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Editorial

THE nucleus of this issue is a short symposium on the
Bacteriophage, that parasite of bacteria which so well
illustrates the old rhyme about litile {leas having lesser fleas.
The discovery, first by Professor Twort and then by Dr
d’Herelle, of a submicroscopic germ which causes a disease
amongst some of the bacteria responsible for human ill-
nesses, raised great hopes that bacteriophages would prove
of medical value in controlling these bacteria and curing
these illnesses. These hopes have not been fulfilled, at least
in the opinion of British and American doctors, and interest
in the bacteriophage has waned.

With the coming of the electron microscope, however,
there has recently been aroused a fresh curiosity; largely in
the mind of Dr Wyckoff, who describes here the new work
on the subject, illustrated by some fine plates (Nos. 10 to 15).
Although this is at present only of general scientific interest,
it may yet prove ultimately to lead to knowledge of practical
healing value, and Dr ¢'Herelle’s hopes and claims thereby
gain a firmer foundation than they at present possess. In any
case, our symposium is a contribution to history, since two
eminent men describe how they came to make certain
discoveries, and an indication of recent developments which
inay stimulate others to become interested in the subject,

It is evidence of the way that science evolves by the
breakdown of artificial frontiers that Dr Wyckoff, aithough
now working on a matter of biological and medical im-
portance, is primarily a erystallographer, as is Dr Preston
who works and writes now within what are usually regarded
as the confines of botany. Dr Cobb, on the other hand,
began as a practising medical man, and in his study of
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3 " EDITORIAL

‘brain waves’® has had to become more and more of a radio
engineer. Even Mr Cricks, a cinematographer, is taking a
close interest in television which technically is a totally
different sort of moving picture,

The Astronomer-Royal needs no introduction., His
account of the possible origin of the earth and its fellow
planets is an intercsting corrective to earlier popular
accounts, showing that the subject is both less settled and
more complicated than other writers have suggested,

Mr Moncrieff and Mr West have both written for Science
News before ; the veterinary notes link up with the bacterio-
phage symposium in a further reminder of the importance
of viruses, while the article on Synthetic Fibres follows out
a thought in The Molecular Architecture of Planys,

In the next issue of Science News there wijl be as a
supplement a complete index to all the issues from | 10 15

Recent Progress in
Television
R. HOWARD CRICKS

IT is now seventeen years since the B.B.C. incurred a certain
amount of scorn by broadcasting television on John Logie
Baird's original 30-line system. The signals were broadcast
over the normal sound channels like ordinary rad®, and
showed in the receiver a small red-coloured image, which
with some imagination one was able to recognise as a
dancer or an acrobat.

Four vyears later in 1936, after competitive tests between
high-definition systems sponsored by Baird and by Electrical
& Musical Industries (E.M.L) the latter’s system was
adopted. The B.B.C. could for some years claim to be the
only source of high-definition television; much of the
original equipment is still in use.

Some of us can still recall the amazement with which we
realised that, in contrast to the 10 Kc/s* which represented
the limiting factor of Baird’s early transmissions, we were
witnessing the results of a 5 Mc/s transmission - five million

separate impulses every second which went to make up the

high-definition picture.

High-frequency Transmission

Let us consider a little more closely what this statement
means. Whether we are transmitting sound or picture, the
method of transmission universally employed in Europe is
known as amplitude modulation (a different system known

* ¢c/s=cycles or impulses per second; Kefs=kilocycles (thousands
of cycles) per second ; Me/s =megacycles {millions of cycles) per second.

Frequency [ is related to wave-length A (in metres) by the expression ;
fxA=3x10
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as frequency modulation is being experimentally employed
in America). This means that a {(carrier) wave of a

Fig. 1. = The principle of modulation of a Radio Wave, 4 the
unmodulated carrigr wave. B the signal received from the
camera. C synchronising pulses. D combined picture and
synchronising signal. E carner wave modulated Ly the signal-
of D.(The single scanning line, i.c. what happens between the
two synchronising pulses indicated, occupies less thaa
1/10,000th of a second, and in this period there are actually
over 4,000 cycles of the carrier wave.) (Reproduced by
courtesy of the Ideal Kinema.) '
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varied or modulated from instant to instant by the
impressed impuises to correspond with the signal being
transmitted.

“The application of this principle to television transmission
is illustrated in Fig. 1. A is the high frequency carrier wave,
B is the actual wave-form of the picture, varying from light
to dark, and C the synchronising pulses (the purpose of
which will be referred to later); D is the combined signal
wave-form. For transmission, the carrier wave is made to
vary in amplitude or strength in accordance with the signal,
as shown in £, which represcnts the waves actually emitted
by the aerial.

Now, it is obvious that the higher the signal frequency (or

_ speed of change in B) that it is required to transmit, or as it

is expressed, the greater the band-width, the higher must the
carrier {requency be, if the signal frequencies are not to
undergo unacceptable distortion. While sound frequencies,
ranging up to 10,000 c's, can be satisfactorily transmitted
on comparatively low frequencies (the B.B.C. Light Pro-
gramme is radiated on a wave-length of 1500 metres or a
frequency of 200 Kc/s), the fact that television calls for the
transmission of 5,000,000 picture impulses per second
requires that it shall be transmitted on correspondingtly
higher carrier frequencies.

This figure of 5,000,000 picture impulses corresponds to
2.5 Mc/s. The programmes from Alexandra Palace are
broadcast on a carrier frequency of 45 Mc/s. Since the
effect of the signal frequencies is to give rise to sum and
differcnce frequencies®, the actual wave-band transmitted
extends from 42.5 to 47.5 Mc/s. Television sound is radiated

on a frequency of 41.5 Mc s; since the band-width is

“

* When a wave such as a radio wave is modulated, new frequencies
are produced equal to the sum and difference of the carrier frequency
and the modulation frequency. Thus if a carrier frequency of F is
modulated by a single frequency £, two new frequencies of F4 f apd
F—f will be produced. The waveband necessary is equal to twice the
maximum frequency to be transmitted,
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negligible, there is practically 1 Me/s separation between

the two transmissions. )

Something even more important which necessitates the
use of these high frequencies, is the fact that at the lower
frequencies used for sound broadcasting the requisite wave-
bands just do not exist. Thus the whole of the B.B.C.'s
medium wave-band, from 600 to 1500 Kc/s, is less than
1 Mc/s in width,

Unfortunately the necessity of transmitting on the. high-
frequency short wave-lengths means that the radius of
reception is limited, since such waves have what is termed
a quasi-oplical range - they travel substantially in straight
lines. Experience has proved that the frequency adopted at
the inception of the Alexandra Palace services represents
the most satisfactory compromise between the necessary
frequency band and the range of reception.

Repeater Stations

This limited range of rcception is the reason for the erec-
tion of a number of sccondary transmitting stations, the
first of which is at Birmingham. In order to provide inter-
communication betwecen London and Birningham, four
unattended repeater stations provide radio links between
masts erected on the roof of the Museum telephone exchange
in West-Central London and similar masts in Birmingham.

g

The equipment for these stations [ had an opportunity of

examining before it was installed, at the G.E.C. Research
Laboratories at Wembley.

At the top of 200-ft. masts are two pairs of paraboloid
reflectors of tubular construction, one pair for reception of
picture and sound respectively, and one pair for the re-
transmission; at the foci of the paraboloids are small hori-
zontal dipole aerials. The amplifiers contain complete stand-
by circuits, and also alarm systems whereby in the event of
any trouble a signal is'automaticaily flashed to one of the
terminal stations. Should the power supply (taken from
the grid) fail, a diesel generator will start up automatically,
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and within two minutes the service will be on the air
again.

gme equipment for the ultra-high frequency used ~ 900
Mc/s ~ bears no resemblance to orthodox amplifier circuits.
At these high frequencies electricity travels along tubes or
‘wave-guides’, and an amplifier looks rather like a very neat
job of plumbing. A resonance circuit consists not of chokes
and condensers, but of tubes of carefully computed length.
(See also What Aré Wave Guides? in Science News 9, 143)

Area of Reception

Over what area can viewers expect to receive Birmingham?
One hears stories of freak reception of Alexandra Palace —
the 1949 Boat Race, for instance, was clearly picked up in
Capetown. But it may safely be said that the quality of
reception beyond a 50-mile radius makes programmes of
little interest except to the radio enthusiast.

Such an enthusiast has described’ how over a period of
two years he regularly picked up the Alexandra Palace
programmes in Leicester, 2 hundred miles away, He found
it necessary to convert a standard receiver by fitting a pro=
amplifier ; noise (the sound-radio term is still used to apply
to the ‘rice-pudding’ effect sometimes scen on the screen)
and interference were reduced by restricting the wave-band

+to ] Mc/s. He also experimented with various types of

aerials. In spite of these steps, he was only able to obtain
unreliable results.

Even in the 30-mile range within which reception is
normally satisfactory, there are certain snags. As the signal
strength weakens, interference becomes more pronounced;
flashes of light across the picture mark the passing of every
motor-car. Much can be done to improve matters by careful
siting of the aerial.

Less easy to overcome is the shadowing effect of hills.
Television signals fortunately do not travel in perfectly
straight lines from the transmitting aerial, and will jump over
projections. A shadow area is, however, commonly found
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Fig. 2. - Shadowing effeet of hiils.
;)m}‘;‘:iaiatcly beyond hills or Prominences (Fig. 2); even tall
thmtu‘mg‘s n?.ay have @ shadowing effect, It has been stated
' a d'l considerable distances from the transmitter freedom
rom local Sereening s the most important factor in main-

taining receptton,

O.bwoux!y tie range of transmissions can be increased by
placiag (he transmitting aerial higher. A suggestion that
must not be hastily dismissed is that an aeroplane should
carry the transmitiing aerial at sufficient height to assure a
wide area of teception. It has been claimed that the use of
. o
stratovision” would be enormously less costly than building
transwitiers to cover an equivalent area.

American Fransmissions

While we in Britain boast of our forthcoming second
transmitter, in the United States the number of transmitters,
already S0 or 60, may probably reach three figures. No
fewer than 400 wave-lengths have been allocated for teje-
vision transmission, 315 of them by more than one station.
Any town is now limited 10 seven transmitters,

As against these facts, an experienced observer has
stated? that the quality of transmission falls far shost of that
of the B.B.C,, both on technical grounds and in programme
. material, This fact is not surprising, if one considers that
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American television is financed by advertisers, who are
naturally chary of spending large sums on programmes for
the benefit of only a few thousand viewers.

On the other hand, American receivers can apparently
pick up programmes with less interference from motor-cars.
This is due to the ‘reversed transmission” system employed ;
in the B.B.C. transmussions {see Fig. 1) while corresponds to
full modulation {i.e., maximum strength of signal} and black
to 307, medulation (zero being reserved for synchronising
pulses), and copsequently interference — which is in effect an
additional irregular signal - appears as white flashes; in the
American system, black is represcoted by full modulation,
so that isterference appears as black streaks which are
almost unnoticeable. .

The last point raiscs 3 matler of some concern to tele-
vision manufacturers. While the adaptability of sound radio
sets to use in any part of the world is limited only by their
range of reception, there seems little likelihood that tele-
vision sets can be made for usc on the wide variety of
standards which alrcady exist.

True, in America sets have been made capable of
receiving on as many as 13 different wave-lengths ; but in alf
cases the picture and line frequencics are alike, Television
transmissions in different countries vary as regards the
number of picture traversals per second {50 in Europe as
against 60 in America), the number of lines, and the sense of
the transmission ; yet another problem has been mentioned ~
the possibility of the introduction of frequency modulation.
It appears that, regardless of wavc-leng.tl}, the possibility of
making sets universally interchangeuble is remote,

Principles of Television
London viewers Lave for the lust yvear noticed a distinet
improvement in the gualtiy of G.B."s or outside broadcasts ~
an improvement witich i 15 to be feared is overdue in studio
transmissions, The reason 1 that 5 new camera was brought
into use, one of the frst of its outings being the Olympic
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Games in the summer of 1948. In the studio, on the con.
trary, the cameras of 1936 are at the time of writing still in
use, although they are due to be replaced.

Before discussing the principles of the new cameras, let
me clear up a widely-held misconception on the principles
of television transmission. One frequently hears it said that
the television picture is like a half-tone block - jt is made up
of small dots of varying brightness. As owners of television
sets have no doubt already discovered, the picture is made
up not of dots, but of lines ~ lines of light, produced admit-
tedly by a moving point whose brightness varies with the
light and shade of the picture that is being transmitted. The
principle will be made clear by comparing the drawing
(Fig. 3) with a half-tone block.

Fig. 3. - Construction of Television Pictyre, (Repro-
duced by courtesy of Kirematograph Weekly)

The scanning lines — the complete framework of which is
known as the raster ~. originate in the time-bage circuits
associated with the transmitting camera; the circuits pro-
duce, in addition to the so-called saw-tooth voltages which
move the scanning point in the camera from lipe tq line,
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synchronising pulses which form part of the trapsmitted
vision signals, and which in the receiver serve to trigger .the
time-base circuits in order to assure absolute synchronism
between transmitier and receiver., .

Jn B.B.C. transmissions there are 405 horizontal _!mes,
with a repetition rate of 50 traversals.or 25 c_omplete inter-
laced frames per second (the term ‘interlacing® means of
course that instead of the lines being scanned consecutively
the odd lines 1, 3, 5 ... are scanned in the ﬁrs( traversal, and
the even lines 2, 4, 6 ... in the second traversal),

Let us consider a round-by-rognd commentary on what
happens to the scanning spot during the production of one
complete frame. On the sound of lhf: .bcll the spot enters the
screen top left; impelled by the rising saw-tooth current
through the line deflector coils of the cathodc' ray tube con-
trols, it moves towards the rig}n. At the same time, it is bcxr}g
slowly moved downwards owing to the saw-tooth currem'm
the frame deflector coils. As the spot moves across the pic-
ture its intensity varies according to the modula.tuons of the
radio waves, to form the light and shadg of t!m: picture; but,
even though the spot may be totally _ext1[1_ guished for a deep
shadow, the radio waves, as shown in Fig. 1B, never drop

0% modulation.
begz\;din@ the synchronising pul_sc of Fjg. 1C drops the
modulation to zero. The current in the line deﬂcctor' coils
drops to zcro, and the spot flies back to the left-hand §1(!e of
the picture; during the time it is moving back\'va'uds itis of
course blacked out, so that the By-back Is not visible,

While the spot has been covering one line and a fly-back,
the frame deflector coils have brought it dc_)wn the space of
exactly two lines, so that after the fly-back it starts again on
line 3. Thus it covers the whole picture area until it reaches
the last odd line of the picture. At this instant, the frame
pulse is received - a multiple repetition of the line pulse. The
current in the frame deflector coils firops not to zero, but to
such a value that the spot re-starts its second picture traver-
sal on line 2. When it reaches the last even line of the picture,
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a complete frame has been traversed. Again the frame pulse
effects a fly-back, this time to line 1, when the whole process
is repeated.

The Television Camera

In the recciver the screcn consists of the fluorescent front
surface of the cathode-ray tube. In the original camery -
employing the so-called Iconoscope tube - the picture is
focused upon an almost microscopic mosaic of phato-cells.
Each photo-cell consists of a tiny speck of light-sensitive
caesium, deposited clectrolytically on a thin djelectric or
insulating substanee, backed up with a sheet of conducting
materizl. Fach photo-sénsitive element constitutes with this
conductar a minute condenser; the conductor carries a
negative charge. The mosaic iy sea
exactly the same way as is the fluorescent screen.

As the lumirous image falls upon the photo-electric
moszic, each clement buijds up a positive potential, whose
intensity corresponds to the vaiue of light falling upon it.
Now, the electrons which constitute the cathode ray are
actually particles of negative electricity, Consequently as the
beam strikes an individual element of the mosaic, it neutral-
ises its positive charge, and in doin 2 so produccs by capacita-
tive action a minute impulse in the rear conductor. As the
scanning beam neutralises the charges in the rows of bhoto-
clements, so a variation occurs in the potential of this con-
ductor which corresponds to the light and shade along each
scanning line, and which is amplified and fed to the trans-
mittet. The beauty of the system is that cach tiny element is
building up its charge until the beam strikes it, so thay there
is a storage effect. -

This principle was originated by Dr Zworykin, of the
Radio Cerporation of Amc'rlca (RCA)_ and was developed
by the technicians of Elcctr}cal & Mu.sxcal Industries in this
country. It was embodied in the Emitron camera of 1936,
However, it suffers from cerwain inherent defects,

The worst of these faults is known as shading. When the

nnicd by a cathode ray, in’
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electrons constituting the cathodg ray strike the photo-
electric elements of the mosaic, the impact causes secondary
emission of electrons. These stray electr.ons give rise to a
spurious image, which is visible as a shading on the edges of
the picture. This effect bccorr.les' more prominent as the
velocity of the electron beam is }ncrcascq {0 augment the
sensitivity of the tube, and constitutes a liniit to its sensi-
tivity.
The Image Orthicon

Through the Imzze lconoscepe and the Orthicon®, the
present type of tube was evolved, known as the Image
Orthicon. This is a really amasing “piece of electronic

FYgRNTIES

Fig. 4. - Sccli(;n of Image Orthicon. (Repraduced by courtesy of
Ma;'cmzi's Wirctess Teicgraph Col)

engineering, and is illustrated in section in Fig. 4, while
5a shows ils appearance.

Plz}r‘;el\;“pi:;al imagepis focused upon thc_p'noto-calhodc,
which is no longer a mosaic, but a light-sensiiive surface not
untike the photo-cells used in exposure meters, except that
it is coated upon cxceedingly thin gluss. 1“.U r,hou_)-ca(hode
is mamtained at a strong negative potential - 300 to 500
volts — and consequently the target behind it is in corm-
parison posttive, and will attract the electrons given off by
the photo-cathode.
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Owing to the magnetic field of the focusing coil, aided by
the electrostatic field created by «the accelerator ring G,
these electrons travel in straight lines, with the result that on
the target is formed an electron image equivalent 10 the
optical image on the cathode; actually the image is doubled
by secondary emission*®, although degradation of the picture
(‘shading’) by the secondary electrons is prevented by the
tacget screen. The polarity of this electron image is such that
a positive charge represents the whitcs of the scene,

Turning 1o the other end of the tube, C s a cathode, G, a
grid, and G, an accelerating anode (the latter carrying a
300v. charge) which between them form an electron gun, as
in the cathode-ray tube. The resultant beam of electron;* is
foc'used by‘the main. focusing coil, and also by the tube G,
which carrics a positive potential of 160 to 240 volts. By
magnetic coils (not shown), again similar to those of a
cathode-ray tube, the beam js caused to scan the rear face
of the target,

_ In the pighlights_ of the scene (that is to say, where there
1s a relatively positive charge on the target) electrons are
absorbed, but where the surface s relatively negative they
will be repelied. Thus a modulated beam .of electrong ig
reflected off the target back to the face of the dual-purpose
element G, 0, ; here again secondaryelectrons are emitted, and
these electrons, aided by the delightfully named ‘persuader’
G, pass to the so-called ‘dynodes’ D,, 4, ,, », which are at
successively higher potentials, up to 1,200v., and constitute
an electron multiplier, amplifying the electron beam by
means of repeated secondary emission. The signal is finally
received on the anode, which has a potential of 1,250v.

The sensitivity of the tube is such that for the optimum
highlight illumination on the photo-cathode of 0.3 foot-
candle, the output of the tube is 40 micro-amperes. Pictures
have been obtained with the light of a single candle, The
signal has a modulation of 259,

* The emission of more clectrons due to the impact of rapidly
moving free electrons upon the molecules of a substance.
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Camera Design

A further advantage of the new camera tube js that, owing
to its smaller photo-cathode (only 1.6 in. across the dia-
gonal) it is possible to use lenses of shorter focal length,
from 2 ins. upwards', as compared with the 6 in. and 12 in.
lenses of the original Emitron camera. This in its turn means
not only that a picture of greater depth of focus is obtain-
able, but also that — as shown in Plate 166 ~ the camera can
be equipped with a turret of lenses, like a cinematograph
camera. In practice, two turreis, cach carrying four lenses,
are interchangeable upon the camcera, one carrying lenses of
short focal fengths giving wide-ungle long-shot views, and
the other lenses of greater focal lengths, simulating close-
up vicws. L

While change of lenses can produce the illusion of chang-
ing from long-shot 10 close-up, a better way of doing so is, of
coNursc, to track the camera towards the subject. Frequently
however — nodabiy in sporting events - this is not possible,
An optical means of producing a similar effect employs a
variable-focus or “Zoomar’ leny’, N .

An inherent characteristic of the tclcwsm.n process is that
it is capable of transmitling or.zlyf differences in iluniination -
i electrical terms of transmitling A.C., and not the D.C,
which would represent a variation in the mean b_rightncss of
the picture : although _circuu‘s now used tend to introduce a
D.C. component, which etlects a slight control over the
mean brightness. This characteristic has two effects, First,
within the range of sensitivity of the camera, the viewer wi]l
be comparatively unconscious of the level of the scene being
transmitted, i.e. whetiier it is bright or gloomy; sccondly,
that ideaily the television scene should contain areas of con.
trasted light and shade — this fatter is in fact a point borne in
mind by the scene destgners at Ajexandra Palaces,

Fim Transmissions

Cinematograph film forms an important part of television
programmes, whether as nuws fems (the B.B.C, news-reel
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has attained a high reputation among Wardour-Street news-
reel techniciats), the transmitting of complete films as pro-
gramme items, of the inclusion of short lengths of film 10
bridge awkward gaps in a studio transmission, to permit a
performer to change his costume, or for outdoor ‘estabiish-
ing’ shots. Until recently film transmission has never
reached the same standard of quality as other studio trans-
missions.

There is a difficulty in the transmission of film by the
ordinary intermiitent mechanism of the studio camera .or
cinema projector. While in the television transmission
ncarly the whole of the transmitting time is occupied by the
picture (only a small proportion of the transmission time
being occupied by the synchronising pulses) the inter-
mittent movement of the film occupies a quarter or more of
‘the transmitting cycle (the normal film speed of 24 frames per
second is increased t023 in order tomatch the scanningcycle)

The problem can be overcome by making use of the
storage principle of the Iconoscope. But at Alexandra
Palace an optical non-intcrmittent projector has until now
been empioyed, whereby the film is moved continyous)v
and a ring of oscillating mirrors maintains a stationary imaéé
upon the screen of the transmitting camera, one frame fadjn g
into the next. Actually the projector is a mechanism kanown
as the Mechau, made a number of years ago by the German
firm of Leitz, for normal cinema projection,

This system embodied all the faults of the normal studio
transraission, plus certain additional problems, introduced
by the optical system. New film transmitters developed by
Cinema-Television Ltd. and F.M.1. make use of a different
principle. Here again the film is fed continuously; but no
stationary optical image is formed. Instead, the film is scan-
ned by mecans of the raster formed upon the sereen of a
cathodc-my tube, in such a way as to compensate for film
movement.

In order to grasp the principle, let us first assume that a
uon-interlaced scanning system were employed, and that the
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mask lines — the black bars between the frames on the film ~
were also transmitted. Then if, as the film moved regularly,
a moving point of light traced out a straight line behind it
405 times cvery frame, we should in effect have scamned that
frame in 405 lines. A photo-cell on the farther side of the
film could pick up these signals for transmission.

Unfortunately we have these two complications to con-
sider, that each ‘rame has to be scanned twice, and, further-
more, that the film carrics mask-lines cach one-fifth the
height of the actual picture frame (a legacy from the intro-
duction of sound film), and it is obviously undesirable to
waste scanning lines on these mask-lincs.

Accordingly, the scanaing point does not move in a single
straight line, but forms a complete raster, so dimensioned
that as the film moves a distance cqual to half a frame, the
whole of the frame is scanncd for the first traversal, and as
the film moves the second half-frame, it is scanned again for
the sccond traversal, The size of the raster also takes account
of the mask line.

This system, it will be seen, eliminates all the faults both
of the normal intermiltent system,_and of the optical non-
intermittent system. It produces an undistorted signal from
the film picture, and, furthermore,va riations in the mean dens-
ity of the film are less important. As a result, it may now be
said that film transmission is superior to'live’ transmissions.

Recording Vision Programn:es

What of the reverse process ~ the recording of television pro-
grammes upon film? Just as sound is recorded upon disc or
magnetic tape for reproduction on a subsequent occasion,
so there is a need for the vision programme to be recorded
on film. Thus the Derby or the Boat Race can be watched by
viewers who can look in only in the evening. Viewers have
recently seen examples of such delaved presentation.

The {irst demonstration of the process was given a couple
of years ago to the British Kinematooraph Society, by

* Philip Dorté, then director of O.B.'s at Alexandra Palace’,
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The films shown - records of actual vision programmes —
had been filmed with an ordinary intermittent cinemato-
graph camera, and, for the reasons just desf®ibed, less than
half the scanning lines were photographed. Nevertheless, the
quality of the films was acceptable.

A different principle has. since been developed, almost
identical with the film scanner now used. As a result, the
storing of television programmes on film ~ complete with

sound - is as simple as the storing of sound broadeasts - if
not quite so inexpensive,

Large-screen Reproduction

New viewers at first expericnce a certaip incongruity be-
tween the diminutive figures on the screen of the average
home receiver — which varies from 7 ins. to [Sins. in width -
and the full-scale voices emanating from the toud-speaker.
It is obvious from geometry that viewing a 12 in. picture at a
distance of 5 ft is exaclly equivalent to viewing a 20 ft
cinema picture from a seat in the circle, 100 ft from the
screen. But there is some psychological factor which enters
into it, and in my view the ideal home receiver should pro-
duce a picture of say 30 ins. in width.

Sets are already on the market in the Unjed States
capable of producing a picture of this size or larger, Instead
of the viewer seeing the actual face of the cathode-ray tube,
the image on the face of a small tube is projected upon a
screen, using exactly the same principle as is employed in
large-screen television in the cinema.

Early attempts at big-screen television made use of
mechanico-optical systems, in which rotating mirror drums
produced the scanning raster. As far buck as 1932, Baird
gave a demonstration on a 9 ft screen, repioducing the
Derby. In the Scophony system of 1938 the light was
modulated by an extremely ingenious application of the
piczo-clectric principle. But it can be stated quite definitely
that no mechanical system is capuble of the immensc speeds
and perfect accuracy necessary for high-definition televisjon,
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Pre-war attempts to project the imzlige of the cathode-ray
tube employed enormous lenses, Whl.Ch ha.d to be of con-
siderable focal fength because of the size of image to be pro-
jected - the 4 in. X 3 in. image of the tub.e - and of wide
aperture to pass sufficient light* ; thus a 12 in. f/1 S Jens was
specially made®. Modern systems, both of home arid cinema
television, employ an optical S stem borrowed from
astronomy, and known as the Schmidt system®.

~DEFLECTION |

OILS

T, —~FOLUSING
coiL

= A
CATHODC-PAY
TUgE~- — —~ =2

L T ES-KV PULSE-TYPE

e T MOLDZD PLLSTC  INGH-VOLTAGE SUPPLY
opLiciE ! CatLE TERMNAL
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Fig. 5. ~ Schmidt opuical sysiem, as modified for the Philips home
“ig. 5. - S

oduced by courtesy of the North American Philips Co.)

receiver. (Repr . .

Instead of a lens, a large spherical mirror reflects the
image on the tube, which is placed at the focal point of the
g;rrgor. Such a mirror would of course produce spherical
aberrations; to correct lhqsc a specially curved corrector
plate is used, made of [?iﬂﬂhc”‘lg. S) Apparat‘us employlng
this system, and projecting a picture 3 ft or 4 ft in width, was
recently shown at Radiolympia.

* The [ value or eguivalent aperrure of a lens is an approximate

measure of its hight-transmitting power, and is equal to the focal
jength divided by the diamcter of the working aperture,
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The “Cintel’ cinema projector emptoys a 27 in. spherical
mirror and an 18 in. correcting lens, giving an equivalent

aperture of f/0.8 — much in excess of the aperture that would
be obtainable with a lens system. For the production of the
mtensely bright picture on the tube a potential of 50 kv. js
used. It is nccessary to place the projector about 40 fi
from the screen - in the front stalls of the cinema, and not
in the projection room.

The equipment was demonstrated at a Brog
cinema in December 1948, on a 15 ft. screen
almost indistinguishable from that of a film projector waus
-produced ; the incidental brightnass was 5 foot-candles, but,
by the use of a dircctionn! screen, the image showed
a high-light brightaess of 8 foot-lamberts (the British stand-
ard of screen illumination in the cincma is from 810 10
foot-lamberts)*,

In the casc of material transmitted from Alexandra
Palace, the scanning lines were visible, and the picture was
at times marred by shading. A programme was later trans-
mitted from the company’s own studio at Sydenham, from
which it was carried by wirc to the Crystal Palace, and
thence on a 480 Mc/s radio link ; for this a newly-designed
camera was employed. The quality of projection left nothing
to be desired; in contrast, sharpness, absence of shadin§
and invisibility of scanning lines, it was indistinpuishable
from a well-projected film picture. B

» #nd an image

Intermediate Filin Process

A totally different system of presenting the thC\'ision.image
upon a cinema screen is the use of the so-called inter-
mediate film process, originated by Baird. In this process

* The foot-candle is the brightness incident upon a surface |
away from a standard cundle. The fuor-lambery is the unit of teflecteq
brightness ; for a matt surfuce the footdlamberts are alvays less than
the foot-candles, but a directionaily reflective surface has a polar
curve which at its peak will have a biightness such that the reflected
foot-tumberts are in excess of the incident foot-candles.

miey (Kent)
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the television picture is reproduced upon the screen of a
small cathode-ray tube, and is photographed upon film; the

film is rapidly processed by means of special plant, in

heated solutions, in about 45 seconds, and dried in hot air.
Tt is then ied into an almoest normal film projector. By this
means, ordinary filra can be used, with a powerful are lamp
wehind it. - ' X
" s eainst these advantegas is the cost of film stock and of
H-: ii(ilfcd Labour for processing. For these reasons, the
":telm of direet projection is almost certain 1o be adopted.
f\y’;vcrthclﬁss in America both RCA. and the Paramount
‘fifn Qr("[{:i\;ﬂ(i()n are marketing intcrmediate fillm systeins,
1 atn are ATAt
ready for instailation in CInCmas.

Cinema Installations

Whether or not London cinemas will actually be equippeg
for television Dy the time this article ap;‘)gar.s 1s a_nybody 5
the past couple of years negotiations have been
Bues g‘or between the Television Advisory Committee and
e fit mg‘mers exhibitors and producers (known as the
mk‘ﬁ(lm(j:m'mit‘tcc) to devise a modus operandi. W};xl(.: in
ﬁ.rr}:‘éri.ca cinema television “ prqcecding a[;la‘c‘e, at the ur'n;,
of writing arguments are still going on in tb[h coumr?' wit
the obje::t of overcoming the many pro‘ ems - almast.
irely. it must be emphasised, of a commercial and pohtg-
i ¢ a technical, naturc. The B.B.C. states that it
cal, and_'l‘,o ply see its programmes shown on cinema screens,
wo.uld w!1 iy )('vul that muchofits materialisquitcunsuitable,
WTQ pc;;nl:‘;gquo which has been for a long time under dis-
cuss;gl: \:ould grant exhibitor§ pcrm_ission to rcp.mduce
B.B.C. transmissions, in return for the industry allowing the
B.B.C. to televise certain feature films. The R.E.P. points
out that the proposal is one-sided ; while the B.B.C. woul¢
acquire the right to show its viewers films costing many
millions of pounds - at the subsequent expense of exhibitors
~ it is only an occasional news or sporting event which the
¢xhibitor would wish to present, and then in many cascs he
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would be faced with copyright difticulties
moters of sporting events.

