer from the cold was incorporated
with the suits. It would appear that an automatic parachute is
desirable, set to open at say 10,000 feet, in case the airman is in-
jured or unconscious, and also in case he has blocked out owing
to spinning. This latter problem has several possible solutions,
including ejection seats fitted with short wings which open after
ejection and stabilize the fall, and ejection of the cockpit as a
whole from the plane, when, owing to the approximately cylin-
drical shape, less spinning is likely. This may seem to be more
nearly the work of aircraft enginecrs and designers than physio-
logists, but in fact the latter are organizing and planning this
development of ejection apparatus and in many cases have acted
as their own "guinea pigs’. Indeed. many factors that we accept
today without much thought are due to physiological testing
and development in close co-operation with instrument makers,
clothing manufacturers, aircraft fitters, designers, physicists and
so on. Among these are such things as the layout of instruments
for highest cfficiency and for lessening fatigue, lighting arrange-
ments, seat design and positioning, night vision adaptation aids,
suits that allow the passage of water vapour (perspiration) but
which remain waterproof in sea-water, the design of life jackets
that keep the nose and mouth of an unconscious individual
above waler, and so on.

STRATOSPHERE HAZARDS

Finally, with an altitude record set at over 90,000 feet, an alti-
tude at which more 97 per cent of the mass of the carth’s atmo-
sphere is below, and with the development of rocket propulsion,
which will enable man to leave the earth's atmosphere, it may
be appropriate to consider very briefly two of the problems that
flight on the fringe of, and outside, the earth’s atmosphere will
produce.

Cosmic rays are clearly important. It is well known that the
earth is constantly bombarded by atomic nuclei. which are
rendered harmiless by the atmosphere. Primary rays may pene-
Frate to an altitude of 70,000 feet and the number of penetraf-
Ing rays increases up to 120.000 feet, an altitude to which
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ed that most of the penetration

most nuclei penetrate. It is believ ; 1
articles which comprise some

is harmless, but that the heavy p P
One per cent of the whole may be dangerous. At the moment the

danger is slight because of the small number of peop}e 1nvo.1ved,
and because of the short duration of the really high altitude
flights, but the need for research is of paramount importance for
the future. It has been shown that the Iifc? expectancy.of amrr.nalls
is reduced by exposure to densely ionizmg1 rays, while possible
Eenetic d: are realized by many people. .
Asl;iri‘;:ggetl:atrimn can be shielded from cosmic rayg anc;
that he flies outside the earth’s atmosphere, the con(i'ltnqn o1
‘weightlessness’ will arise. This will occur when no g'rlav;itatlf)n?n
forces are acting, as for example when 2 .pro;ccn' e floa Snt)t
Space without motor propulsion. Air-breathing englggsoggefeet
capable of operating at altitudes much greater than pd et
but now that rocket motors are being used in alrcrz;) , hig o
altitudes and longer periods of weigbxlessqess may be exf;in
enced, This phenomenon has been investigated 'to alcelated
extent, by flying in an arc of known curvature and at cla cut ted
Speeds sc; tl{at Ihe centrifugal force equals and c;mce srgsuced
force of gravity. So far weightlessness has. onlyff ee;rslﬁaave o
for periods of up to thirty seconds, and various efec e o
naturally a lack of co-ordination. y sofc
for \;;nnyo:xl::zl force of gravity. Wwill people underfclcipdm;):iv?ﬁ
weightlessness feel as though they are constantli a sl(r)lgf,ar A
they adapt themselves? Again, the tests underta e‘r;v:“ o e
produced weightlessness for short periods onl.y.( Vi ons ex
posure resultvin adaptation or further comPllc?txtons such o
misfunction of the heart and disorder of the c1rc;1 a orty ymedi,
The snswer to these and many other problems of aviation -
cine will only be found by much further research.



RESINS IN EMULSION

H. WARSON

Most people are fumiliar with rubber latex, the mitky liquid
obtained from Heveq Brayitiensis. Fhis is a natural form f’f
rubber in which the rubber is suspended as very tine particles i
an aqueous medium. About thirty years ago the idea of making
a synthetic resin in the form of a lutex was developed on afl
industriaf scale, The term ‘latex’ as used here is almost syponyn-
ous with ‘emulsion’, the term most {requently used in Britain;
an emulsion may be defined as a dispersion of drops of one
liquid in another, so made that the system remains stable for
weeks rather than minutes.

Emufsions are of two main iypes, oil in water, and water in
oil,but anly the former need concern us here. For an emulsion to
Temain stable and the (wo phases not to separate out, some form
of emulsifying agent must usually be present. This may be one
of several types, but sodium stearate C,;H,,CO0Na, a con-
stituent of ordinary soap, rmay be taken as typical. Its molecule
consists of a hydrophobic part, a long hydrocarbon “ail’, and &
hydrophilic part, a sodjum ion.

Emulsifiers function by their surface activity af the interface
of the water and of the non-aqueous droplets, the hydrophobic
part being attructed towards the latter, and the polar hydro-
philic group towards the water, Hence the term ‘surface active
agents’ or ‘surfaciants’ which is ofien used to describe these
emuisifiers,

Soaps are probably the oldest emulsifying agents, but now a
very farge number of synthelic agents have been prepared. Sul-
phate and sulphonate groups very often form part of the mole-
cule of a synthelic emulsifying agent, as in sodium fauryl sul-
phate or the sodium salt of dodecylbenzene sulphonic acid, and
the hydrocarbon group may be in the ‘positive’ instead of the
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‘negative’ part of the molecule as in cetyl ammonium bromide.

There is a further group described as non-ionic emulsifiers.
They rely on hydroxyl or ethoxy groups to achieve the balance
due 10 the hyvdrophilic part of the molecule. Glycerol mono-
Stearate and polyethylene oxide lauryl ether are examples.

Emulsions can also be stabilized with some water solub}e
Malterials of high molecular weight, e.g., dgxtrin, gum arabic,
Bum tragacanth, and certain synthetic materials such as methyl
Cellulose und polyviny 1 alcohol. o

When they can be prepared, mixtures of emulsifying agents
are often mu'ch more effective than their individual c_orgponents;
a very effective svstem being one in which an emulsifying ageqt
IS combined with a colloid. The former breaks down the oil
Phase into small particles of the order of about 1 micron (1)

Or less, and the colloid imparts stability.
VINYL RESINS

Vinyl resins are formed by polymerization of unsatura}t]ed
monomers. The simplest monomer is ethylene,'CH: :CH.. Ot elr
weil-known monomers include vinyl chloride, CH._.:CHC,
methyl methacrylate, CH, : C(CH,)COOCH,, and vinyl acct.ate,
CHW:'CHCOOC'H‘, from which a resin is formed that enjoys
grez;t popularity as an adhesive and as a basis for eg;x{lsxoi:
paints. The polymer derived from styljene,. C,,HSCH. ,d
used in houschold moulded goods, while vmyhden_e C.thI‘.l e,
CH,:CCl., forms a crystalline polymer used for spinning into
fibres.

Teh: physical forms of monomers var.y: most 0{4[3181 az:]rg
liquids. but some. including vinyl chloride (B.P.—

butadiene, CH.: CH.CH:CH. (B.P.—3° C) are gases.

The Polymerization Reaction
The polymerization reaction may be illustrated by reference
to vinyl acetate:
nCH. :CH.OOCCH = (—CH,——CH-—-CH,.CH—),
B 1
OOCCH, OOCCH,
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Inor

jnin’atog?sr :lig;n;rlhflphqu'rner a catalyst, or, more correctly, an
8enerales free "tld/(.y'l 1515 a material that on decomposition
part of theijr funct'oa 5,1 Phemeral chemical entities with only
tremely reactive a] :;a ’gmUPS S:xt{sﬁed. Free radicals are ex-
ethylenic or vip ’l nd can react with the double bond of an
To be usefu] the}y compound, thus instigating a chain reaction.
529, 40" C ang 1’2)(’)“}‘21 bAe fgrnlcd at some temperature between,
of potassium persﬂlph:.uc, simple example is the decomposition
Another well-kno "0, "—‘}\'._‘:SO‘ #S0.

to give C 1. P:;ﬂ' dfc?1119051110n is that of benzoyl peroxide
attacks th:: r;u-mo ymerization takes place when the radical
simple scheme Womer. If the free radical is denoted by R-a

uld be as follows -

. CH,:CHCI +R-- RCH,.CHCI-
A hq{z'CHC" +CH.: CHCl - RCH, CHCL.CH,.CHCI
ary r::aii?ogeiccnon ° !h.us set up and continues until a second-
caused by the COC“:)S_ “Vh'lch terminates the chain. This may be
satisfy each Otherrn tnation of two free radicals, which mutually
An interestin ,dor by a number of other side reactions. ‘
polymerization gis e"glopfnenl of the free radical catalysis of
indepe“dentlyingr,e, uction activation. This was discovered
about 19394, ¢ (rc‘at Britain, thc United States, and Germany
sodium Stllphiz.c Ntf s;null quzmtn?y of a reducing agent such as
mixed with 4 ‘] 0, or thum thiosulphaie, Na.S.0,, 18
merization ig‘ v{gerstlil’hiffC, 1t 1s found that the rate of poly-
This is beca.u;e (z)fl]” "0 times as fast as with persulphate alone.
free radicals, A 1, c‘ reducing agents help in the generation of
Known, . ree number of other systems of this type are
Th
mer ;:;T:’:; ;’ri"w'l;culcs that can combine to form a poly-
cules in o DOI\'mcrm “o0ut 20 10 more than 10,000, the mole-
Polymers made fr not all having the sume molecular weight.
show 4 Continuousm ?dbo.m‘)"’g"““ scries of vinyl monomers
methacrylate j gradation of. properties. Thus polymethyl
$ a very hard resin, polyethyl methacrylate is
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a:rr:l’a?eit ;:m be softpncd more rc;x_dily, whilg polyt?utyl meth-
Methy e, 1 Ccome quite tacky on slight warming. ngi?er poly-
at amp; Viate, such as polvlauryl methacrylate, .are. quite taclfy
onger ’Cnt.lcmperznure. but if the alcohol ch{im is made still
ike as w:.th polystearyl methacrylate, the resin takes on wax-
Properties,
po"s:ianef reference might be made here to copolymers. It is
0 for € for several different monomers to polymerize togfth‘?r
derivcr: a copolymer as distinct from a homopolymer, W‘hld'l is
Vary fr_om one monomer only. Rates of copolyn‘ienzahon
Moy considerably, and sometimes only a smz}ll quantity of one
Comomer. €an be readily copolymerized with another. Thus
tain Mercial copolvmers of vinyl ‘chfonde and vxr}yl acetate con-
Sofy only about 13 per cent of vinyl acetate. This copolymer is
i €rand dissolves rather more readily than a t}omopolymcr of
Nyl chioride. On the other hand styrene and vinyl acetate can-
0ot be made 1o copolymerize under any known conditions.
FTequemly polymers are ‘tailor-made’, i.e., varied quantities
£ Monomers are copolymerized so as to give specified pro-
Perties. Thys vinyl acetate and ethyl acrylate can be copolymer-
2ed 1o give a flexible and extensible resin with good low-

