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EDITORITAL

THE last fifty years have seen astounding advances in scicnlm?11
and particularly m physics. It we loolv.( back beyond the mf
century a further six years we survey an 1mmcn’se dcivelc;plment of
basic knowledge about matter anq the fun,damu.]ta 89asws }(])
nature. The electron was discovered in 1894, )\.-rz?ys in 1 ; ]i ‘t €
year in which Marcont first succccdcq in t.ru.nsnmtmg‘ by wire t;s-d
and 1896 saw the discovery of radioactivity: and 5'0 to mo ?.n
atomic theory and the atom bomb. Profcssqr Ma:Boin l,n, n‘§
rapid penetrating glance over all thx's recent hlx}tﬁry s.ww; \\‘lidt 1
remarkable amount has happened in a 's'hnrt tn.nc. and mdlu.ites
S f the lines of future growth. Wireless is fme such line,
o ‘O t to study the higher regions of the earth’s atmosphere,
::::1] i'rllriadar; um'l now m‘thc ~tudy of molecular sll“ucturc‘t)n lhc
one hand, and of stars on the Qtlmcr. In ‘fact ra«.ho-t.cleau‘)pﬁu,
which detect the emission of r'tsdm wares from Pomts l? tl?u sky
as ordinary telescopes detect light lrgxll the sl;ifs, are Jeading tf)
the discovery of radio-stars, nqt hitherto obsgrlvcx‘l, and to .d
whole radio-astronomy \\-hich.wlll reshgpc ‘our. 1deas Of th‘c Un']-
verse. That is one of the subjects Dﬂ\’ld S. l;v;‘ms d|§cusscs in
dstronomy To-day. As well as rc;l%‘hlng out across lhev light-years
to probe- nebulae, physicists still have plcnt_\.' of problems
nearer home, as R. D. Connor shows as he discusses current
ies ightning.
lhcliolj:cisf(t)lf\:filr‘st h;;h' of the twentieth century has b‘ccn thlc If\ge of
Physics, the second halt promises to be an Agu of Medicine, an
;u_{(:‘ which has indeed alrcady opcan. Penicillin, .sl.':cp.tmnycm,
c;ﬂorom_\'cctin. aurcomyvin. tclrram)cm ...\t.he le?(lblgthS made
by moulds and so effective against a host of infective ’\]I‘S‘CQSCS are
all less than ten vears old and have chunged vthe f;ac.c of medical
practice. Cortisone and A.C.T.H. (adrenocorticotropic hormone;,
which produce such dramatic effects in the treatment of rheu-
matoid arthritis and may prove valuable also in other discases,
arc leading to new general ideds in the theoretical basis of
medicine. The study of hormones. the chemical controllers of the
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INSTRUMEN1S

There are at the present time a surprising number of new
telescopes under construction or being designed, and several
more which have recently been brought into operation. Of the
Jatter the most famous is the 200-inch telescope on Mount Palo-
mar in California. Final tests on the mirror of this instrument
have recently been reported by Dr Bowen, Director of the Mount
Wilson and Palomar Observatories, and it may now be assumed
that the teething stuges of this telescope are past. This instrument,
the Hale telescope. is not only the Largest in the world, having a
light grasp almost four times that of the 100-inch Mount Wilson
teloscope and o capacity for resolving detail which is twice as
great, but it is also one of the most revolutionary in design. The
instrument has been described so often that itis hardly necessary
to consider it in much detail, but some of its most striking
features must be noted.

“The first of these is the astonishing thinness and flexibility of
the mirror. The mirrors of most large telescopes are just huge
chunks of Pyrex glass in which care is taken that the thickness
of the mirror is not too small for its diameter. The usual minimum
is a thickness of one-eighth of the diameter. A mirror of this
type is then supported in a celi provided with a mechanjcy]
flotation system, which usually takes the form of 3 compley
system of coun»tcrbalanccd levers z.md.pads. These supports gl
act on the outside of the glass, which is so rigid that the mir or
will not sag and lose its form under its owp weight roj
the preservation of the same proportionate dimen o
of Yarious sizes means that the weight of the plags
r?pldly (varying as the cube of the dimCl]Sik)lls) \\"‘ \s_ INCreases
size. Thus, if a mirror of, say, 67 inches i, d ith increasing
about a ton and a quarter, a mirror of HMeter weighed
and of similar proportions would w $ this diameter
about 34 tons. The problem of mou €S as much, or
movable tube, in such a way tha h & huge toad in a
remained fixed to the ncccsé abaxis of the mir

Ceutaey, would be a

most severe one
to realize mech extremely expensive
great thickness of such

However,
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a disc (25 inches) would present severe thermal problems. The
passage of waves of high temperature through such a mass of
glass would be extremely slow, and, to put it popularly, the disc
would have a memory some months long of all the thermal
changes to which it had been subject. Since temperature changes
involve expansion and contraction cven in the special low-
expansion glass used for large mirrors, this long thermal memory
would express itself as slight distortions of figure which might
take months to settle down,

The 200-inch mirror was therefore constructed on an entirely
different plan. It has a ribbed structure, none of the ribs being
more than 4 inches thick, and no point of the glass being more
than 6 inches from a surface. This simplifies the thermal problem
but complicates the mechanical one.  Such a thin mirror is s.(;
flexible that it is no lonzer sufficient to balance out the external
stresses of the supports. It 1s now necessary to provide support
at a number of internal points. As an analogy we muay think of
a short train of trucks, the relative positions of which cun be
maintained exactly by means of the spring buffers between then,
But if the train becomes long these relative positions can be
maintained only by providing traction at several points along
the train.

These ‘internal’ supports are provided in the case of the
200-inch mirror by a system of 36 screw supports, cach of which
has to be adjusted so as to carry the correct proportion of the
load. With such a revolutionary system great care had (o he
excrcised, and when the mirror was tirst installed in 1948 the
shape of the outside zones had been deliberately left too high
in the expectation that the outer overhanging zone would sag
under its own weight. This in fact happened. but some furt-h‘c?
work was found to be necessary before the shape of the mirrc
surface as mounted in the telescope conformed exactiv 1o the 1;”
boloidal formwhich brings the reflected ruvs enaictly l;»u true fp;. d‘-

The second revolutionary feature is the north bearing o(f&tl;:‘
mounting, which is constructed m the form of a ‘”Silmi’; b ‘c
shoe to enable the tube of the telescope to be [;Oilllcd C\(:I:ILV
at the north pole of the heavens. This form of mounting is ::
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development of that of the 100-inch telescope (Inset, 1), which
consists essentially of a long rectangular frame, the short edges
of the rectangle carrying the pivots on which the telescope turns
east and west, while the tube itself is mounted symmetrically
between the long edges, and can turn north or south between
them. If the short northern end is straight, as in the 100-inch
telescope, the tube is limited in its northward movement, but
in the 200-inch instrument the northern end is. as it were, scooped
out into a horseshoe to allow the tube 1o lie paralicl to the earth’s
adis (Insct, 2).
The third striking feature is the provision made for observation
at the prime focus of the mirror, A carriage into which the
observer climbs is placed in the centre of the tube. The reflected
rays from the mirror then come to a focus between his knees
as he sits with nothing but the sky above him
the great mirror below him, and he is carried
as it moves to follow the

» and nothing but
with the telescope

: stars. Naturally the interposition of
this carriage cuts off some of the light to the main mirror, but

the proportion is smali, and the loss is less than would be
entailed if a small secondary mirror were used to reflect the
light to the side of the tube. These revolutionary features are
likely to be copied, with modifications, in the design of other
large telescopes.

A second instrument brought into operation at about the same
time was the 74-inch reflector of the Radclife Observatory at
Pretoria, South Africa. This instrument, of conventional design
would hardly arouse very wide comment merely on 8f0undsg f
size, so blasé have we become, but for the fact that it (;\)
largest telescope south of the equator. It s te fourth 1}s ¢
instrument in the world, although it will s00n be e _tlrgcsl
that distinction, but its nearest rivals SOUth of the cLpru.ed of
the instruments at the Harvard station at Bloemfo tq{Jalor are
Africa, and at the Argentine Nationga] Observato ﬂ c"‘],' South
It has, however, a considerable advantage in ?:}:l (ordopa.
power over both these instruments, and work ha,sls lt-\{;athcrmg
in progress for some time on the relatively ércady been
southern skies. poorly explored
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Two telescopes larger than this will soon be scen. One is the
Isaac Newton tclescope for the Roy:{l _Grecnwnch O?Tervatcl)ry
at Hurstmonceux Castle, Sussex. This mtrument ;vni/l .er:.p'oy
a 98-inch glass disc presented by thf: University 0 ' ichigan,
and will be of somewhat unusual dcsngp, for .the primary mxrfor
N be spherical. The focus of a spherical mirror is not perfect,
::lltl its ,Sigurmg is much simpler than the productiqr_x of a p::]rnl;
boloid. Used with a suiwble. small scconfiary mirror enoug
‘ f focus will be attained for feeding the sta.rllght into
A = while for direct photography a correcting plate ~
aspeclros;:ori‘:;;s on which has been ground a rather complex
4P _ will be provided to perfect the focus over a wide
S‘Ul'f'dCC f?rmsk This dual purposc instrument should provide
feld of t'l;Te og;:ralion and, probably one of the considerations
\'el:'y :i:\lc designers have in mind, great convenience in use in a
glir:fate where short breaks in cloudy weather may make up a

-atlable observing time.
sood ?::]L(i):kﬂr):bi;g:tory, Mount Hamilton, California, work
is :\r:dcr way on the consiruction of the dome for the new 120-inch
t.clcscopc, v:'hich will rank second in the world when completed.