What the film trade demands ~ but sces at present little
prospect of getling - is permission to establish its own trans-
mitting stations, linked by radio or cable with cinemas. In
America they have gone about things in a different w
the Society of Motion Picture apd Teley
made repeated requests for the allocation
cinema transm.ission; it appears that under American law
such trangmiwmns would not rank as broadcasts, and a
broad_c:dsung licence would not be needed. Up to the time
of writing, no frequency ullocations havye been made other
than for experimental purposes, and transmissions arc being
effected over co-axial cables,.

The fear has been expressed that, were the film tr
set up its own radio transmitters, there would
prevent amateur viewers looking in on them,
suggestion has been made that in such ¢
nising signals should be transmitted over ordinary telephone
lines, and therefore be accessibie only to authoriscd.rc.
ceiving stations.

from the pro-
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The Immediacy of Television

Let there be no mistake, television offers the cinema
audience something it has never had before. Technically, the
picture on the screen may be indistinguishable from that of
the film projector; but psychologically there is som
totally different. _

For some ycars before the war I saw the Derby and other
sporting events on big-screen television at varigus
stration centres. One saw staid business men jumping up in
their seats with excilement - a sight never witnessed during
a newsrecl. The B.B.C.’s term for this difterence is i
mediacy: one sees news while it is actually hﬂppcning, and
while the result is still in doubt, while in a newsree} one sees
merely thie pictorial record of an event the outcome of
which is known.

ething

demon-

ases the synchro-
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Scanning Standards

A matter still the subject of technical argument is whether
the existing British scanning standard of 405 lines will be
adequate to produce a big-screen picture of quality. Calcula-
tion suggests that a definition of 800 to 1,000 lines is neces-
sary to equal the film picture (France has adopted 819
lines); but the consemsus of opinion following upon the
Cinema-Television demonstration of 1948 was that, given
well-tuned-up equipment, with adequate contrast and
definition, and provided also that in neither transmitter
nor receiver does ‘pairing’ occur (the superimposing of
scanning lines, which effectively halves the definition) the
405-line standard was perfectly adequate.

There is, however, a move to replace interlaced scanning
by sequential, since it is felt that not only does interlacing
not perform what is claimed for it (the reduction of flicker)
but it introduces numerous problems. some of which have
been already referred to in-connection with film scanning,
and others of an electronic nature.

Needless to say, the scanning standard is bound up with
the width of wave-band needed for transmissior!. The band-
width at present occupied is 5 Mc's; fora scanning standard
of 1,000 lines it is believed that a band-width of 12 Mc/s
would be necessary.

Experience shows that a factor of at least equal import-
ance to definition is contrast, or gamma, and enormous
improvement in picture quality has been effected by careful
control of this factor.

Commercial and Scientific Uses

Television must not be considered merely as entertainment,
cven though that may be its principal field. It has already
been used in research — in the Bikini Atoll atom-bomb tests,
for example, television sets were placed in ships near the
explosion, where no human being could have lived, and
transmitted their images to receivers outside the danger zone,
Attempts were made, in view of the brief period of the
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explosion, to film the results on a high-speed cinematograph
camera, but, as far as I have heard, these experiments were
not too successful.

Television has, too, been used to enable a number of
medical students to witness the details of a surgical opera-
tion. A vision camera was installed above the operating
table, and connected with 2 number of vicwing screens.

A comimercial television equipment is actually on the

market in America. It consists of a transmitter and recejver

- . b
connected by cable, and is intended for explosive tests and
similar purposes for which direct obscrvation is not practic-
able.

Coleur Television

Television still lacks one thing which the film is at last lcarq-
ing to give us: colour. For a long time to come we are un-
likely to sec on a television screen (wWhether in the home or
cinema) the beauties of a Techricelor picture,

Basically, colour television is no more difficult - some
would say it is casict - than colour cinematography. But it
has the one objection of necding to transmit two or three
times the signal intciligence, and thus of needing a wave-
band in the radio spectrum two or three times as wide as
black-and-white.

Three systems cf colour television have been demon-
strated’. Two arc based upon the additive synthesis of
colour ~ upon the fact that by adding together red, green
and blue light in suitable proporiions, any desired coloyr
can be produced. In one of these systems the colours sro
actually projected simultaneously upon the screen, while jn
the other they arc produced consecutively, at such a rate
that the eye integrates the three colours. (Present systems
of colour cincmatography are based upon subtractive
syrithesis, in which colours are maiched by subtracting
from white light a suitable mixture of blue-green, or cyan,
magenta, and yellow rays. See Scicnce News 3, 94 et seq),

A system of the former type demonstrated some years ago
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by Baird employed two colours only, red and blue-green. In
one model a twin cathode-ray tube projected an image on
either side of a central fluorescent screen ; that on one side
was red and that on the other side blue-green, and, since the
screen was transparent, they were seen in superposition. In
1938 the same inventor demonstrated a two-colour picture
on a cineéma screen.

In the Columbia process, a disc carrying filter sectors of
the threc primary colours rotates in front of the trans-
mitting camera, and a simiiar filter disc rotates in syn-
chronism before the screen of the receiver tube. The three
separation imagcs are thus presented in rapid suceession to
the cye, whichsynthesises them intothecoloursastransmitted,

In a process demonstrated by RCA three'cuthode-ray
tubes have screens tespectively of red, green and blue, and
the signals for each one have to be sorted from the com-
posite received radio signal. By an optical system the three
images are superimposed on the screen.™ ’

The same objection of needing greater space in the radio
spectrum holds back the deveiopment of stercoscopic tele-
vision, which is perfectly praciicable as far as home sets are -
concerned. It was again Baird who originzted a process in
which twin images were produced side by side, and viewed
through large magniiiers, like an old-fashioned stereoscope.
Stereoscopy in the cinema is of course an altogether
different matter.

Telovision in the Film Studio

1 have throughout this article referred to the close affinity
between television and cinematogruphy., An even closer
relationship is predicted for the future. Briefly, the forecast
is that in the film studio, instead of film cameras television
cameras will be employed on the fivor: the pictures will be
rcproduccd simultancously on viewing screens for the
director and other technicians, and will be transmitted to a
central recording room, where they will be recorded in
much the same wav that scund is recorded to-day.
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Advantages claimed for the system are greater flexibility,

a greater measure of control, and economy in lighting,

* ‘owing to the fact that the photo-cathode has greater sens;-
tivity than the film emulsion. Equipment for this purpose is
already in experimentat use in France.

This proposal must not be confused
already operated experimentally,
Television, whereby a television ira
the film camera,

with the system
by _Pye and Cinema-
nsmitter is mounted on

_and operates a number of monitoring
screens, so enabling the director and cameraman to see

exaqtly what _is being_photographcd. This system has obvious
merits, and is certain to be adopted when practical snags
have been overcome,

The possibility has been freely discussed of cinemas be-
coming mere television receivers - of the programme being
radiated from a central transmitting station. Personally I
do not expect to sce the day when programmes will be trans-
mitted by radio instead of arriving in tin boxes, but I have
little doubt that it will ultimately come, »

The film industry is in its sixth decade, while high-
definition television (if one excepts the hiatus of the war
period) is only in its first. The enormous technical strides
made in this short period will without doubt continue, until
one day the light-sensitive emulsion becomes a thing of the
past. When that day arrives, we shall talk neither of cine-
matography nor television, but simply of the motion picture,
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Asimple experiment: hold o prece of paper 1o vour lips and blow
The paper, which hangs by its own weight, fises 1o the horzontal when air
is blown fust enough across one of its surfuces, while the air on the other
srtace s more or less stationary, The MOoVIDE air v i fact at o loser
pressure than the rest of the atmosphere, and so the higher-prossure air

underncath forces the paper up This pressure ditferenee is demonsiiated in
the following experiments.

Plate 318 section of model

wroplane wing is mounted on g stand, centre

There are toot ~nall ioles ot vaabler on jis upper vonvey suface. and
three on the lower conean

the wing.

¢ stdes communicating with metad tubes inside
Fhose from the lower surfice wre seen projecting 1on the cross
section, thoss o the upper surface aoe connected by rabber 1abhes wih
arow of manomeers, filled worh Gark taid. Tothe Teft s oowind machine
WHEN I SLar s to Blow, the

e coiton streamers will utter i the hrce e

Plate 40 The soond mcmine i action, Blow g aorose ocnned metal plage
instend ot v LR TEInare the upoer Lorizongl PLites which nuhes
no - ditferenveds Note it tie dark ligiid rises iy the CCNIC A OmICTer -
above the botzanzed hice abich nuie AT PhCHC Pressure. | e e
Condions o the apersment this mens ot the presa o ey
Atmosphene al ovrtay Pors abhove e curved plage
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Plate 5 A close-up of the model wing ~ection. The foles
Lhe upper surface are visible L

fows,

Plate 61 and the numometers do this when the wind b

Numibers 2 1o S are connected 1o the pper sartae ot e

wing and register decreased pressures the Lise thiee, cons
neeted 1o the tader surfiace, reminter o prossuty gredies than
atmosphurie. T other wordss when air blows auross a RUTAIS
the wing is suched up om aboyve, and poshed up trom heloss

by the arr current

Plate 7 Phis sockand-pasi can aciuadl be measured e of o weight
which can be hfted. Here dsoasimple appiratus set up in front of the
wind machine 1o o fong bar pivoted v the middle, with a tixed weight
ont one side tnearer the windi and a wing section setat a certain angle 1o
the air flos, ws shown by the graduated seale, on the other. The painter in
the middle shoss that i sull cir the ssstem s axacthy balanced with no
weightsan the paoy gy frem eader e wing,

Plate N0 But when the wind blows, the wing is hifted and weights have 1o
be edded 1o the pan o bring the wostem back into balance. In this wan the
amount ol Tt ebtained, with the wing ~et at ditferent angles 1o the airflow |
and with ditferent speeds of airflow, can be measured @ note that plate 8 s
actally tuhen with the wing et ot a shehthy diterent angle from that of
plate 7. but thau this Vit does ot cilect the balanee.

The greater the wngle, the greares the T ap o g certain point. the “talhing
angle’. ‘



Plate 91 AL the stalling angle, THE BACTERIOPHAGE
dhe air current no longer lows
smoothly over the wing but
hecomes tuchulent, and Hift s
Jont, Afr flow ean be studied
by putting  chemical smoke
into the air  stream and
watching how it flows over
an object, (a) and (b) opposite
“how how air blown from the
Ielt impinges on a dise and
sphere, and becomes turbu-
lent. wherens the flow over a
areambined vigar () is per-
fectly smooth,

In (43 the actoplane wies
approxvimate in shape to this
gy, for wrbulenee or drae”
i an enemy of it But there
v no apave fiere o atustrate
the hehuaviour on drag of the
ather Tactors which novern the
drciattan thight

Phite 10: Clasters of the sperm-like clementary particles of one of the
even-numbered coli hacteriophiages as seen in an ultracentrifugally puritied
suspension. Magnitoauon  cu. 60000 X, o




Ploc 112 A colon baillus being attached by particles of the T1 bacterics
Phate. Severud particles below the organiam are castly tevognived by ”“”1
spherical heads and thn corlv tils, More partcles are adsorbed wroum
the periphers of the bacteninm, Magnification . 33000 w

Plie 12: A colon bacillus Iosed by the action of T2 bacteriophage, its
profoplism fowing oul over the substraie. Spherical particles of  this

protopiism can be sen araund it edgess Magnificition

va.
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Plae 1 A nealy sohid muss of T4 bacteriophiee particles havimg the

Mare 13- Hlement: artie]e T T 1ot i N . 3 | 3 i ]
[llJLL.l 13: Llementary pmlldp of T3 bacteriophage appearing from and general shape of the bacterium wpon which they e grown. A single
\ul‘l umtrpmugcd nama ot pm}np];x_ﬂn that has nwted from a bacterium particle with it short straight il s evident above the mass, Magnitication
oft the field of this picture, Magnification ¢ 60,000 . cuL 000\
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Plate 130 The remuins of u
Protoplesm has nogrisg
have been closels and

parth divided pair of colon ol MMTC
wd soomany T3 bacteriophage particles thai 111.0‘
ordarhy P.-lcku\l within s contines. Aler HltT\
particles hive esen ped ahey hove et behind the u".k'_(‘n\:lm:\! tihrot
network seen in this phatagraph. Magnitication e, 25,000 .
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MOLECULAR ARCHITECTURE IN PIANTS
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Plate 17 (u) Singde cell of Falonia Veih icosa. The cell has been pierced by
a glass capillary, washed out with distilled water, dried and reintlated with
air. The gliss capithary can ~tfl be seen attached. Note the enormons ize
reached by these eells.

(1) Xty diagram of a0 single picce of Pedonia wall obtained by passing the
Noray beam normalls throueh the wall Two rows of spots can clearv be
ceen lying at rather less than arightangles o cach others Fach of these rows
ot spots lies perpendicular to the set of celludose chuims which gives tise o
it henee it can be deduced that in this wall there aie two sets of cellulose
chains running almost at vight angles o cach other,

e, dy Xerony dicgrams of the wood of Poie Suliesers tScots pinet oblaned!
by passing o beam of N-ravs throogh a chip of wood rather thinner than
nitchstick : wood trom (o) the fourth annual ring, Gly the tenth annual
ring. Feis impossible to eo mto detal here but i will Be obvious by mere
mspection that the wood from the tenth e s nrore ervstallime, or at ain
rate corresponds toa hetter crvstal, beditsg

wives gt sharper Jditracaon
pattern,

Plate 185 The wirtace ol the sl of Fafonia vertricosa as seen inthe electron
microscope, Notice the Two seis o apparently endless threads making an
angle of about o rght cnsle wih cach other. The threads are remarkably
TOrm in Crickiiess, of the order of 2000 AL (NMagniticauon about 20,000 x.)



Platc 19; Thin cross section of bumboo fibres as seen under o polurixing
microscope with the nicols erossed. The cell outline of each celt is marked
by o bright line. Within this can be counted three or four dark regions and
three or four more bright regions, This can be shown to mean that in the
bright parts the cellulose spiral is flat and in the dark parts the spiralis steep.
A transverse section of wood would ook essentially like this. ( Magnitication
about 800 x.)

THE FLECTRICAL ACTIVITY OF THE HUMAN BRAIN
S N NN
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Plate 20: A modern 6-channel Electroencephalograph. The amplitiers are [
puirs on the left, and the power supplies on the right. The pens, to the right
centre, have an unusually Large excunsion, and for six channels the paper
i 87 wide. (Photo by courtesy of Ldison Swan Elegtric Company).

Th‘e'Discovéry
of the Bacteriophage

F.W.TWORT, F.R.S.

4

1 HAVE often been asked : ~ How did you come to discover
the Bacteriophage? It is the kind of question to which it is
difficult to give a simple answer, since so’ many factors
played their part in the evolution of an outlook which made
the discovery almost impossible to avoid. If now I am to
give the picture in true perspéctive, the more relevant of
precursory circumstances must be mentioned, if only very
briefly, and the narrative must be given with candour,
even at the risk of appearing pretentious.

As a prelude, it may be observed that three of the more
important functions of the human brain are revealed in the
capacities to observe, 10 reason Jogically, and to memorize.
For successful research work, it 1s essential that these
features shall be developed to provide a well co-ordinated
outlook, and so ensure that the truth shall never be con-
cealed or distorted, should the results of an experiment
fall short of expectations or desires. As a child, T was
fortunate in this respect; my father, a _hard-workmg
country doctor, and my dear mother — with her large
family - both inspired my early outlook. Moreover, wl_len
later I was put to study medicine at St. Thomas’s Hospital
and Medical School, I had the good fortune to come under
the guidance of men of character and ability, and, under
their friendly care, my tuition left nothing to be desired.

During the latter period of my studentship, I developed
a keen interest in pathological studies -~ more particularly
bacteriology ; but the fortunes of the family were small, so
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immediatcly I had obtained my qualification M.R.C.S,,
L.R.C.P, it was imperative that I should earn at least
sufficient to be able to pay for lodgings and food. Accord-
ingly, I accepted the first paid post available, which was
that of Assistant Superintendent of the clinical laboratory
at the hospital. Although the salary was very small, it
brought me under the kindly guidance of the director,
Dr Louis Jenner, which enabled me, in the course of a year,
to obtain an effective knowledge of pathological technique.
I was then appointed Assistant Bacteriologist to the London
Hospital, under Professor William Bulloch, F.R.S., and
became responsible for most of the bacteriological work
of that hospital. Bulloch soon became one of my closest
friends, and, with the never-failing support for aver seven
years of this broad-minded Scotsman, I was enabled to
gain experience in all branches of pathology, and at the
same time carry out certain researches in the field of
bacteriology.

In 1909, I was appointed Superintendent of The Brown
Institution, London University, and thereby gained time
and facilities to carry out research work in any branch of
pathology or bacteriology in which I judged an advance in
our knowledge could be made, provided expenditure could
be kept within the limits of the small income available.

It must here be briefly explained that the Brown Institu-
tion was founded in 1871, under the will of Mr Thomas
Brown of Dublin and London, to provide a hospital ‘for
the care and treatment of Quadrupeds or Birds useful to
Man,’ the business of the Institution to be under the
direction and control of a Superintendent, and to be con-
ducted in two departments - the Hospital, and the Lab-
oratory. In the Hospital, both in- and out-Patients have
been treated, and here the Superintendent has the aid of 2
fully qualified Veterinary Surgeon. The Institution was
set up by London University, and over 260,000 sick animals
were treated in the hospital before its destruction by 2
bomb in 1944,
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In the Laboratory various scientific researches have
been carried out for different public bodies, as, for instance
the Royal Society, the Local Government Board, thc;
Hycyophobia Commission and the Royal Agricultural
Society. Professor Sir John Burdon-Sanderson, M.D.
F.R.S,, was the first Superintendent, and he was fol!owe&
by such men as Professor W. S. Greenfield, Professor Roy
Professor Sir -Victor Horsley, Professor Sir Charles Shcr:
rington, Professor Sir John Rose Bradford and Professor
T. Gregor Brodie; most of whom were Feilows of the
Royal Society.

On being appointed Superintendent of the Brown in 1909,
I meditated on the position of our bacteriological knowledge
in relation to the fundamental biological laws which
govern all living matter, and I accepted the principles of
Evolution as a guiding basis. The reader must bear in mind
that the essence of life is to build up organic substances -
or fuel - with the help of energy derived from the sun’s
rays, and then to utilize that'confined energy for its various
functions by means of oxidation or combustion. However,
nature is always striving to pursue an easier course, and
a living thing will not build up its own fuel if it can obtain
it from some other manifestation of life. Hence the con-
stant struggle between all species, and the gradual evolution
of means of aggression and resistance, leading, in the case
of the animal kingdom, to a class which is parasitic on the
vegetable kingdom, and couid not exist with®ut it. On the
other hand, green vegetation can be self-supporting, and
in the early stages of evolution must have beep 50, since
no animal could have existed to supply food for plant life.

If now we take life in its most primitive forms, such as
are represented by thousands of different bacteria, viruses
and related types, it is obvious that such as existed in the
tree of evolution before the development of the green
chloropl}yu-containing cell could not have obtained their
energy either from animals or from green vegetation, but
must have been able to build it up for themselves, wit’hout
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the aid of chlorophyll, when the associated physical con-
ditions were suitable. Their life, in fact, must have been
'determined by certain fundamental laws of nature which
will have to be complied with before true growth in an
independent state is achieved in the Jaboratory. Although
many varieties belonging to the bacterial and the virus
groups have acquired the capacity of living on the organic
materials built up by animals and plants, it is imperative
to recognize this as a comparatively recent evolutionary
development, which is very unlikely to have cancelled out
any of the basic requirements of life which governed the
existence and growth of their wild independent ancestors.

I had these considerations in mind when, in 1909, I
selected ‘The growth requirements of primitive forms of
life” as being a fertile field for study in relation to infectiqus
diseases of man, animals, and plants. The problem presented
three aspects, these being the chemical composition of the
pabulum on which cultivation was to be tested, the nature
of the physical conditions to be set up with different media
which might be calculated 10 stimulate the functions of
independent life, and the reaction of one form of life on
another.

In the first place, consideration was given to the three
conditions, Leprosy, Tuberculosis, and Johne's disease of
cattie, for, although the causative bacilli of these discases
belong to the same biological group, only the tubercle
bacillus, at fhat time, had been grown on an artificial
medium altogether apart from its usual living host. In
view, however, of the close relationship between the three
bacilli, it was thought probable that the same chemical
substances woutld be required by all for the fulfilment of
their lives, but that one of these was of a very special nature,
and, although it could be clahorated from standard foods
by the tubercle bacillus, the other bacilli had lost that
capacity, The problem, then, was to find this special product,
or ‘Essential Substance’, in nature and incorporate it in the
medium, when I expected to obtain a growth of both the
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lepra bacillus and Johne's. bacillus. For various reasons I
anticipated finding it stored as a reserve food supply in the
fatty covering developed by the tubercle bacillus and its
wild ancestors, and this proved to be correct. Moreover,
from the growth of Johne’s bacillus thereby obtained, a true
diagnostic vaccine was soon produced, thus enabling this
devastating disease of cattle to be brought under control,
Unfortunately, no financial support was forthcoming to
allow an extension of the work on essential food factors
to be made. The namie Vitamin at that time had not been
coined, although my *‘Essential Substance’ has since been
named ‘ Vitamin K.’

However, from the success obtained in the cultivation of
Johne’s bacillus in 1910, and from the results of many
additional experiments which threw light on the production
of the ‘Essential Substance’ and other prime necessities of
life, the basic conditions required for the cultivation of
viruses became patent. 1 accordingly transferred my
researches to that group of organisms. Now, it has already
been emphasized that there must exist types of life which are
lower in the scale than those containing green chlorophyll,
and which are capabie, under suitable conditions, of build-
ing up their own nutriment without its aid in the world
production of orgapic foodstuffs. This applies both to
bacteria and to that vast field of still more primitive life
which includes viruses. We know, in the case of bacteria,
that for every varicty which has become pathogenic, or
disease-producing, there are many parallel varieties which
have not acquired the capacity of fighting their way into
other living creatures, and there is cvery reason for believing
that the same rule applies to viruses. Many bacteria, it is
true, can obtain their food supply from the dead products
of other organisms, but, as these products could not have
existed when the first living things were created, they must
be recognized as a later substitute for some genetic necessity
of primitive life. Indeed, it would seem probabie that there
remain in nature to-day many varieties of bacteria which,
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like the viruses, have never been cultivated on artificial
media because either the media or the physical conditions
employéd in association therewith lack this vital factor.

With these considerations as a basis, many experiments
bearing on the growth of viruses were started. The setected
- 1naterials covered a wide range of diseased tissues obtained
from man, animals and plants, and such substances as
soil, dung, hay and pond water which might be expected
10 contain non-pathogenic wild varieties belonging to the
virus group; and which, if the missing special foods or
physical conditions were supplied, should be the easjest to
grow in pure culture. It is impossible in this short essay to
give even an abridged description of the many experiments
which were carried out, and I must confine my observations
to the particular series which first led me to the discovery
of the bacteriolytic agents which have since been named
‘the Bacteriophage.’

For one series of experiments I selected glycerinated
calf vaccimia (the fluid used in human vaccination), since
tubes of this were easy to purchase for a small sum, and
it was well known that the lymph at that time nearly always
contained, not only the virus of vaccinia, but a certain
number of bacteria, and micrococci such as are capable
of producing pustules. Moreover, it was considered possible
that some of these microbes, which could be grown casily,
might be endowed with the capacity of supplying some
“Essential Substance’ for the vitality and growth of the
vaccinia virus, in a mannaer somew hat similar to that of the
“Essential Substance” which 1 had already discovered as the
missing requisite for the cultivation of Johne's bacilus.
Morecover, as it was recognized as a fundamental principle
that alt forms of life were open to attack by some other
form, the possibility of a direct infection of the living
micrococei by the living virus of vaccinia was considered.

In these experiments there was another very important
factor which had to be taken into account. My experiments
on the production and storage of the Essential Substance -
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or Vitamin K - for the growth of Johne's bacillus, by such
allied bacilli as the tubercle and Timothy grass varieties,
had clcarly demonstrated that production was determined
largely by the nature of the medium on which they were.
grown and on the conditions associated with their cultiva-
tion. Further, that a maximum production of the Essential
Substance by, for instance, the Timothy grass bacillug
in no way ran parallel with the prolific growth of the
bacillus obtained on certain highlv-nutritious media. It is
not possible to describe here in detail the many variations
encountered, and it must suifice to place on record thiat my
vaceinia experiments were carried out under the influence
of the knowledge already gained,

For many experiments a 14 per cent agar medium, *
prepared with some meat extract, was used as a basis,
Agar, it may be noted, is a gelatinous material obtained
from seaweed, which melts at the temperature of boiling
water but remains in jelly formation at body temperature,
thercby.allowing it to be melted and sct in slopes in test
tubes after sterilization, and its smooth surface inoculated
with material to be tested before the tubes are incubated
at body temperature. .

The first results were obtained with certain of these agar
media. Tubes which had been inoculated with vaccinia
iymph and incubated at 37° C. for 24 hours usually showed a
certain number of colonies of the white and yellow varicties
of micrococct, but some tubes, on closer inspection with a
hand lens, showed in addition some minute glassy, trans-
parent areas which failed to grow when sub-caltured,
Morcover, on keeping the tubes for a further period, some
of the colonies of cocci, which had anpeared to he normal,
started to turn transparent at the growing margins and, op
attempting to make sub-cultures, they failed to grow.
Furthermore, when a fresh, vigorous-growing, young culture
of one of the micrococci was taken and the pure growth
touched with a minute portion of the alassy material, thig
also, on further incubation, soon started to turn transparent
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at the point touched, and the change gradually spread over
most of the coccus growth. It was at once clear from these
early experiments that I was dealing not with any purely
degenerative change in the cocci, but with an acute infecti-
ous disease of the colonies which, like most of the contagi-
ous diseases to which other forms of life are subject, was
much more potent and active on the young than on the oid :
in fact, the infection had very little, if any, visible action on
old cultures of micrococci which had ceased to grow, or on
young cultures which had been killed by heat.

.The question that had now to be decided was: - What
was the nature of this infective agent, and to what extent
did other varieties exist in nature? An examination of the
glassy material, when stained, under a high-power micro-
scope, revealed only very minute granules, but there was no
definite proof that these represented the infective agent.
Some, at least, could be assumed to be fragments of the
micrococei which had been broken down or lysed. It was
on account of the cocci becoming dissolved in this way that
I named the contagion the Bacteriolytic Agent. That was
in 1915, when I published my first paper on the research
in The Lancet, and before the name Bacteriophage had
been coined.

Additional experiments proved the agent to be exceed-
ingly small, for, if infected colonies of micrococci were
made into an emulsion with sterile saline, or water, and the
fluid then passed through a fine porcelain filter, the filtrate
always contained the infective agent in an active form. The
agent, thus freed from micrococci, was now tested on other
bacteria, but the tests proved that it had not the same effect
on all the many distinct varicties tested. On the other hand,
tests on animals gave no indication that it represented the
virus of vaccinia, although it showed many characters
which suggested that it should be considered as belonging
to the virus group. From this standpoint it is important
to note that it showed no evidence of independent growth
on any artificial medium then being tested, unless the grow-
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ing micrococcus was also present for it to live on. On the
other hand, it retained its vitality, under favourable con.
ditions, for many months without the presence of jts host ~
the growing micrococcus.

Now, there are many virus diseases of man, animals and
plants, most of which are specific for some particular host,
and it seemed reasonable to expect that the bacteriolytic
agent would be found to exist in nature in many varieties
which, for the most part, would prove to be specific for
some particular variety or type of bacterium, Accordingly, I
explored nature for these other varieties, applying the
same general biological rules which had guided me through-
out in my researches. The results, put briefly, soon proved
that other varieties did exist, that they possessed the same
general characters as my original strain, and that they were
as specific in their ability to attack bacleria as are the
different viruses which produce diseases in animals and
plants. As examples, it may be mentioned that different

strains were obtained from the intestinal mucous membrane

of a dog suffering from acute distemper which acted on a
member of the coli-typhoid group of bacilli, Another strain,
which infected other members of this group of bacilli, was
recovered from material collected from the intestinal tract
of a case of infantile diarrhoea and vomiting,

The next most obvious point that required to be decided
was — to what extent can the different varieties of *Bac-
teriophage’ be used as a curative agent for discases caused
by different bacteria? Can a bacterium which is causing a
disease be attacked and killed by some specific bacterio-
phage? Many experiments bearing on this point werce
carried out, but it would require an extensive essay to relate
the technical details of these in true perspective, and any
attempt to give a short summary would inevitably fail in its
object. A few points, however, may here be noted. While
some subsequent workers claimed very favourable results,
other workers reported the absence of any beneficial effects.
For my part, I am not prepared to dogmatize, for, as already
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pointed out, when two forms of life come in conflict with
each other, the result of the combat depends very largely
upon the physical and chemical conditions under which the
battle is fought. In modern bacteriological work, 1 suggest
that sufficient consideration is rarely given to this aspect
of a problem, and this applies also in the case of treatment
of bacterial diseases with a bacteriophage, notwithstanding
the thousands of experiments that have been carried out.
Independent workers should meditate on this fundamental
fact. In test-tube experiments it is casy to arrange con-
ditions so that a bacteriophage will kill off its host — the
bacterium, but that it is equally easy to arrange another set
. of conditions in which the bacterium will kill or inhibit its
invading bacteriophage.

Now, if this is 50 in the case of a bacterium and its bac-
teriophage in a test tube, there is no logical reason why the
same principle should not apply throughout nature for
other virus and bacterial infections which may occur in
man, animals and plants. Before, however, the precise
conditions which determine the activity and control of such
viruses can be properly established, it is of prime importance
that means should be found whergby they may be grown and
studied on some artificial medium apart from other forms
of ltfe. So far this has not been done with certainty because,
I am convinced, some additional factor of an exceptional
nature is required in order to satisfy their fundamental
physiological needs.

An cxtensive research, based on this conception, was
mapped out, and from 1930 to 1939 the Brown Institution
labaratories were, by degrecs. re-zauipred with special
apparatus to meet the requirements of the investigation,
which in its earlier stages was financed jointly by London
University and the Medical Research Council. Progress was
satisfactory up to 1930 when the Council withdrew its
support, thereby greatly hampering the work. Neverthe-
kgss the investigation was continued actively and as cxten-
sively as circumstances would altow, and by 1939 I knew
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that the technique which was being evolved was correct.
Striking results of a positive nature were obtained, but,-
unfortunately, in 1944 the laboratories of the Institution
were destroyed by a bomb, and the University deprived me
of my post and all facilities for completing the research.