mperature fiexibitity. *

E"lu/sion Polymerization

An emulsion of a monomer is a typical example of the system
described on page 88. For simplicity, the droplets of monomer
that are dispersed in the water phase may be considered to be
SPheres of diameter between 0-1 and 2:0 microns. When the
Monomer is gaseous, it is liquefied under pressure.

In order to obtain a stable polynier emulsion it is necessary to
€arry out the polymerization in such a manner that the emulsion
TeMmains stable throughout a complex chemical reaction, and
that no precipitation cccurs, because ‘precipitation’ implies the
bf@akdown of the emulsion into water phase and solid resin.
This latter either forms a solid lump which may contain some
Unreacted monomer. or else it may separate into discrete solid

* M. Leitner: ‘Large Molecules’, Science News 32.
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artic es, whi : .
in diametcr.hllcthi,slfhscigte‘ncal’_r_nay_ be up to several millimetres
be properly chosen alzﬁm essential that the emulsifier system
empirical, and may’b Oug‘h to a Jf“SC extent the choice is
duct. The polymeriz; I? modme.dvlo suit the end use of the pro-
the reaction s 4 stc.kldl(,m conditions must be controlled so that
action usually rcsﬁn: Y one, because a violent exothermic re-
Depending o Cond'[l’n pf”“a'_(’r even complete precipitation.
instead of the more l lor?s’ cationic lsurf:\ctants may be used
Percentage of emyy .-;Omemmnul anionic types. In general the
0-1 per cent when Zl ll(l?r<[0 mononier weight may be as low 5
the percentage of col;) loidal stabilizers arc present: similarlys
cent. oid to monomer may vary from 1 to 6 per
In additj ,

such as (i:lz;lr(;:v:;r?e‘:;:]:l“y occurring colloids, semi-synthetics,
sions, but jt js rare lof§ dce”mose’ are ofien included ix? ?mUI-
soluble in wager ’lbom njfthyl cellulose used because it is not
quently cncountcréd ,:e »C w&ler soluble resins are frg-
formed by parija) h.rd nlcyx‘flmp]c is polyvinyl alcohol, which is
represented as ydrolysis of polyvinyl acetate and may be

(CHOH.CH;.CHOH.CH,.(‘HOH I

|
Other well-known <t hip: OOCCH,
acid, CH '(_H.Eﬁ‘dblhzers are the salts of polymers of acrylic
H 2l :COOH, ang methacrylic acid CH,:C(CH,)

The f o
rCaCt[Onr;?:nrs;jr:j;l)l] C“ml)iSt used to initiate the polymerization
or hydrogen pe;ox)i/dwai;r SOIU'bIC.‘c.g., potassium persulphate
varying from a few e. There is often a period of induction,
Merization starig Owr_n"’llltcs {0 an hour or more, before poly-
which are s[oWl‘y r:an5 to the presence of traces of inhibitors
CHJ(OH), s 4 lypicaT‘O\;f'd~ by lht catalyst. Hydroquinone
fo vinyl n.mnOmerg { tnhibitor; it is often deliberately added
Sometimes a ‘modiﬁeo' prevent spontanecous polymerization.
which has the effect fr SUC}.) as lwryl mercaptan, C,,H.,SH,
formed, is includ of reducing the chain tengih of the polymer

g ed. J
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Ing
sty .
trial Polymerization Processes

ofAett}\'feliglll_lrgc-sca!e reactor is a jackgled stginlcs§ steel kf:ltle
Stirrer. o ~D‘() un.d 1.000 gallons Cl}pii.Cll_V. It is equipped with a
Under gy can e\xthcr be operated with a reflux condenser or
eMUlSifiey ggllplls pressure. ;\I.onomcr and water are pumped in,
N Some § ' f‘”’g cither prcdfiso]ved. or added to the vessel.
action “.E_romsscs monomc.r is added gradu.ally during the re-
qu&mj} , hich takes from 1'5 10 6 hours, but m.oth.crs the entire
Start b}t ].S added at the ‘start. .\Iost.polymenzauon reactions
cata]y ;3 ween 40 and 80° C. depepdmg on the monomer, the
ECne:,S C‘miﬂo_\_‘cd, and the quantity used.. The reactlgn itself
effic; ates CO_rmdcmb!e hcat'. so control is eflected either by
Stirr'em cooling of the outside of the vessel, or by the reflux.
R Ing must be very carefully conrro!led, because too great a
Peed may precipitate a partially precipitated monomer owing to
cemrifllgill action. while ineflicient stirring may result in focal
Overheating, and polvmerization with almost explosive violence.
The finished emulsion, in which there is only a very small
Quantity of residual monomer, usually under 0-5 per cent of the
Starting material. can be run out of the base of the reaction
kettle, and is filtered from fortuitous aggregates that may have

formeq during polymerization.

THEORETICAL CONSIDERATION OF EMULSION
POLYMERIZATION

Until recently the technology of emulsion polymerization far
Outstripped theory. In part this was because at first emulsion
Polymerization was mainly used in the manufacturing of syn-
thetic rubbers, where therc was a tendency to treat emulsion
ormulae purely as empirical recipes. In recent years, however,
Considerable theoretical progress has been made. as will now
be explained.

Soap solutions have a number of anomalous properties com-
Pared with other salts of electrolytes. These include an abnormal
Solubility increase over a small temperature range, and abnor-
mally low osmotic pressure accompanied by relatively high
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;l]f.;ctcr(:lg{lolisl(:;lducuvity. MeBain, who made a systematic study of
anomzlies ;ou[;:l“l};fm“ of s0ap solutions, suggested that these
gates of so4 ‘-') ‘ cxmumc_d i terms of the formation of aggre-
discus%ién Lc:).((!:g ‘~C'rmcd micelles. Although there has been much
molecules my ; nx’(!vure of micelles, l‘hcse aggregates of soaP
aligned I;lm]»],)V] ¢ X.zs\'umcd to be oriented so that 1h§y are
soluble Ji”uid oto f“C}’ other. They ure capable of pulling in-
hY(lrocargon ; T‘]()\ solution, thc.l}q“id“ being fitted between the
wich. Thys b\.']:;( 5 Uf,”.’c c"’}llsmcr in a sort of molecular Sfind‘
the soItxhiii,l\f' fc d.ddmo,” of two to three per cent of emulsifier,
0-003 pc}c ¥ Oi styrene in water can be increased from about
entto about 0-1 per cent at 40° C.

sOll;b]r:?s;f?ses' ‘of crmﬂx]s'ion polymerization where.a yatgr
'initiated ins;‘dor;xs. us?d,]n * COnSk.icred that polymerization !s
formed fire ¢ the micelles. Once initinted the polymer that is
Jrmed hrst absorbs more monomer by diffusion from the
liquid, and also some of the emulsifier, to form a stable particle.
Where polvmerization s initiated by 'frcc radicals in the water
]a)’ert the-miccﬂcs form u reservoir f('". (e propagation. The pic-
wp::nisi:il;g}}.”y ditferent where an oil-soluble catalyst is used,
where lhc‘i:on must take plugc in the particles zhcmscl.ves', 011'
acetat Or?om.er_,ls ilerQC{;;b]y soluble in water,.as is viny
¢ or acrylonitrile. The picture is. however, similar in that

t i ; .
he emulsifier ang colloid must stabilize both polymer and

monomer particles,

P'.” ertics . >
opertics o ‘ninetie X% ) Ision
/S,\ et 1\(.\!” I'.I”Il..ﬂ() 18

angoéz‘n::; Z::;MOFS are fm’lky -[iqui.ds cn‘nmining between 25
centrated emulsi - }fr‘ner' Ihe viscosity of even thp most con
not deman sions is usuull.y quite low because viscosity does
some lifélxe;)n Ihe’conccmrntxon Qf the resin. On the other hand
like i cone: prepared with polyvinyl alcohol are almost paste-
In consistency,
th:i{:iljl:tn::l:;:lm have a very wide range of applications, Sf?d
an aqueous ﬁ«edi:rop:n,lcs are based on their being formed in
vent, it is non. M. Apart from water being the cheapest sol-
, on-toxic and non-flammable. In contrast to emul
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::ils};tt}.]e viscosity of a resiq solution. depends on m(?lecul.ar
cosiy » although the relation is not a simple one. Soh.mfm vis-
Y also depends on the nature of the solvent, and it is only
§0§slb)e to have a concentrated solution of a low mol?cu]ar
©ight polymer in a solvent such as acetone. Thus the highest
gol‘ma[ conceatration of a nitrocellulose lacquer is about 15 per
“nt. For miny applications, however, it Is desirable to have as
c(’“Cenlra!ed a polvmer as possible, and an emulsion, which
m"j’)’ ontain as muéh as 635 per cent of solids, proves a highly
Suitable method of handling resins. Since the loss of large
Quantitjes of solvent is avoided, as when spraying, it is unneces-
Sary 1o install an extensive solvent recovery plant.