Fig. 1. Fork mounting: the telescope turns east and west, and up and
down, as indicared by the arrows.

The mirror is to be ground from 4 flut of 120 inches in diameter
originally constructed as an auniliary for the testing of the
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200-inch, but not used for that purpose. Now this disc is t0
become a mirror in its own right. An unusual feature of the
project is that the figuring of the mirror will be carried out in
the dome of the new telescope itself, and for this purposc the
authoritics have bought much of the equipment used for grinding
the 200-inch mirror. The tube construction will be somewhat
similar to that of the 200-inch telescope, and it is also proposed
to follow the lead given by the Hale telescope in providing an
observing position at the prime focus. In other respects, however,
the new telescope will differ, for example in the mounting, which
will be of the fork type. (Figure 1),

In addition to thesc new giants a number of telescopes, of
what has almost come to be a conventional size — about 74 inches
in diameter ~ are in prospect, including one for the Common-
wealth Observatory at Canberra, Australia, and one for the
Egyptian National Observatory at Helwan, A third, somewhat
larger, is under construction for the new French astronomical
centre at St Michel, in the south of France, where a complete
astronomical village is being formed.

All these instruments are of more or less similar design, and
although they incorporate detailed engineering fcatures of a
revolutionary kind, and are of enormous size, in optical principle
they differ little from the original reflecting telescope of Newton.
The remaining instruments to be described are of
novel type, deriving from the camery constructed
by Bernhard Schmidt, an associate of Ham
To understand the principle of this instrumen
the principles on which an ordin
The mirror is made paraboloi
parallel to the axis of the mirro
This is not true of any other s

a relativels
20 yeurs apo
burg Observatory.
t we must consider
ary.rcﬂcc(ing telescope works.
dal in shape because all rays
rare reflected 10 g perfect focus.

hape of mirror and it i
. v 1ty
of rays parallel to any other direction (Fig. 2). This m\‘ng: ((:;cl

a paraboloidal_mirror forms a perfect image of a star jf he
telescope in which the mirror is mounted is pointed exa tlr if t:«.
star, but not if t.he telescope is pointed 3 little way ofr tch ‘y‘a't the
that thfa it_nage is off-centre in the field of view The d-} s‘mr-sa
crease In importance very rapidly with, incrcasir;g dista;::tfqr(:‘l‘\;

Astronomy Today i5

the centre of the field, and in effect limit the ﬁcl.d of view of large
telescopes of conventional pattern. To fix the idcas one can say
l;at many large telescopes have a field of view of perfect image
formation covering an area of sky less than a quarter of that
covered by the full moon.

e 3 Geometry of a parabolic mirror. In the upper half rays parallel
P hes s ar(-: reflected to a perfect focus: in the lower half off-axis
o ‘hirz::‘r"eﬁeclcd 10 an imperfect focus. The reflected rays all touch
rays
the dotted line.

The sccond important point concerns t}.\c bri.ghtncss _ol' the
images formed by the telescope. A large mirror is a receiver of
. d the bigger the mirror the more hgh_t it receives from
hgf?t,. an lar source, such as a star. Hence, the bigger the telescope
;lhz‘l;)[rlitgl;(er any g‘i\en star \.\ill look when observed ?vilh it. In
the case of an extended object sgch as a‘ncbula, thmg§ arc 'u
little ditferent, because the total hght .rcccncd t?y the mirror is
spread out into an image of a cerl;un‘snzc. The size of the image
depends only on the focal Alcngthpt the t.clcscopc: roughly,.a
telescope ten feet long will give an image of the moon an mch.m
diameter and the image size will increase proportionately with
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the length. In a word, len

gth determines image size (of an
extended object); telescope

diameter determines the amount of
light available to form that image. Image brilliance is therefore
increased for a telescope of given diameter by muking the focal
length as short as possible, j.¢., by packing the saume amount of
available light into a smaller image. Most retlecting telescopes
have a length at least five times their diameter, and jt is impossible
to compress them further because the off-uxis errors already

of course by its own cdge, but each part

of the surface is just like
any other, i.c., optically ¢}

1eTe s N0 special axis. A parallel bunch

Fig. 3. Reflection at a spherical mirror:
reflected alike. The
a surface half the g
rays touch a certaj;

all pargltel bundles of rays
reflected rays come o

dius of the mirror, For
1 cune (shown dmted).

dre
an (impcrfcc() focus on
¢uch bundle the reflected

of rays coming in Normal o the MIrTor js ref]

a point above the mirror which js half-way between the mirror
and the centre of Curvature. If we Put a curved film there we
should get a photograph covering a large range of angular
directions, and the quality of the images should be almost

ected to a focus at
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i The lem posed and solved
uniform over thcnﬁ:‘m r((i;ﬁ:nf Zfrl?(:\\f)r:)bhavepthc best. of both
by Schmidt was (]ainplhc wide field of the spherical mirror and
worlds; how ‘? r;,a e formation. This was done by the inter-
et perfoct ‘hf’ N fing plate — in effect a thin lens of small but
positan of a wryxc(& re - in the path ot the incoming rays at' the
complicated cur\a‘u)f the main mirror (Fig. 4). This c§sentlall}'
centre of curvature (.m with all the complicated details of the
is the S.Chmld( cam:m,; plate. the quality of image formafmn.
form of the C(;'rmct fx] fact, the camera has a tremendous hc'ld:
and so forth_, le ',.g:zr.aq can photograph the whole of the anon
some Sch‘mldl id o ﬁlm 1t can be made \‘cry'ShOT.f» with a
constellation 0.‘ l.hc diameter (or less) — this gives images of
focal Icngtl;),l:l‘;'csi‘ times (or more) as intense as those for a
c‘;;c\r’]c(:\ct(ilos;xljkrcﬂ‘xlinsz telescope. The image size is small, but
¢ E

Fig. 4. The Schnndt Camera.

ilm can be enlarged or studied under a microsco’pc. SO t'h‘;'u
lh'c 11'“1] L‘“"»,Ld\ intage; the film has to be bent to a spherical
(s 15 noddt‘;?s is‘son;clhing ofa disadvanlagb". o for
shape, ant ¢ for a telescope of this type is as a scout for a

The' chict vre Of ;omcmion;&l type, or for the photography
large mstrumcn_! ~O f low surface brightnesses. Recently there
of extended ob)cul.s ; operation on Mount Palomar a Schmidt
has bocn brOllgh[~lnt? of 72 inches diameter with a correcting
cmerd \mh- : m‘r:i("zmctcr which will serve as a scout for the
Plate of 48 inches ';:hc field of the latter is so small that any
jQO-inch “;l\cjsp\f"ilh it is likely to be a mere matter of luck,

iscovery ma
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but the Schmidt has an enormous field, and is so fast tha!
photographic exposures of more than, probably, half an hou!
will bring up the dim light of the night sky to a level at which it
will constitute a heavy background fog on the film. So in hall
an hour an area of several square degrees of sky can be surveyed.
Anything of special interest can then be studied in detail with
the 209-inch telescope. As an example of what can be done W¢
may cite the recent discovery by Baade of the minor planet
Icarus, whos.e eccentric orbit carries it from beyond the orbit of
Mars to a distance closer to the sun than that known for any
other planet. Incidentally it will now be realised that the Isaac
Newton felescope will be a convertible Schmidt camera
The disadvantage that the film has to be curved i\as been
overcome by modifying the original Sch
ways. One form is the Baker-Schmidt. which uses a convex
mirror in addition to the primary spherical mirror. This r,mi,,g
the advantages of the Schmidt form but flattens t.he ﬁcldL .i
also shortens the telescope by doubling the ligh e

. . ! t beam b.
itself. It is one of the chief defects of the original SChmidatc:'i):::

that the correcting plate has to be at the centre of curvature of
the mirror, which is distant from the main mirror twice ity
focal length. That is, the tube of a Schimidt camera has to b;
twice as long as that of a conventional reflecting tclesu{ d
this entails a much larger and more expensive dome f;.>r IDC. '1n y
it. A Baker-Schmidt telescope with a primary mirror Jﬁlgu?;]n.b,
in diameter is now being erected at the Harvard College s ml: ‘t»\
_station at Bloemfontein for work under the directionb f‘ ;))ml;'rn
J. Bok. The project is a joint one by Harvard I)uo i ; (;li[
servatory in Eire, and Armagh Observatory in No'rthc nSIln ol d-
Dr Bok is one of the world's experts on Milky Wa mz Leture.
and such an instrument as this, capable of showi: : TUC;‘U_"?;
extended detail of the Milky Way in very short e g up d"?.
ideal for the project to be undertaken a surv rxposu‘rc > .ls
parts of the Galaxy, , ¢y of the central
In Britain an interesting project js being undertaken at St
Andrews, where a type of modified Schmidt telescope s bein
constructed to designs worked out by Linfoot tp:c Britisﬁ

midt design in several
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specialist in this field of optical design. The construction. is
actually being carried out at the Observatory, and a pilot
reduced-scale model of the final instrument has already becn
produced.