In cenclusion, I would remind my readers that iilness
resuiting from a virus disease in man often ends in death,
or perhaps some malformation as in the case of Infantile
Paralysis. Moreover, the various types of illiness prevailing
throughout the animal and vegetable kingdom, such as
varieties of distemper in cats and dogs and mosaic_diseases
of plants, produce annually an incalculable economic loss.
Yet my rescarch, aiming at their control and offering, I am
convinced, such high prospects of success, has, in its last
stages, been foiled.
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g Diarrhoea in Locusts
In 1910, I was in Mexico, in the state of Yucatan, when an
invasion of locusts occurred; the Indians reported to me
that in a certain place the ground was strewn with the
corpses of these insccts. I went there and collected sick
locusts, easily picked out since their principal symptom
was an abundant blackish diarrhosa. This malady had not
as yet been described, so I studied it. It was a septicaemia
with intestinal symptoms. It was caused by bacteria, the
locust coccobacilli, which were present almost in the pure
state in the diarrhoeal liquid. T could start epidemics in
columns of healthy insccts by dusting cultures of the cocco-
bacillus ou plants in front of the advageing columns: the
insects infected themselves as they devourcd the soiled
plants,

During the years which followed, I went from the Argen-
tine to North Africa to spread this illness. In the course of
these researches, at various times I noticed an anomaly
shown by some cultures of the coccobacillus which intrigued
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me greatly, although in fact the observation was ordinary
enough, so banal indeed that many bacteriologists had
certainly made it before on a variety of cultures.

The anomaly consisted of clear spots, quite circular, two
or three millimetres in diameter, speckling the cultures
grown on agar. | scratched the surface of the agar in these
transparent patches, and made slides for the microscope;
there was nothing to be seen. I concluded from this and
other experiments that the something which caused the for
mation of the clear spots must be so small as to be filtrable,
that is to say able to pass a porcelain ﬁltcr of the Chamber-
land type, which will bold back all bacteria. .

However, the appearance of these clear patcpcs was in-
constant. I sometimes went weeks without seeing a single
one, and I could not reproduce the phenomenon at will; 1
therefore could not study it.

In March, 1915, during the first World War, a large
invasion of locusts appeared in T um’sia‘, threatening to
destroy the harvests which were then so vital; I was given
the job of starting an epidemic amongst them. As the result
of the infection there was a considerable mortality, and,
even more interesting, when the following year all the rest
of North Africa was again invaded, Tunisia remained free:
the illness had continued to rage amongst those swarms of
locusts which had survived long enough to move Sowh at
the end of the season, and had brought about their destruc-
tion during the winter.

In the course of this campaign, 1 again observed my
clear spots, and before returning to France [ stayed for a
time at the Institut Pasteur in Tunis, to investigate their
significance.

I showed them to Charles Nicolle, then director of the
Institute, and he said to me: ‘That may be the sign of a
filtrable virus carried by your coccobacilli, a filtrable virus
which is the true pathogenic agent, while the coccobacillus,
is only a contaminant.” So I filtered emulsions of cultures
grown on agar and showing the clear spots, and tried
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to infect healthy lJocusts with the filtrate, but without
resuit.

On my return to Paris in August 1915, T was asked by
Dr Roux to investigate an epidemic of dysentery which
was Taging in a cavalry squadron, then resting at Maisons-

Laffitte. 1 thought that the hypothesis put forward for the
" locusts’ illness might be helpful in understanding human
dysentery. 1 therefore filtered emulsions of the faeces of the
sick men, let the filtrates act on cultures of dysentery bacilli
and spread them after incubation on nutritive agar in petri
dishes: on various occasions I again found my clear spots,

but the feeding of these cultures to guinea pigs and rabbits
produced no disease.

At this time we often got cases of bacillary dysentery in ~

the hospital of the Institut Pasteur in Paris. I resolved to
follow one of these patients through from the moment of
admission to the end of convalescence, to see at what time
the principle causing the appearance of ihe clear patches

first appeared. This is what 1 did with the first casz which .

was available,

The first day [ isolated from the bloody stools a Shiga
dysentery bacillus, but the spreading on agar of a broth
culture, to which had been added a filtrate from the faeces
of the same sick man, gave a normal growth,

The same experiment, repeatexd on the second and third
days, was equally negative. The fourth day, as on the
preceding days, ] made an emulsion with a few drops of
the still bloody stools, and filiered it through a Chambetland
candle; to a broth culture of the dysentery bacillus isolated
the first day, I added a drop of the filtrate; then I spread a

drop of this mixture on agar. I placed the tube of broth

culture and the agar plate in an incubator at 37°. It was
the end of the afternoon, in what was then the mortuary,
where I had my laboratory.

The next morning, on opening the incubator, I experienced
ane of those rare moments of intense emation which reward
tho research worker for all his pains: at the first glance I
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* saw that the broth culture, which the night before had been

very turbid, was perfectly clear: all tbe bacteria had van-
ished, they had dissolved away like sugar in water, As for
the agar spread, it was devoid of all growth and what caused
my emotion was that in a flash I had understood: what
caused my clear spots was in fact an invisible microbe, a
filtrable virus, but a virus parasitic on bacteria,

Another thought came to me also: ‘If this is true, the
same thing kas probably occurred during the night in the
sick man, who yesterday was in a serious condition. In his
intestine, as in my test-tube, the dysentery bacilli will have
dissolved away under the action of their parasite. He should
now be cured.’

I dashed to the bospital, In fact, during the night, his
general condition had greatly improved and convalescence
was beginning.

From that moment, I understood how to reproduce the
phenomenon at my convenience ; I could study it. The first
note, appearing in 1917, was followed by several others, all
sponsored by Dr Roux. In these communications I gave an
account of experiments touching the nature of the phenome-

" non of bacteriophagy, its generality, the characteristics of

the bacteriophage ; I discussed its nature, the peculiarities of
its mode of action and, finally, the defence reactions of the
attacked bacteria. These various researches, including those
I made during a visit to Indo-China in 1920, were finally
collected into a single work which Dr Roux permitted me
to publish in 1921 as one of th¢'monographs of the Institut
Pasteur, .under the tile The Bacteriophage, Its Role in
Immunity.

Indifference, Scepticism
All this in the middle of general indifference: at that time
there was nobody, 1 think, except Dr Roux, who took the
matter seriously. Some thought [ was a visionary, others a
humbug; many certainly thought to themselves what one
colleague said aloud: “If this Bacteriophage really €xists,
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during all the time I have been a bacteriologist I would
surely have observed it.’

One anccdote shows to what lengths scepticism went.
An American, Miss Harde, who worked at the Parke labora-
tory in New York, spent several days in Paris in 1919; she
came to see me, and 1 showed her how cultures dissolved
in the course of two or three hours after the addition of a
trace of bacteriophage culture. She asked me to give her a
little of such a culture, to give a demonstration back in New
York. Some time afterwards I had a distressed letter from
her: she had indeed given her demonstration, but she had
been laughed at and congratulated ‘on having learned such
fine bacteriological conjuring tricks in France.’

In the end, in the face of my insistence, a few bacteriolo-
gists became willing to recognise that all my experiments
were precise, that they were easy to repeat. But while some,
the minority, admitted the correctness of experiments show-
ing that the Bacteriophage has all the physiological character-
istics of a living thing, others interpreted them in different
ways, pretending they were the effects of a chemical ferment
coming, according to some, from the animal body infected
by the bacteria, according to others, from the bacteria
themselves.

I did not think, then, that a day would come when an
electron microscope would be invented, using rays of a
much shorter wavelength than those of light, which would
aillow the photographing, or rather radiography, of particles
of some ten millimicrons diameter, a size which from graded
filtration experiments I had recognised as that of the

bacteriophage I was studying and which I thought was that
of all-bacteriophages, :

Is the Bacteriophage Alfive?

A criterion of life exists: it is the possession of a metabolism,
which shows itself objectively in the secretion of digestive
Juices of a chemical nature, diastases or enzymes. Anything
which, when placed in suitable conditions, secretes chemical
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ferments, is living by definition ; if it does not secrete, but
remains inert, either it was once alive but is now dead, or
we are dealing with something inert by nature.

In 1921 by precipitating cultures gf certain  bacterio-
phages with alcohol Eliava and I obtained ferments acting
on bacteria in the absence of all living bacteriophage
particles. Since then, two of my collaborators, Sertic and
Boulgakov, working together, have carried out research in
this field for more than ten years. They have made a
complete study of the digestive enzymes secreted by ghc
particles of various strains of the bacteriophage atta__ckm'g
bacitlus coli. They have shown that the same particle is
able to secrete several different enzymes, giving the experi-
mental physiological proof of the living nature .of the
bacteriophage; and to complete the work there was no
need to ‘see’ the bacteriophage. '

But this physiological proof not only means that bactcylo-
phages are living, it proves that they are complgtely alive.
Many biologists have seen in ﬁltrabl‘c viruses in gcngra],
and in the bacteriophages in partlculat:, Intermediates
between chemical substances and truly li\_/mg beings. The
demonstration of the secretion of chemical ferments by

bacteriophages shows that these beings possess a complete

metabolism, identical with that of the cglls _of the most
highly developed organisms. The coqclusxon 1S that life is
one, that no intermediates exist : all things endowed with life
are fully alive, and all living things are alive in the same way,

Bacteriophages then are fully living things because they
satisfy the criterion of life; but one might believe, a priori,
that they must be very simple in structure, and therefore
very litle differentiated. A complete mistake. In 1919 T
wrote in a note to the Société de Biologie: ‘I have isolated
sederal hundred strains of this bactericidal principle, and I
have not yet found two exactly alike.” And in the last
collected work published in 1938, | repeated ‘EFach race
shows characteristics differentiating it from all other races.’
Amongst these different characteristics are



50 SCIENCE NEWS 14

Virulence, that is to say, power of attacking bacteria: it
" varies from hardly detectable action to an effect so brutal
that in less than three hours under experimental conditions
all the bacteria in 2 fully-developed culture are completely
desttoyed and digested.

Extent of action: Certain varieties of bacteriophage attack
only rare strains of a single bacterial species, while others
can attack, simultancously, bacteria of different and even
widely separated species.

The Temperature at which they are destroyed, which
varies from 52° to 82¢ according to varicty.

Vitality; Some types of bacteriopbage survive only a few
days in a culture, others a few weeks, or & few months,
while yet others have such vitality that a culture preserved
in sealed ampoules at ordinary temperature is still alive
many years later. Thus out of 22 different races of bacterio-
phage isolated from convalescent cholera stools and left in
{ndia in sealed ampoules in 1927, four were still living and
virulent in October 1947.

Considering their extremely variable' nature, and the
diversity of size and shape revealed by the electron micro-
scope, one would be inclined to agree that bacteriophages
form a whole complete flora, which might be divided from
the point of view of systematics into species and even
different genera. But it is not as simple as that, First of all,
the characteristics of different races are independent of size;
in each of the four morphological types known hitherto,
one finds all possible variatioss. In its other characteristics,
a dwarf bacteriophage may be close to a giant bacteriophage,
while two dwarfs or two giants may ditfer greatly from one
another.

If we seck the cause of this diversity we see at once that it
lies in & propensity to imitation and a power of adaption,
both of which are more marked in the bacteriophage than
in any other living thing. Experimentally, the chacteristics
.of & bacteriophage can be changed within very wide limits.
I have elsewhere shown that this power of adaption and
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imitation differs in different strains, and is particularly
marked in bacteriophages first isolated from their natural
environment. Type coilections long maintained in the
laboratory by in vitro culture become rigid and their
characters fixed.

The Buctc;‘iophage is everywhere

Where ars bacteriophages found? Wherever there are
bacteria ; that is, everywhere: in the aumosphere, in the soil,
in river water and in the sea; the more bacteria there are,
the more bacteriophages: sewage is an inexhaustible source
of all kinds of bacteriophage. There is a natural reason
for this: bacteriophages are obligatory parasites, they can
multiply only at the expense of living bacteria, and they
are found only where their reproduction is possible.

But their favourite haunt, where bacteria actually exist
in the greatesi varicty and profusion, is in the intestinal
contents of all living things which have a digestive tract,
Let us sec what happens there. Imagine a man in a state of
pormal health. Isolate from his stools the bacteriophages
there present — a simple job siace, thanks to their extreme
minuteness, the bacteriophages easily pass through filters
of the Chamberland type which hold back bacteria.

The filtrate from the excreta then contains all the bacterio-
phages and no bacteria. If we let a drop of such a filtrate
act on a sensitive culture, the effects {cicar spots on agar,
more or less complete solution of a culture) allow us to
show the presence of bacteriophages and to determine the
intensity of their action towards this or that microbe. Such
researches show that in the normal man bacteriophages
highly active against bacillus coli are always present in the
intestine. Now let us sce what happens in a case of illness.

My first re;earches were carried out on peopie suffering
from epidemic dysentery (Shiga bacillus). Studying them
day by day, this is what | found. At the beginning, wh
biood Was present in the stools, Shiga bacill were wolated
and the filtrates obtained e g were isolated

ined from the stools contained oaly
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bacteriophages active against bacillus coli. After one, two,
three or four days, and sometimes longer, depending on the
tase, the picture was still the same. Then in a stool ﬁltratg I
suddenly found the presence of bacteriophages dissolymg
dysentery bacilli isolated originally from this same patient;
and the bacillys coli bacteriophage was also still present.
A few hours later the blood disappeared frqm ?hc stools
and the patient began his convalescence. It is difficult to
think that this is mere coincidence, because the phenomenon
is constant, .

Here now is what 1 found in cholera. In Indo-China in
the course of 1920, and later in India in 1927, I studied
cholera patients, several hundreds of them. It is a most
interesting disease from the present point of view for two
reasons: first because of the high mortality, which can be
a hundred per cent and is rarely less than 50 per cent;
and secondly because of its brevity : in the great majority of
cases in less than four days, even in as little as two, the
patient is dead or cured. Under such conditions the cause of
cure should be very apparent, and that is in fact what
research showed. Every cholera patient was certain to die if
a bacteriophage active against the cholera vibrio had not
appeared in his stools within 48 hours of the first symptom,
I never observed a single exception to this rule. On the other
hand every patient in whom a bacteriophage very strongly
active against the vibrio was present after this time quickly
entered the convalescent stage, however grave had been the
initial symptoms. Those in whom in the first 48 hours a
bacteriophage of only feeble strength had appeared had a
prolonged iliness and ended either by dying or by being
cured, depending on whether the bacteriophage became
feebler and disappeared or grew in strength, as shown by
in viiro test.

In cholera the phenomenon of the bacteriophage in vivo
is 50 clear-cut that there can be no doubt of the fact that
in this illness it is the sole cause of recovery. But it is not
only in intestinal illness that the bacteriophage manifests
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its activity, I studied human bubonic plague in Annam and
in Egypt; in patients who got bc}ter spontaneously, !)ac—
teriophages provoking the destrucnop of the plague bacillus
were present in the stools and also in the buboes (swollen
glands characteristic of p!ague).

In 1919 there raged in France among hens a fgtal
epidemic of an iilness recently in’{po!'ted from‘ the United
States where it had been known in its endemic form and
called ‘fowl typhoid.” Before 1919 it had not been observed
in France, though it subsequently came to stay. Forvme
it was a wonderful opportunity to st.udy ?hc behaviour
of the bacteriophage, for with thc.anm_\al ifiness 1 coulfi
experiment at my convenience. | behevc.mdeed that experi-
mentation is significant only .whcn galtr:ed out on anlm?.ls
naiurally sensitive to an infcclxon_. Tr_ns is the prlnqplc V.vh":h
Pasteur always observed and its infringement inevitably
leads to error.

‘Cure is infectious’

The organism of bird typhoidv is a salmoncﬂg, a close
relation of the (human) typhoid germ. The disease was
raging in a district which I knew well, on the borders of
Champagne. and Burgundy. Each day I visited the poultry

- farms: over several days I did not sce a single recovery,

every hén infected died, and one by one in the space of
three or four days they all succumbed. 1 analysed numerous
specimens of excreta; the salmonella was present, but
active intestinal bacteriophage was absent in all birds,
whether infected or still healthy. Finally, in one poultry
house, a hen pot better; in its excreta was a bacteriophage
powerfully active against the disease germ. But a curious
phenomenon occurred in the sequel. |
epidemic ended suddenly: [ tested th
viving hens and all contained the sam.
then it was present everywhere on
faeces of pigs, horses, cows, dogs.
this sudden ending of the diseysa

n this hen-house the
¢ excreta of the sur-
¢ bacteriophage; and
the farm, notably in the
Later I again observed
after a spontancoys cure,
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accompanied each time by the same spread of bacterio-
phage. .

One conciusion seemed to emerge: the infectiousness of
the cure. A sick hen spreads discase bacteria around her,
the epidemic grows. A hen gets better becduse in her
intestine the bacteriophage normally present and growing
at the expense of coli bacilli acquires virulence for the
salmonella and starts a cure. $iic now spreads round her
the bacteriophages multiplying in her intestine : all the hens
still alive at that moment swallow them, and henceforth
are proiected from infection.

Here are other facts of a similar kind:

In 1927 1 studied a violent epidemic of cholera which was
raging in the Punjab. In villages which were not yet
infected I could find no evidence either in the well water

or in the bodies of flies (the two usual agents transmitting -

the infection) of cholera vibrios or of bacteriophages with
some activity against them, If the epidemic appeared in a
particular village, always following the arrival of some

- person incubating the disease, and he was the first patient,
from that moment the vibvios were spread in the sur-
roundings and one found them in the flics and in the well
water, but never any bacteriophages. One patient got better
spontancously, and bacteriophages virulent for the cholera
vibrio began from that moment to bz found arcund the
convalescent: first of all in the well of his own house. Cures
increased, and the epidemic ccasad when thesc bacterio-
phages were widely spread in the district. An epidemic of
cholera spreads by the spread of vibrios from sick patients ;
it dies out as a consequence of the dJiffusion oi bacterio-
phages from ccnvalescents.

Phage therapy is an All-or-Nothing theragy
TheAse two phenomena, the cure of individuals and the
cn.du?g of epidemics, can be reproduced experimentally, and
.thls 1s th.c best way of confirming the conclusions I have
Just mentioned. In fact we can grow these powerful bacterio-
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phages isolated from convalescents in the laboratory and
obtain as much of them as we wish. In the test-tube af in
the patient it suffices to give them bacteria sensitive to their
action for them to multiply at the expense of these latter.
But note that, as we have seen, cach race of bacteriophages
possesses its special characteristics: to produce in a patient
a bacteriophagy powerful enough to destroy ali the disease
bacteria in 2 few hours, powerful races must be used to
St.;;:gl;h{l\crapy is an all-or-nothing therapy. If bacterio-
phage cultures of feeble or moderate virvlence are used,
the pathogenic bacteria will resist its action and cure will
not result, Every bacteriophage therapy must, therefore, be
the tesult of a selection which demands long researches.
Experience has further shown mc tl;at one must use for
their in vitro culture only 'rcce_ntly isolated bacteria (ex-
cluding type collection strains) lsolagcd at the start of l‘he
i(lncss: a'voiding the use of bacteria c_ontammated with
chronic bacteriophages. These coqtzxm;pants arc always
present in strains isolated from patients in whom a spon-
taneous bacterionhagy caused by bacteriophages of feeble
ivi d time o start.
ac?ll'myﬁ‘::: i!;fness on which I tried bacteriophage therapy
was avian typhoid. First 1 tried mdxvndqal treatment : .all
the hens treated in the ﬂr.st.lz hours survived. Then | tried
prophylactic treatment, muXing bacteriophage cultures active
against salmoncila with drm'kwjg water 1n poultry yards
where the epidemic was beginning: hens already infected
were. cured, and the epidemic extinauished. 1 sponsored
similar trials by various veis. in wovciul districts, and their
results were similar to mire,

Bacteriophaze treatmen: spreads
1 then made tests on paticnts suticring from toxic dvsentery
(Shiga). This was at I'Heénital des Enfants-Mula dos under
Professor Hutinel. Dcp{':n'dmg on ihe case, between 24 and
26 hours after the administration of 2 c.cs. of shiga-phage
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by mouth, blood disappeared from the stools and the
patient began his convalescence. These results were pub-
lished in 1921. Various bacteriologists in Germany, in the
United States, and in Brazil, tried to verify them. All
declared that their results were completely negative. What
had happened? Brazilian experience will teach us.

-Da Costa Cruz of the Institute Oswalde Cruz of Rio de
Janeiro published in 1922 a statement that the administra-
tion of bacteriophages to these dysentery paticnts had not
had the slightest action. But this author went on studying
bacteriophages out of academic interest, and he learnt little
by little something of their various properties: in particular,
that virulence varies from one bacteriophage to another.
In 1923 he re-tested their use in treatment, this time using
fairly virulent bacteriophages, and he then got results
similar to mine.

Little by little the treatment of bacillary dysentery became
common. Eliava in Russia, Compton in Egypt and Morrison
in India have used it to throttle epidemics. During the last
war its use was general in the German and Japanese armies,
and also, more especially, in Russia, where it has been
systematically employed in civil medicine as well as in the
army; and where nine institutes are occupied in the study
and preparation of diverse therapeutic bacteriophages,

I mentioned that 1 had studied bubonic plague. [ had
made several preliminary tests in Annam in 1920, but it was
in Egypt in 1926 that I really tested the treatment. Applied
according to the rules, within six hours from the injection
of a single cubic centimetre of plague-phage into the bubo
the temperature dropped to normal, the general symptoms
disappeared and convalescence began, a rapid convalescence
because the buboes had not become infected. Following
publication of these resuits experiments were made in
various countries: in some, results were negative ; in others,
they were similar to mine, During the last war in Russia
treatment of plague by bacteriophage was applied as a
routine in the south where the malady is endemic.
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Then it was the turn of Asiatic cholera during an epi-
demic in the Punjab in 1927. As a first experiment I
treated 74 patients, all gravely ill; of this number 26,
treated with 4 c.cs. phage by mouth in the first six hours
after they had passed the first stool characteristic of the
illness, all entered convalescence in the following 24 hours;
41 were treated between 6 and 24 hours after the start and
the mortality amongst them was 10 per cent; and finally
seven received the bacteriophage later and the mortality
was 14 per cent. The overall mortality for the treated was
g8 per cent. In 124 controls untreated or treatqd by other
methods the mortality rose 10 63 per cent, which was the
general mortality rate elsewhere in the course of this
epfselglcr.esult of these researches two laboratories fo_r tl?e
preparation of therapeutic bagtengphage were built in
[ndia, one in Patna under the dzrecugn of Prot‘. Asheshov,
the other in the Pasteur lnstitute.of Shillong in A.ssam under
the direction of Colonel Morrison of the Indian Medical
Service. The first applied prophylaxis on a large sca_le by the
addition of bacteriophage culture to the wells in every
village where cases of cholera appeared, with the result that
while in villages where the usu.'fl prophylactic measures
were in force (addition of potassium permanganate to the
wells and vaccination of the population with anti-cholera
vaccine) the mean duration of gpldgmlqs was 27 days, which
is the same as the mean duration in villages where cholera
is allowed its head, in several hundred villages where the
bacteriophage was applied without any other mcasure the
mean duration was 48 hours. .

In Assam, Morrison applied this method of treatment in
all cases from the start. For this purpose a store of ampoules
was built up in each district where it was decided to apply
the method. He has thus sgcceeded in keeping districts with
over a million inhabitants free {from any cholera epidemic,
and the mortality from cholera has been reduced to a jow
figure, whilst in ncighbouring districts acting as controls
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the epidemics have continued, as in the past, to claim
hundreds of victims each year. Since that time the treatment
and prophylaxis of cholera by bacteriophages has spread
to China and Japan.

Between bacteriophage and bacteria is ceaseless siruggle

I have described only diseases with which I myself have been
principally occupied. Many other rescarches have been made
along the lines that I have explored. Gratia has foreshadowed
the treatment of staphylococcus and streptococens infection,
and Raiga has tested it out. Out of more than 6,000 cases
he has been able to avoid the necessity for surgery in 97
per cent ... Hauduroy has made the first tests on typhoid
and in urinary infections, a method of treatment which has
spread. Tsulukidze at Tiflis treats peritonitis, following
intestinal perforation, with therapeutic bacteriophage. In the
most severe cascs, all of which occurred in the course of
typhoid, and which are practically always fatal, he has
iowered tiie mortality by 20 per cent,

But it would take me hours to present the full picture
of the ceaseless struggle which goes on in nature between
bacteriophage and bacteria. I would have to write of the
role of bacteriophage in the natural purification of river
water, in the bacierial illnesses of plants ; of fields of lucerne
which perisiv when bacteriophage breaks out-amongst the
bacteria in the nodules which fix atmospheric nitrogen.
I would have 1o deseribe how certain industrial fermenta-
tions laneuished when bacteriophace attacked the hacteria
producing them, and inveisely how vacteriophage is used
to prevent harmful fermentations which interfere with the
industrial production of certain higher alcohols. 1 would
have to tell you of the rescarches of Mazé of the Institut
Pasteur, who has shown how bacteriophages, after they
have become adapted to the destruction of lactic ferments
in pigs’ intestines, are carried into cheese factories by the
hands of the workers and also, no doubt, by the atmosphere,
and interfere with the ripening of cheese.
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In pature every time that bacteria do something, a
bacteriophage interferes and destroys the bacteria, or pro-
vokes a modification of their action. Thus the aim of
microbiologists is to study these actions and reactions, and
to select the bactcriophages which attack harmful bacteria
in order to bring about their rapid destruction wherever
this is useful. :

Tramlated by J. L. Crammer



The Nature of Bacteriophage

RALPHW.G. WYCKOFF

‘BACTERIOPHAGES are the viruses of the bacterial world.
Like all viruses they have been grown only in association
with the living cells that are their hosts and like all but the
biggest viruses their elementary particles are too small to be
seen with optical microscopes,

When bacteriophages were discovered a generation ago
by Twort and by d'Herelle it was hoped they could be used
to control and cure many of the human ijis caused by the
bacteria on which they feed. Unfortunately, these expecta-
tions did not materialize, though d’Herelle and others
insisted, and have continued to insist, that, when properly
employed, bacteriophages can have great efficacy in the
control of epidemics of certain infectious diseases. Because
they did not fulfil the claims of their mast ardent advocates,
however, they rather quickly became discredited and for
years were scarcely more than one of the curiosities of
bacteriology. In recent years they have emerged from this
oblivion, not indeed as a practical tool of the medical art,
but as one of the most effective instruments for probing into
the fundamental nature of the viruses of which they are a
representative,

There are several reasons why bacteriophages are \erll
adapted to such investigation. For one thing their bacterial
hosts can be grown in quantity with only a small expenditure
of time and money, and on them comparatively large
quantities of bacteriophage can be produced. This ease of
preparation, combined with the short life span of the
bacterial hosts, means that a hundred experiments can be
made with bacteriophage while one is being carried through
on most plant and animal viruses. It js another advantage
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of bacteriophage that many different kinds with different
properties are found in nature. They attack many sorts of
bacteria and have sizes that run almost the full gamut betw;cn
objects nearly big enough to be scen under the optical
microscope and those not much larger than the very small
viruses of foot-and-mouth disease and infantile paralysis,
Though the renewed intgreSt in bacteriophage is an aspect
of the greater attention given in recent years to viruses in
general, it can lead to results of wider importance. One of

" the chief problems of biology to-day, as it was a couple of

generations ago, is the search for an adegga}e ’scicntiﬁc
understanding aud definition of the term living’. Tn the
intervening years we have learned many of the attributes of
living matter and have come to understand many of the
chemical mechanisms it utifizes, _but‘tlhe very fact that we
still use the term more or less‘m:;ég;:]ysshom that the
i ning continues to us.

ke:/n;‘us:sl:r? ier?aporgtant to this question of lh_c nature _ol“
the living process because some are endowed with essential
attributes of living matter, and either are amongst phe
simplest of living things or are part of_‘ a bru_ig? stretching
unbroken from the animate to the inanimate, if indeed such
a bridge exists. There is an increase in complexity of
chemical composition on passing from the world of macro-
molecules to that of independently functioning micro-
organisms; and it has become the habit to conclude that
along with this goes a transition in properties w_hereby }he
larger and chemically more complex objects in this scx‘enuﬁc
Limbo are more fully alive than the smgller and simpler
ones. This may be the case, but the determination of whether
it is so or not is an experimental problem that has not yet
been satisfactorily answered. 1t can, however, be approached
with a unique directness through the many experiments that
can casily be made with bacteriophages.

Recent work with the bacterial viruses has been devoted
mainly to a few questions, These deal (1) with their chemical
composition and properties, (2} with the shape and size of
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their elementary particles, (3) with the way they are produc_cd
from the bacteria that are their hosts, and (4) with the genetics
of the many mutants that appear as they grow and multiply.
All these lines of research bear in most direct fashion on
the central problem of their fundamental nature. Many of

the facts brought out by the chemical and morphological

studies favour the view that bacteriophages increase by a
sort of self-reproduction resembling that manifested by
bacteria themselves. The many new facts turned up by
genetic experimentation have, on the other hand, usually
been interpreted in terms of hypotheses that consider new
bacteriophage particles to arise more directly from bacteriai
protoplasm. Additional experimentation is needed to resolve
these seeming conflicts, but research on bacteriophages is
made especially attractive at the present moment by the
fact that the electron microscope is a tool capable of
resolving this conflict through direct observation,

With the greatly extended vision of this instrument the
elementary particles of bacteriophages appear as highly
organized sperm-like entities with heads enclosed in
definite membranes and tails of different lengths and thick-
nesses. Most work has been done on the many strains of
bactcriophage that attack colon baciili. These coli bacterio-
phages fall into one of three groups as seen under the
electron microscope. Fhose designated as T2, T4 and Té
have ellipsoidal heads and the short, stiff tails shown in
Plate 10. The sizes of their heads (60> 80 millimicra)* are
such that, packed side by side. it would require at least fifty
to be as long as a bacteriam and half a million to make an
inch. These three types of bacteriophage have more in
common than their shape, and differ from the odd-
numbered bacteriophages which have spherical heads and
long, thin curly tails (Plate 11). The small-headed pair,
T3 and T7, are very closely related ; the other two, T1 and
TS, have larger spherical heads and are less alike. The
characteristic shapes of the bacteriophages that have been

* One millimicron-= 171000 micron = 1/1,000,000 millimeter.
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recognized under the eiectron microscope make them easier
to work with than viruses which, like that of poliomyelitis,
have spherical particies not readily distinguished from the
many particles of similar size and shape present in healthy
ti§sues.

Determination of the chemical composition of bacterio-
phages, as of that of other viruses, is dependent on our
ability to isolate them in a pure and unaltered state, and in
amounts sufficient for analylical procedures. Fortunately,
these requirements are met by several of the coli bacterio-
phages. The resuits thus far obtained by Beard and his
collaborators indicate that they are extraordinary in their
large content of nucleic acid.