Pc’lymer emulsions mayv be treated in the same way as
lacquers or solutions. e.g.. they can be pigmented to give surface
C(?atings suitable for emulsion paints. There is, of course, the
Slight disadvantage that the presence, of necessity, of emulsifiers
and collpids mayhdctmct from the qualities of the polymer, and
they may also impair the water resistance of the resin derived
from the emulsion. These difficulties can, however, be overcome
1 a large extent by careful formulation.

M““y applications of resin emulsions depend on the nature
Of the films deposited when the emulsion dries. These films and
their properties will therefore be considered next.

Emulyion Films

If 4 thin film of emulsion is allowed to evaporate it may form
2 continuous film of polvmer. Thus, on evaporation, polyethyl
acrylate emulsions deposit a continuous, elastic, and rather
Sticky film. In other cases, such as emulsions of polystyrene or
Polyvinyl chloride, evaporation leads to the formation of a
Powder. An intermediate case is that of polyvinyl acetate, or
Polybuyy] methacrylate, which may deposit weak, crazed films,
Or firmer, slightly brittle, more continuous films depending on
Conditions of‘tem'pernture, molecular weight of the resin, and to
Some extent the nature of the emulsifying agent.

There is a temperature known as the second order transition
Point (T, or T.) below which the properties of a resin change,
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and it acquires to some degrec the properties of a solid rather
than a liquid. Above this temperature, rotation of polymer seg-
ments begins, and the resin acquires rubbery properties rather
than those of a glassy solid. For an emulsion 1o produce a con-
tinuous film, T, must be reduced below the drying temperature.
Thus an emulsion of polycthyl acrylate (CH,.CHCOOC,Hy)n
for which T, is --20° C, will always dry at room temperature 10
give a flexible sticky film,

To alter the propertics of polymers and make them softer and
more flexible, plasticizers are added. Plasticizers are frequentlys
but not invariably, organic esters, which form solid solutions
with polymers, and the plasticized resin may contain from as
little as 2 per cent to about 60 per cent of plasticizer. These plas-
ticizers often have a specific action. and nat every ester is com-
patible with every resin. Dibutyl phthalate is probably the most
widely used plasticizer, but dioctyl phthalae. tritolyl phosphaté,
and esters of adipic and sebacic acids are frequently encoun-
tered. To quote a typical example, methyl methacrylate, which
deposits a white powder from emulsions, produces a ciear flex-
ible film when plasticized 1o a degree of 40 per cent (on overall
film weight),

For polvvinyl acctate T. is ahout 28° C, and it needs abot!
7 per cent of plasticizer to give an emulsion that will dry out 38
a Cm},timm“‘ film at ambient temperatures, For polystyrene 7
“S(‘Ss:\\e(aicr:itt:i:m 23{ per C)cm of dibunt phthalate is rci:}:;r;

g 40 per ceny o(;u(;-}:lm' Polvmethyl ‘“L“\‘.\"“CY'\VIMe.m‘.inuous
lm that b found Uty nhthalate, will deposit & o
With some cmu}q‘\mﬁc U\c\:a\' :x}c:xthcr finish.
Appearance: other l'OI-\ e film formed h:as N m:l.nimrce
function of b are clear and glasy, To R ors PIAS
her factot> o of
fow-007 of
atibility i

i emu

itis

H 3 . ~
the nature of e resin, but ot
¢ ro T .
Pl These include the ease of
Surfactap, flm, but the muin factor is com gan®. s
< ‘ . ] .
sion 5 ths 40 colloidy it e resin. in forn““‘»‘!m;ine !
des; 2t clear gl polvmer tilm mayv be o i1 for®
Sirable (hyy S Mg < shot!d gt
oent .411 rfad‘

el emulsify g and avnlizing a .
\Mand e

4SSOl solution with the resin.
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:lfitilhe sulphate and sulphonate type are universally compatible
Polymers, but on the other hand fatty acids, formed by
aOSs °f ammonia from ammonium soaps, are often incompatible,
nd they make resin films cloudy, or else form a greasy layer
on the surface. A polyvinyl alcohol that contains no residual
A¢etate groups gives a cloudy film with polyvinyl acetate.

PIGMENTED EMULSIONS AND THEIR FILMS

I.t has already been pointed out that one of the largest applica-
ons of synthetic resin emulsions is as a base for emulsion
PRints. We shall therefore consider next the preparatiop and
Properties of pigmented emulsions and their films. In this sec-
lion the terms ‘pigmented emulsion’ and ‘paint’ will be treated as
$¥nonymous,

FOl'mulation of a paint has to be made with grc'at care to
aVoid precipitation and to give such desirable properties as lqng-
lerm stability, and good brushability. For an emu}sxon pamt 1} is
Usual to grind the pigments in water with a lltﬂ(.? dxsper§mg
aent and then to mix the pigment paste with the resin emulsion.
Colloids such as methyl cellulose and carboxymethy] cellulose
are often added to improve the general properties of the system.
Sodium polymetaphosphate, which is sometimes }lsed as a water
Softener, js often included, as well as preservatives to prevent
Microbial attack on the natural products that are prese'nt.

The mechanism of film formation when an emulsion film
dries is still imperfectly understood, as is the more complicated
System of film formation from an emulsion paint. Recent work,
as illustrated by electron microscope and phgse contrz}st photo-
Micrographs, indicates that a touch-dry emulsion film is a close-
Packed array of discrete particles. These tend to flow together,
the degree of integration depending both on the temperature
and on the nature of the emulsifiers that are associated with th.e
emulsion particles. If the film is below the second order transi-
tion temperature integration will not take place. (See Insets 11
and 12.)

The nature of a pigmented film depends to a considerable
extent on the ratio of pigment to resin. This may vary from
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a'b.out 3 parts by weight of pigment to 1 of resin (including plas-
ticizer) Where a flat finjsh i required, to equal parts of pigment
and resin when an eggshell finish is preferred.

Electron micrographs indicate that in a freshly dried paint the
polymer particles stjl] retain their identity. Pigment particles on
the §urface are only loosely held, but within the film pigment
Particles tend to cluster. The electron micrographs reveal that
Cha.nges take place in the film continuously over a twenty-week
period, although the nature of the changes on ageing are still
Obscure. In some cases a clear layer develops on both the top
and the under surface of the film,

Emulsion Paints

In Great Britaip most emulsion paints are based on polyvinyl
tate, and increasing quantities are being used in the United
Sta'tes. Viny! acetate monomer is cheap; it can be polymerized
easily to give an emulsion containing 55 per cent or more solids,
and When plasticized the polymer emulsions have good film-
f‘OTmmg broperties. They are resistant to alkali, unaffected by
light, and tend to ‘breathe’, an advantage in many applications.
The plasticizer most commonly used is dibutyl phthalate,
although dibuty] glycol phthalate, which is less volatile, is some-
times also used. On the Continent, dibutyl phthalate is often
blenfied with tritolyl phosphate, which has the advantage of 1m-
Parting some resistance to fire. High molecular weight plas-
ticizers, such as polyglycol sebacates, with molecular weights of
the order of 1,000 and upwards, are sometimes included because
tpe‘y have less tendency to migrate into a substrate. The plas-
licizer content should be between about 12 and 20 per cent,
depending on pigment loading.

. Nowadays there is a tendency to utilize a copolymer emul-
Slpn, instead of one ‘externally’ plasticized with, for example,
dibutyl phthalate. A to-monomer is selected which gives addi-
tional flexibility to the resin films; this js frequently referred to
as an ‘internal® plasticizer, although, in fact, it forms an integral
part of the polymer molecule. Co-monomers include di-octy!
maleate, ethyl acrylate, and more recently higher vinyl esters
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Sch ag vinyl caprate and viny! stearate. The copolymer em_ul-
210ns are claimed to have a number of advantages, ope ?f whth
18 on-migratijon of the plasticizer, and easier ‘wetting’ of pig-
Ments by the emulsion. '

Styrene, and styrene copolymers, have bee_n uset.i in the

Nited States to a considerable extent in emulsion paints. 'l"he
Opolymer  js frequently a styrene-butadiene latex f’f high
Styrene content not unlike synthetic rubber (GR—S) in com-
Positiop, .

Polystyrene and its copolymers are, however, less ]3ght-stal?le
thap polyviny] esters and they tend to yellow on agemg.'Wh:le
the Water resistance of polystyrene and its cppolymers is vgry
8ood, the preparation of concentrated emulsions is rather diffi-
Cult apg plasticization is somewhat of a problem. These two
difficultjes seem to result from an integral property of the
Styrene molecule, probably due to the shape of tl_1e styrene 1:n;)lte-
Cule itself or of the styrene units in a pqumer. Dibutyl phthala g
is amongst the few satisfactory plasticizers for 1:Jolystyrema,.alr:t
it should comprise between 28 and 35 PCI‘ cent of ﬁlmbwexg .
If the quantity of the plasticizer is rax§esl, the r’esmd eg&?si
Sticky: if Jess is present the resin film is ‘cheesy’ and wi
either ibility or strength.