THE PHOTOMULTIPLIER TUBE

The fact that certain metals emit clcctrqns whcAn light fall§ uppn
them has been known and used in industrial and scientific
applications for many vears. The stapdard for‘m_s of photo-
clectric cell, as they came to be known in the thirties, were the
barrier layer cell and the vacuum cell. The fqrmer,.much used
in photographic exposure meters, has received little or no
application in astronomy. The latter tvpe, dcvelopf:d to a high
pitch of commercial manufacture by the nccqs of the. cm'ema
and other industries, found many astronomical applications.
Light falls on a photoscnsitich metal surface and clectrons are
cjected with a velocity depending on the wavelength of the in-
cident light and the nature of the mctzﬂ employed. The nu.mbcr‘
of electrons emitted is closely proportional to thg intensity of
the incident light. To measure the numbcrA of ‘emnted electro‘ns
these are collected at an anode b}{ ic apphcutm.n of a potential
difference between it and the sensitive sgrﬂxcg. The electrons are
thus impelled across the evacuated space'm which the componen§
are housed, and deliy ered at the anode in the form of an electric
Lu:lrzl:[.]drgc light intensities these cu{n*cf\ts can bc‘ mcasu‘r‘cd
directly, but in many cisces the current is fed to a D.C. amplitier
which 'cnub)cs much fainter light sources.to be measured. The
currents produced by stellar images even mhl‘argc? tel(.:scopes are
excessively small, and the process of 3}1jpllhca.t10n 1S atte.nded
by great ditficulties. Although the ampl[her chugns lc?ok snmy_)lc
cr-\ough on paper. in practice the difficulties assocnath wntb
securing stability are very great, 3nd}hc whole amphﬁcr.:s
sometimes enclosed m an evacuated casing. The only alternative
is to feed the electron output to some kl»nd of electrometer which
gradually collects the charge until it becomes  measurable.
However, such measurements take time, during which the
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~tti he
transparency of the sky may be changing, thus upsctting t
ults. ]

rWA tremendous leap forward has been tuken with the ‘mllr’?;
duction of the photomultiplier tube, a device which was In :
laboratory stages during the late thirtics, and whose dcvcloPc
ment was greatly stimulated by the clectronic advances mad
during the war. Light falls on an emissive surface which thro‘Ws
off electrons in the usual way, bug these, instead of bcujs
collected immediately, are propelled by means of a potential
difference of about 9¢

volts to a second surface, at which each
is energetic cnoy

the replacement of the separate
cuated casing by the enclosure
single envelope is the logical

cell and amplifier in its own eva
of the whole arrangement n a
development of the pre.wyr trend which we have already noted
The application of the photomultiplicr tube to astronomy is due
largely to G. Kron of Lick Observatory, but the gain in sensi-
tivity to light of aboyt twenty times over anything previously

. . Y of the arrangemeny have already brought
it into widespread astronomicaj yge.

For very intense Sources the tube
to a galvanometer or Oscillograph’ b
pose some suitable ¢} ics .

may be connected directly
Ut it is more usu

to a recorder such as the Esterlin-aA,

availab],
telescope, or with bright starg

system makes it possible to me
several colours very easily and
to standard magnitude work
in order to determine the
of different colours (tem
an extended object such

18us or Brown pot

e, for instance
On smaljje
asure the
rapidly,
and to ¢
relative Propo
Peratures), By tr
as a nebula ¢y,

entiometer.,
ith a large
er inslrumcms, this
b“ehmesses of stars in
has N applied both
he Study of geap clusters,

10ns in, them of stars
aversing the image of
038 the ceyy j, has been

oday 2]
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i d rightness (isophotes) on

possible to map orl:utlllle :snzs :Lfricel;]g:" t:nfrks contour lines o.n-
these smlcmrcz’rk of this kind can also be donc by Photogr.aphlc
; :iﬁdr?t:dwu present there is a good deal of friendly rivalry
m o ¢ two schools.
between ‘hc~ ‘-:)fponc?l:nifr[)}}‘;)ttc\;:\;lct?plicr tube is so great that

The scnsm\lt,\'bg tak::n of the atomic nature of light and
awou."? has,, ?0 v very faint sources the number of quanta
c!cgutu:ny. F“j"' 1II may be very small, so that, although gvcr
arming on e Cc»iOd of time the rate of arrival may be sensibly
an apprca_able pﬂds of the order of a millisccond or less there
constant, n pe“(;eciable random ‘ariation about the ‘mean.
ma.y bfm?::icifpﬁuctuation plus similar fluctuations ‘m ~th::
Thlsl'fs rs ‘thcmsc]\'cs are responsible for what is Calk_:d noise”’,
and the riginal statistical fluctuations are all amplified along
af?dhtzfgcqicaav average value which it is desired ‘f’ mcasgre.
“,n-. o be r'cduccd by cooling the cell, usually with dry ice.
gmc \Al”el other hand the input from the star may be regarded

o f pulses and an arrangement made to count the
as @ series © Ip‘; arriving in & certain period of time. Thf:
number of ;?u %s that it is possible to arrange the ClCCll’Ol’l.lC
advanlag:)h';;it”n (‘hsrcgards pulses smaller than a certain
.C(?U'flluf 'Mr(nirinmm. counting only those which definitely have
dlflb'nr(:)l:i)gin ir; the light from the star and are not due to random
their )
ﬂuctu.'-uiOAnﬁ"m U;i fl’\-rkt‘llml;[x:.lhesc cells will oust the photographic

Wh”cﬁn . l,“:‘:, LUSC the photographic plate can get to much
plate - fl (‘ml) gihtncss by building up an impression through-
fainter limits o'f br_xgrc - ne\:crlhclc,\s the arrival of the photo-
out a ]vong cl\?("sl;ikc!\' to have an effect on astronomy ¢om-
mult;);;hc\:i:;i ):hl; produccd by the introduction of the photo-
parable k
graphic plate.

RADIO ASTRONOMY

re receivers of electromagnetic radiation, effective
pes a :
Telesco ;ﬁom something below 4,000 Angstrom units to about
é 1C = . .
:;nﬁ‘Z)(l)’a:bu strom units. An Angstrom unit is a lepgth equal to
500 Ang S :
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the one hundred millionth part of a centimetre, and the wu\;c
lengths quoted are the limiting ones to which the cye and 1 y
ordinary panchromatic plate are sensitive. It is possible to €xten !
the limit a litde on the short wavelength side by the use ©
aluminised mirrors, but there is a complete cut-off in the near
ultraviolet, where the earth’s atmosphere is completely opaque.
In an important astronomical developmient not discussed here,
high altitude rockets have been used to get above the atmosphere
and to record the solar radiation at still shorter w:n-clcnglh.s-
In the long wavelength region specially sensitized photographic

plates (which are not oo sausfactory) and various forms of
radiometric receiver have been

used to extend the band of

usable wavelengths to more than 20,000 Angstroms - i.e., 0

the region of wavelengths of a few thousandths of a millimetre.
Light rays are, of course, of the

same nature as radio wanes
and differ only in wavelength, No

rmal short wave radio com-
munication is on bands in the region of ten metres and upwards

which can be transmitted over considerable distances because
they are reflected at high altitude ionized layersin the atmosphere,
that is, the carth’s atmosphere is effectively opaque to the vertical
transmission of such wavelengths. The frequency bands exploited
for radar purposes during the war correspond to sharter wave-
lengths — of the order of 10 centimetres and upwards - and these
are capable of passing through the ionospheric luvers, 1t is n
this band of wavelengths between the Jongest
the shortest ‘radio’ waves that radio astronomy has developed
during the last decade. Radijo astronomy falls into two parts:
first, radar astronomy, the detection of reflections by externul
bodies of waves gencruted_ on the earth; secondly, radio as-
tronomy proper, the detection of Waves generated Naturally in
space.

In the first category fall such Projects as the det
reflection from the moon carried oyt by the U
In principle.this is a method of dctcrmining Famar distance but
so far technical considerations have limiieq the possible acen
of any such_detcrminzﬂion, and although
become 50, it is not yet a riyy) to the older

“light™ ravs and

ection of a
S, Signal Coips.

aceuracy
this method may
astronomical methods.