There are, it will be remembered, two kinds of nucleic
acid found in nature, desoxyribose nucleic acid, originally
obtained from the thymus gland, and ribose nucleic acid
first prepared from yeast. Some viruses contain one, some
the other; none has as yet been proved to contain them
both. The virus of influenza seems to possess as little as
2 per cent nucleic acid, and most have considerably less than
10 per cent. Bacteriophage, however, is more than 40 per
cent desoxyribose nucleic acid. Small amounts of the ribose
acid have also been found in the analyzed samples, but this is
probably from bacterial protoplasm which has not beea
completely eliminated. :

Another important constituent of the bacteriophage,
besides protein and carbohydrate, is 2 per cent lipid that is
all neutral fat. It has been especially instructive to compare
this composition with that of the bacteria upon which the
bacteriophage grows. These bacteria contain very little (2-5
per cent) desoxyribose nucleic acid but about 20 per cent of
the ribose-type acid; no neutral fat, but about 8 per cent
phospholipid. These inversions in composition are strong
evidence that bacteriophage as it multiplies draws neither its
fat nor its nucleic acid from its host, but instead can utilize
directly constituents of the medium in which the bacteria
grow.
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Experiments by Cohen with a radioactively labelled supply
of phosphorus seem to confirm this for the nucleic acid. In
his experiments, when bacteria made radioactive by being
grown in a medium containing radiophosphorus were trans-
ferred to a nomn-active medium before infection with bac-
teriophage, the bacteriophage that was produced was not
radioactive; whereas newly-formed bacteriophage was
radioactive when inactive bacteria were lysed in a medium
containing radioactive phosphate. On the face of it this
result indicates that the bacteriophage independently syn-
thesizes this major constituent of itself directly from in-
organic phosphate drawn from the medium, and not by
transformation of its host’s supply of the element.

It is hard to describe briefly or to analyze the results of
the genetic experiments that have been made. The most
significant are based on the fact that whereas odd- and even-
numbered coli bacteriophages cannot grow together in the
same bacterial cell, this interference, as it is called, does not
operate to prevent the simultaneous infection of a bacterium
with pairs of even-numbered bacteriophages such as T2 and
T4. Mutant strains occur frequently in all bacteriophage
cultures, but they appear to be especially numerous and of
different sorts in.cultures involving these mixed infections,
Common mutants differ from parent strains in the appear-
ance of the cleared areas, or plaques, they produce among
bacteria growing on agar plates; other mutants are able to
lyse different strains of colon bacilli, which thus can be
employed to recognize them,

In one experiment which shows a change in the properties
of bacteriophage arising from mixed infection, it was found
that the number of clear plaques obtained by plating the
yield from such an infection with a_mixture of bacteria
susceptible to either strain of bacteriophage exceeded the
number obtained by plating with bacteria susceptible to one
strain only,

Another experiment pointing to an exchange of genetic
material between strains infecting a single bacterium can be

Ay
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carried out using for example T2 and T4r (a mutant of T4
having the characteristic 7 which gives quick lysis); the new
particles produced by this infection will include T4 asg well
as T4r. An especially striking experiment suggesting genetic
exchange to eliminate lethal factors has recently been
carried out by Luria. He found that related strains, cach of
which had previously been irradiated with ultra-violet light
till unable to multiply, ‘recovered’ the ability to grow and
reproduce when mixed. ' .

Though experiments of this type point to the wealth of
new knowledge about bacteriophages that results from a
genetic approach, the phenomena are so complex that it is
not easy to reach unequivocal interpretations _o.f th.c facts
themselves. The magnitude of these complexities is sug-
gested by the work of Anderson, who has found that traces
of the amino-acid tryptopbhane or rf:latcd substances are
required to bring about the adsorption of T4 and Té6 to
sensitive bacteria, and that this effect of tryptophane can
itself be neutralized by the indole which is produced as the

i oW, ’

ba:ttcl?:sgrrmt proved possible to ‘revitalize’ bacteriophage
after x-irradiation in experiments analogous to those of
Luria with ultra-violet light, but_ the careful. analysis of
survival curves of bacteriophage 1rrac?iated with x-rays in
the interval between mixture with sensitive bacteria and the
first rise in bacteriophage titre has been shown by Latarjet
to give new information about the way multiplicz_\tion takes
place. During this interval the apparent sensitivity of bac-
teriophage to the radiation changes, and about midway
through the period the shape of the curve of dosage-against-
survival changes in a way related to the rate of bacteriophage
multiplication, The results obtained have been thought
to show that the new bacteriophagg arises through a very
rapid differentiation of the bacterial protoplasm.

Much of the quantitative experimentation with bacterio-
phage now being carried out makes use of the device of
Delbruck and Luria for observing a so-cailed burst time
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and burst size. If appropriate dilutions of bacteriophage and
bacteria are incubated together, and titrations made of the
number of bacteriophage particles present in samples taken
every few minutes after mixing, there is no increase for an
initial period, that is 13 minutes for T3 and 21 minutes for
T2. At the end of this interval, which is the burst time, the
number of determinable particles rises very rapidly to a
value that is often many times the initial .count and that
remains fairly constant if enough bacteriophage was used
in the first place to infect all the bacteria present. If the
percentage of bacteriophage particles that have been ad-
sorbed to susceptible bacteria is determined and if proper
dilutions are used, then the magnitude of the increase will
measure the average yield of bacteriophage per infection:
this is the burst size.

The form of these curves is obviously determined by
the growth of bacteriophage. It is generally considered that
bacteriophage becomes adsorbed to susceptible bacteria
when mixed with them, and that then, either remaining on
the surface or penetrating within the cell, induces the
generation of new bacteriophage particles within the
bacterial protoplasm. At the conclusion of this multiplica-
tion, whatever its mechanism, the bacteriophage-filled
bacteria are supposed to burst and liberate the newly-formed
particles into the medium. The electron microscope makes
it possible to check the general correctness of this interpre-
tation and to examine the steps through which bacteriophage
is produced. The first step of adsorption is readily verified
by photographs that show the approach of bacteriophage
particles and their attachment to the bacterial membrane
(Plate 11). What happens next, however, is more complicated
and depends very much on the age, or rate of metabolic
activity, of the attacked bacteria. If the bacteriophage is
T2 or T3, and if the bacilli belong to an especially young
and actively-growing culture such as is obtained by making
several preliminary transplants to fresh medium at hourly
intervals, many ruptured cells are found in preparations
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from mixtures which have been incubated for not more than
five minutes before being chilled and formalinized. Fluid
protoplasm evidently flows from such broken bacteria and
engulfs the invading particles (Plate 12).

Especially dark objects that are larger and more numerous
the longer the incubation within the burst time appear in
these protoplasmic masses. The amount of enveloping pro-
toplasm diminishes as these masses increase, and after the
longer incubations they often stand out clearly as clusters
or microcolonies of newly-formed bacteriophage (Plate 13).
What is thus seen with very actively growing bacteria
suggests that lysis, in the sense of cell rupture, may take
place before the proliferation of bacteriophage is cqmpletc.
On this basis the rapid rise in measurable bacteriophage
that occyrs at the end of the burst time would be due not
so much to rupture of the bacterial cell wall as to the escape
of the newly-formed bacteriophage from the deplet‘ed mass
of protoplasmic jelly which has englosed and nourjnshed it.
These results and many observations on bz}cte‘nophage-
infected colon bacilli growing on agar plates mfhcate that
bacteriophage may not require an intact bactf:rxa! cell for
its growth. They increase the difﬁqulty of maintaining the
hypothesis that bacteriophage arises through a sudden
differentiation of modified bacterial protoplasm. The hun-
dreds of electron micrographs already made of infected
bacteria show the steps to be expected if new bacteyiophage
actually develops by a process of self-reproduction an_d
division, but there is need for much more study of this
multiplication. ‘ . '

It is harder to be sure of the interpretation to be given to
what is scen after the infection of older bacterial cultures.
As with young organisms the cell walls readily rupture, but
the protoplasm they enclose is so viscous that it retaing
the shapes of intact bacilli. Bacteriophage scems to
grow by penetrating and partially consuming this mass
s0 that towards the end of the period of multiplication
there are found many masses of new bacteriophage
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particles which have still the outlines of the original cells
(Piit: c::;))ianation of this different behaviour of young aqd
old cells is to be found in the visible fine structure of their
protoplasm. The protoplasm that has ﬂov{ed from_ the
young bacillus of Plate 12 consists almost cnnr_ely of minute
spherical particles. These spheres are present 1n older celig
but in them they are intcrmixed with filaments th
increase in amount with the age of the culture,
that the greater viscosity of the protoplasm ¢
should be due to the development of this §
The spheres gradually disappear from an
bacteriophage multiplies, but not so the fila
are especially apparent in the residues of
from which the new bacteriophage has m
pletely escaped (Plate 15). The implications of this funda-
mental change in the structure of bacterial protoplasm with
age go far beyond the problems being-discussed here,

The possibility of bacteriophage’s multiplication elsewhere

than in an ‘intact bacterium suggests many new fields of
investigation. One deal

s with attempts to observe with the
clectron microscope bacteriophage multiplication in non-
viable bacteria. Recently we have been successful in seeing
such multiplication from bacteria rendered incapable of
further growth (inactivated) by treatment with formalde-
hyde. The interpretation of what is seen in these experiments
has 4n evident bearing on what is meant by the term ‘dead.’

All the lines of investigation outlined above are so far
from having attwined their full development that we may
be sure their further pursuit will result in a steadily deepening

understanding of the life hstory of bacteriophage  and
thereby of the viruses it typities.

at seem to
Itis reasonable
f older bacteria
brous skeleton.
infected cejl as
ments, and these
older lysed cellg
ore or less com-

_ Viruses and
the Veterinary S urgeon

G.P. WEST

Foot and Mouth

FooT-AND-MOUTH disease is not ranked among the
killing diseases. In countries where slaughter is nof com-
pulsory, affected animals usually recover, though. with the
so-called malignant form - such as was experienced in
Italy and spread over Europe in 1918 - the mortality may
be as high as 50 per cent. Recowfery is qften not complete,
however, and the fever results in wasting ar.\d a reduced
milk yield. Pigs, sheep and goats also become infected, and,
can be imagined, even if there are not many dealh.s, any
ilstbreal‘: is bound to affect milk ahd meat production in
81‘:: area very seriously. Aninials which have rcc:.ovcrcd are
‘not immune for long, so that the disease, ouce introduced,
is Li re up again, .
¢ ;lsﬁ;eli?nﬂii notpprgailicable, for foot-agd-momh disease
is one of the mast contagious known, Qultg apart from.the
ls ement by road or rail of infected animals, the virys
moVonsiblc for the disease is casily conveyed by peopie
resph ir clothes, by lorries and cars, birds and rats. Any
s CItr to conf'inc the disease to a single farm usualiy
a‘nertl.«lpwith failure, and the risk of the disease spreading
!neccases as the number of infected farms rises. Thus the
::lf;lc of France was involved within a few weeks in 1937,
ghd by the end of that year 63,000 outbreaks had _occurrefl
in Belgium. In the following vear qumany was mv(_)h_,eﬁi
and the loss there amounted to the equivalent of £80 million.
fa the United Kingdom, round \a"!nch the sea acts as a
partly, if not entirely, eflective barricr, and where invasions
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by the virus can be stamped out, the slaughter policy is the
most economic.

There are, unfortunately, not less than three types of the
foot-and-mouth diesase virus, and Sir Daniel Cabot, when
Chief Veterinary Officer to the Ministry of Agriculture,
stressed the fact that the presence of viruses of two different
types in one locality had frequently been encountered. This
means that a vaccine which produces or confers immunity
against only one type of virus may be useless in preventing
an outbreak of foot-and-mouth disease. Even if a vaccine
is prepared which immunises against two types of the virus,
infection with a third is an ever-present danger,

The practical difficulties in the way of producing a
vaccine from all three types of virus have proved virtually
insuperable, apart from the huge expense. Germany started
producing vaccine which would give protection against two
types of the virus, but soon had to give this up and revert
to a vaccine useful against only one type. One of the
difficulties has been that the virus cannot be cultured, as
bacteria can be, on such media as meat broth; it will grow
only in living tissues. Although vaccine is produced in
Denmark at a cost of 3s. 6d. per dose, it has been stated
that it would take about three months to make enough for
all the herds in the country, and would involve the sacrifice
of 500 head of cattle per week. This would mean dccreasing
the Danes’ small meat ration by a further 10 per cent
merely in order to produce a quantity of vaccine sufticient
to cope with a severe epidemic. And the resulting immunity
lasts only a little over six months.

It may be wondered how, despite our quarantine regu-
lations, outbreaks of font-and-mouth disease originate in
these islands. Migrating birds have been blamed, but the
most common method of introduction is undoubtedly
through imported chilled or frozen meat in which the virus
can remain alive for scveral months. Picces of infected
meat or bacon rind soconer or later find their way into
pigs’ swill. In 1944, 78 out of 93 outbreaks began among
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pigs, and in practically every case. (and contrary to law)
swill had been fed raw on the premises.

{liness in Dogs

Of the diseases of dogs, Canine Dis_temper and *Hard Pad
Disease’ are, from the scientific point of view, two of the
most interesting. It is just over twenty years ago that
Laidlaw and Dunkin, wit'h funds provided t_:y the Field,
completed their rescarch into the cause of dlstemp(_er -a
disease somewhat similzfr to _mﬂucnza in human subjects ~
and isolated the causative virus. Subsequent work by Mr
Thomas Dalling, the present Chief Vctermary'Oﬂicer_ to _thc
Ministry of Agriculture, enabled a method of immunisation
to be perfected ; or rather, two mctho;lg. . .

In one case a dose of vaccine, containing the !ﬂ!ied‘vu'us,
is followed at an appropriate mtcrv:fl by the injection of
liquid containing the livin_g virus. With the other methoq,
the dose of living virus is followed by a dose of anti-
distemper serum. In both cases the result is the setting up
of what is called active immunity, Aanc_i after a certain time
the inoculated dog can safely mix with infected d_ogs without
becoming ill. Passive immuaity, of short duration, may be
conferred by the administration of antx-dISter}lper serume
only, and this is a useful method of protecting dogs at
Sh‘])ws:;a(t::l‘;‘i"y occurring cases of distemper, the effects of
the}nvirus which causcs th; initial illness are soon followed
by those of ‘secondary invaders’ — bacteria which take

tage of the animal’s lowered resistance and cause such
advanr tions as bronchitis, pneumonia and enteritis. It is
c°"3"s‘fﬁmse secondary invaders, incidentally, that some of
?g:“:/accines on the market act. They will not prevent
distemper, only the complications; the use of onc of the
methods described above affording the only true preventa-
tive available in this country. o ‘ .

The distemper virus s not characten;txcqlly neurotropnc.
That is to say, unlike the virus of rabies, it is not specially
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addicted to causing damage to nervous tissue. Nevertheless,

in a certain proportion of cases ~ mainly puppies 3 or 4
months old, or dogs approaching middle age - the nervous

. system is damaged, and the dog dies, foliowing a series of
convulsions. This offers an interesting point of comparison
with ‘Hard Pad Disease.’

The latter differs from distemper in several respects.
Apart from the fact that six-day-old puppies have been
known to suffer from ‘Hard Pad’, the typical distemper
picture of dry nose and thick nasal discharge is replaced by
that of a cold, excessively wet nose, Sometimes, but not
invariably, a peculiar hardening of the pads of the feet
takes place — in some cascs so marked that the dog makes
a tapping sound as he walks across the floor. Convulsions
may soon begin to occur - a symptom of encephalitis
(inflammation of the brain) and the disease end fatally,

Is this a new disease? Some think so, for 1944 was the
first year in which the Wellcome Research Laboratories
detected significant changes in their microscopical findings
in pathological material sent to them by veterinary surgeons
in practice. And to-day, in some areas, a typical case of
distemper is rarely or never seen, having apparently been

- replaced by ‘Hard Pad.’ Immunologically, the two diseases
are distinct. The virus isolated from cases of ‘Hard Pad’

. will not set up distemper, and a dog resistant to distemper,
either following recovery from a natural infection or as a
result of inoculation, is notimmune from ‘Hard Pad’, though
more resistant to it than a dog which has never had dis-
temper. The hardening of the pads has been set up experi-
.mentally in ferrets, but never the encephalitis; while dogs
artificially injected with the ‘Hard Pad’ virus have usually
developed a transient fever lasting a fortnight and then
made a complete recovery ; only rarely has hardening of the
pads been reproduced, and never the encephalitis,

These findings indicate that some factor - in addition to
the virus ~ is necessary to set up the encephalitis, and the

- identification of that unknown factor is the task of current
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research. What of the two viruses? They have becn described
as ‘not unrelated’, and many believe that the Hard Pad
virus is really the distemper virus which has undergone
mutation to become a separate entity.



The Origin
of the Solar System

SIR HAROLD SPENCER JONES, F.R.S.

THE solar system, as we know it to-day, consists of the Sun
as the parent body, nine large planets, more than 1,500
minor planets or asteroids, 30 satellites belonging to six of
the planets, and a large number of comets. It contains,
in addition, a considerable amount of meteoric matter,
circling around the Sun under the binding spell of its
gravitational attraction, and of which we have evidence in
the form of shooting stars and meteorites. The system shows
a number of regularities of arrangement. The planets all
revolve round the Sun in the same direction and the planes
in which they move are inclined to one another at rather
small angles. The satellites of the planets, with the exception
of a few of the smallest, revolve arcund their primaries in
this same direction. The Sun and the planets rotate on their
axes in this sense also, while their equatorial planes are
gencrally inclined at small angles to the orbital planes.
The orbits, both of the planets and of their satellites, have
small eccentricitics.

There i, moreover, a certain regularity in the arrange-
ment of the plancts. With the exception of the two outer-
most plancts, the mean distances are in close agreement
with a curious empirical law discovercd by Bode in 1772,
At that time there appeared, according to this law, to be a
missing planet between Mars and Jupiter; the discovery of
the asteroids, which may perhaps be the fragments of a
disrupted planet, filled the gap. Comparable laws for the
distances of the satellites from their primaries have been
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found. The planets can be divided into two groups, with
distinct characteristics. The inner group, Mercury, Venus, the
Farth, and Mars, have rather small masses, high densities,
jow speeds of rotation and few satellites. The outer group,
Jupiter, Saturn, Uranus, and Neptune have Jarge masses,
low densities, rather fast rotations, and many satellites.
Pluto, which is anomalous and about which not a great
deal is as yet known, must be left out of consideration.

These conspicuous regularities cannot have come about
by chance. The probability, for instance,'of a common
direction of orbital motion of so many bodies having been
brought about by chance 1s inﬁqxtgs:mally small. The
system must have had a definite origin. Many hypotheses
have been suggested to explain how the solar system came
into existence. The problem has proved to be one of the
most difficult in cosmology and there is still no theory that
is completely free from objection.

The various theories can be divided into two groups.
The first group attempts to account for the solar system
as the result of a natural process of evolution from a
primordial mass of gas or nebula. The second group
assumes that there has been an interaction with some other
celestial body, causing catastrophic change instead of slow
evolution. -

The early hypotheses, which preceded Newton's enuncia-
tion of the law of gravitation, such as the vortex theory of
Descartes, can be left out of consideration as not worlh
serious discussion. The oldest hypothesis which is dcser\{mg
of mention was suggested independently by the theologian,
Swedenborg, and the philosopher, Kant. They suppos;d
that the Sun was originally at the centre of a nebula, which
was in rotation round the Sun under its gravitational
attraction. The mutual collisions between the scparate
particles of the nebula caused it to flatten out into a disk,
The matter in this disk gradually condensed round the
denser aggregutions, giving rise to a number of local nebulae,
each in rotation. It was supposcd that smaller condensations
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gradually formed in each of these, which gave rise either
10 a planet or to a planet with a system of satellites. Kant
supposed that the larger the planet, the greater would be
its gravitational attraction and the larger, therefore, would
be the number of its satellites. The rotations of the planets
would be in the same sense as their revolution round the
Sun, while their orbital planes wouid be approximately in
the planc of the Sun’s equator. Thus the main regularities
in the solar system seemed to be accounted for,

A hypothesis, which is in some respects analogous, was
suggested by the great mathematician, Laplace, in 1796, in
his popular book Exposition dy Systéme du Monde. Though
unaware of Kant's theory, Laplace also supposed that the
Sun was originally at the centre of a nebula, which was
assumed to be hot and siowly rotating. The nebula cooléd
gradually, condensing in the process. As it contracted,
its rotation necessarily became mbre rapid, in order to

conserve the total angular momentum.* When the centri-

fugal force at the equator became greater than the gravita-
tional pull, a ring of matter split off round the equator. The
main mass continued to contract, and it was assumed that
several rings were thrown off at intervals and in succession,
Laplace supposed that each ring then condensed into a
smaller acbula, though he did not explain how this was
brought about, and that in some of these a similar process
was repeated, thus giving rise eventually to a system of
planets, some of which had systems of satellites, The central
mass eventually condensed to form the Sun. This hypothesis,
like that of Kant, accounted qualitatively for the main
regularities in the solar system. Laplace put 1t forward
mercly as a suggestion, explaining that it did not merit the
samz confideace as a theory which is capable of mathe-
maticii! verification.

But there is a fatal objection 1o both these hypothescs,
which is concerned with the distribution of the angular

* Angelar momentum is the product of the mass of a body and the
rate of its rotation. -
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momentum in the system. In a system which is not acted
upon by outside forces, the total amount of angular mo-
mentum must remain unaitered, even though frictional or
viscous forces may have caused some of the energy to be
degraded into heat. The distribption of angular momentum,
as between one part of the system and another, may, of
course, change. In the solar system, a}most the \:vhole of_‘ the
angular momentum (98 per cent] is 1n thg orbital motions
of the major plancts, though they contain less than one-
seventh of one per cent of the total mass; the Sun, which
has practically all the mass, has only 2 per cent of the angular
momentum. The puzzle is not why_ the plane}s h‘?vc so much
angular momentuni, for any bodies revolving in the same
orbits would have the sams amount of angufar momentum
per ton, but why the Sun has so little. If the solar syste;:;
had been formed as Kant ot Laplace supposed, we shou
expect to find the angui_ar momentum dl:;{nbuted m a
manner similar to its distribution in the satellite systems of
Jupiter and Saturn, where the romuon'of the pl‘anct prtt])—
vides by far the greater part, the portion contributed by
the orbital revolutions of the satclh‘te‘s being small. If alt
e m: ss and angular momentum of the solau_r system were
the rrj!tr ted in the Sun, the period of rotaticn would be
C(l'))m:nndhours instead of about 27 days. There would be
ﬁoo:isk of brez;king up in the way Laplace supposed, for
the centrifugal force at lrhe cq}:ator would be only about
forec of gravity.
? i’;’-‘ rlfaf:‘ivu:r,“:;c system has in the past been f;tctcd upon
by c;utside forces, so that it has not in fact always been
isolated, there will have bcen chanzes in its ungular_mo~
mentum, Various allempts have been made 1o devise a
workable scheme by which the plancts ¢ould have been
formed and endowed with ghcir lacge angular momentum,
as the result of the interaction of an cxternal body.‘ In the
planetesimai hypothesis, proposed by Chamberlain and
Moulton about 1900, it was suppuscd that at some remotc
epoch another star, in its motion through space, chanced
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to pass very near the Sun - within a distance of a few
diameters. The two bodies, mutually attracted by their
gravitational pull, swung round each other in hyperbolic
orbits and separated again. Near the closest approach an
enormous tide was produced on the side of the Sun facing
the star, which, aided by the expansion of the hot com-
pressed solar gases, became so great that a succession of
huge eruptions occurred, accompanied by the ejection of
matter. As the star passed by, the ejected matter was pulled
after it by its attraction and caused to move in eccentric
orbits round the Sun. It was supposed that this mattec
would condense into innumerable liquid drops, which would
quickly solidify ; they would be moving in the same direction
round the Sun and more or less in the same plane. The
denser portions formed the nuclei of the planets which, as
they circled round the Sun, progressively grew by accretion,
sweeping up, by their gravitational pull, the planetesimals
in their vicinities. The residual matter formed a resisting
medium which would gradually reduce the eccentricities of
the orbits to small values. The satellites are supposed to have
grown from smaller nuclei close to the large planetary nuclei.
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Fig. 6. - Ejection of filament of mutter from the Sun by a passing star.
1, 2, 3 denote successive positions of the star, and the correspoading
positions of the point of ejection from the tidally distorted Sun. The
diagram is drawn for the instant when the star is in position 3.
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The objection was raised by Jeffreys that the collisions
between the small bodies would be so frequgnt and would
occur with such high velocities that the pamcles_would be
volatilised long before accretion could have any important
effect. A modified form of the theory was developed by
jeans and Jeffreys. They supposed that the Sun was much
more distended than it is now and that the passage of the
star caused a continuous stream of matter, in the form of
an elongated filament, to have been drawn out from the
Sun (Fig. 6). This filtament _wou!d be unstable and would
break up, under its gravitauox}, into a numbe_r of separate
fragments which would move in elliptical orbits round the
Sun. These fragments condensed into plangts and Jeaps
pointed out that, as the filament would be thickest near its
middle, the largest planets woul_d be expect;d to be found in
the middle range of planetary distances, as is the case. While
still only partially condensed some of the fragments might,
under suitable conditions, be broken up on their ﬁrst retur‘n
to the vicinity of the Sun, so Qroducmg the satellites. As in
the planetesimal theory, the resistance of the residual matter,
which is supposed to have been gaseous, reduced the
eccentricities and inclinations of the orbits of the planets.
Some of this matter would escape from the system; some
would fall back on the Sun a_nd giveita rotation in the same
direction as the orbital motion. Slmllgrly, the planets were
supposed to have been set into rotation by'matter, which
had acquired momentum from the star, falling back upon
th?rnl‘l'ough this theory appears plausiblef it will not stapd
detailed examination. The rapid rotation of _the major
planets is difficult to explain. When Jeffreys investigated
this question quantitatively he found that t!ley woulfi need
to have reabsorbed far more matter than is comprised in
all their satellites, which does not seem possible. Jeans
showed that the idea that the satellites were formed from
the primitive planets by the tidal action of the Sun would not
work, The distribution of angular momentum stiil remains
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a difficulty. Though the passing star would have imparted
angular momentum to the filament, Russell showed that,
if sufficient angular momentum was transferred, large inner
planets and small outer planets would be expected.

Jeffreys accordingly modified the theory by supposing
that, instead of a near approach of the Sun and the star,
there had been an actual collision - not a head-on collision,
for that would not produce rotation, nor a grazing one,
for that would not remove enough matter. He supposed
the collision to have been about midway between these two
extremes, a ‘side-swiping’ collision, as Russell termed it.
The two bodies, drawn by their mutual gravitation, would
approach each other with enormous speeds. Great tides
would be raised on them and matter would begin to be
ejected before the actual collision occurred. During the
collision the heavy cores of the two bodies would swing
round each other in a sharp curve and, scparating, move
off into space. The nearer portions of the Sun and star
would intermingle and become greatly compressed; the
shearing motion would give rise to intense turbulence and
produce rapid rotation. As the two bodies scparated, a
filament of hot gaseous matter, having a rapid whirling
motjon, would be drawn out between them. The subsequent
course of events would be much as in the case of 2 near
approach, but the rapid rotations of the major planets are
accounted for. It is not possible to work out in detail the
exact course of events, but by a rough estimation Jeffreys
concluded that the total mass of the plancts would be of the
right order of magnitude.

But the theory is still open to several objections, It was
assumed that at the time of the formation of the planets the
Sun was much more distended than it now is. But from the
present knowledge of stellar evolution it can be inferred
that when the solar system was born, a few thousand million
years ago, the Sun was almost in its present state. If we
suppose that the colliding star was of about the same size
and mass as the Sun, the angular momentum per ton of the
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matter from which the planets were formeq can roughly be
estimated ; on the most favourable suppositions, it proves
to be less than one-tenth of the average angular momentum

© of the planetary system. The essence of the difficulty can be

in thi - the matter from which Jupiter was formed
:VO:: lc?r;l:vl;“:)ali to a distance about one hundred times
greater than the distance between the Sun and the star at
their nearest approach; the matter frorp whxck} Neptunc
was formed was drawn out 10 about 500 times thl.s Q1stance_
In order to obtain sufficient angular momentum it is neces-
sary to suppose that matter dragged out to-these distances
by the departing star was lgft moving in directions almost
at right angles to the direction of motion of the stalrl. ]
But this question of angular momentum is not the sole
difficulty. There is another and even more serious one. Not
far down in the Sun’s atmosphere the pressure becomes
greater than one million atmospheres and<t.hc temperature
more than one million degrees. The coll.xsxon would still
further heat the matter which is drawn out into the ﬁlame_m,
It has been shown by Spitzer that gravxtgtxongl attraction
would be inadequate to p{event the rapid d}ssxpauon.of
matter ejected under such high pressure and with such hngh
temperature. The gjected material would, of course, l‘flpldly
cool; but by the time it h:;ld ccl)oledt; there would not have
to form the planets,
be::lx;[:;r gtillxe‘rc(:-t':on: be concluded that no collision theory
which supposes the planets to have been formed from the
Sun can be made to work. To overcome the angt'llar
momentum difficulty, Russell suggested that.the Sun m!ght
originally have been a binary star and that its companion,
supposed to be a good deai smatley than n;elf, revolved
around it at a distance comparable with the dx_stance_s of the
present major planets. By supposing that_ thg intruding star
collided, not with the Sun itsclf, but with its companion,
the angular momentum diflicuity can be avoided; for the
angular momentum of the planets was not produced by
the collision, it was already present in the angular momen-
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tum of the orbital revolution of the companion. The collision
merely distributed it differently amongst the surviving parts
of the system. For such a theory to work it is, of course,
necessary to devise some way by which that portion of the
companion which was not left behind in the form of the
planets was got rid of.

This problem has been investigated by Lytticton. It is
extremely complicated and not susceptible of exact analysis.
Rough estimation is all that is possible. He succeeded in
showing that, under certain conditions, it would be possible
for both the colliding star and the Sun's companion to
escape from the neighbourhood of the Sun, while leaving a
sufficient part of the ejected matter to revolve around the
Sun under its gravitational attraction. But, though the
angular momentum difficulty can thus be overcome, the
theory must, in order to succeed, be able to satisfly two
further requirements. The physical condition of the cjected
matter must be such that condensation into planets is
possible, and the differences in density and mass (and
therefore also in chemical composition) between the inner
and the outer planets must be explained.

Lyttleton has attempted to avoid some of the difficulties
of accounting for the condensation of the present planets
from the ejected material by supposing that they were
formed by a two-stage process. He snggests that the first
stage might have been the formation of two or more large
bodies, each of sufficient size to hold together under their
own gravitation. I such a body, in the course of cooling
and contracting, acquires Loo rapid a rotation for stability,
it will break up, not into & binary svstem nor into a planet
and satellite, but into two bodies moving independently.
Lyttleton has shown that the mass-ratio of the two bodies
so formed must be at lcast six to onc. As the mass of Jupiter
is less than six times that of Saturn, it is necessary to
suppose that there must originally have been at least two
bodies formed in the first stage. He further suggests that,
when instability set in, there might not have been a clean
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division into two separate bodies, but that secondary
disturbances may have developed, so thgt sma.ll portions
may have continued with each of the main bodies to form
their satellites, while others may hav_e become independent of
them and have produced the terrestrial planets and the Man.

There is, however, the diﬁicu[t){ that the rate of fotation
required for instability to occur in any of the contracting
rotating masses is appreciably faster than that of any of
the planets. To meet this difficulty Lyttleton argues that the
rotation of the inner planets would pave been slowed
somewhat rapidly by the friction of the tides raised on them
by the Sun, and that the major plan_ets would have gradually
grown in size and mass by .drawmg in m-uch of the sur-
rounding uncondensed matcrial through which they moved ;
their rotation would, of course, have been gradu.auy
slowed down at the same time, while their mean densm'es
would have gradually decreased ‘by the accretion of material
which consisted largely of the lighter elements.