Emut}:?c;:;h;)f, polyacrilates and some higher p.olyn'\ethacxz;-
lates, such as butyl polymethacrylate, are finding mc;etahs A
applications as bases for emulsion pai.nts,‘but, because o ! ,i‘:;
high price, mainly for specialized anlxcatxons. The.y reqt;l o
Dlasticizers; in general their sensitivity to waterhx'shrlnu h e
than that of polyvinyl acetate, and the films are highly elastic,
whi event cracking. '

}2? c:x?t]if':l;odx;frferent type of emulsion used as a medium for
emulsion paints is that based on alkyd resins. Alkyds are
formed by condensing a polyhydrxc‘ alcohol Fuch as glycerol
CH,OH.CHOH.CH,O0H, with phthalfc anl?ydrxde,CnI'-L(CO)zO,
and a fatty acid, usually of the drying oil type de_nved from
linseed oil. Alkyds, which are normally available in solven.ts
such as xylene, dry by oxidation in tpe same way as linseed oil.
Between alkyd and vinyl resin emulsions there is a fundamental
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difference. It i i
aie pOIy;nI:rfs’ngt possible to prepare an alkyd resin by emul-
son boly im1zfmon. Th.e resin must be pre-formed and then
copvetied "'0 tm emulsxop. Ammonium soaps, the ammonium
: aseia, anq s.omeUmes non-ionic surface active agents
rc;)u.sed as cmulsifying agents.
ain i i
po ‘t’:asclher;)\{le_d from alkyd emulsions are claimed to have
pett adheSiO:; : ity 'than those prepared from polyvinyl acetate,
and adhesion ;) many surfaces such as old hard-gloss oil paints
e e supenor..This is not the case, however, with
highly - hydrove,surfnces like fresh plaster because the alkali
e 1o lAJ)“S;: thelalkyd. The resistance of paint films based
L aviolet light is also inferi int
ﬁ]r;s based on vinyl resins ror to that o1 F¢
mulsi a1 '
b t;eorr:1 pamt‘s.are gencrally based on a tinted white pig-
whic}; ! vcros.t rcu.able. white pigment being titanium dioxide,
e Rufi}],e”'l:rt in either of its commercial forms anatase Of
o] is resistant to chalking, but has a sli ore
yellow tinge than anatase. £ oue e

Stability to Freezing

S . .
war?i?fhzﬁlégegstres,m latexes can be frozen solid and after-
others an il'rl:vcrg'blwmmu.t .the'emulsion being affected. With
sequently thqwiﬁl t;}\;‘FCClpnatlon oceurs on freczing and sub-
paints have I;) be gt here, thercfore, emulsions or emulsion
necessary for for:noerd. during the winter months it is obviously
ing. Research has ;a“'oﬂs to be used that will withstand freez-
Where ffeczino( s shown that a number of factors are involved.
emulsifiers and Slts S.Cfoml’“mCd by an uneven distribution of
stable to freorin aox izers, the emulsion will probably be un-
also decreases qtiﬁ'l;n the other hand reduction of particle size
adsorption of én‘} ;"Y to freezing, probably owing to increased
particles, Frecze-&'&ner oq .the greater surface of the emulsion
tent increases. Thi aw stability also dgcrcases as plasticizer con-
plasticized resin t lSﬂSecn?g due to the increased tendency of the
ing the second Ordo o lo-g.elhcr at cold temperatures by reduc-
the tend er tr.ansmon point. Where films are pigmented

ency of the pigmented system or paint to be ruined by
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it is desirable to use efficient
addition of a water soluble
as only a very slight effect
f pigmented emulsions.

f“ZCZ.mg is slightly reduced, but
lting agents with the pigment. The
?r?flfreeZe such as ethylene glycol b

Improving freeze-thaw resistance O

OTHER SURFACE COATING APPLICATIONS
OF RESIN EMULSIONS

Leather finishing is one of the oldest and most conservative of
crafts. Casein finishes have long been used, but in recent years
a number of resin emulsions have found increasing application.
The various polyacrylates, with their almost rubber-like pro-
Perties, have proved ideal, but some polymethacrylates such as
the buty] and ethoxyethyl esters have also found considerable
use. Absence of tack on plating and a low temperature of cold
Crack (< —5° C)area desirable feature of this type of emtulsion.

Ethoxyethyl methacrylate emulsions are also used as a final
dressing for leather because they give bright glossy films.
coated with synthetic resin

For special purposes paper can be
emulsions, although solutjons in organic solvents are often used
because of the tendency of some papers to ruck when water wet.
Polyvinyl acetate is used to coat wrappings for foodstuffs, and
paraffin wax may be added to i imperviousness to water.
This resin has also an interesting application in the direct coat-
ing of foodstuffs, the emulsion being applied by spraying or

dipping.
Adhesives

A major application of resin
The theory of adhesion has b
Science News 41. Although de
principles which assist in assess

as an adhesive, applications of re
considerable extent ad 1oc: It must not be forgotten that adhe-

sion is a function of both the adhesive and the adherend. Thus
a good wood adhesive ma¥ be totally unsuitable for,metals.
Since the presence of the hydroxy group —(}—QH»‘a%&;j esion,
considerably ondsmapy Polar surfaces, jﬁ“ﬂslﬁ Bty

the#

emulsions is in the adhesive field.
een considered by de Bruyne in
Bruyne describes several simple
ing the potentialities of a resin
<in adhesives are as yet to a
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of a parti

fact, golylvailx:zl h:‘:irolysed polyvinyl acetate is beneficial; in
polyvinyl acetate elate emulsions, with partially hydrolysed
most widely used as emulsifying agent, are probably among the
the bonding of wovlinyl resin adhesives. They can be applied 10
materials, and ev: ,t? aper, a“fi cellulose products, most textile
In many cases, e n °rf bonding certain materials to metals.
acetate, the join,t Stfe;l S&t‘WOOd glues consisting of polyvinyl
of the wood itself.a 8 Of‘the bond exceeds the shear strength
already been gi\,ze pproaching 3,000 p.s.i. For reasons that bave
should be plasticizercli’ta golyvmyl acetate emulsion adhesive
ture of drying. This 0 the extent that Te is below the tempera”
flexible articles. is especially so when the adhesive is for

It wi
sively t(l,l ::l ﬂ‘zteci that reference has been made almost exclu-
use of symhyet'ny acetate and its copolymers, but the industrial
confined to thil: resin emulsions as adhesives is by no means$
make it the most flesm. _Apart frgm the fact that its properties
tage of being the ¢ gzsatlle, polyvinyl acetate has also the advan-
desirable properties apest ‘”“)’.1 resin available. Among its other
rubber latex, provicie,ctis ;]mulmons are compatible with natural
bl‘g-lght up to about 90, at the pH of the emulsion had been
ea ing i

resins,til::la).}ldnii is a method of forming a bond for which many
vinyl esters arf zlcFylates and methacrylates, as well as the poly-
with emulsion thmab-le' The surfaces to be sealed are coated
applied to form thl:t;)(;;czl‘ “-Cdned; heat and pressire £ then
to paper by this method. ellophane can be stuck to itself or

Textile Applications

The i
develzg:g;(t)\;efn:;m of natu.ral tcxtile. materials, as well as the
ot oF o \’;;ynthetlc fibres, is one of the most impor-
ate subjected ¢ ‘be e tl:eatqents to which fibres and fabrics
cluds ssing w;t"h _dmdcd into two main groups. These in-
orove the str’en tI}f f1sha temporz%ry.treatment intended to im-
g Lo gthof t e fibre wh.ﬂe it is on the loom, and finish-

, 1.e., processes carried out to improve the appcarance of the
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final
al piece goods or fabrics. Finishing can be reasonably ‘per-

zﬁfféd’ but 9nly a ‘semi-permanent’ finish is often all that is
acetar . Typxcal examples of the latter are dl}ute polyvxpyl
slarche e"nlflswns that are marketed to give 3 finish resembllqg
Washi. which will, however, withstand about five or SIX
ings.

clo‘:;he“ the quantity of resin appli
seco dor a.watcrproofed fabric, t
ing ndary interest. Leathercloth, fo
chl o“fas m‘}’Ocellulose, is often now _ ' 1
resi r{dg or lt_s copolymers. Although pastes, 1.6, dispersions of
sio n in plasticizer, are generally used, it is possible to use emu.l-
m ns. In order to obtain a tough flexible continuous film this
d ust be dried at a high temperature, since polyvinyl chloride

0es not form a true plasticized film in the cold: Plasticized

Polyvinyl chloride film is probably 2 two-phase system consist-
in the resin, and a

;flg Pf a solid solution of the plasticizer io si :
iquid phase consisting of a solution of resin in plasticizer. This
®quilibrium cannot be obtained, however, until the plasticized
mix is heated.

Sizes for textiles consist mainly of wa
As such, one would not expect emulsions
are several references in the literature to the
acetate emulsion as a size for rayon, the resin

the fabric after weaving.

Many ‘finishing’ processes on textiles involve some degree of
Stiffening. A wide range of methacrylate and vinyl esters and
their copolymers are claimed to be useful for this purpose.
Sometimes they are added as urea-formaldehyde resins as in the
well-known crease-resistant process. Polyvinyl acetate is used
together with rubber latex io the manufacture of non-woven
fabrics. A claim has beea made that a copolymer of butadiene
and a methacrylate reduces the shrinkage of wool. An emulsion
composed of promoform (CHBr,) and triallyl phosphate
(CH,:CH.CH,),PO. s used for fireproofing.