23
Astronomy Today

; ds for the de-
Of much more interest is the usé of r;}:i: rc?:;:: detected are
tection and counting of mf;f:nr\ss;elvcs but by the much more
ce y the meteors 1he he meteors in
;e);ffr:;:: xllu?ﬁns of ionized air produced tf;lh:: most detailed
i age h the upper a(mosphCl’e-_ laborators at
their passage [hrOUE t is by Lovell and his colla tect and
work on this sub)cc' h}yé not only been abl.e to dglec and
Manchester, and they c;)rrelate their observations with vis 2l
count meteors angi“((i)on have been able to detect new \n,]?tfhe
records, but, in addi ndi‘sco\crcd because of the fact t’m o
streams, previously u in summer during the hours of daylig t
carth encounters ﬂ;ci‘:\ thc» sun emits radio wa\'cs. was made .1
The discorery ‘t 1’8” but the initial obscrvation could b<,
number of )cur;c:&r‘a'dar equipment operating on short waves
exploited Onl)‘lj\zuri““ the war. Unexplained noise dclcctc‘td l?y
was dc\dOPf S was c:’cntuully traced to the sun. It appears 1htn
radar rm,l:;.Lmq fadio waves of two types, one ongmat‘u?g‘ mn
the sun raciates the other in sunspots. The problem Or‘““r'l"l]%
the quIICSCCn! gur:‘ sunspots is attended by the dithcullX that th
radiation to Llr%" i Is used to pick up und focus the incoming
large recening .1C(f"‘r‘1di;) wavelengths, telescopes whose dimen-
wives represent. “n v‘m\ multiples of the wan c]gngﬂ'\S employed.
stons are not \cr'\fv\]‘““thc theory of electromagnetic \\‘;n'c‘s lhgt
It is well known Hit '~, the capacity of the inslrmnc-nt (a r;i.dl.g
under mCh. Con(ill};‘xf wes so Lo pane it for rcsul\,lng dcl;nl"‘\.
tch.'\cOPCj ”.A (mc'%w;i\é an example. a radio mirror .of s_‘\‘.\‘
strictly ]mm?d‘ I? inerating on a wavelenath of 50 centimetres
S metres in d[.;un.c}d" ‘vxtl{u 1{\;’ sun is the source of the radiation
is capable nfnn.du..xtflj’: -;blc of *secing’ detail on t‘hc sun. A
reccived. hut it l; .”;“npu over this has been t'rlcd, of Wth\h lhg
varicty of wars of lNLmt “developed at Cambridge by R)Ib,a-nh
most interesting s 1’ L vers extensive aerial array is }]SCd whic
his co-\\'ork8f8~ HC“ \dllou:m\‘ to the device used i visual optics
e 1\“11”_' hdtk:\ X\gl‘ilu.ll\l resolving power of A telescope, the
for increasing the
Michelson inlcrfcrOQ\Clcr» in that some sunspots are sources of
s werk 1m;:de ‘: ictr:.w\ \lu:\\ 1 that solar flares - short-lived
radio wanes. It has ab o
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imagine starting a star off at other than its proper place in the
diagram it might be expected cither to warm up or cool down
until a balance between the various factors had been struck.

Lumincsity
(in terms of sun)

2 Il
0.4 . l i : i l :
Surface tempersture 10,000 6,000 3.000 ¢ P S
Colour  Biue Yellow Red
()
Fig. 5. Star populations.
{a) Population 1. Classical Hertzsprung-Russel] Di
population near the sun and in open clusters,
(h) Population 1. Star population in ellipticat
globular clusters.

agram.  Star
nebulue and i

The fact that stars of a particular temperature gee

structed according to a regular pattern g theref )nt to be cqn-

which begins to touch the most fundamenty) tlrclsolmcthmg
aband deep-laid

notions of astrophysics - the nature of stellar epe

and the problem of stellur evolution, But in ’dhr.g'}' generation
have very great practical application, for i 'dkdm(m the facts
of a certain colour rcprf:scms Something like L,l vnmv that a star
t}}cn we can, on observing such g star, i \&.'SIdnd;u'd article,
distance, even though this mgy b, so cdiately guess at jis
. me: R

just shows on g long eXPOSUre phog Breat that the star only
is blue enough to jusify © S0Ph. See u star which

an estimate
dhestimate of a syrfuce temperature
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of 10,000°C.: deduce from the diagram that it is in reality 100
times as bright as the sun: solve the simple problem of how far
off this star must be to look as faint as it does.

All this assumes that the diagram. which represents a sample
of the population near the sun, is a sample of star population
anywhere. Now this assumption is being questioned. Clearly a
diagram of such deep significance and such great practical value
is an astrophysical datum of outstanding importance, and any
doubts as 1o its universal applicability are of vital interest (o
dastrononmels.

We have put on the diagram all stars whose distances can be
measured by direct geometrical methods, and these are all near
the sun. What further information can we obtain? Most of it is
somewhat indirect. More than 20 vears ago Oort, the Dutch
astronomer, noted significant ditferences between tiie type of
Cacs moving stowly round the centie of the Miky Way and
those moving rapidly. The Arverican astronomer Trumipler
studying star clusters found that they had Hertzsprung-Russell
dizgrais which were aboormal. This last method 1s a rather
general way of getiing new information: stars which on ap-
pearance may be classed as belonging to a cluster are pre-
sumably all at the same distance. so that in this case apparent
brightn-css is an indication of true brightness (Fig. 5b). Plotting
apparent hrightiness wuaiint colour will tiren give an indication
of the population disgram ror that cluster. A very significant
sep was taken by Buade In 1944 when, using the 100-inch
telescope, he was just able 1o resofve into stars certain eliptical
nebulae which before had always appeared as amorphous oval
patches on astronomical photegraphs. his considerable technical
feat showed that in elliptical nebulae (Inset, 6) (as was shown
20 years aeo to be the case in vlobuiar clusters) the population
wits of i kind in which the brightest stans were red and not blue,
It is also possible that thix new kind of population eadled
population Th muay be the himd which 1y characteristic of the
centres of many spiral nebulae, where there is often un apparently
amorphots oval mass. prosastabhe consisting of 4 vast number
of individual stars (Inset. 7). So far the matter has hardly gone
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beyond the stage of significant pointers, but the further in-
vestigation of these problems is likcly to be of very great im-
portance., The {inal establishment of the existence of two types
of stellar population, the classitication of the types of structure
in which each occurs, and so forth, will at once throw light not
only on the possibilities of stellar evolution, but also on problems
of the evolution of clusters of stars and of nebulae of various
types, and this in turn is bound to atfect our views of the origin
of stellar cnergy. Like so many important problems when seen
from the wrong side —~ that is, before they are solved, - this one
seems rather diffuse and abstruse. Only after the answers have
been found will it scem simple and obvious.

GUIDANCE DEVICES FOR
THE BLIND

FRANKLIN 8. COOPER

INTRODUCTION

FrRrEDOM means many things. For the blind, one of its essential
elements is independence of movement. Yet, despite the remark-
able skills of some gifted individuals, the number of those who
travel by themselves is only a small fraction of all the able-bodied
blind. Too often, blindness mcans staying at home. But biindness
is not, as people sometimes assume, a total handicap, although
freedom and effectiveness are often severely restricted. There is
no lack of capacity for action; only the information on which
to act is missing. Thus the problems of the blind are, at the base,
problems of communication. Blindness may even be characterized
as a cybernetic dejiciency - a missing link in the feedback
mechanism - though this view tends to overemphasize auto-
matic performance as compared with conscious behaviour,

Guidance for the blind in the restricted sense of aids to travel
becomes then a matter of supplyving information. This appears
to be a concise statement of the problem in engineering terms,
and the reader might reasonably expect to find in what follows
an account of that latest technological marvel, the Electronic
Informer. Many devices intended to perform this function have
indecd been built, but none has thus far been a practical success.
So, of necessity, it is with problems rather than solutions that
we must deal.

What it is like 1o be blind

First of all, what kinds of information are needed for inde-
pendent travel? This question was asked of a group serving as
subjects in a research programme at Haskins Laboratories. All
were totally blind able-bodied young men accustomed to
travelling alone in New York City. Their answers are most
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illuminating, although the views of so small a group can hardly
be considered as broadly representative.

The travel diaries of the group show quite clearly that many
more problem situations arise during outdoor travel than
indoors. Home and office are not without the hazards of a
misplaced chair or a half-open door, but these are known
dangers and they exist in a familiar environment. Orientation
is easily maintained here, in marked contrast with travel out of
doors. Constant vigilance and much ingenuity are needed, as a
single excerpt from one of the diaries will illustrate :

«[nasmuch as I have been travelling from Brooklyn to New
York for approximately three months, I find that memory has
helped me considerably. For example, upon getting out of the
subway on Lexington Avenue, I must turn right to reach the
corner before I cross. I continue walking up towards the corner
looking for a very definite cuc, which is the Nedick’s stand.
This is easy to detect because of the odour of hot frankfurters.
I take two more steps forward and then turn left to cross
Lexington. Walking on 42nd Street across Third Avenue |
follow the mcthod of trying to keep myself a certain distance
from the kerb and when I feel that T am reaching the end of the
biock I swing wide to the left so that I may avoid the Third
Avenue El stairs which 1 know to be there. I proceed to cross
Third Avenue with assistance or with my own cues and |
remember that somewhere in the middle of the block and very
close to the kerb extending inward for a few feet there is an
obstacle which is about three feet high, and on severg] occasion
I have found myself hitting this with great force, givin . mh-
temporary pain in my midsection. This obstacle [ haye m g me
to avoid through memory.’