Other theories of a catastrophic nature have been pro-
posed which do not assume external 'dlsturb.ance from an
outside star., The important part which fission may have
played caused Lyttleton to suppose tt'nat the Sun was
originally the principal component of a triple system, whose
other two components wereﬁlnma'lly clo;c together. Their
masses slowly increased by accretion of mterstella_r matter
until eventually the coalescence of the two companions was
brought about. The angular momentum of the combined
body was then too great for stability, so that the system
split up and separated i'nto two bodies moving mdepgm
dently. Under suitable circumstances both of these bodics
could escape from the system, leavlpg merely a fragment,
part of the ‘splash® which accompanied the cataclysm, as o
captive of the Sun. He supposes that the planets were
formed from this fragment.

Hoyle has attributed the formation of the solar system
to the outburst of a supernova. He supposes that the Sun
was once a member of a binary system and that its com-
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panion developed into a supernova. If the material thrown
off in the course of the outburst were thrown off sym-
metrically, the two stars would continue to form a binary
system. But the evidence of the Crab nebula, which is
believed to have been formed as the resuit of a supernova
outburst in the year 1054 a.D. indicates that the emission
may have been asymmetrical. An asymmetry of only a few
per cent would be sufficient to break up the binary system,
if the separation before the outburst was comparable with
the distance of Jupiter from the Sun. Much of the material
would be shot off with a velocity exceeding 1009 km/sec.
and would be moving much too fast to be captured by the
Sun, But, as the outburst died away, the specd of ejection
would have progressively decreased and sufficient material
may have been captured by the Sun to have formed the
planets. The amount required is less than 1/10,000th of the
total mass ejected at the outburst of 1054 A.p., As the angular
momentum per ton of this material would be comparable
with that of material moving in a circular orbit round the
Sun at the distance of Jupiter, the angular momentum
requirements can be satisfied. The direct rotation of the
planets is explained as in other catastrophic theories.
None of these theories is entirely satisfactory and, in
particular, they are all open to Spitzer’s objection that
extremely hot material from the interior of a star would
have dissipated away into space before it could begin to
condense, Some new attempts have conscquently been made

to account for the solar system by the gradual evolution of

a primordial system. Two of these theories are worth
menticiting,.

An interesting theory has been developed by Alfvén,
which is bascd upon the existence of a general magnetic
field of the Sun. It assumes that electromagnetic forees have
played a prominent part in the formation of the solar
system. Alfvcn points out. that the force exeried by the
Sun’s magnetic field on an electrically charged particle can
be very much greater than the Sun's gravitational pull.

-~
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Suppose, for instance, that a proton is moving along the

earth’s orbit with the same velocity as the earth: the -

electromagnetic field arising from the Sun’s mggncﬁc field
(azgumed %o be about 50 gauss) is some 60.?00 tzrpc§ greater
than the gravitational force; even in Pluto’s orbit, it is 250
times greater. Alfvén supposes that the Sun, in the course
of its motion through space, entered a nebula or cloud of
interstellar gas and was surrounded by it. The nebula is
assumed to consist initially of neutral atoms. The gravita-
tional attraction of the Sun will cause the atoms to fall
towards the Sun with increasing speed, so that the whole
cloud in the vicinity of the Sun becomes heated up. When
the energy of the atoms becomes equal ‘t° the energy
required to ionize them, Alfvén_supposes that icy W:H~
become ionized, so that there will tt}e_n be a mixture of
negatively charged electrons and positively charged fons.
When this occurs, the whole system of forces is transformed
because the electromagnetic fon;es now prcdx:)mmatc. )
The magnetic ficld of the Sun induces electric currents in
the ionized cloud, and an cffect similar to that of the
damping of a metal plate between (he poles of a magnct
takes place. The cloud is accelerated in the direction of its
rotation at the expense of the retardation of the Sun.
Angular momentum is transferred from the Sun to the
cloud. Alfvén calculates that about 10 per cent of the
momentum would be transferred to the cloud in some
100,000 years ; he finds also that the b_rak_mg effect is greater
in the Sun’s higher latitudes and it is, in faQt, well-estab-
lished that the Sun rotates less rapidly near its poles than
i uator.
nu(i)rnlct: :?1 atom is ionized, its movement towards the Sun
is stopped. The positively charged ion 1s compelled to move
along the magnetic fines of force until it reaches an equi-
librium position in the equatorial plane of the Sun. With
reasonable assumptions about the atomic weight and the
ionization potential of the atoms, Alfvén is able

' potent to calcu-
late the distribution of mass in the cquatonal dis

k( aﬂd o
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show that there will be a maximum cgncenlration a} a
distance which is about equal to the distance of Jupiter

from the Sun. The mass distribution is found to agree’

roughly with the mass distribution for the four majpr
planets. He supposes that, ha\(mg reach?d the equatorial
plane, the ions and electrons will recombine and that con-
densation then takes place, first planetesimals und then
planets being formed. )

It seems reasonable to suppose that, if the planets were
formed in this way, they would themselves he magnetized,
and that the primary process would operate again on u
reduced scale on any matter left over, so producing satellites.
The critical distance at which this would occur for Jupiter
is found to be of the same order as the distance of its four
major satellites. In the case of Saturn the critical distance
proves to be less than Roche's limit, expressing the least
distance at which a satellite can exist; so no condensation
would take place and the ring system of Saturn js thus
accounted for. For Uranus and Neptune, the critical dis-
tances are of the same order as the radij of the planets
themselves, so that no satellites are to be expected. The
primary process, as imagined by Alfvén, can thus account
for the massive outer planets, for the inner satellites of
Jupiter and Saturn, and for the rings of Saturn, -

For the terrestrial planets and for the outer satellites of
the major planets a somewhat different process is suggested.
The plausible assumption is made that the riebula consisted
not merely of gas but also of solid particles resembling
meteoric dust. Alfvén supposes that the dust particles,
becausc of their mass, would be able to ponetrate the
magnetic field much further than the atomic particles, They
come sufliciently near to the Sun to be vaporized ; the
resuliing gas is then {onized, and the electrically charged
particles are repelled along the innermost lines of force.
Some of the matter condenses to form the terrestrial plancts,
while a portion reaches the outer pluncts and, according
to Alfvén, gives rise to their outer satelfttes.
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The theory appears at first sight to be able to explain
many points of detail in the structure of the solar system
and to provide rough quantitative estimates of the distri-
bution of mass between the planets. The d1ﬁiculty about
the distribution of angular momentum is avoided by sup-
posing that the Sun rotated much more rapEdly when it
entered the cloud than it does at the present time. But the
theory is based fundamentally on the existence of the
gencral magnetic field of the Sun; recent observatpnal
results, obtained since Alfvén forn}ulated it, throx; serious
doubt upon the reality of the Sun’s magnetic field. More-
over, a detailed investigation by Ter Haar seems to prove
that jonization could not occur in the way Alfvén Su'p}l)ocsl?d'
No satisfactory explanation of . ho_w the equatoria x;k
condenses into separate planets is given. Interesting as tbe
theory is, it does not seem that the solar system can be
accounted for in the way Alfvén has supposed. B

A different theory, depending upon h){dro<1_ynam;cal cor,x-
siderations, which is, in effect, a modxﬁcanon_ of Kant's
theory, has recently been advanch by von Weizsicker. It
is supposed that the Sun, before it ppssessed any planets,
passed through a relatively dense region of the interstellar
cloud. This local cloud is assumed to have had the; same
chemical composition as the Sun, consisting predommant}y
of the light clements, hydrogen and helium. The Sun, in
its passage through the cloud, collected an envc]ope,'con-
sisting of ‘an aggregation of atoms a_nd dust partlclgs,
all moving round it in more or less independent orb;ts
under its gravitational attraction, the planes of the orbiis
being distributed in a more or less haphazard manner, The
mass of this envelope is assumed to have been about
one-tenth of the Sun’s mass.

Internal frictions within the f:nvcio_nc will change the
shape and oricntation of the orbits of the various particles
sé that they are eventually reduced to orbits of nearly
circular shape in the vicinity of the Sun's equatorial plane,
resulting in a disk whose diamcter js comparable to the
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present diameter of the solar system and whose thickness
is less than one-hundredth of its diameter. The temperature
of the material at any distance from the Sun is determined
by the Sun’s radiation and is therefore about the same as
that of a planet at the same distance.

At this stage in the evolution of the disk, the particles are
still moving in practically independent gravitational orbits,
80 that the parts near the Sun have greater angular velocity
than those which are more distant. Viscous forces now
come into play, whose effect is to tend to cqualise the
aogular velocities, slowing down the fa
paris and speeding up the slower movj
system. This process brings about a
angular momentum from the inside to the outside. The
cumulative effect is the gradual dispersion of the envelope
into interstellar space, the portions with higher than average
angular momentum, including the greater part of the
lighter elements, being lost, 50 that there is left a slowly
rotating central mass, surrounded by g faster rotating
gaseous cloud, whose rotational velocities are ultimately
determined by the central mass and follow Kepler's third
law. In thls way, Weizsicker accounts for the present dis.
tribution of angular momentum in the solar system,

But meanwhile another process is supposed to occur
which forms the most interesting and novel part of the
theory. It is argued that turbulence would set in ang that
particles of cqual mean motion would collect into vortices,
In order to provide a type of motion in which the vortices
obstruct each other as little as possible, it is suggested that
they would arrange themselves into a succession of rings,
giving a system of great stability. The most stable arrange-
rent is obtained when there is an integral number of
vortices in each ring. Weizsiacker gives reasons for assuming
that there were five vortices in each ring, With such an
arrangement of vortices, the ratio of the radii of two com-
secutive rings is constant, so that the radii follow a law
similar to Bode’s law connecting the distances of the planets

ster moving inner
ng outer parts of the
gradual transfer of the
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from the Sun. In the neighbourhood of the circles between -
successive rings of vortices there will be steep velocity
gradients, so that large viscous stresses will be produced
and turbulence will develop. Secondary eddies, which may
be regarded as in the nature qf rollcf-bcarmgs, wd'l fm.’m on
the circles separating the main vortices, the rotation in the
eddies being in the oppasite direction to that in the vortices.
Weizsicker shows that the condmons_for cogdensangn
will be more favourable in the roller-bearing eddies than in
the vortices. The argument depends upon the mean free
paths of the different particies. For the larger particles, the
mean free path proves to be _greater than the size of _tbe
bearings, so that there will be a range of particle sizes
roller- & ‘be carried along by the roller-bearings but
whgch cannbe carried along by the vortices. Condcqsauon
w!’uch ca!tl‘ore start in these rollcr-bearingsg nu_clei will first
will thercd which witl grow by accretion, a3 impinging atoms
be formpl, stick to them, and then, in the later stages,
or partic clsl occur by gravitational attraction. Weizsicker
growth wi e that the eddies in each ring will eventually
further sup!ﬁcr and form a single planet. He is very vague
f,;"?f :ﬁfeway in which this comes about, the mechanism

not being explained (Fig. 7.)

During their formation and for some time after it, each

; extensive atmosphere. It is
planet e\(;nltlhbet s:r;g;r;f\l::afyaﬁglog ous sequence of events
assum a these atmospheres and that satel'htc systerqs
W!:: tf;gl]t'?)wr;r::d but no detailed discussion of this process is
wi »
given. . rocess of planet formation on

Some ng_h:hfﬁiig; ;h:vg been discussed by Ter Haar
thp basis interesting results. For condensation nuclei to
with V}:ﬂ;s necessary that the vapour pressure of large
fom} l::s should be less than the pressure in the. gas, so that
partlcatoms will condense on a pariicle than will evaporate
more it. The processes involved are analogous to those
g?:,}veé in the formation of raindrops. He shows that the
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nature of the particles that conde
by the temperature. Th
of the matter by the s
tribution of temperatu
the Sun's radiation; t
ouiwards from the §

like water, ammonia, carbon dioxide, etc. can condense,
but in the inner regions only metals and other inorganic
compounds, which are heavier and less abundant. The first
stage of the condensation, therefore, leads to heavy bodies
in the inner regions and lighter bodies in the outer.

The second stage in the condensation is growth by im-
pinging particles sticking to the nuclei, and the final stage
is growth by gravitational capture. This third stage is im-
portant mainly in the case of the outer planets. Thys
the inner condensations begin by having higher densities
than the outer; gravitational capture, mainly of the

nse is determined mainly
ere would be practicaily no jonization
olar radiation, consequently the dis-
re in the cloud will be controlled by
he temperature will decrease rapidly

Fin. 7. - Arrangement of vortices and roll
as pictured by Weizslicker,

er-bearing eddics

un. In the outer regions compounds-
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lighter elements, by the outer condensations, aooentug
the d.ﬁergnceihat only one planet is formed on each f:ircle,
As;umrmsghows that the condensation process provxdes: a
mass disttution in the system which s well with
tional data as can be expected from genera
the observa The only serious disagreements are.that the
consnderattons:s much smaller than the theory requires, and
mass o}f Ma{: Ino planet between Mars and Jupiter. He
s s that some catastropbe may have Surted In that
:éiggggbourhood, and that it produced the asteroids from a
previously existing planet. uter planets would have
grown muc n;aﬁets would have stopped pcfore that. o dtl?c
of the inner p! the cessation of growth being determined in
outgr g;l:en%t;, the dissipation of the lcnvcmpe.ld\lg?::ag::;
€ac taes S velope wou
reauc o o ,
Sup in about 29; n:fmzohr; )::tr:l.lite systems are then con-
) The prOPerute“i[cs can be divided into two groups: the
sidered. The Sa’tcs of Jupiter, the first eight of Saturn,
first five satell nd one satellite of Neptune comprise the
four of Uranu's’haorbits of small eccentricity, all approxi-
first group, it patorial plane of the primary. Thgse are
mately in tf)c e? » satellites. The remainder, mcludlg\g the
termed the ‘regu agrelliles of Mars, and the other satellites 9f
Moon, the two sa re termed the ‘irregular” satellites. _It is
the outer planetsha regular satellites were formed within
suggested that tmcwspheres by condensation, and that the
their plancm‘;{_ ;S were condensation products, whlch‘ were
irregulac satehl lanets at a later stage. [t may be menuone.d
C:ptt“:g‘: bgif;t:n‘;es of the regular satellites from their
tha

imaries follow laws analogous to Bode’s law. The satel-
‘pri

itat id not play any role
i ing small, gravitational capture di
:::et;;?gﬁildingmp process; it would, therefore, be expected
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that their densities should be higher than the densities of
their primaries, but lower than the densities of the inner
planets, which agrees with observation.

There are so many analogous features in the satellite
systems and the planctary system, including a similarity in
the ratio of the mass of the primary body to that of the
secondaries, that a question of some interest is why the
outer planets have been left with a fairly rapid rotation,
while the Sun has a slow rotation. The slowness of rotation
of the inner planets can be ascribed to tidal friction, caused
by tides raised by the Sun. In the case of the outer planets,
the large vortices would in the beginning have supplied
angular momentum to their atmospheres, and the angular
velocities in these atmospheres would correspond to Kepler's
third law; the rotational velocities of the planets would
have been given by the same law. When the planetaty disks
started to disintegrate, the transfer of angular momentum
caused the planetary rotations to slow down. The present
rotational speeds correspand to a loss of about 70 per cent
‘of the angular momentum, so that the outer planets were,

in fact, appreciably slowed down before their envelopes
were dissipated.

The theory of Weizsicker, as modified and amplified by
Ter Haar, has some notable successes, but it is pot without
its difficulties. Although the transfer of angular momentum
will slow down the solar rotation, the proeess, on detailed
investigation, seems scarcely capable of accounting for the
present slow rotation, so that the distribution of angular
momentum in the solar system siiil remains somewhat of a
dificulty. Nor is any explanation given of how the roller
bearing vortices in each ring collzet together to form a
planet; Weizsicker admits that the process is diflicult to
visualise.

Our survey of the various theories of the arigin of the
solar system lcads to the conclusion that there is as yct no
theory which can explain satisfactorily all the features of
the system. The most recent theory, that of Weizsicker, has
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had the most striking successes and, being more amenable
to mathematical trcatment than any catastrophic theory,
there is a hope that the outstanding difficuities may be
removed by further investigation. If the solar system was
actually formed in the way he supposes, planctary systems
should be of frequent occurrence, particularly in the Milky
Way, where the interstellar clouds are abundant, The one
restriction is that the temperature of th; central star must
he below a certain value for condensation to be possible,
s0 that none of the very hot stars should have planetary
systems, If the solar system was formcdvas the result o:
catastrophic action, arising from the close passage 'to
another star, planctary systems must be 'of extrte]mc rar:a y.
The chance that during the lifetime of the earth elmy :h T,
taken at random, has collided with anqthcr star is less z;g
one in a hundred million. If chservational evidence lc:ould
be obtained of the frequency of planetary systems whe 818;; ‘
at least be able to exclude theorics of one type or the other.

But of that there appears to be little hope at present.



Molecular Architecture
in Plants

R.D. PRESTON

JusT as we cannot hope to understand the growth of a
crystal without a good deal of information concerning its
molecular structure, so we cannot attempt any under-
standing of the growth of plants without the most profound
knowledge of the organisation of the protoplasm, the living
stufl of which plants and animals are composed. It is
with this particular aspect of botanical research in mind
that the following pages have been written. Not that we
shall be considering directly protoplasm itself; but, by
studying the dead (or scarcely living) cell wall which sur-
rounds plant cells, we shall see that something can be added
to our store of knowledge of protoplasmic structure. At the
- same time we shall reveal some of the entrancing beauty of
plant life, going down to the very smallest limits of size.
During the past few years many lines of physiological
research in botany have been concerned, directly or in-
directly, with the structure of protoplasm. Thus the per-
meability of protoplasm to dissol\.led substanges (solutes),
organic and inorganic, the electrical properties of plant

tissues, the surface tension of naked cells, the dissection of

cells with micromanipulators, as well as the more direct
evidence resulting from observation in polarised light,
determinations of viscosily, etc., have all given information,
if somewhat meagre, upon this point.

It has for a long time been recognised that the main
framework of protoplasm is protein in nature, and, now
that so many protein molecules are recognised as long thin

”
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threads, it is generally considered that a network of poly-
peptide chains, probably folded into special configurations,
confers upon protoplasm its unique properties. In fact,
however, our ideas on protoplasmic structure owe more to
argument from the known detgils of the fibrous proteins as
presented in the main by Professor W T. Astpury, than to
precise investigation of protoplasm itself. It is, of course,
peculiarly difficult to attempt strugtural detcrml.natl.ons on
protoplasm, if only because any interference with it leads
immediately to the loss o_f the special organisation asso-
ciated with life. Any pointers towards its structure are,

me,

thg;efgrc,lzsi'y ce“lﬁl,cﬁnlike animal cells, clothe themselves in
a sh(::att‘: or envelope co_nsis.ting of a number of poly-
saccharides and their derivatives, among which the most
important is cellulose. This is a fact of W'thh use can be
made, Cellulose, though chemically very dlﬁ'e;”cm from the
fibrous proteins, consists like them of long mo ecg]ar chains
(Fig. 8), but the links are derived from g}ucose :-nh not from
the amino acids. Further, these chains, whic fmay be
10.000A * long, or more, lie parallel to one another or some
part of their length and spaced regularly the same distance
apart, forming small ‘crystals’ (or regions of special order)
whose borders merge into neighbouring regions .where the
chains do not show this propounc‘ed regularity. These
‘crystals’ correspond to the ‘micelles’ originally proposed
by Nigeli as the basis of structure and, though !h'ey can no
longer be thought of as completely separate entities as they
ons by Nageli and even later workers down to thg most
N s, it is convenient to retain Nigeli's term, if only
recen! t.lm:s. of tradition. The regions of random chain
fo!' rf;?g“ may then be called the ‘intermicellar spaces.’
ox;ene two terms will be used with these meanings throughout
,t];lec?ollowing pages. Such, then, is the framework of the cell
wall in plants, and it is within the intermicellar system that
there is imbedded the bulk of the other substances in the

* 1A -1/100.000,000 cm.
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wail ~ pectin, bemicelluloses, ligain, etc. ~ with which we
shall not be concerned bere. ) o
One further feature of ctliulose which is very striking in
ters of the structure of the fibrous proteins is this. If we
Pass from any choscn point on & chain and iravel along the
chain, then we come to a precisely similar point at a distance
of 10.3A, having passed through two glucose residues, This
is exactly the length occupied by three amino acids in the
fully extended polypeptide chains in protein (sce Fig. 8), and
a simitar coincidence is found with the {oided protein cha:ps
of hair, etc. This resemblance may, of course, be quite
fortuitous, but it is just possible that it gives us a potnter
which we should not ignore. For the crystalline regions of
cellulose, within which the ccliulose chains lie strictly
paraliel, themselves also lie more or less parallel to one
other and, as we shall sce, this common direction of
otientation bears some quite specific relation to the size
of the cell, to its rate of growth, or to both. It seems very
probable that this very special organisation of the chains
is not accidental but resulis from the vital activity of the
cell; and how can this bappen, except through the agency
of the proteins in the protoplasmic surface lying between
the protoplasm and the cell wall? In other words, the study
of chain orientation in naturally occurring celinlose very
possibly yields information concerning proteins in the
underlying protoplasmic surface. This is an exciting possi-
bility since il 13 this very surface which controls the rate of

wi < of these residues. The total length of two residues 1:11
zﬁiiﬁﬁ?&& A, as shown in the figure, and the breadth of the chain
in the plane of (4 paper is of the order of 5 A. Tt should be noted that
the molecular chain is, in fact, not planar as this simple diagram
suggests ; altermate ~ OH groups he first ahm_re thgzn below the plane
of the paper, but the chain is nevertheless wider in the plane of the
paper than it is thick at right angles to this plane,

(b) Protein. Three amino acid residues arc-shown, each ~CO-NH-
CHR-~, the total Jength being abous 10.2 A. Nate, as for glucose, that
the motecular chain is not planar; the radicles R siand alternately
above and below the plane of the paper.
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entry or exit of minerals, sugar, water, etc., to the cell, and
there is at present no other way of studying it directly. .

There are, of course, many other reasons why it is im-
portant to determine the exact details of structure in cellu-
fose, for instance its economic importance, and a great deal
of work has been done. It will be possible in this article to
mention only a small fraction of the research, choosing
particulatly whatever may throw light on protoplasmic
structure,

Most cells are of microscopic size and therefore not
easily handled or put beforc the mind's eye of a non-
microscopist. Let us start with one of the few really big
ones. The seaweed Valonia is a native of the warmer seas
one particular species — V. ventricosg - which is found off
the Bermudas, takes the form of single cells ranging in size
up to a pigeon’s egg or even larger (Plate 17a), and each
cell is anchored to the rocks at one end by a few filaments
which grow out there. These cells or vesicles have all the
structures of the cells of more normal size. The outer
membranc, the cell wall, is comparatively thin (a fraction
of a millimetre) and cavers a thin layer of hiving proto-
plasm. The rest of the space in
solution of salts, sugars, proteins, etc., and is not usually
regarded as part of the living system,

The cell is so large that the wall can be cut into individual
pieces with a pair of scissors and these pieces examined
with ease in the X-ray spectrometer or under the micrascope.
It turns out to have a most fascinating structure, From the
X-ray diagram (Plate 17 b) it has been .deduccd* that in
any one piece of wall the long thin chains Qf cellulose jie
along either of twp directions, almost at right anglps to
each other, or occasionally in a third direction, but in no

* Space will not allow any attempt here to explain the interpretation

of X-ray diagrams. Those interesied should consult the
(e.s. Bunn, C. W.: Chemical Crystallography, Oxford, 1946). A
simplified account will he presented shortly by the writer lMoIcculgr
Archkitecture of Plant Cell Walls, Frontiers of Scicnce Series, Chapman
and Halj).

standard texis

the cell is occupied by a-
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he wall is not homogencous in

others fep. Pﬁffscfgwm“: tizec:onsisﬁs of many layers (as
mlclcne,ssfm; have been counted), one over the other like
many as Orb%ok though, of course, much thinner; and it
e e o sy to conclude thateach Jayer is dlstmg}nshf_lbie
would be cah)ils composed of chains all lying_ in one d:_rectmp,
because cac between the layers being a difference in chain
the d‘g‘etcn’?;\is however, is not so. It is a most difficult
direchion. bli;h in Valonia just what factors are 1n\{oIYed
point to €513 but in other algae, which show a similar
in this layv;rﬂ}gsvery cleas that the layers are alternately
structure, -“hls ctin-poor ; and cellvlose-poor, pectin-rich.
cellulose-tic {;:;ce!lul ose chains occur ia one gnd the samﬁ
Thus both s¢ layer, and the lamellae within this layer, eac
cellugfsg?sé g:ly ‘the one set of cellulose chains, must be
of whic .
incredibly tun. i o establish the nature of thg

This auemp(t nglzfgh}:t tse«‘:m like splitting .hairs; but it
lameltac may | on reflection that it is most 1mpc_mant 1o
should be d;f-a rx the individual lamcilae are in which there
know how thic of chatas. For consider what is happening
is only on® setwnhin each lamelia the cellulose chains e
in these algae.e another and these chains, or 21 any ra@cﬁ
parallel o onms as they are produced by the prptop_lﬁsml;*r
their consl_!l\;‘i3 become oriented in a particular direction by
surface, m‘gl t»eaol faid down in crysta{line order, by a S'Oﬂr
the Chams.é g nymcess, just as new material on a glrfmgg
ofcrystgmsat‘m ‘epd by the atoms and molecules a rfa 15
crystal 1s ones;} crystal surface. This may be preusc3i
arranged on ! en A time comes, liowever, when, for son;t
what docs halxtJ[;: c:allcd to this process: and thereafter t{.
e w hﬂh are laid down become oriented at an angle
chains WhiE dy present, The fact that this ,anglc 1shn’ot
to thost alr!e-‘; gut any possibility of ‘twinning sach as
constant mx:e crystals, e.g. quartz crystals, so that we aw;
occurs 1 20 culiar phenomenocn ind;:cd. The mt_;st l?::ea
h;:‘re aa‘!;?orgt pl?m whole business is this, however: w
thing
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halt is again called to this process which we have likened to

a process of crystallisation, then the next set of cellulose
chains are not just laid down at any angle to those in this
last lamella; they are laid down exactly parallel to the
chains in the last layer but one, in spite of the fact that this
particular layer is now much too far removed from the
protoplasmic surface to have any orienting influence on
new material being deposited. This is repeated probably
" hundreds and possibly thousands of times throughout the
wall thickness.

It must be remembered that this whole picture was
deduced from diagrams such as Plate 17b, that s, by
theoretical interpretation of a diffraction pattern and not
by mere visual examination of a pictorial photograph. It
was very exciting, therefore, when it became possible with
the advent of the electron microscope to see structure in
such walls — not yet, it must be confessed, in such detail
as to confirm completely all the deductions from X-ray
diagrams. An electron micrograph of the surface of the
Valonia wall is illustrated in a beautifyl photograph in
Plate 18. It will be realised that the threads visible in the

photograph, some 300 A thick, are much coarser Lhan‘

the molecular threads (some 5 A) and even than the
‘micelles’ (some 50 A) and that these latter structures are
not seen. Nevertheless the threads made visible in this way
must be built up of cellulose chains arranged precisely in
the manner deduced in the X-ray technique. A . similar
structure has since been revealed in other rejated seaweeds,
and in some (resh-wiuter species, and the search for an
explanation of this organisation is a matter of first-class
importance. . ) ‘

It is difficolt to wee how ~uch beautiful regularity of
structure could possibiy arise except through the agency of
a mechanism sited in the surface of the protoplasm where
it abuts on the cell wall. If this is so, then the switch in
chain dircction from point to point in the wall thickness
implies, since the different wall lamellae are laid down one
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upon the other by the pi‘otopias:m, some correspondiqg
periodical switch in the properties of the protoplasmic
surface. It should be possible to make the relevant observa-
tions to test this hypothesis if the algae conq:{ned t:‘.ould be
grown in the laboratory. This has proved difficult in a city
laboratory, particularly beca}xse the plants have to.v\.nthstand
a long period of transport in very adverse conditions and
therefore arrive looking very sorry for themsel\{es! In the
last few weeks, however, thanks to careful packing and to
air transport, plants have arrived which are now showing
signs of growth, and we hope for the best. .
Meanwhile some progress has been made with other
algae which grow in the temperate zone and can therefore
be obtained round the coasts of Britain. In some ways these
are less satisfactory to work with than Valonia, t_)ut they:
can be cultured fairly easily an'd at the moment it seems
very clear, from the observauops made over the past
eighteen months, that changes in the environment are
associated with the switches in wall structure and, therefore,

presumably with putative changes in the cytoplasm; but

until this has been fully confirmed it is perhaps best to
el for now.
lcal‘,:tlltxsa:'et:i:l for a moment to the electron microgrgph .mj
Valonia cell walls, for there are some further pCCU.hal'lt.le
which we have not yet noticed. Elrst. vhat do we xm-:zgmc?
to be the cross-sectional shape ol thg‘ thr%‘ads Vlsﬂ”)l.c‘tnf:rc,
they round like wires or tlat like nbbnns?. fhis is 2
e yf some interest in view of some deductions which
::‘;ill:ﬁ (x)naa'c from the X-ray diagram and which we have
t yet discussed. We know that the threads must have
:ll:)e syame ‘faces’ pointing tht". same way. We can fovrm a
mental picture of the meaning of this by »consldcrmg a
number of pencils with, as is usual, lettering down one edge
only. If we throw these on to a table then some will come
to rest with the lettering upwards, some down

it is purgb(.&;m?tter of chance which way ]
-3 d

— T
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faces. We can arrange them, if we like, with a)l the lines of
letters facing upwards, but this is clearly a very special
arrangement. This is, however, precisely the condition
existing in the threads in the Valonia wall. The threads
have no ‘lettering’, of course, by which we can actually see
this arrangement, but their internal crystailine structure is
such that certain molecular planes lie paralel to the surface.
In fact, if we think of the cellulose chain shown in Fig, 4
as a thin ribbon, then this ribbon lies jn the wall with its
length, of course, in the surface but the plane of the ribbon
tilted at an angle of about 45° to the wall surface - and every
single chain tends to take up this position. Now this would
easily be understandable if the threads visible in the electron-
micrograph were themselves ribbons much thinner at right
angles to the wall surface than parallel to it. But what if,
as one might at first sight suppose, they are actually rod-
shaped? As yet we do not know what shape they are and
tpe next step is obviously to take a look at these threads
sideways.
In Valonia then, we have a very special and beautiful
structure whose existence we can hardly doubt is due to the
vital activity of the protoplasmic surface and whose ex-
planation must yield information of real importance to an
}mderst_anding of this activity. Let us Jjust notice one thing
In passing. If a (comparativcly) huge wall surface such as
this were formed of cellulose chains lying in one direction
only then it would tend to split as the cells proceeded to grow.
By laying down two sets of chains at right angles the cell
is, however, clothed in an envelope which is mechanically
" strong in all directions and the possibility of splitting, with
its fatal results, is therefore avoided. The cells are clothed
by a strong ‘fabric’, using a principle developed by man
many, many thousands of years after nature had first used
it, for precisely the same purpose in the weaving of cloth;
with the difference that man, with his clumsy tools, has

found it necessary to interweave the fibres in the separate
lamellae.
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This leads us to the second of the two peculiarities
mentioned above. We must remember that this alga, sur-
rounded by a mechanically strong coating, is nevertheless
growing. As yet no one knows a great deal about the’ growth .
of Valonia except that it is slow. But in the other algae with
essentially the same structure, such as Cladophora which
can be studied round the coasts of Britain, we do know a
great deal about growth, and it is quite clear that the cell
can get bigger and bigger - in the case of Cladophera, longer

Fig. 9. ~ Diagrammatic
representation of one
cell in a filament of
Cladophora. The lines
represent the run of the
cellulose chains on the
front face of the cell.
Oane set of chains forms
a flat spiral running
round the cell, and the
other a steep spiral of
opposite sign.

and fonger, for this is a filamentous alga (sce Fig. 9) ~ not
only in spite of what must be a very considerable barrier
to expansion, but withoui oﬁ'eczing any clza'nge in the direction
of the threads. This is a peculiarity which we shall meet
again in a moment in other plants, and perhaps more
forcibly sinoe these other plants will be more familiar, In
Cladophora one of the sets of threads is so arranged as to
form flat spirals round and round the filament. This fila-
mentous cell grows longer and longer, but the spiral is ot
pulled out steeper and steeper as it would be, for instance,
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if we took hold of the two ends and pulled. The cells grow,
therefore, in such a way that the structure of the walls
remains uniform.