Monomers can be converted into polymers after having been
emulsified witha cationic emulsifier in exactly the same manner

ed is very high, as in a leather-
he nature of the fabric is of
r which the traditional coat-
made from polyvinyl

ter-soluble materials.
to be used, but there
use of a polyvinyl
being scoured off
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as with the m .

are stable in (’t‘:cco:vemlo,]al soaps and colloids. Few colloids
some conditions poI; f;-,S_enCe of cationic emulsifiers, but under
an emuision is pre ;);’ lgyl alcohol can be used, especially where
anionic emulsion g re l'>y inversion. In this process a norm
addition of a Ca[iomprepdred and then reversed by controlied
‘neutral’ point to a ¢ reagent. Great care must be taken at the

A textile materia‘;()l:d premature precipitation.
when a dilute catio,,'as generally a weak negative charge, and
the textile the resin ll,c] emulsion is brought into contact with
pose the concemrat-ex austs rather like a dyestuff. For this pur-
is to obtain complel:)n of the resin is about 0-1 per cent: the aim
2 p;;ecnt of the texlifee“)/(;:lllmi“on with a resin uptake of about
Is trea ; ;
where the a;:e:-,tt:,s-frequemly employed with nylon hosiery
to make handling anldmpart.ﬁrmne.ss’ body, and snag resistance
by virtue of the fact thpac-kl.ng easier. Polymethyl methacrylaté,
this purposc. Positiv la’t it is a hard brittle resin, is suitable for
ployed in a simuarlfeﬁ- charged polyvinyl acetate, when €m-
the goods. Cationic ashion, gIves a softer and fuller ‘handle’ 10
methacrylate are : .emulsions of polystyrene and polymethyl
e also used for delustring textiles.

Cement Mixes

One of the -
is as an additir:':J SttoS: rprising uses of polyvinyl acetate emulsion
vide greater resilie ement. The function of the resin is to pro-
The wetting agem;1 ce and impart a warmer feel to the cement
cement, non-ionic Prfescm often affect the setting time of the
set. The addition ofsur actants tending to lengthen the time ©
considerably so the resin increases the cost of the concrete very
sible. A ratio of | quantity added must be kept as low as pos
but less than a thir:irt ?f cement to 0-2 of resin is the optimuf,
modifications t ° .thls concentration brings about usefu
o the basic properties of the concrete.

ALKALI SOLUBLE EMULSIONS

When a ¢
o .
often founﬂlg::e:hthat contains an acid group is made, it i8
e resin is alkali soluble, because the acid
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water. Thus 2 single unit of

gro .
up readily forms a salt soluble in
anhydride may be repre-

¢

sen?e%o:lymef of styrene and maleic
H—’——'—CH—-
|
C:0

/

This pol v g . o .
amme lymer reacts with dilute sodium of potassiu
Unit nia, and many organic bases, to give 2 clea
of the sodium salt may be represented :
—CH,———CH—C ‘
i: H CliOONa COONa

6 s .
These solutions are used as textile sizes: The ammonium salts
o standing, partly

2;.th°5° copolymers tend tO precipitat ing ”
ing to loss of ammonia with regene the orlglt}al acid,
and partly owing to amide formation. Thus the ammonium salt
of the copolymer of styrene and hydride can be used
3s a ‘loom finish’ for textiles, je.,i as a size which
iS then rendered insoluble. A logical development that has re-
sulted for the prcparation of alkali-soluble resins is that of
alkali-sojuble emulsions. Unsaturated acids, such as maleic and
acrylic acids, are typical of thos® used for copolymerization.
These acids are water soluble, while most monomers are vir-
tually insoluble thoush slightly solubilized by the emulsifying
agents. In consequence, OWing 1 the lack of homogeneity of the
system it is difficult to obtain an even copolymerization. How-
ever, the technological difficulties of this copolymerization have
been overcome, and 2 number of alkali soluble copolymers are
Now available in emulsion form both in Britain and in the

United States.
The copolymers of this type I

—CH,——CH—C
|
CH, 0:C

m hydroxide,
r solution. A

eed only a comparatively small
amount of alkali to dissolve them, about 10 per cent of the resin
weight. The water-soluble resin solutions are extremely good
binders for pigments, and have potential uses in paper coating
and as thickeners. They are jmmune to damage o0n freezing

because on thawing they are still water soluble.
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CONCLUSION

The d )

exam;;:el?:?:g; og synthetic resin emulsions is an interesting
valuable grou ;n ing of two fields of chemistry to produce 2
development gf oh new products. It is also an example of the
the mutual adVaC emical theory in parallel with technology t©

There is still ntage of both.
property of s :&Ch.scop"_ for progress, because the remarkable
resistant coatiy etic resin emulsions of providing a water”
medium is ¢ ngbthat can be formed by evaporating an aqueous
ducts will p?gtia:; of further industrial exploitation. These Pro-
paralleled by d y find an ?Ver-increasing outlet in industr_y,
emulsion s :Ile evelopments in the complex chemistry of resin
Mayne, D ystems. The author expresses his thanks to J.E. O
, D.SC,, F.R.1.C., for his valuable advice and assistance-
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A.W.HASLETT

SICKLE CELL ANAEMIA

ease of the blood which,
8 onwards, has now an
istry, genetics, and

2(;‘“-3 cell anaemia is an inherited dis
aSsurl'esult of rFscarch from about 194
anth ed place in the histories of biochem tics, an
fr r°P°_1°8Y. The most recent and spectacular cqntnbutlon is

om a biochemist - Dr V. M. Ingram of the Medical Research
nOUncil's unit at the Cavendish Laboratory, Cambridge. By 2

ew combination of methods he has shown that the haemo-
8lobin of a sickle cell patient differs from the common haemo-
Sh?bin of human adults only by the substitution of one amino-
acid for another in a chain of nearly 300 amino-acids. This is
thought to be the closest approach yet made to identifying the
Chemical action of a gene.

Sickle cell anaemia has been recognized as a disease since
’J 917. The red cells of those who suffer from it have an abnormal
haemoglobin - haemoglobin § — which, in the absence of oxy-
gen, becomes insoluble in the cell fluid. It therefore crystallizes
and distorts the shape of the cell. A variety of cell shapes are
Produced, one of which, that of a sickle or crescent, accounts for
the name given to the disease. Few individuals, with only this
abnormal haemoglobin in their red cells, survive to adult life.
Those who inherit the abnormality from only one parent have a
Mixture of haemoglobins, and are said to show the sickle cell trait
~ as distinct from the disease. In them, the abnormality is harm-
less in any circumstances, and in one condition is an advantage.
This is in a district where malignant tertian malaria is prevalent,
red cells containing the abnormal haemoglobin being less well
suited to the malaria parasite. Although there are points of un-
certainty still to be cleared up, this is probably the clearest case
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‘o Wh.‘ch 4 gene that is lethal whep inherited from both parents
remains r.euSOnably common none the less, because of an advad”
.tage that it confers when inherited from o’nc parent. This is the
Interest of the disease to the geneticist. For the anthropologist
there is the interest that, with malaria control now extending
it should be possible to watch the gradual disappearance of an
abnormality which jp other circumstances might have been
laken to be racial, Ay present, in tropical African tribes, up t©
20 per cent of individuals, or even 40 per cent, show the sickle
cell tr.ait; In American negroes the proportion is about 8 per
“ent; in Southern Europe and Asia the abnormality is rare.

. Drhlngram‘s research goes back 1o two independent investiga-
lxo{ls 1n the United States - one genetic and the other chemical ~
“{hxch‘ were published in 1949, (An account of this work was
given in Science News 17, pp. 127~8; but the substance of it will
be repeated here for convenience.) Dr J. V. Neel, of the Labora-
tory gf Vertebrate Biology, in the University of Michigaf
established the genetic basis of the disease. He tested for sickling
lh‘e blood of one or, where possible, of both parents of patients
wnh‘sicklc cell disease. Where both parents were tested — which
Was in 13 cases - both of them showed the trait. In a further |
cases, only one parent could be tested but showed the trait if
al| cases. Sickle cell anaemia was therefore an inherited disese
detgrmmed by a single pair of alternative genes.

The chemical investigation, published soon after, was by
Professor Linus Pauling and others at the California Institute
of Technology. They prepared solutions of haemoglobin from
n.Ormal people, those with sickle cell anaemia, and those with
sickle cell trajt, They then compared these solutions by the
mMethod of electrical separation known as electrophoresis. They
fﬁ)und that haemoglobins of normal people and those with the
dlseafse were different, and that the haemoglobins of Pe"ple
show!".g the trait was a mixture of the two kinds. Sickle cel
anaemia, they concluded, was an inherited ‘molecular disease'

This was the situation when Dr Ingram began his works
€xcept that the difference between the haemoglobins had beeP
shown to be chemically slight, and that further abnormal
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‘l::em"gl'Obins had been discovered. Dr Ingram had therefore to
l° Sensitive methods, and to apply them to specified haemo-
g8 ob'ms ~ haemoglobin 4, the common adult kind, and haemo-
8lobip S, the abnormal sickle cell kind. He summarized the first

»S.tage of his research at the 1956 meeting of the British Associa-

tlo"then Speaking on the structure of haemoglobins in general.

T Ingram described his new combination of methods as
Nger Printing’. The combination was between electrophoresis
—Xnown already to show a ditference ~ and the method of filter-
Paper Chromatography. He began by breaking up the haemo-
gloh%n Molecules into peptide fragments ~ chains formed by
the lmking together of amino-acids — with an average of apout
.0 amino-acids to each fragment. He did this with the dxge.s-
tive enzyme, trypsin. This is a standard procedure in protein
chemis"Y; its effect on haemoglobin is to break up about 70 per
gent of the molecule, the remaining 30 per cent being left intact.

€ then placed a drop of each mixture on one or ot.her of two
arge Squares of moist, thick filter-paper, near the middle of an
edge, ang applied an electric potential parallel to Fhe edges on
Which the drops had been placed. This first separation depends,
cleaﬂy, on differences in the charges carried by the fragments.