Thus, maintenance of general orientation de
a succession of landmarks. These may be |
such mnemonic devices as step-Counting
exacting. Reference points are used also in the
of walking in a straight line at a congt
kerb., The variety of cues described

anaged

pends on finding
nked together by
ere the route is
letaileq operations
ant distance from the
as useful for landmark

Guidance Devices for the Blind 31

identifications is a tribute to the ingenuity of the traveller, but
equally, it is an index of the paucity of information available.

Moreover, not all objects reveal their position by sound or
smell. Obstacle avoidance is a second task to which constant
attention must be given, a task of such importance that it is
often considered almost synonymous with indcpendent travel.

Evidently priority is assigned to a hazard on the basis of how
severe might be the physical harm, and only secondarily on how
often it occurs. For example, missing the edge of a platform,
which may be classed as an encounter with a negative obstacle,
ranks high in the list. But obstacles of a less hazardous mature
can also be vexatious. Even the possibility of collision with a
dust bin or a fire hydrant may slow progress (o a laggard’s pace.
Indeed, freedom to walk at a normal rate would be a major boon
to the blind.

In brief, success in travelling alone is largely a matter of
locating and identifying objects of the outdoor environment.
Some cian be heard and thus give warning or serve as landmarks.
Others lic in wait, silent and intlexible.

Existing aids

The requirements to be met by a guidance aid are, in the main,
that it permits one to walk at a normal pace without undue
risk. Obviously a device for this purpose must be easily portable,
reliable in operation, and not too conspicuous. Its primary
function, however, which is to detect obstacles, requires more
careful analysis before design specification can be formulated.
A useful point of view proposed by C. M. Witcher in a study of
this sort divides the forward area into three zones: an outer
‘awarencss’ region, @ middle ‘attention” region within which
objects may require a devision to change course, and an inner
‘avoidance’ region, where action is imperative. Appropriate
widths of the two inner zones were estimated at about four feet
each, on the basis of a normual rate of walking. Figures of this
sort help to determine the kind of range information which an
ideal guidance device should provide.

The three aids which the blind have now are dog, cane and
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obstacle sense. All have their merits as well as their limitations.
The effectiveness of the Sccing Lye dog depends chiefly on
rapport between dog and master. This, like the finest of human
friendships, is a rare thing, and explains in part why the number
of guide dogs in use in the United States is less than fiftcen
hundred, although there are some thirty to fifty thousand of the
abie-bodied blind. The cane, in skilled hands, can be an instru-
ment of delicacy and precision. s length of course is limited
and it must explore at a rate whichh will not annoy the user or
antagonize bystanders. }

However, most of the blind who travel independently do not
rely cxclusively on dog or cane. A few abjure them altogether,
depending instead on an uncanny ‘sixth sense’ by which they
can detect most sizeable objects at distances of several fect.
This faculty has been variously explained in such semi-mystical
terms as facial vision, pressure sense or more generally, obst
sense. It appears, however, to be strictly auditory in nature
involving only unusual skill in the interpretation of faint Cchoc;
returned from nearby objects. )

The gift of obstacle sense appears to require special insight
as well as carcful listening. This is borne out by individua]
accounts of rapid and complete mastery of the skill after vears
without it. It this insight could be achieved through S[;cgia;l
training, many more of the able-bodied blind might be helped
to relative independence of action without resort to instrumenty)
aids. Some promising beginnings have been made, by muy ;
remains to be done in formulating effective training procedy "
Obstacle sense is not, however, the final answer. Even those res.
are most skilful encounter many tasks and situationg with v.VhO
for lack of data, they cannot cope adequately, Which,

Dog, cane and obstacle sense - strange to0]s now;
gathering information! Many now consider hn,w . adays, for
new techniques might be used in building dc\i%o‘” fd,bul(’”s
blind greater independence of travel. An adequ; S to give the
these efforts would be too extensive for jp ate account of

. clusi s .
the subject has been fully covered in MOn here. Besides,

. . a recent ; .
published under the joint sponsorship of the It\)q’(':(t)ik Or; blindness
onal Research

acie
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Council and the Veterans Administration (Blindness: Modern
Approaches to the Unseen Environmmnent. P. A. Zahl, Edit.or,
Princeton University Press, 1950). We can, at most, mention
a few of the more recent undertakings before turning to a
consideration of the devices themselves.

EXPERIMENTAL DEVICES

The most ambitious of the group cfforts was that of the
Committee on Sensory Devices, initiated in 1944 by Vannevar
Bush as part of his wartime Office of Scientific Research and
Development. This was a programme of basic research on the
psychological and engineering principles involved in building
guidance aids, reading machines, and other devices for blinded
service men. In approach, as in initial scale of effort, it was
unique, with major emphasis on the human engineering aspects
of the problem rather than gadgetry. Perhaps the principal lesson
drawn by the committee lies in a heightened awareness of the
controlling réle which human factors must play in the design
of such instruments. Thus, as Dr George W. Corner, then
chairman of the committec, wrote in the volume, Blindness,
*One thing (that) has surely been gained ... is the realization by
physicists, enginecrs, and mechanical inventors that when a
machine is to act upon a man there are always going to be
biological and psychological limitations that outweigh all the
mechanical difficulties.” Indeed, several of the guidance devices
developed as a part of the programme operated quite satis-
factorily as mechanisms, but still failed to be of much assistance
to blind users. The committee is continuing its work as an
organ of the National Research Council and with assistance
from the W. K. Kellogg Foundation, though now on the
reduced scale befitting a war orphan. Also, some of the guidance
projects started or assisted by the committee are being continued
at the Franklin Institute, the American Foundation for the Blind,
and the Haskins Laboratories.

In a parallel programme, the Signal Corps Engineering La-
boratories undertook the development of an optical guidance
device, and collaborative arrangements for testing it were made
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with the Committee on Sensory Devices. Evcntua.lly.‘lwcnl)":i'(:::
units were enginecred and produced by the Radio (orpf’fa ”
of America. Ficld tests with these units are now under wa‘y. '
Haverford College under the auspices of the Veterans AQmmxs
tration. Although both Army and Navy had cxtcns:yc re-
habilitation programmes for blinded :fer\'icemcn: these did not
take up the problem of developing devncgs for guidance.

in England a Sensory Devices Committee was formed, sgme-
what along the lines of its American counterpart, to coordmat‘c
the development work of various groups, mcludmg, St Dunst_an s
Experimental and Rescarch ‘Dcpurtmcl?t. the' Nat'lonal lnsmuﬁtcl
for the Blind, and the National Physical Laboratory. chjmf
suidances devices were built and 'tcsted shortly achr thf: end o
;,u‘ ar. In Canada, also, the National Research Council under-
:2:}:\‘1{ .pmgrammc of reseqrgh. including the further develop-
ment of one of the devices initiated in the U.S.A.

It has, unfortunately, been necessary to d -scribe most of these
endeavours in the past tense. There are two main reasons for
this: in some cases, at least, financial support was withdrawn
as men and governments tried to forget the havoc of war; and,
in addition, the lack of immediate success in building useful
as contrasted with operative devices has been discouraging.
Clearly, the problem is more complex than it scemed, and in
ways which elude the engineer.

For this reason, in examining a sample collection of the
guidance devices developed during the past five or
our purpose will be to discover where these devices have failed,
and what lessons may be learned for the future. Almost all the
guidance devices which have been Proposed thus far are con-
ceptual descendants of the canc; that is, they are intended to
permit the location of obstacles by manuyal searching with an
immaterial probe §uch as a beam of soung or light. The natural
‘feel’” of (h(.: cane 1s replaced by some other signal, auditory or
tactile, which must convey the informatio), that an obstacle
has been located and that it is at certain distance,

ctection offer the advantage
ble directly from the time of

SIX years,
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flight of a pulsed signal generated by tie device. A guidz.mce aid
utilizing this property was developed for the Committee on
Sensory Devices by Slaymaker, Meeker anq !_arsen of the
Stromberg-Carlson Company. Two magnetostrictive traqsducers
were used, one to transmit a two-millisecond pulse at thirty-two
kilocycles, and the other to receive echoes frorp any nearby
objects. The transducers were mounted in parabolic hqrns about
four inches in diameter which gave directional rcccpuon‘ and a
narrow transmitted beam, 6.5 degrees wide at the ha}l-power
points. The circuits were arranged to operate on _the first ec'ho
only, thus restricting attention to the nearest object at \yhlch
the horns were pointed. Information was passed from dc\"lce to
user by feeding the received pulses into czu.'phones or into a
tactile stimulator. A first rough model weighed about eight
pounds, and was carried on a shoulder strap. The horns were
mounted side by side on a handle so that they c_:ould be used
like a flashlight to explore the surroundings. This hzmdle. also
carried the tactile stimulator, a vibrating stylus on which a
finger could be placed. . ‘ . .