The same thing is true for the growing cells of land plants
of a similar kind, and abhout whose growth we do know a
great deal more. Suppose we remove the bark from g tree
early in spring; we shall find it very easy to do this at this
time of the year and we must all of us have done it at
some time in our lives, and perhaps noticed the slippery
feel of the ncw wood. At this time the living layer in the
stem - the cambium ~ lying between the bark and he wood,
is actively growing and it is its high water content in spring,
giving it the consistency of a soft Jelly, which cnables the
bark to be slipped off so easily. The slipperiness of the wood
surface arises. because this living lay
surface of the wood. It is very
blunt knife or even with a spoo
in the spring of 1939, when my
to two elm trees which were about to be fclled, we collected
in all several pounds of cambial tissues — sufficient to do a
complete chemical analysis in triplicate, using macro-
methods! The details of this analysis need not concern us
here, although the fact that this growing tissue did contain
cellulose is one we might just notice, particularly since there
was some doubt at about that time whether very young
growing cell walls did actually have any cellulose. One other
significant feature of the analysis was that, when this
cellulose was extracted from the dried and powdered cam-
bium, the extract set into a sheet rather like Cellophane.
This contrasts strongly with the cellulose of the secondary
wall of the mature tissues which, under identical conditions,
is recoverable only as a powder, It suggesis some physical
difference between the orgunisation of the cellulose in
growing and in mature tissues, and thi; is poini we shall
return to again,

Microscopically the strips of cambium taken from a tree
can be seen 10 comsist of innumerable long thin cells,

er remains on the
easy to skim it off with a
n; in fact on one occasion
colleagues and I had access

MOLECULAR ARCHITECTURE IN PLANTS 105 -

usually some 15 — 20u.* broad and often about one hun_dred
times as long, blobs of protopla;m surrounded by a dehcgte
cell wall and held together by mtcroc;llula.r films of pectin.
Under suitable conditions, and even in the frcsl} gondxtlon,
these can be studied by the X-ray method, and it 1s_thgrcby
confirmed, if in fact confirmation is needcd, that this tissue
does contain cellulose, The cellulose chains can be dedqced
to lic nearly transversely to the length of the ccl}, fgrmmg,
it were, flat spirals round-the cell whose windings, as
o mb ’othcr metiods, actually make an angle of some
Sh?“nthc):l transverse. As far as we can tell it does not matter
}lx‘c))wlolong these cells become - and c_ach ccll.contin_ues to
row in length for many years, par‘ucu'larly in coniferous
£ — the chains of cellulosc maintain their transverse
v tation. This appears to be true of the majority of
Clons tin -cclls and we have just seen that a similar
e_lmfg{i %rises i’n some algae. There are, therefore, at least
s:tudulqn s we want to know about these celis. Firstly,
e tanf it come about that the chains of cellulose take
hcmt,hisoalmost transverse orientaiion and, _sccondly, grante_d
i itial transverse orientation, how does it happen that this
an'lmt tion remains transverse during elongation of the cel{?
on’lﬁnk?n the first point, there secms at present no settled
bod; ofgopinion. Until a few years ago it was thought
ossible that the orientation was 1mposcd by the protoplasm
pf a cell by & very simple mechanical nieans. In the pro-
guction of filaments of artificial silk a solunor} of cellulose
is squirted through a narrow orifice; as the cl?ams approach
" iiq ss through this orifice, they tend to line up parallel
o hpalincs of flow and therefore to each other, and ig is
:x(:l;efstandnble that they shop{d do so. Now the bearing
of this on our problem is t}us': the prptop!gsm (:f those
cells which ave can observe \w.lh.out disturbing them by
cutting into surrounding tissues is in mavement, qommonly
streaming round and round the cell. Under a microscope,
the movement appears rcasonably fast, but we must re.
*11 =10 -* mm,
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member that a microscope magnifies distances and therefore
velocities and that, in fact, the true velocity is not more than
a few millimetres a minute. Nevertheless it was thought

TP

Fig. 10, - Diagrammatic re
under internal pressure, P.

* Upper part of figure. Consider a plane se
(stippled area). Since this must be in equil
its surface must bafance the tensions in th
periphery, Hence
2maTy = ma?P
T\—=Paf2

Lower part of figure. Consider hal{ the cylinder cut away and a
planc septum inserted longitudinally over the cut face {stippled area).
Siuce this must be in ¢quilibrium, then

2aLP=2LT,
T‘: Pﬂ
Hence T, is twice as great as T,.
Note that this anisotropy of tension arises through anisotropy of

shape. The more neatly a real cell approaches the spherical in shape
the more nearly will T, be equal to T,

presentation of the tensions in g cylinder

ptum across the cylinder
ibrium the pressure over
¢ cylinder wall around its
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possible that this movement m_ight.align the particles of
cellulose before they were deposited in the wall.d _
In the cells with which we are most concerne streatlr:l}lng
is never seen, though that might be due to the drasucH 1131%3
we have to do to the cells in order to see the{n at all. T e
theory has, however, not stood the test of time in other
ways. No single case has ever been reported of a c_orre&;
dence between direction of streaming and direction o
i of cellulose chains, and until such a corres-
onentauon's shown the idea remains, of course, sheer
pondcnc;;:rthcr streaming mechanisms cannot hope to
i the comf)licated structures found in Valonia.
expan e recent and equally elegant idea was put forward
in&:pr:rcl)cricmly by two workers, Castle.in Ame_rica and ‘\"an
in Holland. We can best grasp lh.ClI' suggestion
Iter§onb1 an analogy. Consider a steel cylinder of com-
A d p s, and suppose that we were so unfortunate as to
e s'uch a way that it burst. Now the experience of
o e ts shows that the cylinder will not shatter nor
such c\;;n ne end : it will usually split down the middle Yike
ol g The c,xplanalion of this is not far to seek and
: peitl)p(i)'obnd in any good text-book on mcchanics,_ the
Py bein« that in any cylindrical object under pressure from
fa.c;' ; t]fe tension in the wall of the cyhnder across the
e 12 is twice as great as that along the cylinder. Fig, 10
cy'lm erkc this clearer. Now, returning to our cells, this is
vl m? their condition. They are cylindrical, and they are
przcxse yressurc from within, due to intake of water; and
:1}:: errelz;sur\cs set up in them are by no means negligible,
for S)ey can amount to 10 atmospheres (‘150 Ib. per square
inch) or more. Hence here, too, th§rc \_\111 be a 1ransv'crs.e
::zsion twice as great as the longnudm_a[ one, and it is
assumed that the chains of ccllulose are aligned transversely
18 reason.
fo{r::rsc are, unfortunate!y, a good many thiq gs wrong with
the application of this principle to cells, and it is mentioned
here principally to show that no possible mechanical ex-
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planation is being overiooked. We need not enumerate al]
the criticisms; it will be sufficient to ask ourscives how such
an idea could pessibly explain orientalion 1 a cch hike
Valonia, which is not, nor ever was, even remotely cylin-
drical. It scems inevitable that we are being driven back for
an explanation to an orienting mechanism of a molecular
nature in the very surface of the proioplasm.

As for the maintenance of the orientation during growth,
againthere are some ideas, but precious
at- the moment to be generally conced
plant cells occurs largely through the
the cell of its internal hydrostatic pressure. If this were all,
however, then we should ex pect the wall structure to change
just as it does if the cell is pulicd, There seems no funda-
mental difference between pushing from inside and pulling
from outside, Byt we have already remarked that in growth
the flat spiral of cefiulose does not open out, There is surely
something very fundamental that we are not taking into
account in our simple picture, and this is where it becomes
significant that the protoplasm and the wall in growing
cells may really not be separaie entitics but may inter-
-penetrate each other. It seems highly probable that in
growing cells the wall is nog 4 passive organ of the cell,
but ‘is .itself actively growing and perthaps even controlling
or limiting growth. There are IOW very many examples of
growing cells where the growth processes do not in fact
seem to put any strain on the walls, '

A close association of this Kind between the wali and the
protoplasm of a growing cell seems all the more probable
when we come to examine a living cell after it has ceased to
expand. Consider, for instatice, what happens (0 a cambig]
cell. These long, thin cells have oac more peculiar habit not
mentioned befors, Like aif other growing cells they increase
in size (by increase in protoplasric contenty until at some
stage each cell divides into two, Now we inight expect that
such a cell would divide transversely across the middie to
produce two ceils of the same width but of about half the

tew facts. It seems
ed that prowth in
stretching effect on
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length, and this does happen with some cells. Wlt]f: th:
cambiunt of coniferous trees, however, whnc!;l we <l:ar} c 09::-
as our particular example on account of tle fefatxve S‘tl
plicity of what takes place, tlu§ happens only in re]gt;l.en ly
By far the greater number of divisions 9ccur by sp;‘ 1n§mr;
two longitudinally, 1o produce two cc_lh of atziqut the s(see
length but of only half the width in one direction N
b 1}. Furthzr, the plane of division is always tangenpal
Fig. | )i iev 'parallel to the stem surface, never radllal,
to the stem. r‘cs.illling cells, one of which, therefore, lies
of the’n“tzl(:c: stem th:m the other, one will undcr_go chapges
dcegerl tuallv to its death, while the other will continue
iea(;lrr‘;%vcf[:]gs u‘ cambial cell and undergo further similfar
0
dmsnon?.f llow the history of the deeper-lying cells which
ma[iitrcus’rzcy take in water rather rapidly and swell up
C 1 o Fie. 11) 50 as to increase in _radxal dun_enmops
radially (s - nes Again we might imagine that this rapid
g 5‘ " 6'11::;& ;:;.ausc the chains of cellulose to become
DI “;(:‘e but again this does not happen, Once the
quie 1rﬂansﬁv\u| i’d' its full size, however, a new phenomenon,
cll has feacne nder a new manifestation, occurs, The celi
or an old onz ll,,,\;[ from within, on the delicate primary
procecds ‘to wzlr; l.aver. or layers, so that the wall be_comes
wall, a e The same kind of thing happens also in the
very thick. t of cotton iibres and of hemp, jute, sisal, flax,
developmer:i 'n.l'aCl al other tibres of commerce, Sometimes
bambee dnll lra:m'lins rather thin, as in the coniferous tree
the 'Cc" - ox'}rl sisal or kapok: sometimes it almost fills
durmg”signi)ﬁ.mmc species of bamboo, In either case, the
:::iucl?ar fact is thatin lhesc‘:acw wall layers, the so-called
secondary wall, the ciains ol cellulose are ro longe_r irgns-
verse. Commonly they lie much more nearly longitudinal
and it secms to be quite a gcncml_rglc that the longer the
cell has become and the NATIOWRT i s, thq mare nearly do
the chains lie longitudinally, This 15 trae with a remarkable

" degree of accuracy.
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Let us continue with the case of the cambium. as one
particular example. The cells which are cut off on the inside
of the cambium are those which compose the wood with
which we are all so familiar. Now, since the cambial cells
are growing longer year by year and in each year are, in
effect, cutting off replicas of themselves continually, i.e.,
forming the tracheids which constitute the wood, it follows
that the tracheids become longer and longer as we pass
g outwards across the annual rings from the pith towards the
[ bark. Now if we take a chip of wood from the various annual
| ' rings from any one level in a conifer stem we find that the
i '1 X-ray diagram changes gradually as we pass outwards from
f
|

e _'.:.‘.: '(

o stnrvaraasTe v

7
\\\/
\

: the pith. The change is really very obvious and a good

. example is given in Plate: 17 (¢, d). The change shows that

: the spiral round the cell is becoming steeper, and the mole-

cular spiral, therefore, here does become steeper as the cell

AN elongates. It should be emphasised that these spirals are
~ not visible microscopically. ]

Occasionally there appeat on the wall markings called

striations which lic parallel to the ccl]ui(_)se chains, and then

we can see that the striations behave in exactly the same

for o A, way. If we measure the average length, L, of the trqchelds

@) A single cambial cellc :;“‘“CSS of figure and highly magnified in any one annval ring and the average angle, 6, which the

i ¢ seen from the outer surf: . ! . .
gin!l]ll:lm Tlgm cell, CD, is shown just after one divisi';n lo“;‘f)r: [lv}:u spiral winding makes with the length of the tracheids then
(é‘) '1?;1: Eh SlfA aﬁdAB' ¢ we find the following relation to hold :-
alf ce is now ing N ) o -
original cambial cell. The cc]%rgw;:;i and reguining the size of the L=Kcotg

(b {x)

much broader cell B”. As drawn, (his cf:?lp:;g:fr:ﬁﬂ:y ‘3,,5".'3‘ o~
however, some twenty or thirty times Jonger compared wf;: o0 u s,
The ends in the real cells therefore are mpcri;xg. ‘ W e wideh,

() T[.ne lccll B’ now proceeds to lay down u thick seconda al
frgm within, to form a tracheid of (i wood. This 15 in lhrc;_' rl)q m
aisa thin outer layer, the first to be laid down: b follows ._xcr:.
1h!cker layer, as a rule; then comes ¢ which is ué;ﬂn thin ; nhmu”
thin layers the molecular chains of ceflulose lic in a fuicly ;- i
m‘akmg an gng\e of some 50 degrees to the length of fh* ".”‘l% SS”?!:
micelles which they form yre not so perfectly aligned :rtil ,I.m ,t N
other as they are in the thick layer, b, In (his thick [;'v. : eh.m.he'w
lie almost longitudinal, the angle at which they [ d‘d}ielf L
dimensions of the cell. ¥ ¢ depending on the

where K is a constant. This was shown to be true a long
time ago, in 1934in fact, bgt the correct explanation has_, not
vet been given. The equation Corrcﬁponds to the condition
of 2 spiral elongating at constant gmh,‘but it mqst not be
forgotten that while the cell was growing ~ as a cam.blal-
cell — its cellulose chains were in a flat spiral which remained
flat. It was only after elonigatioin had ccased t.hat this new
wall layer was dcposited, and its chain direction bears no
relation to that in the growing cell. Indeed, to make matters
o(ill more complicated, this secondary wall is not itself
homogeneous in chain direction. It consists of three con-
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centric layers, a narrow outer and a narrow inner one with
a thick layer sandwiched in between (see Fig. .
. The presence of these Yayers is clear i an ordmar_y
microscope, but their real features are brought out only if
we look at & very thin transverse section of the wood under
a polarising microscope. To explain even superficially why
this is so would take us much too far into the theary of
light, but all we need in fact know is that, under the con-
ditions usually used in the polarising microscope, any
cellulose chains which are lying flat on the micrascope
stage will appear bright against the dark background and
any which are lying at right angles to this, i.e;, along the
direction of propagation of the light, will appear dark ; any
which lie at some intermediate angle will appear more or
less bright according to the angle. The photograph pre-
sented in Plate 19 will make it clear that, in the cells which
we are considering, the cellulose chains of the outer and
inner fayers lie more or less in flat spirals (remembering
that this is a cross section of the cells) and in the central
layer more or less longitudinal,

Strictly speaking all the cvidence we have
until now refers to the centrai dark 1
with a different spirat angle neverthel
relation of the same type, and thig
that elongation of itself has no patt to play in an explana-
tion of this remarkable fact. To clinch this*point once and
for all, we know now that if we take any single tracheid
from any annual ring in a conifer stem, and measure its
tength L and the spiral angle 8 of its centra] layer, then a
stmilar relation holds (Fig. 12) though the tracheids have
not developed from the same cambial cell,

The same sort of thing is known to be true far bamboo
fibres, for sisal and for cotton, and js probably quite general.
Even when changes in cell length are indyced experimentatly,
there is no breakdown in the general principle, Thus, if we
apply clamps to the stem of a conifer during the growing
season, then the tracheids grown below the clamps are much

been discussing
ayer. The other layers
ess still follow a length
makes it quite certain
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i i i lamped cells
than are in the neighbouring unc
;hhq::rbave deu::l’;ped in the same year - and the molecular
spiral is flatter!
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of the spiral 2

¢ cellulose chains in these mature

Although, t]h?;ccf;:)r\:"nlg; Tﬁc protoplasm just as were the
Cc”§ m"m be arowing cell, the orientation is different and
chains in 1he l%s strongly to mind the remarkable str;xcture
the chlangae c;hc structure of the walls of the cells of these
mn va onia.nts is different only in degree and not in kxnd
hlgherhp e of the lowly algae. In higher planis the swn_tch
from tt osoccurjust at the time when the cells cease extension
mihoand involves also one further difference, thrqas
grumg’length growth the direction of the cellulase chains
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bears no abvious relation to cell length, after the aduit size
has been reached the orientation seems 1o be completely
dependent on the dimensions attained,

Now we do know that, after cell enlargement is over, the
connection between the protoplasm and the wall is & very
loose.one; for it can be severed merely by placing the cell
in a strong sugar solution. This is not the case in growing
celis. Since, therefore, in the adult ceils where chain
orientation is related to length, the protoplasm is s¢parate
{from the wall, then in clongating cells, where there is no
such relation, it may not be. Thus we have further support
for the conception that the protoplasm-wal] organisation
may be quite different in growing and non-growing celis.

From this point of view it may also be significant that
the cellulose micelles in the growing wall are much smaller
than they are in an adult wall, as is readily deduced from the
corresponding X-ray diagrams and is in harmony with the
‘glassy’ nature of the celtulose extracted from cambium.
They are also much further apart, as we may deduce from
the fact that the amount of celiulose in unit volume of the

- wall is much less than it is in the secondary wall, Even from
the structure of the micelles themselves, therefore, without
ny : ion, we can see that the con-
ditions obtaining during growth are very different from
those during maturity, 1t may, therefore, be very significant
that much of our knowledge of the physiology of cells, and
indeed the bulk of the conceptions which we apply to
growing cells, are in fact based on observations of adult
cells.

It is easy to see why this should be so. In ovder to define
conditions as precisely as possible in any experiment it is
necessary that the tissues under examination should remain
constant tn kind and in quantity throughout the investiga~
fion; and it 15 very clear that such observations made under
stendard conditions must form the first step in any in-
vestigation. It is cqually clear that, soaner or Jujer, we must,
in spite of the difficulties nvalved, make 3 congentrated
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j which are actually growing. A beginning
;t;;dg;\ ?ic?felf: made in several laboratories, and we await
iith much eagerness. _
thi{:rﬁh}?:mem can ic no doubt that these beantifully
regular patterns which modern physical techniques have
thus revealed in the walls of plant cells result from some
vary special intrinsic property of the suyf'acc qf thq proto-
[ .. la the clongated cells of flowering p!an}s it }oo_ks
- ch as though the protoplasmi at any single point
}lcry m-u"ot (;nfy how wide the cell is at that point but also
knov;s ) 31 1s. More precisely and less teleclogically, we
how on},;hat the organisation of the protoplasm at any
et I cell is a function of cell dimensions, sa that in
pownt 1% 2 the protoplasm of a short celt must be different
from cilegtrgt;a Jong cell. It is not possible to go fucther than
onrat 2;16 moment, for that would be to trespass into the
thfs « tf ure speculation ; the practical apph‘canons.of the
realms 10 fevc&led are very clear, but that is not in owr
prineip e.‘hcr It is certain, however, that these studies
sphere ;‘ I‘~;d direcily or indirectly, to a better under-
evenluaily ft{he’ activities of protoplasm and, therefore? of
s}‘la “d“;%,& of plant cells. Who can say what they might
;;ngralso in terms of animal growth?
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Correspondence

THE article ‘The Moon and the Weather' by K. G. Collier in Science
News No. 11 wishes to introduce the layman 1o the scientific method.
At its end, however, the paper also claims to have illustrated the
elements of research. No doubt, the first object has been attained ;
the elements of rescarch, on the other hand, embrace features not
otherwise prevalent in scientific activities and these the paper seems
to have left out.

The scientific method in general is a way of seeking an answer to
a given question; scientific rescarch, in contrast to this, has to find
the question first. It approaches a vague complex of insufficiently
understood phenomena and tries {o extract some scientific questions,
ie, questions which can be examined by the general methods of
scientific analysis. As long as the questions are put in a way not
relevant to the unknown solution, the answers, scientifically as they
may have been reached, will lead nowhere.

Let me make this clear in the present case. The problem is: has
the moon any significant influcnce on the weather? In order 10 extruct
from this a scientific question, an ‘analysis of the problem and

definition of its ideas’ was carried out, The result of this may be
summarized thus:

1. The moon's influence on the weather is to be understood as

a change of weather with a change of the moon.
2. A change of weather means a brenk into a fine or
of specified duration.
3. A fine spell is defined as one where high barometric pressure
co-exists with long periods of sunshine.
4. A wet spell is defined as one where low barometric pressure
is accompanied by precipitation, specified in detajl, '
5. The meaning of change of movn is defined in detail.

With these stipulations the scientific question could be shaped. The
answer to it, which was found subsequently, by observation, statistics,
theory of probubility and logical deduction, will not be ¢riticised here,
But supposc that these five stipulatiens were quite arbitrary and cou'd
ve replaced by an infinite number of others:

’ Fxample 4 — Replace assumption (1) by: The influcice of the
maon is to mean a change of weather at full noon or new
moon, provided this change occurs between 0 a.m. and 6 a.m.
local time.

By introducing thus thic position of the sun, all investigations would
have to be repeated.

a wet spell
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- Maintain stipulation (1) and replace (2) by : A change
S i of an
of weather means the breaking up of a depl_eesnon or
anti-cyclone, even if these are not aocpmpamed by a change
from rain to sunshine or sunshine to rain. ]
- lace (2) by: A change of weather is 10 mean the
Example - Rep ‘ hi ipitation and clouds or
change from dry and sunshine 10 precipital lor}ed o Clouds
vice versa, even when these are not accompani Yy a 2
i ric pressure. ]
E - l;lc;‘l—l-r'\;‘r;::(inﬂu‘;nce of the moon on the weather is to mean
v dency to cloud formation with or without rain in spite of
thc‘tc: bar:ymetric pressure, within 4 hours of the cha.nge_ of
::;lc?q provided this takes place between 5 p.m. and midnight
local timz. i
These counter-rroposals may not appeal 10 the pupil. m’!‘::z u::;lg
ever. to show that the above stipulations were o Ty an
S O d by innumerable others. 1f, therefore, no definite
could be replace 051 on the weather could be cslabh_shed mn ‘the
influence of mili mld ;‘nc pupil really come to the conclusion that the
reported €ase, 80 o the weather” (p. 37)? Will this not frustrate
moon has 1o "; Ltq the problem? Should not, instead, the pupil
further rcscarc;] O;noon has not jusr that inﬁuenpe on the weather
conclade 1]3:11 :% at the ouisct by the adopted stipulations? Ts tbcrc
which was D ment which will show that none of the possible
any m'foml.a“]w(vo.,; mast of them not yet 1hought of by anybo_dy,
alterna fve s"p.u i im'n? By eading the exercise with a generalization
is worth an cx;m‘\‘lnf“{abcv‘c‘ the pupil may attribute an exaggerated
S'“‘dc; as{ the S;‘:’,}:; to sciense. This only prepares the road to dis-
kind of complency 10 °
appointment and S”Tﬁf}mrg;carch worker will not only refrain from
At _this Juncturc.l sion ; he will go back to his start and will change
drawing a final cone 111‘.0“’ _ the pupil might ask - can the stipulations
his stipulations. l,;ltlld fead to a positive answer, provided there is one?
be found Wthh- wou foruccrt.‘.in whether the moon exerts an influence
We canno. Ln‘ow n.:sc-'rch worker kr:ows for certain whelhgr .thc
on the weather T]n ('tis‘tni Great scientific discoverers have exhibited
thing he sezhs T ::ung t-r;\its. such as the intuitive talents of an
instead most :‘un:m;::;l persevernaee. keen faculties of observation:
artist, Ao ves have phived a part as often as has induction. Al'l
irrationsl mmw"c:)suld hardlv be useful if the elements of research ana
these features 1?10d of scicnee were one and the same thing. They are not:
the gcnel;;il 'yni(imliﬁc aralviis, rigoromdy as it may be mrf'wd ouf,
sJ::"‘:ds and falls with the arbirary stipulations which must
precode ir. ) . .
Should this fuct really be withheld from the pupil’ R
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Mr Jaray has read into the article a purpose more ambitious than I
Wwas attempting. He asserts ‘At its end the paper claims to have illus-
trated the elements of research.” What in f§ct 1 sa_ld was it ?or.lta'ms
several of those very elements of research whn":h fascinate and discipline
the scientist’s mind.’ I think my point remains good, ) '

All the same I have found Mr Jaray’s commems'v;ry mtetestfng_
I like especially his insistence on the difficulty of arriving at the_ right
questions to ask. I agree with him that it would _be highly undesirable
to lead the pupil to ‘attribute an exaggerated kind of competency to
‘science.” This point about the limitations of the scientific method is
one I made myself (p. 32). But in fact [ have found in my experience
with non-scientists (in Sixth Forms and adult classes) that the great
difficulty is not to prevent the pupil getting an exaggermicd idea of the
competency of the method but to get across any apprecitation of the
method at all. Simplification, great simplification, is essential: 1 know
my own classes would have been utterly befogged if [ had introduced
» the qualifications and complexities Mr Jaray suggests. They were

already sufficiently impressed with the complexity of the problem and
the arbitrariness of our criteria in the preliminary process described
‘(so briefly) on P. 36. Nevertheless, [ am glad that he has stressed the
aeed t0 point out, at the end of such an experiment as [ have described,

the tentative nawre of the process and the conclusions. T hope that
he, or other writers, will come forward with other problems equally
amenable to simple scientifi

c analysis by the layman,
T am glad that the article provoked this and othet criticisms, even
if not st ictly relevant to its purpose. On reading it again in the light
of the comments T think the

cause of the misunderstanding was probably
not my formulation of co

nclusions on pp. 37-38, but my use of the
word ‘superstition’ on p. 32. It was cviden

this word, and not being a meteoralogist, I am quite willing to withdraw

it! The aim of my article was not to Prove any general law about the
moon and the weather - the numbers were quite inadequate for that -~
but to illustrate an educational method,

K. G. CoLLin.

tly a mistake to mention

The Electrical Activity
of the Human Brain

DR. WILLIAM A. COBB

R ing the electrical activity of the
THE possibility gcger;?nrg Tv%d:z]y known as a result of the
human brain i st epilepsy, and other less .d_lsmterested
e aga:‘?om the remarks of the uninitiated when
propagaqda. contact with this technigue it Js.cl_earithat a
brought m‘qsconccption of 11s objects and.hmxtat.nons is
complets $:ed not a little by sensational journalism. A
u_sual, fos nt will be given of some of the phenomena
simple ?icc:)l:lc methods of investigating them, and_ some
obscrve_. of the results. Space does ‘not permit dis-
app]-]cauof{lfhc hypotheses of a subject which is still only a
cussion 0 o total empiricism. -
step remove News § Dr W. A. H. Rushton described the
In St";encef "onducu'on in a single nerve ﬁ?rc. The elec-
e o duction is the ‘action potential’, which isdue
trical unit fsfcon age along the surface of the nerve fibre of
to the mpnd_ pass gative polarity with respect to the rest of
a zone havmghneg suitably recorded this has a dl‘lranon of
its surfa;c_. w e; and a rapid rise and fall, for'whlch reason
a few millisecon Zned a ‘spike potential” It is from such
it is someumcS’ ‘s:t mosaic of nervous action has to be bu1_lt
units that the athe nerve can be varied only py changcs in
up. Messases mf the fibres which are conducting and in the
the grouping \?/hich each fibre transmits action potcnthls;
frequency ot aking, increasing frequency implies increasing
gencrqﬂy. s?jr exarhple. of pain or muscular f:ontracuon.
iwml‘::,?gl;ricf electrical stimulus is applied to an intact whole

~
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nerve there is a high degree of synchronisation of the action
potentials of individual fibres and the recorded response is
relatively large and simple. If, however, the stimulus is
of the normal physiological type, the stretching of 2 muscle
for example, then the action potentials are quite unsyn-
chronised and the recorded picture is a blur
dom spikes; the more of these there are, and the less they
are synchronised, the greater is the likelihood that, in their
algebraic sum as recorded from the whole nerve, little more
than a thickening of the recorded trace wiil be observed.

The brain consists of very large numbers of nerve fibres
with their nutrient cells,* and more or Joss supporting ceils.
Some of the fibres are gathered tozether in bundles bearing
messages to or from distunt parts of tke body,
part of the brain mass consists of short fibres
brain cells with immediate or more distant neighbours,
There is thus a bewildering network, not by any means
fully mapped, of fibres passing in all directions. The situa-
tion is not unlike a telephone system in which the exchange,
with all its possibilities of interconnection, is the brain, and
the groups of wircs on their poles along the road-side are
nerves. 1t is quite possible to tap one of these wires - 3
single nerve fibre - and listen to the conversation »to tap all
the wires of a 8roup at once results in bedlam, with perhaps
an odd word half-recognised now and then, When we come
to the exchange, simpie though it is compared with the
brain, the confusion is still worse, for we are not allowed
inside, and can only listen with an ear to the wall, so to
speak, to all the messages coming in or going out.