€ 8ot a second separation by arranging for a solvent to b;
Suckeqd up from the same edge. This was thef chromgtographxc
Part of the separation, and it was in a direction at right angles
to the electrical part. From each haemoglobin, the con:nbmgd
Stharation yielded 30 spots, of which 29 appe'arcd to be identi-
cal, while the 30th spot was in different positions on the two

sheets,
To pin down the difference precisely took more work than

May have seemed probable at this stage, and the methods‘used
do not lend themselves to detailed, short summary. IF will be
said, therefore, only that the fragment that. showgd a dl.ﬂ'erence
Was found to be built up, in each case, of ninc am.mo~ac1ds; that
the identities and positions of these in the chain were estab-
ished; and that the diffcrence amounted to the replaceme:-n of
One unit of glutamic acid - in haemoglobm'A - }.Jy a .umt of
Valing in haemoglobin §. Valine is an amino-acid with one
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amltl‘](? anfi one acidic (carboxyl) group ~ the least possible for.
Participation ip 5 chain built up through amino-acidic 1inkasﬂ-_
an acidic side-chain; and the presence of 88

Glutamic acig has

extra unit of glutamic acig therefore adds an additional negativé
charge 1o the fragment containing it,

The rest of Dy Ingram’s work was confirmationary. In mc?”’
of.the other 29 Spots, he did qualitative analyses of the amino-
acids thag they contained — and found no apparent differences

}?efe Temained the major fragments ~ 30 per cent of t‘he
original molecuyles - which had been left untouched by trypsi>-
To break up these, he used another protein-digesting enzym®
Ch){motTYpsin, and so obtained a further collection of fragments
which he 4gain separated and studied for differences.

Dr Ingram qduotes results of X-ray studies in Cambridge, and
of unpublished chemical work by Professor Pauling, to SUP”
port‘the conclusion that the con{plete haemoglobin mole«:'ule
consists of two identical half-molecules. Adding this conclusio?
to his own work, the only difference in composition between the
common aduylt haemoglobin and haemoglobin § is seen 10 'be
the Teplacement, in each half molecule, of an amino-acid Wit
an extra negatjve charge by one that is neutral. Possibly there
may be a difference also in the folding of the chain. Evidence t0
Prove or disprove this does not exist.

According to present ideas, a chromosome is a long COi.ICd
ﬁlam.ent of deoxyribose nucleic acid (DNA); a geneis a sectio?
of this filament; the first action of a gene is to mould from “s.el
a corresponding section of ribosenucleic acid (RNA), whi¢
passes out of the ce] nucleus into the surrounding cytoplast
and ﬁjﬂally. the RNA serves in turn as a mould from Whicb. 2
brotein - determined initially by the gene - is made. If this pic
ture js correct, the identification of a single small difference be-
tween proteins determined by alternative genes, is probably as
close.as We may hope to get for some long time to watching 2
gene in action, The hearest previous approach came from someé

research on the biochemistry of anthocyanin flower pigments:

done by Dr Rose Scott-Moncrieff at the John Innes Horticul*
tural Institution in the middle 19305 i co-operation with Pro-

Research Report i

» fess"r (now Sir Robert) Robinson on the chemical side. But in

this Case there would be protein enzymes between gene and pig-
Ment changes, whereas haemoglobin is probably the first pro-
tein made by the gene.

Although the story of haemoglobin § seems now to be sur:
Prising]y complete, there is a complication in the backgfound,
3t least seven further types of abnormal adult haemoglobins are

ROwn to exist. Two of these were discovered by Dr Neel ora
Colleague within two years of his original work. Their charac-
teristic in terms of the disease is that a child who inherits

d¢moglobin § from one parent, and one of these furtheir
abnormaj haemoglobins from the other, suffers from s1ck1e. cell
naemia in a less severe form. Both of them, like haemoglobin S
appear to be regional in distribution. One of them, haemog;o_bm
C hasa frequency of up to 10 per cent in part§ of West A ‘m;la,
Where jt maintains itself alongside haemoglobins 4 fmd S,ht_ ;
Other partly replaces haemoglobin A4 in northern India. A tf xrr
hag been found in south-east Asia, and there are a further O:d
that are thought so far to be very rare. It has begn sugiest <
that all these haemoglobins are variations on a .smgle tbem E
that single gene, which can exist in a corresponding nurr.tdetl;1 zt
forms, i responsible for all of them. Dr Ingram has sa‘lI 1 that
the chemistry of some of these further haemoglobins (;v: | now
be studied. There is also room for research on thfe adva e eg,'r
that the three more common of them may con ex; o?in ei

OWners, possibly in relation to types of malaria prevalen

Same regions. e

e e s

A general introduction to the ;1;;315;; li hgile‘;e:a:?iejr.;pse.rs :ef:rt;ed

Biochemistry of Genetics (1954). The ¢ p

to are :mNccyl. ; V.. Science, 1949, 110, 64 and P:;g;:g;:;-;g:
others, Science, 1949, 110, 543. The 1mmed1ate11"s feren
Ingram, V. M., Nature, 1956, 178, 792 and 1957, 180, 326.

NOBELIUM: ELEMENT 102

The making of element 102, for which the name ‘nf)t?eliu: };?
been proposed, has been achieved lately by a joint Ang
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chdxsh-Amen’can res

cyclotron o k
method useg ;’/‘;T&Obe[ Institute for Physics in Stockholm.
thin aluminjym, f0~le b.om,bardmcnt of curium-244, deposited 0f
Carbon.12 Paniclel » With ions that included both carbon-13 2%
wanted reaction CS‘ fhose of carbon-13 being concerned int e
element 6, the fys; urium being element 96, and carbon beité
of protons needesclgon of these two nuclei provided the numbef
€arbon-13 nuclej to make element 102. On the basis 1
were captured theere the operative bombarding particles 27
nObe!ium~257.,Bm :)Ompound nucleus first formed woul _
Which had to be no | ecause of the encrgy of bombardmen!
nucleys through th oss [haf’ that needed to carry the carbof”
nucleus - (ho nucle potential barrier presented by the curiy
energy, which wo e!us first formed would have an excess ©
‘boiled off* from j; lfrd resuh.jn a number of neutrons bt
of neutrons Jqs; li. h,e question, then, was whether the numbef
leave a not (g0 n that Wway could be kept sufficiently 1oW 0
O Unstable isotope of the new element. But in th15

part of the .
period ..
SpPontaneoys ﬁssionlc table, the probability of breakdown

tion of neutron

—is high in sui . .
so-called even.ey s high in suitable isotopes. It is highest int ¢

€N isotopes — those in which the numbers ©
m-254 or t;z;sl.are EOth even. For this reason. eithel
would be yr, clium-252 (152 and 150 neutrons respe
break down (gromllgmg isotopes to make because theY
or 4 neutrons © quickly by fission. 1t seemed, howeven
be possible 1o box:l.o‘;,ras about the smallest number that it woul
ak down by em't.t‘h followed that nobelium-253, expecte
nucleus, wag the ﬁr(itl t ";g an 2ipha-particle. otherwise a helit®
could be made in thi olerably stable isotope that it was likelY
therefore to keep th ngay, Thc procedure for making it wWa$
with just ¢ ombarding energy as fow as possibler
Way it might be hoped o gt 5. 1, Potential barrier. In the
avoid 252 which wgﬁld g halt the boiling off process at 253, an
official statement ex reak down by fission. Therefore, as the
close control of th pressed it. ‘the experiment required Very
€ energy of the incident heam of bombarding

tively)
would

earch team, working with the 225

~ as distinet from fission following absorP”
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tons’. This was a new situation in the making of artificial

- elements, although one that had been foreseen.

The nobetium atoms formed were collected, along with other
atoms produced and ejected by the interaction of bombarding
Particles and target, on a separate collecting foil placed close to
the target. The collecting foil was effectively platinum. The
atoms that were collected were washed off it with dilute acid,
and the resulting sclution passed down an ion exchange column.
Fma“}’, the nobelium was extracted from the column by an
organic solvent. The identification of the new element depended
on the association of a radioactivity close to that expected with
this final solution. The half-life of the isotope made was about
10 minutes, and the energy of the alpha-particles emitted was
about 8:5 MeV. The idertity of the isotope has not yet been
otherwise confirmed. By using more massive nuclei for bom-
'bardment, it appears probable that more massive and long-lived
15otopes of nobelium could be made.

The members of the research team responsible were as fol-
lows: from the Nobel Institute for Physics, H. Atterling, physi-
cist, W.Forsling and L.Holm, chemists, and B.Alstrom,
electrical engineer; from the Atomic Energy Rescarch Estab-
lishment, Harwell, John Milsted, a chemist who last year
worked at the Argonne National Laboratory under exchange
arrangements, and helped to separate the curium used as target
material, and A. Beadle, a chemical technician; and from the
Argonne National Laboratory, Paul R. Fields, a group leader
in the chemistry division, and A. M. Friedman, now working at

Harwell under exchange arrangements.

RADIO TELESCOPES

The bringing into operation of the 250-ft-diameter steerable
radio telescope at the Jodrell Bank Experimental Station of
Manchester University coincided within a few days with the
opening of the Mullard Radio Astronomy Observatory of the
Cavendish Laboratory, Cambridge. Questions of costs and
administration are no part of the progress of science. However,



114 Science News 46

be sa1d aorsy LcismS which have been made publicly, it shoulé
in design mas lhe Manghes}er telescope that the primary change
for one built 4 € substitution of a continuous metallic reflector
resistance; th tp }(:f reasa 5o fncreasing both weight and WIPd
of extendin ?ht ¢ reason for the change was the desirability
permit its usge y waYelength range of the instrument so as t0
for this exte 0n centimetre wavelengths; that the scientific case
telescope hagsfn became compelling only after work on the
stellar Materia]’ ;gun (see, for example, the article on ‘Inter-
Department laf sy F. D. Kahn in Science News 34); and that the
recently that ° c‘e_n"ﬁc and Industrial Research has stated
ment funds v lnlthelr.we\.)v, an additional grant from Govern-
has perform“:jou d be Justified. The Manchester radio telescope
and the cas: f:,: ]iltd'urmg tests. I‘t i§ an all-purpose instrument;
proposed. Is stronger in its final form than as first