Experience with this device was .Lyplcal oAt that obtained \.xfth
a number of other supersonic guidance au%s. It was sensitive
enough to detect objects as small as a p‘encxl<0r as ﬂlmsy.as a
silk handkerchief at distances of several feet. For larger objgcxs_
a4 maximum usable range of twenty-tive to fifty feet was possible,
but was not used. In fact the blind subjects who tested the
device preferred that no signal should be given unless an object
was nearer than about ten fect. The appearance of a signal then
served to warn them of an object near enough to require atten-
tion and yet far enough to permit casy avoidance. Range
judgments were crude, since the total scale of pulse rates was
only five to thirty per second, an intlexible limitation inherent
in the circuit. The best tactile presentation would have required
rates of about twenty to two hundred.

Use of the device was enormously complicated by specularity
effects. Many surfaces behave like mirrors at supersonic fre-
quencies, with the result that a sinooth wall may fail to give any
detectable ccho whatever unless the horns are pointed directly
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Fig.A 6. (a) :Autqnatic triangulation in the Signal Corps optical device
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Corps optical device until systematic tests have been completed
with the fully engineered models. The greatly reduced size and
weight of these units will facilitate scarching, and the added
provision of vibratory presentation of the signals will free the
cars for other dutics,

A general comparison of uptical and supersonic systems must
be based partly on theory and partly on experience with com-
paratively crude devices. Each system has its own virtues and
shortcomings, but on balance they all seem to be of comparable
merit.

Although optical and supersonic devices which employ a
projected beam of energy have received major attention, there
are a number of other possible approaches worthy of notice.
Optical devices dependent on ambient illumination were de-
seribed as early as 1912 by Fournier d"Albe and as recently as
1950 by H. E. Kallmann. The d'Albe device used selenium cells
in a bridge circuit, with unbalance indicated by a buzzing sound
in a telephone receiver. With it windows and doors could be
found, but not much else. A modern version, designed to simu-
late the primitive eye of insects, was proposed by Lashley. In
appearance and manner of use it resembled a flashlight, although
of course it was used to collect light rather than to emit it.
The audible signal from the device was a steady tone so long
as the incoming light did not change in intensity. However,
scanning across a dark to light boundary caused a momentary
rise in pitch, or conversely, a decrease in pitch if the change
were from light to dark. Outlines could be traced with moderate
ease but interpretation proved ditficult. Information about the
distance of ohjects was not available directlv: it could be
inferred from apparent size only when the object could be
recognized.

Kallmann’s device (Fig. 6b), on the other hand., is designed
primarily for ranging, and it accomplishes this result in a very
ingenious manner: the image formed by a lens evists in depth
as well as in area perpendicular to the axis, and it can be explored
in all three dimensions by a light chopper of appropriate shape.
Thus. audible signals can be cenerated from bright arcas of the
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image in such a way that the time of occurrence, or the pitch,
of these tones will correspond to the distance of the object.
The signals closely resemble those of the frequency-modulatcd
supersonic dcvice and have come of the same disadvantages.
On the other hand, Kallmann's device has the very important
virtue that it can be made much lighter and smaller than those
devices which must provide power and components for trans-
mitting a beam of light or of supersonic energy.

Audible sounds for echo location have been employed in
numerous devices ranging in complexity from steel heel-plates
to stercophonic hearing wids. One of the most recent sonic
devices was developed by Witcher at Haskins Laboratories and,
later, at the American Foundation for the Blind. Witcher used a
directional horn, small enough to be manipulated casity like a
flushlight, which projected a rapid series of high-pitched clicks
Echoes from such objects as benches, cars and trees were
readily detcetible at distances of eight to twelve feet, though
smaller objects were often not detected. The clicking sounds
did not seem to attract undue attention. The directivity of the
horn, which gave a beam width of about 16 at 12 kilocycles,
allowed easy scanning. In addition, the directional indications
obtained by searching were confirmed by binaural localization
of the apparent source of the echoces, so that the signals seemed
natural and easy to use in avoiding collisions with sizeable
objects. Axrtx)}wicnt noise and specularity efiects weie, as expected
more troublesome than witl ic devices . !
information was not providec; dsi‘rl?cclrlilon(l)L d}:H“S’ and range
sonic device was comparatively Smull. ¥ l-c other h;”?d‘ the
> . and light, and did not
interfere with .normal use of the ears. Sone expe
at'St punstanAs with a so.x}mcxvhat similar audio-click device and
v.'{th supersonic beam devices tended to fayour the sonic device
without however establishing its wtility iy an absolute sense.

rimental trials

THE CRUX OF Tug

I: is ,prt;z;?cl%/ the ac!1ic\'c|n§nt of practical utility which is so
€ US‘:CSQ"d of the devices which have been mentioned, and many
more besides, supply some information not otherwise available

MATTLR

Guidance Devices for the Blind 41

to a blind person. To be sure, none of them merits complete
reliance in all situations, notably in detecting a step down, and
yet a few of these devices could provide enough information
about most situations to permit safe and rapid movements.
They could, that is, if the information were readily transferable
from the instrument to its user. Devices, like Secing Eye dogs,
would be ever so much more helpful i only they could talk!

Here is the gap which remains to be bridged. The techniques
required are, in the main, those of psychology rather than of
engincering. Complex as scme aspects of the problem un-
doulbitedly are, the central questions can be put in simple terms:
how should information be organized and presented in order
that it may be most readily perceived? How long a period of
learning will be required for the effective use of a device,
assuming that tic information which it provides is adequate
and well organized?

Proficiency is certainly not to be expected untl use of the
device has become thoroughly automatic, and conscious analysis
of its signals is no longer necessary. Ideally, the device must seem
to give direct information about the external world, its signals
being perceived as attributes of the objects located there without
reference to the functioning of the device as an intermediary.
For example, long practice will enablc one to ‘feel’ with the
tip of a cane rather thzn with the fingers which grasp its handle.
Similarly, the high-pitched clicks from Witcher's device seem
occasionally to be coming from the obstacle itself. By contrast,
the signals trom most devices appear to be localized at the eur-
phone or th: vibrating handle of the instrument; they fail to
comvey an impression of objects distributed in space, very likely
because they ditfer fiom the cees normaily involved in spac.c
perception.

The difticultics of the blind in deuling with space concepts
serve to emphasize the vnigue o2 which vision ordinariiy plays
in the perception of spatiai relations, Yet even vision docs ll_ul
yield these results vathout leng practice. A striking example i
furnished by these individuals, Blind from congeniial cataract,

who have had their vision restored as adubie, At first they are
. h [S ~
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awarc only of colours and vague forms. The names of colours
can be learned within a few days, but wecks of training may
pass before such simple shapes as squares and triangles can be
identified without resort to counting the corners. Other data
also point to the conclusion that normal visual perception 0
objects and spatial relations. which scems so simple and
immediate, is actually the result of arduous learning.

If so great a learning task is involved in attaining proficiency
with an ‘idcal’ guidance device, then perhaps some of the
existing devices would prove to be quite usable if adequate
training were given. Certainly none of them has yet been sub-
jected to such extensive trials. Fortunately, the experiment is
about to be made. Thorough field trials, extending those made
by the Signal Corps on its optical device, aie to be conducted by
T. A. Benham at Haverford College. Tests of this sort are
feasible only when a device has been well engineered and at least
a few trouble-fice units are available. Even then the task is
immense. These trials should go far towards discovering whether
the discouraging results from carly tests were due to a wholly
inadequate appraisal of the learning problem or to deficiencics
of the device, particularly with respect to the presentation of
information. And, cven though the tests employ only one specitic
type of equipment, the results should be broadly applivable in
this respect to the whole class of probe devices.

Field trials nloF\c canno't wholly dispose of the problam of how
be.st to present information. l,-.\:Cn 200d results from training
n.ught conceivably ha}'c been achieved more easily with improved
signals. Also, the wide range of possible signal presentations
z:lcl)s 201‘(:‘111}11:20: E::((i mm;: imiill_\’llc procedures. tor example, the

IC sensory ch > v e e .
vision involves xnally);)syc}l)?)rl]:"i::)] :K ux_g‘d' a3 1 substitute f<')r
the laboratory. If the ears l:ug‘[ td.Lt[ms amenable to §ludy in
functions, how can informatioﬁ b:" eft free for their lfsmﬂ

- . e comvered most eftectively
by the skin senses? Some preliminary experiments by 4
osh: , . xperiments by Jerome
and Proshansky at Haskins Laboratories suguest that direct

electrical stimulation may be quite good “ suggest that dirc
. ,» with the proper choice

of clectrodes, frequency, and wuveform. Such si

- Such signals, although
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not unpleasant, command attention. Will they distract attention
from auditory cues, and, if so, to a greater or lesser degree than
would audible signals from a bone-conduction receiver?