Had you asked a physiologist of 20 years ago _what possi-
bility there was of recording the eleetrical activity of the
human brain through the intact skull and scalp he might
have replied, a little patronizingly perhaps, that there was
none, using some such analogy as that of the telephone

of many ran-

but a great
connecting

H 4
* the relanve importunee of the fibre and the cell has long been
discussed. A current view is that the cell exists mereiv to maintain
the Sbore,
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to convince you that it was not worth bothering to
gys“mthe attempt. Even fime, however, was not needed to
make wrong, for since 1925 Hans Berger, a German
provc.th? had ’bocn working away (with apparatus by
peychiatris’ d:rds very insensitive) to satisfy himself that
mod:;;ld s(;:tr:act on the human scalp electrical changes which
;;:g their origin in the brain heneath. he satisfied none

itc in the best romantic tradition '

Qui If and, though paper after paper was published,
but hm?scd scar’lt attention. Although what he had done
he recelve to everv exnectation, the main reason for the
gt Con‘"a?::st in his work was probably that he published
!a?k of “;:-ea“ic journals, largely unread by the physnologn;ts
who psycldl and finally did, appreciate the need for testing
o Co . It was not until 1934 that Professor E. D.
his resu l? Cambridge published the first of a series of
Adrian o‘m various collaborators, fully conhr.mmg !he
papers, _‘:.J;m of Hans Berger and starting an ever-increasing
nain ﬁﬂ“‘bf;r\,,,‘i(,‘\g on the changes in the ‘brain waves' in
fiood of 0 :i? case. The clinical applications followed rapidly
heaith and ‘;‘: ublication, Grey Walter in England noting
on Adrmr{ s lf,S[Ei witl: cerebral tumours, and the possibility
changes associa Y tter thereby, while in the United States
of lOC;lll'ng the'i;;’ Davis and Lennox, obscrved clectrical
F. A. Gibbs. ;: h were characteristic of epilepsy. ‘
phenomena W 1'c nsider the nature of the potential changes

We must now CO‘d 4. collectively form the Electroence-
which, when recorded, it. (The related terms can be

45 Beraer termed it { h for the
phalogram, as alogy with the Telegram: - grap o
dedncx;d t')y anra h;' for the subject as a whole, an sg
‘machine, - & -;:s eliminate these ponderous word‘s an
on. Hal}ntl;,aci 1;35‘}3: G., or sometimes, familiarly, of ‘bram
speak o St
waves.’) i cature of the E.EG. is an almost

The monlpw:i;:f:?\;aiiﬁn at about 10 C,VCICS'E:er second,
rhythmic Vo ta% ak amplitude of about 40 xv,* arising 1n
with a peak-to pf”w-«» one miliionth of a voit.
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the posterior parts of the brain, It is sometimes still called
the Berger rhythm, though Berger himself disclaimed the
title, and it is more usually now termed the alpha rhythm, In
some people it is nearly sinusoidal and may be remarkably
constant in amplitude, but strict regularity of rthythm, form,
and amplitude is exceptional: the latter in particular is
subject to great changes from moment to moment, and deep,
almost regular, amplitude modulation is a striking feature
of some records. Almost all subjects show, at times, a
complete absence of the rhythm, but there is great variation
from person to person in the proportion of time for which
it is present and the greatest amplitude which it may
reach. Except in children, a greater amplitude, peak-
peak, than 100 pv is very exceptional, while it is not at
all uncommon for the mean amplitude to be
less. While the frequency is
uation in the indiv
the range from s
from 8 to 13 ¢/s.

The most characteristic feature of the alpha rhythm has
yet to be mentioned. The description given above applies to
the record from a subject lying quictly at rest, with his eyes
shut. If he opens his eves the alpha rhythm, after a brief
interval, disappears, to return again, after a similar interval,
when he closes them (Fig. 13). In most subjects this ‘block-
ing’ effect is not absolute, and when the eyes have remained
open for some time, alpha rhythm tends increasingly to
appear, though of less amplitude than with the eyes closed.
Qther factors, such as a sudden loud noise, a painful stimulus
and, in particular, intense mental effort will reduce or
abolish ‘alpha’ activity; the efficiency of any one of these
‘arousal stimuli’, as they have come to be called, varies
greatly with the individual makc.-up: though tha.t of sceing,
and especially of seeing something tnieresting, is generally
by far the most powerful. In contrast, it is said that sound
has an equivalent effect in the blind, ulthough the attempt
to see in the recently blind is still potent.

5 uv or
much more constant, fluct-
idual of %1 ¢'s is quite normal, and
ubject to subject is accepted as being
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Fig. 13. - The E.E.G. of a normal subject, showing the occipi}al ‘a[pha’ rhythm at lO_c/scc. Thc'l(l_ule c}mm
th .u , r left-hand corner is the head seen from on top with its nose in tl}c air, showing ‘mt:d po;:tm:? &e ght
lectr?)%is on the scalp, and how they are taken in pairs to give th; six sunultapeous r(ejcolr s. N ! eyes re
zpened and the alpha rhythm disappears; at B they are closed and it retutm';:l_l 'ﬂ}g r:ﬂe::nrca ;1 :; ss e:‘:sasw:semﬁu of
: . Y .
o-ca t, due to muscle action-potentials, and to eye-movement. ‘ s
:ma]l]If‘;;ikaersmifmil ctht: first two traces, just before the eyes are closed. The latter are also most evident, as would be

expected, in the frontal records; at A4 there is an upward deflection corresponding with eye-opening, at B the

converse change associated with eyeclosing, while at C there is the quick double change characteristic of a blink,
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Berger regarded the alpha rhythm as a function of the
whole brain, while Adrian showed it to arise in areas very
near to, but not identical wuh, those concerned with sight
in the posterior regions of the brain: both views have had
support, but the latter is almost universally accepted, Al-
though arising far back, the thythm spreads forward con-
siderably and can be recarded in most subjects well in front
of the plane of the ear, there being a steady decrease in
amplitude from behind forward. The nature of the spread is
still a matter of doubt; it may be purely electrical, as in an
electrolytic solution, or it may be by conduction along nerve
fibres, or both. An origin from both cercbrul hemispheres
can be demonstrated and the two sides usually show fair,
though not perfect, synchrony; amplitudes, on the other
hand, can be far more independent of each other,

The nature of one of the misconceptions mentioned in

- the introductory paragraph may now be evident: the E.E.G.
is far from being a record of the brain at work ; its most
striking feature is derived from the brain at play, or at most
marking time. Adrian’s interpretation of the alpha rhythm
was that it represented resting activity, the idle cells “beating’
at their natural period,.in unison ; during periods of visual
or mental activity the influx of stimuli from outside would
result in each individual cell working al the rate appropriat:
10 its job, and the sum of this unsynchronised activity wou!d
no longer be recordable,

In addition to the alpha rhythm the normal adult E.B.G.
may contain more or less of other features, the most common
of which is a frontal rhythm at about 22 ¢/s. This may be
entirely absent, continuously present, or something in be-
tween, but is always of low voltage (by E.E.G. standards).
Waves at 6 or 7 ¢/s are also commorly scen and regarded
as normal if their amplitude is small. Both the fast (beta)
and slower (theta) rhythms have pqthological medical
significance when of Iargcr ampl:tud;, i contrast with the

.alpha rhythm, the amphtude of which alone seldom has
any special meaning.

ELECTRICAL ACTIVITY OF THE HUMAN BRAIN 128

Even when there is no beta or theta rhythm and the alpha
thythm is blocked, there is not complete absence of all
activity ; there remains an irregular backgm_und, perhaps to
be regarded as the ‘noise level’ of the brain, of the order

V.

ofé;l; 3t’h}:’;t some idea has been given of the content of the
E.E.G. it is appropriate to qonsmcr the methods of regorfigng
it which are used, and which are to some extent a limiting
factor to further advance. The earliest investigations were
made with a string galvanometer, a ten:hmque~ deriving fror_n
the well-established practice of electro-cardiography. This
instrument had two great dxsadvanlagm in its new applica-
tion ® it was too insensitive to deal saUSfactoqu with poten-

ial changes only 1/20 part of those der}ved from the
. d it was a current-operated device. If current
hca‘;t, \3: fr:>m the brain cells the potential across them
!L:nmr:diatc]y falls, and a faithful picture of their behaviour
) !ll"r;x?:o?:t}i:(‘iuclion of valve-amplificrs, with high input

. ntial first step to progress,
resistance, was therefore an esse E e okt
and the main lines of their ficvelopmt;n ‘ q ek y

lished by Matthews, Tennies and others, no only for
establs f the E.E.G., but as g.encr;l ph_ys;olo_glcal
the purpOS;\S‘ g in’ of the order of 2 million tines s required,
alpphﬁers. ‘ gtflit' absence of background noise, ang the
w:t‘h' good (;m limi)l;ate against extrancous electrical inter-
ability uzrhls‘;;uer is achieved by the use of a.b.alanccc:
ference. The t: the output is also push-pull, so x.t i§ usua
push-pul mpl;l ‘the four or five stages in this way; they are
to construct a led, thus overcoming the problem of drift,
condenser coUp constant of about 0.3 secs. belng' quite
an over-all llm‘;st E.E.G. recording. The e!ectncal noise
gdcquatc_for m lifier components, and particularly valves,
inherent in amprdcr of magnitude as the smaller changes in
is of the s"’me,,z at present sets the practical limit of useful
the E. E'G-": By careful design, and choice of componelntt,
tal:nsp l::i:gg; variation can be brought down to about 1 pv

1 .
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peak-to-peak, but few amplifiers will maintain this low
level without constant attention. )

The E.E.G. amplifier was at ficst made to drive some
form of mirror oscillograph, the deflections of which were
registered on moving photographic paper. This was also the
case with the cathode ray oscillograph, which superseded
the mirror type and which is still used for investigations
requiring special accuracy rather than long continuous
records. The use of photography for recording has been
generally abandoned as laborious and costly ; moreover, the
record is not instantly available to allow comparison of one
electrical change with another. Such immediate records can
be written out in many different ways, most of which are in
use with commercial oscillographs ; the most obvious and
generally used is that of ink on white paper, which, although
inclined to be messy, has the advantage of giving good
contrast and using relatively cheap materials. The stylus
may be driven by a moving-iron, moving-coil, or even
crystal, oscillograph. It is this.component which has given
designers the greatest trouble; the requircments of linear
voltage-response, linear frequency-
100 cfs, an excursion of at least 2 cm. peak to peak, and
robust construction, all within small size, have proved
difficult to achieve. Although there are now a number of
satisfactory designs, there is stil room for improvement.

The record obtained is a graph of voltage changes against
time, the time-axis being provided by the movement of the
paper tape on which the record is written out, It is evident
that one such record can indicate only the changing voltage
differences between two points, and to study the behaviour
of various parts of the brain simultaneously a number of
recording systems (‘channels’) is necessary. This number
could advantageously be large, were it not for the difficulty
of interpreting large numbers of traces simultaneously, and
the high cost (about £200 per channel) of the apparatus ;
most modern machines therefore compromise with six or
eight channels (Piate 20). That it is something of an achieve-

response from O to (say)"
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ment to keep this number in constant daily use may be
realised by imagining a similar number of radio sets, all
together in a cabinet rathelt smaller than a cottage piano,
all tuned to different stations and the stations changed
every few minutes throughout the day; the interference
between the programmes must be negligible, the mains-hum
inaudible, and the ampgﬁcauon many times greater than is
mestic radio.

asﬁ_e;t (;geztfc?des, with which the brain’s electrical changes
are picked up, are usually either metal disks about 1 cm. in
diameter, sealed to the scalp with col!thon, or small gauze
pads soaked in concentrated salt solution and he!d on 'zhe
scalp by some form of cap - one designed for hglr-w§vxpg
rather than ‘brain-waving’ has been much used in Britain,
Many different patterns of electrode arrangement have been
devised, each conferring some real or imagined advantage,
and no sort of standardization has yet bcer_x rc'ached,'or
indeed, by many, desired. On the whole, with increasing
;numbe’rs of channels, larger numbe'rs of electrodes are used,
tending to give a more detailed picture at the expense of
more complicated technique. The l_attcr is by no means
always justified by the former, and increased detail carries
with it a further burden for the interpreter. Most routines
involve 16 electrodes or thereabouts.

The potential changes at the elcctrodgs are led by a
multiway cable, usually to enter the machine by way of a
-omplex selector switch, with which it is possible to connect
e trode with either input-grid of any of the amplifiers,
il eleg: g rearranged groupings or independently. This
Flther m’t;};jh has associated with it a device for applying
mplﬁ ::/c‘tangular test voltages to the ampliiier§, to_'theck
:l,:::ilr performance and to serve as a voltage cahbrz‘itlo.n; A
usual value for this test sigm] .is 50-;w and c:h;ﬁ %f““ 1?
commonly adjusted so that it gives rise to a deflection o
STR“‘('ypical modern record, then, consists plfl.sg(d'tyaces;
written in ink on white'paper about 6" wide, with’additiona
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traces for recording time and random events. The paper
Toves at 3 cms/sec., and the record from a patient may
iast for 20 minutes or more. When it is considered that cach
of the six traces is at least slightly different from the others,
and that no one second of activity is exactly like another,
it will be realized that the task of visual interpretation of
the 40 yards of records, which represent 20 minutes, may be
formidable. Tn practice little attempt is made at precise
analysis: the main frequencies are noted, with their spatial
and temporal distributions, and their relationships to one
another and to changes in the subjects” attention, wakeful-
ness and so on.

A further complication confronting the interpreter is the
presence of electrical changes not derived from the brain,
to which the general, and not wholly appropriate, term of
‘artefact’ is given. Their sources are many and their forms
diverse ; some are instanily recognisable, others mimic the
cercbral activity with great fidelity. To mention a few:
from extrancous sources comes interference from A.C.
mains, diathermy, electric motors, etc., and the brief spikes
from switch contacts | from the recording system there are
transients due to bad contacts in plugs and the like; from
the patient Jarge slow artefacts associated with movement,
due to redistribution of static charges, rocking of insecure
electrodes and so on. From the patient also come the
electrical counterparts of certain physiological changes
which 1 other circumstances are themselves the subject of
recording, and which are not then regarded as artefacts; of
these the clectromyogram from the scalp muscles, the
electrocardiogram from the heart, and chang
with eye-movement are the chief (Fig, 13).

With good appatatus. an electrically screened recording
room, careful technique, and cooperative subjects it is
possible 1o obtain records which consist almost solely of
cerebral activity, but this perfection 1S hard to maintain,
and is indeed impossible when dcuhng .thh unselected
patients. Part of the skill of interpretation is, therefore, the

Cs assoctated
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ability to recognise and reject changes which are not of
igin.
cerse:;ael ;;a%'s ago the English E.E.G. Society attempted to
lay down limits within which the record cquld be conndc(ed
normal, a task which proved to be too_dzf"ﬁcu]_t egnd‘whlch
was abandoned in favour of thg easier delimitation of
abnormality. The great variation in content of the. recc')rQs
from normal subjects has already bgcn mdlcat?d.; if this is
regarded as being of the nature of personal idiosyncrasy
there are still other causes of vanz_mon o t{e allowed for,
such as age, wakefulness qnd emotional tension. -
To take the first, there is a steady process of maturation

from birth to somewhere about t‘he létp year. T}ze E:.E.G. of
the infant is a rather arhythmic aF({ixr; shoyvmg irregular
swings of voltage, a second or more in duration and abogt
100 wv in amplitude. These tend to become more rhythmic
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gmiﬁcx1l ‘ﬂ:‘aturc (B) the same child one year later, showing great
cline in the 3} c/scc. activity.
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and less slow; to them are added thythms at 3-7 ¢jy,

which are the most evident feature from
(Fig. 14). Some time during this period t
appears, gradually increasing in amplitud
and usvally being wel! established by 8
time the siower rhythms have diminish
The adult form is often achieved by 12 years, though there
may still be some instability and a greater tendency to
respond to changes in the blood supply to the brain than
there is in fater {ifa, That there is 3 carrelation between age
and the maturation of the E.E.G. is clear, bat ‘age’ is not
necessarily to be regarded as the tme elapsed since birth -
mental age is a familiar coneept, and sexual age easily
understood, The correlation does not seem 1o be with any
one of these alone, and it may be that all in varying degree,
and others as well, are significant,
The record in deep sleep is not unlike that of the infant
and it has been suggested that, as sleep lightens to wakeful-
. recapitulates its maturation, Though this
idea is rather fanciful i does indicate the variation of

content which occurs with depth of sleep. Deep sleep is
hardly likely to go unnoticed by the observer who is
recording the E.E.G., but the early stages, characterised
as “drifting’, are easily missed by observer and subject alike,
and yet may madily the record considerably, tending to
abolish alpha rhythm and mntroduce runs of theta rhythm,
and of waves at about 14 ¢’s,

Despite the numerous factors whose effects may have
their reflexion in the EE.G., and there are many others
which have not been mentioned, the record from any
subicet has considerable individuality, Suppose that your
E.L.G. has been recorded on two different days; one of the
records is mixed with those of haif a dozen other subjects
at random; then, using the first record as guide, there would
be a good chance of finding its mate correctly. There are
also fa mily resemdlances, probably aboat 1¢ clnse as family
faciat likenesses and, like them, reaching the closest simi.

about 2-6 yeary
he alpha rhythm
€ and persistence
years, at which
ed considerably.

W

) . ACTIVITY OF THE H
ELRCTRICAL

. : id that
s identical) twins. It has been said th

inoing. r descrined there is little indica-
In 211 %)at‘ghiistfaef :nszg;growing number of expenfjw::g
fion o % gl nipped laboratories is set up to recor g
staffed a2 egcms in {act, the normal E.E.(_“j., as a stu cy;
EEC. . o has‘ received but scant attention com%aﬁ
in‘tghglf?‘e(::iyr;nous outpourings, chiefly from the US.A,,
wi L
onL its Ao e ity will be described briefly,
The generz:! ?ﬁfﬁiﬁ:ﬁnﬁﬁmms* which are unusually
They ate o “;Iy slow, and waves which have unusual i‘carrlns
fast or upu;uas one with another, |t is also true, for exgmp g,
or assoeit which are normal in chiidh«?ad may be ab:
. r:}yi‘r}:?astcr tife, or which are normal in sleep may be
normal in . : |
abncgmf'ii p wgf:;:::;gfsané investigation of cp_ﬂepsy} a?(:
s in the‘ c;urs that the E.E.G. has mgde its greatos
of c‘erebrﬂl :b‘glution and these subjects will be Iak’e'n e?
clinical <o nt 3 01" information whick can be obt"y‘n .
e o s):p;roadiy be classified as '!dmpaduc_ o‘;
&priﬁagszncfhe one hand, and Symp:p&ahc'ncg ?:&;lreis
g or a predispost .
o tl}c o{he;.it'sr?fcai;g:;if’though increasingly successﬁg,
infecited, a:ﬂ'aﬁve' in the latter, on the other hand, the
is purely b tl som:a tocal braim disease such as a mm.ou‘ti
fits ate due O}tjng from past injury or infection; the idea
O atament resut always possible, is removal of t:he cause.
e etmore, fits are very frequeatly the first mdwanzn
memm?ce of such a cause, and consequently 1o mfih,e
iy th? Qres:: a between the two types of epilepsy is of the
e mmnce. It is also often of the greatest difficulty,
g:x?tsl:&:en ;c)l?nica!, radiological, and electrical methods all
a

of copvenignce only, not acceplable 1o the physicist.
5 :K:k gl:;f::micitv is akmost non-existent in the E.EG.
1 3
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have their successes it is fortunate that their spheres do
not precisely coincide, and the failure of one method may
be the success of another. )

An invariable accompaniment of the type of epileptic
fit classically described as petit mal is an outburst of complex
waves at about 3 ¢/s, each consisting of a surface negative
spike, followed by a hump-shaped wave of the same
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Fig. 15. ~ Petit mal epilepsy in a 10-year old child. The activity normal
for this age is suddenly replaced by high-voltage complexes recurring
3% times/sec., and each consisting of a wave followed by one or two
spikes. The flat tops of some of the waves arc duc to the limited
movement of the pens, which are unable to record the full amplitude,

This outburst listed some 20 seconds and corresponded with a brief
partial loss of consciousness or “absence,’

polarity (Fig. 15). They also occur in
periods, when the outbursts tend to be
occur in subjects whose fits are not only, or never, of the
petit mal type. They are diagnostic of cpilepsy, and when
occurring regularly and synchronously from” both hemi-
spheres, are characteristic of Idiopathic Epilepsy.

the inter-seizure
bricfer, and they

.
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ording of major fits (grand mal) is somewhat un-
,l:;g;d;gd the foim of electrical manifestation variable,
o0 lly including some high voltage* spikes anc! always
usuah );low activity, but seldom any strictly repetitive com-
Mex wave-form. The electrical diagnosis of idiopathic grand
ple:; depends largely upon the appearance of the record
et rectl'n)e fits, when it may contain ‘spike and wave’ com-
bft“ $ or va'riants of this form, or groups of waves with a
Pexc smal® quality, standing out sharply from their
ne?;ﬁ))gurs by 'reaso'n of a sudden change in amplitude or
frequency, f(’,;,,z(:at: epilepsy the findings are of two kinds:
In Sﬁ:?epm the causative disease, to be described -later,
those which are a direct indication of an unduly irritable
and l]‘“f)sbcrain (due to injury in its widest sense), from which
area 0_16 tic attack may originate, Jasper and Penfield of
e <. {)hfive made the latter their special study, and have
Momre:lhat‘ the characteristic manifestation from such an
:e,hpwnl arca is an irregularly repeating surface-negative
lrr_xtab ; l;la duration of about 1,30 second and an amplitude
spike wit 50 and 500 xv, which can be accurately located if
l?etw.ecr; from an accessible part of the brain (Fig. 16).
. anse_r source is not on the upper convex surface of the
:,Y-?;e: i: ;nusl travel some dist.ance before it can be recorded,
an‘d in these circumstances it becomes_ bp‘)adenedjotft, t?
have a duration of perhaps 1.5 sec.; it is then terined a
harp »;d::f':ans all the records from epileptics show the
.hBééI:cristics described and indegd about 25.pcr cent of
‘e re quite normal, while a similar proportion, })erh?ps
the;r; aareq abnormal without showing any of the typical
. :forms. If, however, the recordings are repeated_ §uﬂ‘1—
gz:gy often, and under appropriately varied condm}?ns,
the majority, possibly all Ep.llepl.lcs, will be found to ave
abnormal records. This variability can be corrclated with

* As always, magnitude is relative: to the elgcl.roencepha]ngrapher
‘high voltage' means at most a few hundred microvolts.
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Fig. 16. -~ An irritable focus, the cause of e
In the posterior regions the EE.G, was
the froutal regions there was an area from
From the centre of this aren there were m
which three are illustrated,

pilepsy in a girt of 7.
relatively normal, while in
which 4 ¢/sec. waves arose,
any single “shatp waves® of

the great variability of the clinical manifestations : a subject
may go for months without a fit and then have 3 large
number in quick Succession; his E.E.G. might be normal

}during the former phase and highly abnormat during the
atter.

A wide variety of or.
changes which are es

. '\ OF something in between. In the
first case electrical activity will be nROrm

absent, so that it is anly the sick and moribund cells which
can produce abnormalities. These arc i the form of waves
which are unusually slow, from less thag | per sec, to about
3 per sec., usually very irregular in period, voltage and form,

e
~
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d.with an amplitude of some 50 to 200 pY (Fig..l7). In
anc: { a cerebral tumour the tumour-tissue itself is
.lhq G”:doit is from the surrounding brain cells, distorted
inert da leted of blocd supply by pressure, that the slow
and ep‘se by which the site of the tumour can be located.
waves anl ilepsy, it is not every brain tumour or other-
As with Cg al dis'case which puts its recognisable seal ori
g;ossc‘;i':d.r many, in fact, give no indication of their
the T ’ >
presence. . therefore, as a clinical tool,
Eiec"oei:‘iptr:;iof rgfc})}glcms to the interpreter: first, to
presents rformatfom into the record; secondly, to extract
get morchminformation which undoubtedly is gﬂreadg there,
néore 32:; ;, the great complexity and variability which the
snrou .

00 }) v

e e Ny
[ —

i 5EC

our in a man aged 39, The EEG. on the
Tig. l r is al;:g;ly .zl;‘;:nal, while on the right there are }u,rge. siowt.
l-d‘ sig 18 mm Traces ) and 3 are, very ronghly, mirror jmazes of
irregulat wa'nd}cating the origin of the slow waves at or near .(o the
cach athcr: lmmrm to these two channels. This method of ;\ha?c
d&:ﬁ?i; ‘;hc most refiable way of locating the source of any dis.
eV

turbance.
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record possesses; and lastly, bound up with the first two
problems, to reach a better understanding of the funda-
mental processes which give rise to the potential changes.

An obvious first step towards putting more into the record
might seem to be to amplify the brajn waves stiil further;
unfortunately this is probably not possible, and, if it were,
would almost certainly add still more indigestible detail
to the half digested R.E.G. of to-day. It is unlikely to be

" possible because the present amplifiers are working at a
‘gain’ at which potential changes due to the random move-
merits of electrons in valves, and similar uncoatrollable
factors, are iittle smaller than the smallest features of the
E.E.G. as we know it.

A more promising approach is being r
and extended in a number of directions.
the brain waves under variouys normal
conditions, and during t|

apidly developed
This is to record
Oor near normal
1e application of varioys ‘stresses”.
To instance a few of the former: it has been, from the
“beginning, an almost invariable routine to make the subject
‘overbreathe’ (breathe more deeply and rapidly than his
bodily requirements demand) for about three minutes, This
causes a change in the acidity of the blood, and, in nearly
ail subjects, will result in some changes in the ELG. if
performed sufficiently vigorously. These changes are some-
times of diagnostic value
epilepsy ; the record which was normal or ne
rest will usually contain spike and w
or immediately after ovcr-breathing.

Recently it has been shown that some subjects who have
normal records while awake may have very abnormal ones
when asleep, including wave-forms which are characteristic
of epilepsy. This {5 not altogether Surprising, as many
epileptics have their attacks predominantiy or only when
asleep.

An example of a different type is the provision
priate emotional stimuli: p;:tien‘ts Who will res
epileptic, phenomena to such stimuli are uneq

arly normal at
ave’ complexes during

of appro-
pond with
mmon hut

y and frequently so in petit mal
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. i man the E.E.G. became more and
mteresttl)ng(;n:]l;l 2221:201i5tened to a record of ‘Eine Kleine
R tn nsik’ and finally, towards the end of thg second
Is.Iach‘thi ad a major epileptic attack. Another patient had
side, she ]1 al‘tacks, all following the ringing of a telephone
had severd ts to repeat this in the recording room were a
bell; a“c??h;re' it may have been that the pitch or rhythm
completeq]a was “wrong, or possibly the conditions of the
of the.h:- roo‘m were 100 unusual for the sound to make
recordlr‘.&; riate emotional impact. ' ‘
the ﬂppnfplhc ‘stresses” which have been applied are chemi-
MOSt © For example, drugs of the camphor group
cal in nath;‘:‘; in all subjects if administered in sufficiently
will causeg. recently a technique has been dcvis_cd of giving
large dose 2all doses until the E.E.G. first begins to shqw
repeated Smd in this way the site of origin of epileptic
cha.n_gtes;ﬂz; be demonstrated without the undesirable result
activity A
of prccnpli{llltgi;if;z new technique of physical stimulation
A most :i:vised by Grey Walter of the Burden Ncgro-
o bee]nnstimtc. It has been known since 1934 that if a
lggxca_l flashed rhythmically in the eyes, at around 10 c:.’s,
light 15 aat a similar rate can be recorded from the posterior
l-esp?ni‘ctsl S i1éud If this is done at a {requency appropriate
P bl';ct as.found by trial and error, and partxcular}y
2 the su Jrre,nce of the flashes 1s made to have a certain
if the Oc.l:'ut'onship to the respornses, then the latter may
phasc f‘c‘ : :lxmp]imdc and spread, or develop into char.acte_r-
!nc'reusfkl:ﬂ tic f¢r1115, sometime; culminating in an epileptic
i:ltl;cipl'ﬂf)c exact frequency and ;‘hu;c required to produce
- ’ s be highly critical. '
sugrh} . Zzzgﬁgsmgiil to be discussad is the interpretation
of tli: record, and, in particilar, how more cax;_ be leagnt
from it than simple inspection and plotting of reqfuenmesf
will allow. The possibiiities of, and n_ced for, some orm ‘o‘
frequency analysis were early apprcptated, although it was
obvious that the variation in amplitude of the presenting
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rthythms made it impossible to represent the whole EEG.
by any single expression, as may be done for a continuous
unvarying rhythm. However, if any arbitrary, and neces-
sarily brief, period of time is considered it jg possible to
plot frequency compornents in relation to- this arbitrary
fundamental. This may be done graphically with infinite
tedium, or, as A. M. Grass devised in 1938, by mechanicalty
multiplying the frequencies to bring them within the range
of a commercial type of wave-analyser. These are precise
methods, and in practice not very useful, as they produce
answers for only small sections of the record, a few seconds
‘at the most, and time and cost do not aliow analysis of the
whole, or even of an appreciable part of it,
A first approach toward greater usefulness is to make the
analysis in discrete steps of frequency, rather than con-
tinuous. This allows the use of a number of circuits each
tuned to a given frequency in the relatiy
band with which the E.E.G. is corncerne
the amplitude of the output of any one
represent the energy at the correspond
primary E.E.G. at that moment, and it can be presented as
4 constant frequency - variable amplitude trace, To do
this for some 20 or 30 discre i

laboratory, but too cumbersome for ro
condensed form of presentation is ne
ficing precision to utility, Such a presentation has been
devised by Walter, and is in increasing use. An epoch of
10 seconds has been chosen, during which the energy at
each frequency is stored in condensers; during the suc-
ceeding 10 seconds the stored energy is released, frequency
by frequency, to write a histogram on the same paper as the
primary record, on which it is superimposed, Meanwhile,
a second sct of storage condensers is being charged, the
two sets alternately receiving and discharging every 10
seconds. With a display of this type it is Bot possible to
distinguish between a rhythm of amplitude x present for
the whole epoch and a similar rthythm of amplitude 2x

d. At any moment
of these circuits wil]

ing frequency in the

Cessary, again sacri-
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1 ' ¥ i vey any informa-
esen the epoch; por does it convey :
fi:)n o;f?;eh;gase rejationships of the several frequencies.

The apparatus must not, therefore, be divorced from the

: in conjunction with 1t, by virtue of its
fer]gii?s?nc;lrigig?tc;?\ addJ significantly to the value of the
EEG. E.G. recorded from the scalp Las

Althouf " ;h:olzll;)?:ri‘)lliomin ue to make, its contributions
made, alllyc:t:lcr understanding of cecrebral physiology and
to the it is largely from experimerits on the exposed
pamoloy' in that most advanees can be expected to come.
anima bm':hc human brain is not infrequently uncovered
However, ting theatre and its electrical activity can then
in the op_er;i with fruitful results not only in the more
be examlﬂt_o;‘ of tumours and, in particular, of epilepto-
cract oy :mt also in the precise topographical representa-
genie f(;m(;cﬁon. Incidentally, it is confirmed that the E.E.G.
tion of ; d from the scalp is a true picture, the main <_11ﬂ'er-
o rec.;,;l;n; a ten- to one hundred-fold increase of amplitude,
:ﬁ?eonsequcntly of detail lectroencepbalo-

its brief life of some fifteen years ele phalo

Inhltshas attracted the attentions of the overcntl_mSl‘astIc
g’ff,ge sensation-monger (how often has one :zid, ‘No,
an; t a lie-detector’!), and in the eyes of some bas been
Hise :gitcd thereby. Nevertheless, it has a solid record of
dlSC.l' ent and has produced a body of new know!edge
acm‘.:vel;c' in no other way. Although it has established
gbtuma useful clinical aid its brightest fu?urc probably
E::ui'naih 2 help which it can give in elucidatlnkg that 1;12?