The interest of the Mullard Radio Astronomy Observatory at,

g:nmc?; ;‘:Sefls that it carries to a new stage of development the
formed w;: mékmg use c.>f theT interference patterns that aré
combined ;n tsl:‘gna]s recenved. In separated aerial systems are
of combinin O this a further principle has now been added — that
and makin 8 signals from a fixed and a movable aerial system,
movable s gs tusc 9f observa.tlons n}ade on different days, with the
effect of a: aen.x 10 successively different positions, to obtain the
The princi ler_n al darray very m}mh bigger than exists physically:
sources obI:e lsd escribed as “aperture synthesis’. Cl carly, the
would not berve . must emit steadily; otherwise the method
the general bea::lglfc;ult:ldth: observation of distant galaxies, and
dition should be met. of radiation from the Galaxy, this con
C:n?:r;eg:al,rsg stems used are similar to those used earlier at
direction oi.’ ae ¢ ;’Otatzon of the earth takes the place of one
is then necess Tial movement. Only one direction of movement
northern or soag n that.rep resented by dipping towards the
can be that of N helrfn horizon - and the shape of the reflectors
tors can th ana ‘-Cylmden On metre wavelengths the reflec-
" thus be built up of a comparatively small number of
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Vires, strained lengthwise along the cylinder. With the inter-
kerometer method of working, there is freedom to design separ-
il}ely for sensitivity and resolution; sensitivity being propor-
tional to the combined area of the two aerial systems, and
Tesolution to the distance between them. This means that the

- Individual jobs to be done must be considered on their merits,

and separate instruments built to suit them. Wavelength, once
chosen, cannot be easily altered. With a cylindrical reflector the
Wwaves reflected are brought to a focus along a line, the axis of
the cylinder, and many receiving elements are necessary. But in
the case of an array built for a specific job, it is not a very serious
Testriction to have to choose a suitable wavelength and stick to it.
There are two principal instruments at Cambridge. One of them
Operates on a wavelength of 1-7 metres, and is for work on extra-
8alactic sources. The fixed array is 1,450 feet long and 60 feet
wide; the movable array is 190 feet long and runs on railway
tracks of that width over a distance of 1,000 feet. The collect-
ing area is equivalent to about 190,000 square feet, nearly four
times that of the Jodrell Bank steerable telescope, and in round
figures a thousand times as great as that of the biggest optical
telescope. With this instrument it should be possible to distin-
guish between directions separated by only a few minutes of arc,

* or less than a minute of arc in the case of a bright source. The

other principal instrument will operate on a wavelength of
7-9 metres. Its use will be in a survey of the general background
of radiation originating within the Galaxy. This, too, makes use
of a movable array, but one of such light construction — weigh-
ing only about a hundredweight — that it can be picked up and
moved from one position to the next by hand.

Ryle, M. Nature, 1957, 180, 110.

HIGH-TEMPERATURE PLUTONIUM REACTOR

There are so many kinds of nuclear reactor already that a sug-
gestion that any new kind is of special interest needs to be justi-
fied. Let it be said then that the new reactor will be fuelled with
plutonium carbide; that fuel and moderator will be mixed in



116 Science News 46

;Zrzcair?ct;;}t'ps.tubest tbrough which gas under high pressure w‘ill
of oy kin;’ that it is hoped to dispense with canning mate?a‘
ooy kind; a(;'ld that operating temperatures of up to 800° C
Geveopnim e fat. Suc.h a reactor is the latest proposal for the
povel o the.hlgh-temperature, gas-cooled system fhat
ha ¢en mentioned in the last two annual reports of the Unite
. ingdom Atomic Energy _Authority, and on various occasions
dy speakers connected with the Authority. The most recent
hevelopmems are that portions of fuel assemblies of this kind

ave been made up and tested at Harwell, and that a contract
has been given to the General Electric Company Ltd for much
of thta design and construction of a zero-energy system for
expenm‘ental operation. This is to be built at the new Winfrith
out-station of the Research Establishment,

.Such‘ a reactor would achieve two main objectives at once-
First, it would provide an alternative to the Dounreay fast
breeder reactor in the North of Scotland as a way of using a8
fuel the plutonium that will be produced in increasing quantities
through the operation of reactors developed from the Calder
Ha!l type. Secondly, the elimination both of metallic elements ~
which are subject to changes of physical state with temperature

= and of canning will remove present limitations to working A

temperature, and should reduce costs. But such a reactor would
not bt; able to breed - that is, to produce more fissile materia
than it consumed. The reason for this is that, whereas a fast
reactor working on the plutonium/uranium-238 cycle produces
—ideally - 26 neutrons for each neutron absorbed. in a thermal
reactor (maintained by slowed-up neutrons). only 2:03 are pro-
duceq. Since one neutron is required to maintain the chaif
reaction, and a second to replace each atom that has undergone
fission, it follows that only the excess above 2-0 is available for
breeding, and to cover inevitable losses from the absorption of
neutrons in cooling and other materials.

For this reason, it was first proposed to develop the high-
%";‘}’e"a‘}"c‘ gas-cooled reactor for operation on the uraninm-
233/thorium cycle, since this is the more favourable of the two
cycles for breeding in a thermal type of reactor. The fact that

Research Report 117

‘leonium will, within a few years, be becoming readily avail-

able as fuel has led to the decision to try the plutonium carbide
Version first. The purpose of the Winfrith assembly will be 1o
test the nuclear properties of such a system at different tempera-
tures. The effects of neutron irradiation on the fuel elements can
be examined at different temperatures in the Harwell research
Teactors.

ICE NUCLEI AND RAIN

The theory that, in most conditions, raindrops in temperate
climates owe their existence to the prior formation of ice crystals
Was first put forward by a Norwegian meteorologist, T. Ber-
geron, as Jong ago as 1933. It has been the basis of most modern
attempts at rain-making; and these, in turn, have led to greater
interest in the natural process. One of the problems is that crys-
tals of ice — like crystals in general — find it difficult to make 2
start without some suitable small particle to grow on. In the case
of water droplets, there is a gap of some 35 degrees between the

temperature (—41° C) at which small droplets of pure water
and that (sometimes as high as ~6° Q) at
s. There must
re effective

freeze spontaneously
which ice crystals may begin to appear in cloud
thus be ice-forming nuclei in the atmosphere which a
at temperatures only slightly below freezing-point. Research on
the nature of these nuclei was presented by Dr B. 1. Mason,_ of
the Imperial College of Science, London, at the Dublin meeting
of the British Association. .

A suggestion that meteor dust might be important was put
forward some years ago by Dr E. G. Bowen, of the Bad‘lo-
physics Laboratory of the Australian Organization for Scientific
and Industrial Research. His argument ~ which was contested ~
was based on apparent coincidences in time between the arrival
of meteor streams in the earth’s atmosphere and increascd rain-
fall. Dr Mason's evidence is that, in laboratory experiments,
particles of meteor dust do not appear to be effective ice-
forming nuclei. Positively, he finds, first, that a number of sili-
cate minerals such as kaolinite, microcline, and some micas are
effective at temperatures higher than —15° C; and, secondly,



118 Science News 46

;};‘ilvle’a;zlde:tolf the more common clay minerals, while initially
tioned oc iyce-f OWer temperatures, when they have once func-
peratures Moor ming _nucle{, are thereafter active at high tem-
A . re precisely, if the ice crystals formed on such
i;:]am;:les are gllowcd to gvagorate in dry air at 0° C, the remain-
gh? ay partlcnles are active in later experiments at temperatures
?l'sjatltg}:] as —5°C. Dr ngsop's suggestion - so far unproved — i
. their improved activity is due to the retention of small quan*
;ltlfzs of ice in submicroscopic cracks in the particles, The circu-
az:uon of common clay particles to sufficient heights in the
mosphere might thus, he suggested, make the same particles

eﬂrCCth.e at lower levels and temperatures in natural rain
formation.

CORRESPONDENCE

THE ORIGIN OF THE ‘BARN’ UNIT

Dear Sirs,

In Science News No. 45 (page 106) T. M. Dunn repeats the
Physicists’ tale that the name of the nuclear cross section unit
barn’ is due to the late Enrico Fermi. When 1 met Fermi in
Chicago in March 1954, a few months before his most untimely
death, I asked him about this story. He told me that the story is
Wwrong. He knew very well that the invention of the name ‘barn’
Wwas ascribed to him, but he assured me that he had never made
the often-quoted utterance ‘It's as big as a barn’. Fermi certainly
Was one of the greatest and one of the most amiable scientists of
our age. I think it does not reduce his reputation if it is stated
that the very amusing story about his introduction of the term
‘barn’ is untrue.

The riddle of how the rather unscientific word ‘barn’ was
brought into grim nuclear physics is solved in the book Source-
book on Atomic Energy by Samuel Glasstone (Van Nostrand,
New York), where a footnote on page 264 says:

The term ‘barn” was proposed in 1942 by the American
physicists M. G. Holloway and C. P. Baker as the result of a
broadly humorous association of ideas. It served the purpose
of a code word, which was desirable at the time, and seemed
appropriate because ‘a cross section of 10-24s5q. cm. for
nuclear processes was really as big as a barn’.

I should like to use this opportunity to tell you how much I
appreciate Science News. 1 think I am one of the few Austrians
(or the only one) who possesses all issues of Science News from
the beginning. I owe much knowledge and many ‘thrilling’ hours
to your excellent articles.

I also have a little wish. Please do not publish indexes so often
because if you want to look something up you have to peruse
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SO many. A cumulative j
ulative index of all 50 issues in Science News

No. 50 would b

space it would gemczst welcome, Although it would take much

many other readerso great value to the reader. I, and I think

if it containag Lo would be prepared to pay more for No. 50
a complete index of all previous issues.

Yours sincerely,
Friedrich Katscher
(DR FRIEDRICH KATSCH
Mariahilfer St e
! rasse 133, Vi
Austria , Vienna xv,
17 Sept. 1957

The Edi
tion eons 1{0rs ;f’ould welcome readers’ comments on the sugges
(o the f ained in Dr Katscher's letter — that a cumulative i;1d8‘
rst fifty volumes of Science News might be published

either as part j ]
o part of No. 50 itself, or possibly as a special supple:

" National Nature Reserves managed by the Nature Con

SOME BOOKS RECEIVED

BriTAIN'S NATURE RESERVES by E. M. Nicholson (Lon-
don, Country Life, 1957), pp. 175, 30s.