There are still unanswered questions in another field. Manual
scanning is only one of several ways in which the surroundings
can be explored. Is it the best method? Mechanical simplicity
and the ‘natural’ way in which directional indications are
conveyed to the user are evidently virtues. But experience, so
far as it has gone, seems to show that this sort of point-by-point,
sequential information is very difficult to integrate into a unitary
impression of the surroundings. Is mental integration of this
sort a skill that can be learned, or is it inhcrently impossible?
Automatic scanning, alone or in combination with binaural
presentation, is frequently proposed as a way of providing
information in more manageable form. The additional instru-
mentation might indeed be justified if it could be shown that the
psychological assumptions were sound. Other proposals cnvisage
an autoscanning device which presents a small relief map for
tactile exploration. The analogy with Braille, which many blind
persons rcad with ease and rapidity, is encouraging, though a
number of psychological factors remain obscure. Some clarifica-
tion may come from studies now under way at the Massachusetts
Institute of Technology, using a simulated device,

From all this it appears that the problem of the guidance
device — even though it involves such diverse factors as the travel
needs of the blind, the vagaries of physical phenomena, and the
obtuseness of the human mind - is reducible to two specific
research programmwes on which useful progress can now be
made. Both are primarily psychological. One programme
concerns the amount of learning required for the etlicient use of
a typical probe type device, and the limit of performance attain-
able w'ith it. petiruiti\'e answers may be expected from field
tests w'nh the Signal Co}rps optical device. The other programme
comprises the c§plorzmon of 4 number of basic psychologicat
ffactors involved in the organization and transmission of inform
tion when ease and speed of perception is the goal. V
work is under way on this problen.

d-

ery little
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Emphasis on the psychological phase does not, of course,
imply that the engineering solutions are completely adequate,
but only that the results of field trials with one device are necded
to justify further engineering e(fort on other probe types. Like-
wise, additional psychological data are essential for the design
of more complex devices.

So much for immediate problems. Probe devices have
monopolized the discussion for the very practical reason that
they offer the best prospect of achieving a limited goal within
reasonable time. However, there are more exciting prospects
than merely helping a man avoid obstacles. Perhaps a little
speculation is not too dangerous.

Actual 1estoration of sight by direct stimulation of the optic
nerve or tiwe visual cortex is almost certainly an illusory hope.
To be sure, bright flashes can be caused by electric shocks, pro-
vided the optic nerve is intact, However, in the greater nuiaber of
cases of blindness which cannot be treated surgically the optic
nerve undergoes degencration and is not excitable. i,\cn when
stimulation is possible, the visual phenomena are diftuse and
give no impression of shape. h

An alternate approach is to provide patterned information via
the auditory channel so that the blind can *hear” a scene in th‘c
same sense that sighted persons see it - not picceineal, but as a
pattern of objects arranged in space. This is not e e
fanciful as it may appear. The underlying assupinti r:i\,hms -

) . 3 assumptions are that
the ear can deal skilfully with patterned information. and that
there exists an audio-visual transformation by whict ,d L
shapes in visual space can be converted imo'e v ;‘]] {St!m“-\ﬁ
patterns in the auditory domain. aually distinetive
5,.3;]12{{‘;125%:::3;? po_f «,o?xdmatcs may, in fact, be fairly

. s’ produced by the sound snectrograph are
enough, as visual patterns, to be read by a pra tis f . gra;‘\
not with quite the facility that the coerer oo though

- 5 e corresponding sounds are
recognized by car. Conversely, pictures ¢ B
identifiable sounds by means of a paw‘ L‘, .
ment with functions reciprocal to th " pld)"back, Dl

A comparable instrument, operati ose of the spoctrograph.

xXraung on a simple two-dimen-

in be turned into
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sional image of the environment, would vield audible patterns
with the dimensions of frequency and time. To the extent that
these sound patterns can be identified mentally with the corres-
ponding objects, the user of the instrument would indeed ‘hear’
the scene in front of him.

Such a guidance device should have capabilities far greater
than those of a probe type obstacle locator. It might in fact
provide a substitute for vision, though doubtless a rather crude
one. But can such a device be built? Probably it can, with no
great difficulty. The real question — a psychological one of
enormous complexity ~ is whether or not a man can learn to use
such a device. The answer to this, until much more has becn
learned about auditory perception, must remain highly
speculative.

(Reprinted by courtesy of Physics Today from its
July 1950 issue)



FIFTY YEARS OF PHYSICS

PROFESSOR MAX BORN, F.R.N.

No other half century in the history of physics has witnessed
SO .revolutionary a transformation in our ideas of the phy'sical
universe as the one through which we have Jjust passed. We l>lavc
seen not o_nly a vast extension of actual knowledge t;ut a pro-
fc.)und. revision of basic concepts and principles ' From l:l‘
glgflr}th material those parts are here sclccted“which .
strikingly illustrate the contrast between the ideas held '“C:'
beginning and those held at the end of the period e the

SPACE AND TIME

In 1900 Newton's concepts e : i ;
accgptcd. They imply a res[:rict::)ct; rscrl):tibsit;"?e tltl;:: wc: §t‘|ll
equivalence o_f an intinite number of 'i’xlc-rgiul .n?e‘c ‘%'.‘Ical.
referencc. moving with constant relative velocit Hbyb(u»nb .
propagation of light (electromagnetic wavcs)y‘throwcycr' the
§tcllar space was believed to demand a subsm;nh] houg.h er-
in electrodynamics Lorentz's assumption of an .ét} L_dr'”cr' Thus
at [rzcst’ (1892) seemed to be unavoidable, 1er absolutely
xperimental evidence for the cOBcarya bt
motion had been already aCCL:::ulrzln(t)cl:lcl()il:::ll)vcab]h-t{ of absolute
e.g. through the experiment of Michelson ‘Drdb\mus century,
theory was developed by Poincars, Lo}-cm-/‘mrn?([f)rlcxy' and
others. stein in 1 . s EltzGerald o

me:tr? th::m::::c;gu‘lo),?s rtf:d‘uced their resules to a sin:;r)llcdargg
different places hae e (})1 ftbsolutc simultancily of events at
the fastest signals (1i ht)p_‘)'SICal meaning because the vc]ocit‘ of
E their mome ot g ) is th.e‘samc for all observers, irres )’ J
giifcrcnt incrtia'l s)’ USmg dlﬂer.em scales for .\‘pacc" :S['X'LEIYL
ent ystems, relativity cqp be ¢ and time in
mechanics and clectrodynamics. The preserved both in
treatment of this theory is due to Mil?k(;l\iicl?'u?;; athematical
'SKE(1907) ; space and
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time are merged into a four-dimensional extension, where every
point represents an ‘event’, and where a generalization of
ordinary Euclidean geometry holds. The most important con-
sequence of relativity is Einstein’s law of the equivalence of
mass (m) and energy (E), expressed by the equation E = mc?,
¢ being the velocity of light. First regarded as a result of great
philosophical interest, it later turned out to have immense
practical implications (Nuclear Physics, see below).

In 1915 Einstein extended relativity to accelerated systems,
guided by the simple fact that all bodies in vacuo fall with the
same acceleration. He found the adequate mathematics in a 4-
dimensional generalization of Riemann's geometry of ‘curved’
spaces and obtained a field theory of gravitation where Newton'’s
law is only a first approximation. lts greatest success was the
prediction of the deflexion of light from stars by the sun, which
was observed during the total eclipse of 1918.

The gencral theory of relativity provided the foundation
of a rational cosmology and cosmogony, of which in 1900 there
was hardly a trace. From the observational side this development
was stimulated by Hubble's discovery of the ‘expanding uni-
verse,” i.e., of the fact that the so-called nebulae, which are in
fact distant galaxies like our own, are moving away with velocities
proportional to their distances. A slight modification of Einstein's
cquation, first suggested by Friedman (1922), led to a solution
representing a closed expanding universe (Lemaitre, Robertson
Izddington, 1927). This theory stimulauted a vast number of
investigations which have, in the past fifty years, widened our
astronomical horizon more than all previous centuries.

CONTINUOUS MATTER

In 1900 the bulk of physical research was still working with the
concept of continuous matter, though *atomistics® was alrcady
on the march. The methods of the continuum have survived to
our day, for practical applications in hydrodynamics, electricity,
thermodynamics and electrodynamics, and their progress and
success is spectacular enough. One has only to remember that in
1960 the internal combustion engine was in its infancy. the
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ceiling of the atmosphere - a complex of ionized layers called the
ionosphere.

The scientific applications of very short ciectric waves are of
great diversity. By observing selective absorption of radar waves,
due to resonance with atomic periods (vibrations of atoms in
the absorbing substance), the dynamical structure of molecules
has been explored (Cleeton and Williams, 1934) and even the
‘spins’ (rotations) of atomic nuclei measured (Rabi, 1938).
By observing the arrival of the reflection of a radar signal by a
distant object the distance of the moon has been measured
(U.S. Signal Corps, 1948) and meteor trails detected in full day-
light (Hey and Stewart, 1946). Especially important have been
the developments in the new science of radio-astronomy in
which radio waves emitted by the sun and the stars are examined.
Sunspots have been found to be powerful emitters of radio
waves in the metre band (Appleton and Hey, 1946) while the
detection of spontaneous radio emissions from the Milky Way
(Jansky, 1931) provides us with the record distance of radio
travel.