's' pr he workings of his
fundamental of all man’s problems, t

own brain.
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Synthetic Fibres

R. W. MONCRIEFY

Tae description of a fibre as ‘gvnthetic’ is

those in which the poly
fibre are synthes:sed
Fibres which are 768¢

i i ing them a
ulose or casein, by d1§solxxng ' :
:zlflili{on into a precipitating medium, are described as

‘man-made’ Of

as viscose, Ccupl
"~ cascin, soya bean.
properties ot the

naturally in WO

they are not trul

od, cotlon, scaweed, milk,
Iy synthetic. But within the

applied oaly to

meric molecules which compose the
from simple chemical substances.’
nerated from natural polymers such

nd extruding the

‘artificial’ but not as ‘synthetic.” Such fibres
ammonium, cellulose acetate, alginate,
and zein ali depend for their fibrous
jong polymeric molecules which occur

soya and corn;
last twelve years

a considerable nuniber of fibres have appeared which are

built

made synthetically: nylon,

and Orton.

BRefore a substance can
it would, for example, b

synthesise penic

were thought to

Vinyon, Velon,

Fibrous Molecules

up from simple chemicals; in these the polymer is

Terylene, Pe Ce

be synthesised, it must be analysed ;
ave been quite useless to attempt to

illin untit analysis had revealed its constitu-
tion. So it was with fibres. Twenty-five years ago fibres

simple design. The first real insight into

solids came from the X-ray d

out by Laucan
were made on
revealed the d
the arrangemen

This method

be complex and irregular bodies with no

the structure of

ifiraction experiments carried
dW.H.and W. L. Bragg; these expeyimcnts ,
simple crystalline bodies and X-ray ghagrams
jmensions of the molecule and by inference

t of the atoms in the molecules.

of analysis was extended b

y W. T. Astbury
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to fibres, and the outstanding discovery emerged that the
molecules that made up wool, cotton, and other fibrous
materials were themse]ves very long and Very narrow; in
other words they were ‘fibrous.” It is a characteristic of
natural fibres that they are al| long in relation to their
breadth, and, in the cases of cotton, wool, flax and hemp,
the fibres are on the average 1,000 1o 2,000
they ate broad. Just as it needs reasonabl
spin into a good yarn (cotton with a fibre le
~ }inch is almost impossible to spin), so a
good fibre is that the constituent molecule
be very long. The long narrow shape of t
a reflection of the long narrow shape of

y long fibres to
ngth of less than
prerequisite for a
§ must themselves
he natural fibres js
their molecules.

new fibres, — synthetic fibres, They r
Fischer, attempting to build up proteins, had combined

nineteen molecules of glycine together to give a polypept;
Could this work be extended to p; e Polypeptide.

X Bive very much lon
+ molecules? Fischer had found jt by no mear:s casy to b ug:é
up his relatively short polypeptides ang thirty or forty years

istry pf very big molecules, of poly-
mers, had been neglected ; if ap experiment produced ap

insoluble, infusible, noa-crystalline and unreactive i
materi;
it was thought to have fgjf terial

. ed and the product was thfown
into the waste bin.

Carothers’ Superpolymers

W. H. Carothers, given a freq hand by hijs employers, Dy
Pont de Nemours & Co., realised that these ‘failures’

more closely allied to such everyday materiajs gq wood,

times as long as

fibres than were the crystallipe, soluble, and .
;::tl;: c:)l:l‘:cnts of the bottles on the chemists® shelves; and

‘he deliberately set out to make polymeric substances, He

i took a substance which had a reactive
reasone‘i ::ti‘:l:e;f :.l:d of its molecules, two such molecules
grou;:! : mbine to give a molecule twice as long, and still
w?ul - tive group at either end. Then two of these would
with 2 mc'th each other, and by such a continued process
combm; Wi very long molecules would soon result. Carothe'rs
ofdout lfh%t when such a substance as e-hydroxycaproic .
szt%wsvdas suitably heated the molecules joined_up in the
a

following way:

Ist Stage : |
N CHy)s COOH ~—> HO (CHy)s CO.0
HO (CHa)s COOH 4 KO (™ ko

2nd Stage
COOH ~>HO (CH,), CO.0 (CH,),
2 HO (CH €0 0 850 (CH,y, COOH +H,0
Eventually very long molecules with the formula

HO [ (CH;); CO.0 )nH

where 2 was a relatively large number, of the order of 50 or
ed.

60}&?: Ig,:: fl?;?use relatively long molecules may some-
times unite with still relatively shoyt molecules, n is not
e ily an integral power of 2; it would be so only if
necessart yok lace exclusively between molecules o'f similay
reaction tom r;‘hc molecules have linked up to give long
c'ham lenlgm;:rs and when these polymers exhibited ﬁbre.-
linear po ,):opgn,ies Carothers termed them ‘super-polymers’,
foﬂmnisnlc)lication that they were very long indeed. If the
as lan ers were made from a hydroxy-acid they were super-
polyg;ters as they were linked up through ester groupings.
p0’1¥hc ﬁrs't success in synthetic fibre formauox} came when

. hemist on Carothers’ staff poked a glass r9d into a molten
::perpolyxhcr and observed, doubtless to his astonishment,

SYNTHETIC FIBRES 43 0%
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that when he withdrew it a lon
and rapidly set solid ; and, still more surprising, even when
it was cold and solid it could be stretched Jjust like rubber to
about four times its original length, but, unlike rubber, it
did not retract to its original length when the tension was
released. Before it was stretched the filament was dull and
rather weak, but afterwards it was strong and lustrous.
These changes were brought about by orienting the mole.
cules parallel to the fibre length, the oricntation being the
molecular accompaniment of the physical-stretching of the
fibre. The logic behind the work was vindicated ; if suffi-
ciently lome molecules could be built up, the products would
be fibre-forming. The superpolyesters gave fibres, but the
fibres suffered from the disadvantages that they were not
very stable to chemical attack and that they had such low
melting points that trouble would inevitably have been
experienced in ironing fabrics made from them,

Superpolyamides
It was found that if instead of usin
starting material, an amino-acid wa
known as a superpolyamide — w

If, for example, €-amMino caproic acid was used, the ultimate
polymerisation reaction could be represented

nNHy(CHp)s COOH  ~— H [.NH (c

_The polymerisation, or condensation, is carried out at a
temperature of about 280° C, eithe

: rina good vacuum orin
. nitrogen atmosphere. The final product melts at aboyt
220° C. '

g a hydroxy-acid as the
s used, the product - now
as free from these defects.

2): CO-1» OH +(n~1) H,O

Nylon 66

Amino acids are relatively difficult a
and, probably largely for this reason,
-of making polymers from diamines
of which arc more readily accessih
pounds most suitable in this res

nd expensive to make,
the device was adopted
and dibasic acids, both
le. The particular com-
pect are hexamethylene

g filament came out with it
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fornd ipic acid : each of these compounds contains
qlamf;:x?if;lneca:?dc;n be made from phenol, a cheap
mdcal iful raw material. For this reason the polymer was
and p'e? 66" The name ‘nylon’ was comc.d for it; it is
:n;f:vonnizslls a;'nd the ‘on’ ending has a textile flavour (¢f
u
co;;o:ébﬂgﬂgéid COOH (CH,), COOH i‘s cog?gr}s(e_:c]ie;ﬁ;h
iami roduct is ‘nylon . ,
hexamet.hykifl‘; %g:;;n?e:;hps %df the intg’rmediates a large
by varym% different nylons can be made; very many have
""mberg but 66, the one first made, has still the best
been m?j ;}opcrzies’; though for bristles the greater rigidity
:gﬁg:,er moisture-imbibing power of the 610 product are

preferable.
The Manufacture of Nylon

Phenol is the starting material; it is catalytically reduced
with hydragen to give cyclohexanol

C;H;OH - 3H; —C H,.(?H »
The cyclohexanol is oxidisgd with pi}nc a!gafj, which breaks
the cyclohexane ring and yields adipic acid:

OH COOH
CHO}
' CH CH, COGH
CH, .
clu., | a0, - ‘ L ’ C OO
CH, .
CH, CH,
CH.
\cn, e
Cyclohexanol Adipic acit

ipic acid 1 j the amide, thence to the

ic acid is comcr'tcd Lo nide, ‘ ‘

T'ht:ﬂ:(triich is reduced with hydrog;n in the presence of a
:«l)balt catalyst to hexamethylene diamine.

c°,?i-’pi‘cc e €00 Adipic amide
CN (CHg)CN — NH; CH, (CH,), CH, NH,
Adiponitrile Hexamethylene diamine
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The hexamethylene diamine ap
dissolved separately in methanol,
are mixed, the salt hexamethylene
precipitated in a pure form, It i
reactants in polymerisation reactig
impurities may sometimes block ¢
and interfere with the course of the reaction. The nylon
salt is further purified if necessary, 1t js then heated with
water under pressure at about 220° C_ . the pressure is used
to prevent loss of volatile diamine, the waier to secure a
uniform melt; once the early stages of polymerisation are
cffected, the pressure is released and the temperature raised
to 280° C., heating being carried oyt under an inert atmos-
phere, to avoid the decomposition which occurs if nylon is
heated in the presence of air. A it is Tequired to have a
product with a moleciilar weight of about 12,000, a stabilizer
a trace of ‘impurity’, is first added tq prevent the reactjor;
going too far ; acetic acid is the stabilizer used. If a dulf yarn
matt or pearl, is cventually required, 1 or 2 per cent of
titanium dioxide, a white powder wit

h excellent cover;
power, may be added at the polymerisation Hage. ering

When polymerisation is compilete, the moiten polymer
which in appearance is like molten glass, is extruded throug}’x
aslotin ribbon form on to a conveyor belt Jitis Immediately
quenched with cold water sprays to reduce the crystal size
The ribbon is broken into chips and these are fed intg z;
spinning machine, in which they are melted and extruded
through very fine orifices. The streams of molten nylon solid-
ify en emergence from the orifices into the air and form nylon
filaments which are wound, stretched or ‘cold-drawn’ to
about four times their original length to

b give lustre and
strength, and then are ready for normal textjle processing.

d the -adipic acid are
and, when the solutions
diammonium adipate is
$ essential to use pure
s as small quantities of
he functional end groups

The Properties and Uses of
-The uses to which a textile fibre can be
by the propertics of the fibre, so jt wi
consider the two together,

Nvlon

put are determined
Il be convenient to
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] : ity is about 5.5 grams per deaier;
Nylon lsfs:&‘:t’:; tl?::.c' vtvyould just break under its own
a Jgngt.hlohas a high elongation (22 per cent) at break, and
weight. 1 1| from strain, i.e., it is highly clastic. Even if it
Tecovers "f: tains most of its strength, a most unusual pro-
ts kno.tted ltrrcemg textile fibre. These propertigs have made it
yina s itable for use in parachute fabric and harness,
rticularly It can also, because itis so strong, be used
and for tow;o:i?,: (gauge) and this, combined with its excel-
in very ﬂ?e' cmakes it'admirable for women’s sheer hose. .
lent elasticity, of hydroxyl groups in its structure m:_akes it
The abseilnce oscopic than cellulosic fibres an'd yvtule for
much less Y87 such as plastic waterproofs, this is advan-
bome purpose:,;oisture absorption is not in general helpful
lageous, low arel, particularly underwear. It has excellent
in s use for apt?rasion and in the staple form will probably
‘”isuimce to&l wool; the admixture of 10 per cent nylon
be mnx?d g se the lc;lgth of life of woollen socks.by 50 per
should l['m‘eamuue: from attack by moths and mildew.
cent. It s ™ 1 resistance of nylon is excellent; even hot
The Chmmmolutions of caustic soda have little e‘ﬁfect on
c°“°em.ra.t°dt§ble to dilute acids. Its chemical stability pas
it, and it I8 :‘ul for such purposes as filter cloths, chemical
made it- u&]c thing and fellmongers’ brushes. These last are
workers C.ot the insides of the skins of slaughtered sheep
used to PRI loosen the wool and make it easier to pull
with alkal tobristlc brushes which were badly attacked by
off; fom-!crly ¢ used and lasted only a few weeks, but nylon
the alkali wer Imost indcfinitely. Nylon is a versatile ﬁb}'é
brushes last * be no doubt that it will invade most textile
and ther? calt‘advantagc is that modification of its physical
fields; a-ﬁ possible by suitably modifying the inter-

gm from which it is made.

Elastic Nvlon
An example of this modification is to be found in elastic

nylon. This resembles rubber in its stretching and con-
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tracting powers. It is made from sebacjc acid, hexamethylene
diamine, and N-isobutyl hexamethylene diamine. The
presence of the isobutyl groups prevents the long linear
molecules lying so close together and reduces the cohesive
forces between the polar groups of .the nylon molecules.
When the elastic nylon is ‘cold drawn' the molecules
cannot arrange themselves so compactly and, owing to the
distortion that takes place in the side-chains (the isobutyl
groups), no stable molecular arrangement can be taken up,
so that when the tension is released the elastic nylon reverts
to its ariginal shape; it contracts as rubber would,

Terylene
Although Carothers found that his
low to make satisfactory fibres, more recent work carried
out by chemists of the C.P.A. in this couittry has shown
that a satisfactory product can be obtained by condensing
terephthalic acid with ethylene glycol. Because methyl
terephthalate is more easily purified than terephthalic acid,
the ester is preferred for use in the polymerisation instead

of the free acid, but the fina] polymer is the same. The
reaction may be resresented

COOH O QOOH  + HO (CH,), OH —»
Terephthalic acid Ethylene glycol

COOHOC0.0(CH:); OH + H,0

and ﬁltimately on further condensation to the polymer

io [ - oc Q— €00 CHmO - |, u

which is Terylene, This fibre has a melting point of 245° C.,
not quite so high as that of nylon 66, It is meit spun and
coid drawn. It has a high strength, of the order of 7 grams
per denier, but is more resistant to water t'han qylon and
has so far proved more difficult to.dye. [he mglusnon of the
benzene rings in the structure will make this fibre more

polyesters mcited too
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nflammable than nylon, but in other respects it is generally
inflam
similar to nylon.
Vinyon . o
d by ‘condensatio
d Terylene are forme !
Whereas ﬂ{ilgr‘:, aiI:\ whic);l water or some other i;na:llﬁ;nfc;l:g
po]ymcnS? nce is split off, Vinyon and some o ] ein which
cular substa made by ‘addition polymerisation’, -
polymers ;Tleis split off. Although Vinyon fibres are very
no chemi

imilar in respect
i from nylon, they are simil:
diﬂ'erept Chemé;?il: molecular structure ; this is the _factg:
of th:l:“; 1r?1r:igncs whether a material will be fibre-forming
that dete

de by
ot shortly after nylon._lt was ma

Vinly on;g?f;rseg —v e93 per cent vinyl chloride with 10-12
co-polym

i in is built up by

. The polymeric f:ham is
l:x:;stanccg together in the presence ofba
tuminiem chloride. The reaction may be

per cent vinyl ace
heating thesc two
catalyst such ash§ way ‘

septed in (IS Way CHCL + ..
represepte H, - CH,:CHC1 + CH, _
CH’:CHClﬁ:CH{/:ig;{l(;chg * “Vinyl chloride  Vinyl chloride
Viny! chlors

C1.CH,.CHO (COCH;).CH,.CH CI.CH,CHC ... duct
- CH.CHCLOM has grown sufficiently long, the pro uct
When (he ch“_":i t first these are only weak.brittle ﬁbresi) ut
will give fibres; correspond to a molecular weight of a Otlll
when the chains are strong and are spun into Vinyon. The
20,000 the ﬁbl‘cst from the melt, but like cellulose acetate
fibre is sp:::mf;i solution. After spinning, it is stretched to
from an &

a fibre. The outstanding features
. . high strength on the
confer a hig

its ex nical and bacterial resistar_lce,
of Vinyon ar?tl:iii;:limfi: }fliﬁtr‘e]rcclolhs, protectiv.e clot!ung.
which e ke :c Its low melting point and poor dimensional
ins;‘i:;itl;‘:ti‘: ;ot. water have militated against its general us’c
sta . ' ‘
for tragjui%%eziex;gfn?,u?si'sn as Vinyon N, ha§ more
Antllmb}?:"n made by co-polymerising vinyl chlom!c apd
::ﬁ;lll c;aniac (also known as acrylonitrile). The reaction is:
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CHa:CH Cl 4 CH,:CHCN + CH,:CHC; + CH,:CHCI + ... —»
Viny! chloride  Acrylonitrile Yinyl chlaride Vinyl chloride
- CH,. CHC1.CH,. CHCN.CH, CHCl.CBQCHCI

: Yinyon N

Vinyon N has a higher melting point and much better
dimensional stability than the earlier Vinyon, as wel} as a
high strength of 4 Erams per denier, and wilj probably find
a wider range of outlets. Because of their extreme resistance
to moisture, these fibres are as‘strong wet as dry, but aye
very difficuit to dye. Perhaps the most satisfactory method
of colouring them is to incorporate a pigment in the poly-
merisation mixture. Vinyon polymer is made by Carbide

and Carbon Chemicals Corporation and spun by the
Ametican Viscose Corporation,

Saran

Saran is a co-polymer made by
vinylidene chioride and vinyl chloride. Both these inter-
mediates can be made from cheap sources — sta water and
petrolenm. The reaction is again one of addition poly-
merisation

the Dow Chemical Co. from

CH, {CCl3 + CH‘)'ACHC‘ + CHQJCC“ -+
Vinylidene Vinyl Vinylidene
chlorids chloride chloride

- CH,L.CC1 3.CH..CHC? ~CH3CC]\ e

i

When the chain has grown so that its mojec
20,000 the product is saraq. It can be spun fram the meit
into a yarn known as Velou, which is characterised by great
resistance to chemical and biological attack and which, on
account of its high chlorine content, js practically gog-
inflammable. At present, Velon is slightly vellow and og
exposure to sunlight darkens slightly. It has found con-
siderable use for upholstery, particularly
Like Vinyon, it is extremely resistant to w
dye by ordinary methods and probab
polymerisation.

for motor-cars,
ater, difficult to
¥ best coloured during

© stated to includ

ular weight is .

“inferior in resis

" . C T -, ,.: - ','.,\%m
SYNTHRTIC FIBRES ‘19 =
Pe Ce

‘ t saran has a very 'high chlorine
It will have E:;?lc‘:?.ht?: it:fhis respect was similar was ::a:]!e
content A P ns. It was called Pe Ce and was appar ﬂna “}‘r
bysc:!h?-fe;&;e .fpfm) for the manufact::r %‘1 en;:la;duct
u ! g in rsonnel,
uniforms fo¢ ‘g? s[;;ﬂl:gaiixgszx F;Ioride in iezrachiort&
was made ating it until the chlorine content rose ho
thane and chlm;lps increased chlorine content renders 1 ;:
&4 per fzgfy [Tor:-inﬂammable but also acetone-soldble, an
fibre no

it was spun from: scetone solution.
i

Orlon

nt de
i fibre has recently been announ@]byigj?ePc
N ne;': & Co. It is essentially a polyacrylon
Nemours ~o.

~ CH, CHCN, CH. CHCN. CH,. CHCN ...

ution. Apparently 3§s manufacture was
d?:g St;le discovery of a suitable solven:ef;z?;
delayed, Pt be spun. Solvents for the polymer ase |
which it col0 ¢ diﬁ:é&hyl formamide aad m- and p—mtro;
o e camed hat i conus Fare
-5 in staple fibr ~HKe.
it %E\:irl;eg;nﬂ?s per dfnier, wet slrengthdkj egrrallr::
dry streng ] ~d.!oop‘3 4 strength 3.8 grams per det 18 3
per denicr, an ¢ 20 per cent; its elastic recovery is S per
elongation is abou ;t elongation. Tt *sticks’ when ironed at
cent altera d Pﬂffg s mﬂ;er low. It is a light fibre with a
190-200° C., Wh‘;; l18. Tt is svitable for outdoor purposes
specific gravity Oc z;n d a haif years’ outdoor exposure ’x:
as even aftef Ofo‘cm of its strength. It has fair f:hfemxcjx
retains 77 per o good in this respect as nylon, it is also
resistance ; B fance to abrasion. Uses to which 1t is ex-
be put include: window curtains and shades,
pected 1o ; ic, rainwear, outdoor lackets _and sports
umbrella ;ﬂ rs ,shirts, ‘blankets, ties, woven hngerne'ar\d
clothti“fi'bdgs filter fabrics, tents, tarpaulins and awnings,
trico '

and is spun ff

phcnols.‘lt I
form it is st



.
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car tops, outdoor furniture, nets
with wool in socks. This is an
time will show that it has
of these purposes.

It will be seen that although it is on]
nylon - the first synthetic fibre — v
ggvelopment has becn made in this

res are already important from the j it
mercial standpoints; thousands of dlilz’elrne(rilltjs:;lndtlh:gd fc Em-
have been mgxdc experimentally, and it is éafe to ; 1 ot
that there will be more new fibres produced o I?rLd‘lCt
dustrial scale within the next few years, It scem*n an"m-
that speciﬁcd_ physical properties can be obtained bb pqsnblc
§elect1ng the intermediate products from whic}; 1hr-y Sul!tably
is to be made. One fibre will be best for onev oy
another for a different purpose, and so on. For }\):;pg::‘

ticular use it should so i .
fibre. on be possible to make the ideal

‘ambitious list and probably
peculiar advantages for only some

as introduced, rapid
field. Several other

and’ cordage, and mixed’

y eleven years singe

the Transit ins

The Calendar

W, A. PRICE

SiMpLIFICATION Of the Calendar has often been proposed,
and the proposal is being prcssec_i at the present time. A
note on the history and construction of Calendars may be
of use. . bscrvations of the passage of
Sidereal time depends on observations of the passage o
stars across the field of a transit mstrumens. ’_fhcsc form a
perfect regulator for such clocks as those which dnve. the
equatorial telescopes, and less directly for other time-
pieces. The interval between two passages of any one star is
a sidereal day, divided into hours, minutes and seconds: an.d
other periods are comparable with one another by their
measures in sidereal time, an absolute scal: for the purpose.
The Calendar is concerned with the Sun’s movements and
depends on two periods, the Solar Year and t!lC Solar Day,
both of which can be determined in &dergal time, The solar
ear is the period in which the Sun d:scrnpcs its whole gath
in the Ecliptic, and returns to the samc point as seen against
the celestial map. It is constam from year to year, and the
equinoxes occur at fixed sxdc_real times, The solar day is the
tween two SUCCESSIVE passages of the Sun across
trument. [t varies from day to day, indeed no
) s are exactly equal; but an average period
zgl?esotlger :,1?3(1 Solar Day (M.S.D.) can b.f caleulated and
-« constant. Our clocks and watches show 24 hours to each
lhs,fch and the Sun is ahways due south of any place at
ab.m;t 12 o'clock, midday, noon of local time. The solar
year is 165.2422 mean SOIE’H‘ days, i.c., 365 days, 5 ho.urs,
48 minutes, 46 seconds of aur clocks, The _Ca!cndar s a
numbered list of mean solar days and with a number

period be
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denoting the year provides a date for any event past, present
‘or future.

Among such events are the solar equinoxes; and the dates

of these should be, as nearly as may be, the same in the -

calendars of the several years. Seeing that the lengths of the
solar year and the mean solar day are incommensucable,
to effect this was a problem that needed solution. The
Greck astronomer Sosigenes gave the answer to C, Julius
Caesar. Since 365 days is a little less than 1 solar year, and
366 days a little more, two kinds of year must be used, viz,
one of 365 days (a common year) and the other 366 days
(a leap year) respectively, Some arrangement of these
should reduce the anpual displacement of the dates of the
Equinoxes to 4 small amount. The folloving systems have
been used or proposed, the average displucefmnt of the

equinox in each case being under the heading, Mean annuat
efrof.

Mean annual epror

M 1 leap year in every 4 wears {1 min. 14 Sec.

(2) 7. e w290 } min, 8.3 sec.
8% 3? “ noomow 330 19.4 sec.
o o “ »owmoow 128 1.08 see.
e a »ono,, 400 25.9 see.

) 132, 545, .. Imperceptible.

Arrangement (1), the Juljan Calendar, arranged by Sosi-
genes, was started on January 1, 46 B.c.: and subject to

correctior} at two subsequent dates has continued to be
followed in Western Europe to the present day.,

The accumulated error was corrected in 325 AD. by
Constantine the Great at the Firsg Council of Nicaea, three
days being omitted from the calendar.

Errors were again corrected in 1582 by Pape Gregery
X111 (a step in the counter-Reformation) who directed that
10 days were to be omitted from the calendar, and that
after the year 1600 three of the leap years of the Julian
system in cach period of 400 years should be common
years, viz. the vears 1700, 1800 and 1900 ; 2000 haing a leap

“the ann

. year as before. This system, (5 is the Gregorian Cal

i the Roman Curia in 1582, it was
:ndarb In::imit:dE:giand until 1752, when 1] 'days were
i ae;v 5‘, om the English Calendar. Old Style still operates
o sor v:'a s. The common fields of the manor used to be
or son:‘ef r yr'azing on Lammas Day, August 1. Under New
gf;l?dﬁ: bgcame August 12, on which date the maors are
s i use shooting.
snlIUa:a;lagllg ‘:t;lger?he financial year began and ended on
M nhezs New Style made this April 5 as it is now.
'ilrhcough' systems (3) and (4) have ad\antz}ges over the
Gregorian system (5), the last serves all practical purpos.ei,
e would be troublesome. System (6), under whick
and chang, error practically vanishes, has no useful signi-
fi usii stems (2) and (3) were invergtgd by a Persian,
cance: hy am, the famous mathematician, astronomer,
Oxpar Khagy and’ poet. He was appointed to be State
philsop eb the Seljuk conqueror Alp A{slan, and the
astrqlogefl gdar of his construction was introduced by
f[f; Sétl]‘t:: gf Khorassan about 1078. In this system three
epochs o i arkably exact system {(4). By what
the whoc};:;:mgggi:’hge ;:?:hcr tclgscopic sighfs nor modern
means a8 z’xhle to observe so accurately is not }(faown.
chhogk’;,m::it Circle was his one instrument of precision.

f system (3) were followed by one epoch of No. (2);

T
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PRysics TeLLs Wy b
1947) 16/-.

Most books on Physics for the layman concentrate on
the probings of the atomic nucleus, or on the philosophical
implications of Indetcrminacy, orof an expanding Universe.
Here is one which instead Sets out 1o explain the way things
work — telescopes, polaroid filters, rockets, radio, musical
instruments, motor-bikes, thunderstorms, angd SO on; and
does it excellently. A great deci of it covers ground already
trodden by a General Science course in schools, and if is
price makes it too expenave as g textbook, it should ag
least find a place in the library, SLC

ATMOSPHERIC TurBULENCE by O. G. Sutton {Methuen's
Monogruphs on Physical Subjects, 1949) 16 -,
Professor Sutton s already

readers of Science News, and 1hi

detail and with the precision aid of mathematics the sub-
ject matter of his recent article The Restless Wind, Tt is
likely 10 be of interest 1o meteorologists and physicists,
rather than to scientists in gencral, but should be withia

the reach of senior sciance students in sixth forms, if of
rather specialised appeal. SLC

Y Overton Luhy (Alien and Unwin,

well known to regular
s book covers in more
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i i thetist,
atified ically in 1936 and trained as an anaes )
W. 4. Cobb au xk“c‘eddx‘rfa a ;eaddnjuries hospital, and, not ha}»(rgng
During the war he wome study of EE.G. in 1942, He is now :or_ mﬂg;
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o e f a standard textbook, The Corup \
Weekly; and author o

i al i 3, educnted in Paris
. T in Momrc.a} in '187 . k ;
Fdix-d H”e”gdwatsorbgt Montreal University. lfh was Fmi':;:c:rn *10;
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den (192§-3}, and | R A
Professor at Ly inued working until his death i e ,
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to Paris, where he co
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Sir Harold Spence: ag(j;rxpia F‘ yi:“ Sr S;Sm ¢ School, and Jesus Collegeg
1933. Hc was e:duc-';c ok bath the Mathematical and the Natumd
Cambridge, where 14 was (hen elected Isaac” Newton S(udcn:, ;g}
Science Triposes, aT;td méde a Fellow of his Co{lege. l‘fmfn lgr -
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1945-4§ he was i the synthesis of new fibres, and on the relations
originat mﬁ:aé::no,nca) constitution and physical properiies of fibres.
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A book on Mothproofing is in the press.
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R. D. Preston is a physicist who has worked in a botany department
on the molecular structure of plants since 1929 In 19325 he was an
1851 Exhibition Feliow and in the following year a Rockcl‘clkfr
Foundation Feliow at Cornell University, US.A. At present he is
Reader in Plant Biophysics in the University of Leeds. He is 41 years
old,

Institution and Professor of Bacteriology in the University of London.
He is the autbhor of numerous scientific papers, the discoverer in 1910

of the first vitamin (K) known to be needed by bacteria, and discoverer
(in 1915) of the bacteriophage.

G. P. West is a velcrinary surgeon and an associate member of the
Guild of Agricultural Journalists, After six years in the Army and

18 months in the Foreign Office, he is now on the staff of the Naticna)
Veterinary Medical Association,”

ray crystallography.
subject ; he has also

on and at the Rocke-

feller Institute: at present he is at the Natjona] Institutes of Health

at Bethesda, Maryland, His recent work has been in g field quite
different from hisg earlier crystallographic studies, and in contrast o
their severcly theoretical nature, has involved most elegant experimenta)
techniques, soms of them developed by himnself; it consists in the study
of the structure of very small living organisms, such gs bacteria,
bacteriophage, and viruses, by means of the electron microscope,

GLOSSARY

ANISOTROPY : The possession of different properties in different
directions in space; for example the property of 'expandmg more
in one dimension than another, asymmetricaliy, when evenly

heated. '

" DAMPING: Rapid decrease in the amplitude (magnitude) of »

vibration.

DenNiEr ; A textile unit, the weight in grams of a 9009 metres length

~ of a yam or filament. For example, a 150 den;cr rayon yarn
weighs 150 gm. per 9000 metres, or 60 metres of it weighs l.gm.
If the same yam is composed of .'{0 filaments (usu_ally written
150/30) each filament will be § dcpxe_r. I{ a 150 denier yarn just
breaks under a foad of 300 gms., it is said to have a tenacity of
2 gms. per denier. .

Lysis: The fact of dissolving: thus hacteriofysis, ithe disso{utigm of
bacteria, /ysed, dissolved ; lytic, having the property of lysis.

MiLLisECOND : one thousandth of a second.

: iety hi ith one or more new
MUTANT: A new variety of living thing, wi
inheritable characteristics not possessed by its pafents or forbea'rs.
The new feature appears suddenly, spontaneously, as a special
change or mutation, or ‘spert’.

POLYSACCHARIDES: A great class of cpmplcx chemical substa.ncg:s
produced by living matter, characierised by the jpresence thhl_n
each molecule of a number of combined sugar mol§c11_les, or the_xr
close chemical relatives, as can be shqwn _by (heq isolation in
pure crystalline form after hydrolysis (_d:gesnon, splnur.:g up with
hot acids, or with enzymes) of the given polysaccharide. Thus
starch (which yields glucose), cellulose (glucose and other sugars),
cartilage (amino-sugars), are three examples of the group.

PusTuLE: A tiny spot in the skin, a small pus-containing swelling.

TracHEID: The elongated fibre produced by a plant cell of a higher
plant. If it enlarges and becomes hollow, it forms a part of the
water-conducting system of the plant; if it becomes ereatly
thickened unil it is almost solid all the way through, it forms par
of the hard woody skeleton of the plant.
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