Nature Reserves in Britain are a relatively new development, and
there are still many people who neither fully realize what they are,
or what their function is. It is with this in mind that E. M. Nicholson,
who is Director-General of the British Nature Conservancy, has
written what amounts 10 a guide and handbook to Britain's fifty-odd
servancy, and
other bodies, for the State. These range from the vast 40,000-acre
reserve in the Cairngorm Mouatains between the valleys of the Dee
and the Spey, to small reserves of a few acres that have been set
aside for special reasons. They include moorlands, woodlands, lakes,
downlands, heaths, bogs, fens, sand dunes, coastal cliffs — all part of
the living heritage to which, in general, we've paid so little regard in
the ruthless past.

Before too late, however, the leaders
pioneers like Charles Rothschild and Arthur
book is dedicated) led to the creation of these areas devoted to the
study of nature — outdoor living museums in which the works of
nature can be conserved as a national heritage, outdoor laboratories
in which complex ecological studies can be carried out. And it must
be emphasized that they are much more than preserves, they are
true laboratories set aside for scientific research. Examples given b‘y
Nicholson are experiments on how native trees grow, and their
influence on the soil, or on the cffect of burning moorland, heavy
rainfall, or grazing, on population dypamics.

And there is a point to be noted here. One does not barge into a
scientist’s Jaboratory uninvited, though one will almost always find a
welcome if one takes the necessary preliminary steps and presents
proper credentials. The same is true of nature reserves. While a num-
ber are freely open to Visitors, others have delicate scientific experi-
ments going on in them, or are there specifically for the protection
of their wild life. One of the main objects of Mr Nicholson’s book
is to explain which reserves in Britain can be visited without for-
mality, and what steps have to be taken to obtain permission to visit

the others.

hip and vision of a few
Tansley" (to whom the
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The volume is illustrated with over sixty photographs which reveal
the extremely varied habitats that are available.

NOTHING LI1KE SCIENCE by Magnus Pyke (London, John
Murray, 1957), pp. 172, 16s.

It is not obvious whether the title of Dr Pyke's book is meant t0
disarm the critic of his wilder extravagances by disclaiming any clos¢
connexion with science, or whether it describes one of the articles of
his faith. Be that as it may, not taken too seriously, Nothing Like
Science is fun.

Should you have a scientist uncle who takes himself and his science -

just a little too seriously, then this, without doubt, is his Christmas
present. But a word of warning. The volume is largely made up ‘ff
reprints of Dr Pyke's highly amusing B.B.C. talks although there i8
no indication of this in the book itsclf, and Uncle may well recollect
having heard them.

Witty and provocative though the talks may be, they do, like 'gh.e
story of Frankie and Johnnie, have a moral, which is simply that ‘it18
time we took a cool, level-headed look at the science of todays
appraised its value, and the direction in which it is tending’.

A HISTORY OF INDUSTRIAL CHEMISTRY by F. Sherwood
Taylor (London, Heinemann, 1957), pp. 467, 30s.

If there is one over-riding criticism of this, the last book from the
pen of Dr Sherwood Taylor, it is that the author courageously 5¢t
himself a more-than-human task which failing health prevente
him from fully accomplishing, and it is sad to have to record that be
only completed his manuscript shortly before he died.

The history of industrial chemistry, even when we apply the ter®

in an extended sense to the empirical crafts of a pre-scientific age, 1%
s0 much the history of material civilization itself (the author use’
the term “industrial chemistry’ to include all modifications of the
composition of matter that man has undertaken since the carliest
times) that only the most brilliant mind in the full flux of its powel
can encompass the full sweep of the subject and its multitudi‘nou’
ramifications, Technically the topics range from Chinese ceramics t0
artificial silk, from mediaeval glass to oil refining, from the fire”
producing devices of the 16th century to the horrifying devastatiod

3
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aused by the fission of uranium and plutonium, from medicine near
ied to magic to the modern magic of the antibiotics. .
To range so widely is virtually to attempt the impossible, and in
€ reviewer's view Dr Taylor would have left us a greater monu-
Ment to his talents (and they were many) had he chosen to restrict
imself and so achieve a more penetrating analysis of a narrower
eld. As it was, the author clearly recognized the magnitude of his
Sclf-set task, and in the absence of knowledge of the men and organ-
izations that have created the chemical industry, he concentrated on
chemical principles and the relation of industrial developments. to
chemistry jtself. In the latter third of the book, thercfore, there is a
Substantial substratum of purely theoretical chemistry and a corre-
Sponding lack of discussion of the ever-increasing impact of 'dlS'
Coveries themselves on the industry, and of the industry on society.
Dr Taylor is at his best when he is writing about the long period
that leads us to the rise of a scientific chemical industry; less so when
he is trying to cram the multitude of developments of the past quar-
ter of a century on to an already overcrowded canvas. Nevertheless,
his book is a valuable addition to the scant histories of one.of the
8reatest, both economically and socially, of man’s mampulat.nons of
Dature. There is a valuable list of suggestions for further reading a.nd
2 good index. To Mr F. Greenaway, who saw Dr Taylor’s manuscript
through the press, we owe a special debt of gratitude.

SlCIENTlFlC AMERICAN Books (i) The Phﬁsicg and( Ch;?;;:
try of Life (pp. 270); (ii) Twentieth-Century Bestiary (pp. ;
(iif) Automatic Control (pp. 148) (London, Bell, 1957), 13s 6d,

135 6d, and 10s 6d respectively.

The Scientific American is known throughout the world fo;' the
excellence of its articles in which it interprcts_ the.advances pf science
to a public not necessarily professionally sc1ent1ﬁ.c. Now its efhtors
have prepared groups of these articles, and bave issued them m'the
above three volumes. Each volume covers one field of rapidly

i e.
adr;;::lll]’i:;::’ :ze:clg Chemistry of }.ife’ coqsists of some eighteen
articles about life viewed as a physq:o-chemxcal process, and cover-
ing such topics as The Origin of Life, Pho'tosymheSIs. The Repro-
duction of Viruses, The Structure of Proteins, The Nerve Impuise,
and the Electrical Activities of the Brain.

“Twentieth-Century Bestiary’, despite its somewhat precious ti
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includes interpretations of such classic researches as Niko Tinb‘?’
gen’s on the courtship of animals, and D. and E. Lack's on theil
observations on the swifts in the tower of the University Museum
at Oxford. In all there are twenty-four articles, which range from the
Origin of Species to Physiological Engineering.

‘Automatic Control’ js 3 collection of eight articles on Feedba_‘:k'
the Second Industrial Revolution, Information, and the more philo-
sophical ‘Imitation of Life’ by W. Grey Walter, and ‘Man Viewed 83
a Machine' by J. C. Kemeny.

Anyone who values the Scientific American will be glad to have
a selection of its invaluable articles available again in this v
integrated form.

THE WORLD OF THE Sorr by Sir E. John Russell (LondoDs
Collins, 1957), pp. 237, 25s.

This is the latest addition 1o the New Naturalist series: its guth":
the doyen of soil scientists, who, at the age of cighty, has pTO‘V‘dcd )
volume full of the wisdom of his years. If any young scicntist, sure
feited by the content of his formal training, should feel that t.herc ;ris
few fields left for him to explore, here is the book to dissipate P
mental indigestion, because, time and again, Sir John, with the cahis
didness that comes from long experience, tells us, in reply to
self-set questions: *We just do not know.’ el

Agricultural science, perhaps more than other branches of f"h it
lectual endeavour, has passed through phases at the end of whic in
truly appeared to those of the day that the whole truth.“"’sms
sight. Such is the deceptiveness of partial knowledge; today it seetbc
that the deeper the investigations of the soil scientists probe,
further recedes the horizon of ultimate truth, b

For thirty years Sir John directed the premier agricultural re§ear X
institution of the world ~ the Rothamsted Expecrimental Station ;g
Harpenden in Hertfordshire. Now he has set out in broad outline U/ .
discoveries of those who have contributed to the revolutionary fhs
coveries made about the soil in recent years — pedologists, Che"f"s“'
Pphysicists, biologists, and geologists — for in the soil is all scnen(f;
united. ‘At Rothamsted’ runs through the volume like a 1"'""'0"6'
oot that Sir John's outlook is in any sensc parochial — indeed t:c
Planet is his parish - jt is simply a measure of the institution and t
Tenown his tenure of office raised jt to. B

Throughout the volume there are many passages that bear com
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Parison with the best scientific writing that has come from the %ersl
f any author. Here, for example, is how he introduces us to hi
Subject :
‘The soil is among Nature's greatest marvels. A clod of earl!el;
Seemingly simple and lifeless, is now known to be highly 'Comxl:/ith
in structure. its particles most elaborate in thelr.cngOSlUOﬂ, ¢
fumerous invisible crevices inhabited by prodigious nuﬂ;:?e;sv:’e
living organisms inconceivably small, leading hvcs‘ of whic iy
can form only the haziest conception yet somehow ll‘nked upt.\:'me
our lives in that they produce the food of plants which conskli be
our food, and remove from the soil substances that W(‘)uk s
harmful to us. It would be flattering to our self-esteem to ﬂ}:mw;d:r
they are there for that purpose, but it is safer to take ; e ielr
view and to suppose that they, like ourSeres.. are lcfza mis ;
own lives, the purpose of which is completel){ h@den ;0m is' the
The reviewer's only complaint about this fascinating vo “mde \ of
Unusual luxuriance of the crop of printers’ errors, the Pro ucooo
slipshod proof-reading which extends to giving references as p. 000.
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