ATOMISTICS

The most striking difference between physics in 1900 and 1950
is the complete victory of atomistics. The speculations of the
ancient Greek philosophers and the dreams of the alchemists
have come true.

By 1900 the atomistic hypothesis had proved s value in
chemistry. The elements were arranged in a periodic system
according to atomic weight A, from hydrogen (A - 1) up to
uranium (A = 238), with 92 places almost all occupied by known
atoms. In physics the atomistic idea was useful in the kinetic
tll;%oZryGoiil‘)gzsgs, alnd began to spreu'd to other hr;x'nchcs. About
calleii statisticz\ic,?ped a mathemutical :}mthud of great power,

rechanics, to deal with systems of a great
number of particles, ’

str‘:ztjfrlyfaslls% .J' J. Thomson had recognized the atomic
¢ ol electricity. He found the ‘electron’ to be a con-

stituent of . )
all atoms, and made the first crude determinations
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of its charge, which was later (1917) accurately measured by

Millikan.

Still there were in 1900 distinguished scholars who denied the
existence of atoms. To-day the physical reality of thc atom
is beyond doubt, but its name (indivisible’) is no longer
appropriate. The atom is built up of two kinds of elementary
particles :

(1) the nucleon which, when electrically charged (always
positive) is called proton, otherwise neutron.

(2) theelectron, about 1,800 times lighter and negatively charged
(though positive electrons, or positrons, can be artificially
produced).

A number of nucleons, ¥ neutrons and Z protons, form a
densely packed cluster, the nucleus of the atom, of tiny dimen-
sions (a millionth of a millionth part of a millimetre). Around the
nucleus Z electrons are moving, like the planets around the sun,
in orbits whose diameters are about 10,000 times larger than
that of a nucleus. All chemical and almost all physical pro-
pertics depend only on the charge number Z, and as N may
vary for a given Z, there may be scveral atoms, ‘isotopes’,
of the same chemical type but different ‘mass number’
A = N -+ Z. Chemical elements are mixtures of isotopes. This
planetary model was the result of long experimental and
theoretical research.

Decisive evidence for the reality of atoms was given by
Einstein (1904) and Smoluchowski (1906) through their inter-
pretation of the Brownian movement of particles suspended in a
fluid as an effect of statistical fluctuations. Using Einstein’s
formula Perrin derived from his observations (1909) the first
reliable value of the number of atoms in a given weight of
matter.

Much more information was obtained by the study of various
forms of radiation. Rontgen’s X-rays opened this period in
1895 and were imn_mdiately followed (1896) by Becquerel's
discovery of the radno-actiyity of uranium. In 1898 the Curies
isolated the elements radium and thorium, which produced

enormous quantities of energy, apparently from nothing. This
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puzzle was solved by the brilliant researches of Rutherford
and his school (from 1902). He found that the radiation
consisted of two main parts: «-rays, which turned out to be
helium nuclei (1908), and B-rays, which are fast electrons.
A thirdtype of radiation, y-rays, found by Villard (1900),
were later recognized as short electromagnetic  waves,
like X-rays.

The atomistic character of the a- and B-radiation became
obvious when methods for counting fast particles were developed.
Rutherford obtained his first results with the help of scintilla-
tions seen on a screen covered by zinc sulphide (Crookes, 1903);
then came the Geiger counter which registers a particle by an
electric discharge. Here, as in many other ficlds, the possibility
of amplifying tiny currents was a decisive factor. The simple
electronic valve or diode invented by Fleming in 1904 was
developed for amplification and other purposes (triodes, pen-
todes) by de Forest (1907) and Langmuir (1915).

An experimental technique of the greatest importance,
enabling us not only to count but actually to see the tracks of
particles, was C. T. R. Wilson's ‘cloud chamber’ filled with
supersaturated vapour which condenses to small droplets along
the path of the particle. Blackett invented (1937) a kind of trigger
arrangement with counters, in such a way that a photograph is
taken only if a particle passcs the instrument. Thus the efliciency
was immensely improved. Also in 1937 Blau and Wurmbacher
discovered that particles passing through a photographic plate
produce a microscopic track. Through improvement of the
emulsions this has become a most efficient method for studying
atomic processes.

With rather primitive instruments Rutherford and Soddy
(1500) analysed the process of radioactive disintegration and
found that it consists in a serics of transformations of one atom
into another. Thus the belief in the invariability of the chemical
°l°.m°m3 was shattered. At the same time ample proof for the
existence of isotopes was found amongst the radio-active
clcmcnfs (e.8. all three series end in different lead isotopes).
Later, in 1913, J. J. Thomson discovered the first example of
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isotopy amongst ordinary elements (neon), by electromagnetic
deflection of charged atoms. This method was refined by Aston
(1919) in his mass-spectrograph which made very accurate mass
determination possible. The masses of all elements turned out
1o be very nearly integral mullipl:s (?f zl;; lnsx;ass of the hydrogen
g { Prout’s hypothesis . '
aanf::: :linl;‘;\rlr:/;l s::ructure of atoms was f:xplored .by observlflg
their effect (absorption, scattering) on different kinds of radia-
tion. Lenard found in 1903 that for fast clectrons the s;?acg
occupied by an atom is almost cmpty. ~Ruthcrforfi.ott).taltng
(1911) much more significant results bx using «-rays; in fac by
accurate measurement of the scatt.cnng he gave convmfzmg
proof for the *planetary atom’ dascribed above and determ;}ne
the nuclear charge which attracts the electrons and kee:: t ?m
in their orbits. These results were soon conﬁrmcdhl'.)yh dose e();
(1913) through observations on X-ray spectra, which depen
trons.

on/’:l;z::mf?(?:r: (:}t;icslcf‘undamental reg:grch in the structure of
the atom the application of 'atomlstlcs to the.properues of
matter in bulk made great strldc§. Thus Langevlfl (1905) gave
an explanation of paramagnctisn.\ n_\ terms of mqleculgr magnets,
and Debye (1912) transferred this idea to the dlel.ectnc cor_xst?mt
which he expressed in terms of molegular dn;?oles. Slmllar
methods were successful for um%crstandmg.the lf'ltcrac.tlon of
light and matter, namely absorption, refraction, dispersion and
rotary power, in particular the dcpc_ndencc of thes'e phcnomena
on temperature and external electric apd magnetic fields. The
study of the scattering of light, first investigated by Tyndall
(1868) and explained by Rayleigh (I1871) revealed the shape
(anisotropy) of molecules (Gans 1912, Cabannes 1921). The
statistical methods to deul with great numbers of molecules were
greatly improved by Darwin and Fowler (1922),

The problem arose to derive the atomic constants used in
these theories from a model of the atom. But the attempts to
use the planetary model encountered formidable difficulties,
mairdy due to the fact that a Newtonian system does not possess
the stability of actual atomic structures.
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) THE QUANTUM OF NERGY
The solution of these difficulties came from a quite different
series of nnv&sygauons and was much more radical than expected.
It meant nothing less than the replacement of classical mechanics,
with its strict determinism, by a new atomic mechanics which is
essentially statistical and indeterministic.

An example of a process where deterministic description
seemed to be inadequate is radio-active decay. It is not possible
to predict the moment when a certain radium atom will dis-
integrate, though the average life of a great number of atoms is
perfectly determined (v. Schweidler, 1905). This situation seemed
at first a gap in our causal knowledge, but turned out to be of a

fundamental character.

It was from the study of radiant heat that the new mechanics

oarted. In 1900 Max Planck had convinced himself that the
observed spectrum of black bodics could not be accounted for by
classical mechanics but by the strange assumption of finite

quanta of energy’ €, which are proportional to the frequency v,

€:: hy. N
The physical world received this idea with great scepticisnt.
The wasve theory of light was well established by innumerable
The wave length

on interference and ditfracuon. ‘
ey ; for instanee, the line
irities discovered,

experiments
could be measured with extreme accul:
spectra of gises had been studied and reguli
for hydrogen as carly as 1885 by Balmer, later also for ot.hcr
atoms (from 1900 by Ridberg, Paschen and Runge, Rit?).

The splitting of spectral lines by a magnetic field discovered
by Zeeman as carly as 1896, was investigated with powcrful
instruments and revealed amazingly harmonious patterns.
meaning of these regularities remained obscure; but as they
could be expressed in terms of wavelength and frequency, nobody
doubted the wave theory of light.

Phe vature of X-rays was controveisial. Sclective
:3‘:‘:&‘::""’1;’1“?;\ discovered by Barkla (1909) indicated W
structure, w,‘ﬁk'x’r?gg found (1910) evidence for corpusu.on
from whi'~h So alter im_d Pohl obtained (1912? .d'nfrz‘if:ll

¢ht Sommerfeld estimated the wave length. This dispute

bsorption
4Ve

lar
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was scttled in favour of the waves when Laue and his collabora-
1o1s _found in 1912 the diffraction of X-rays by crystals, demon-
strating at the same time the lattice structurc of cr’ystals
In the hands of W. H. and W. L. Bragg this method opcn"(‘i a
new chapter of crystallography. i
.thAthc corpuscular idea was not dead and grew in weight
Ems.tcm took it up and showed thut signiticant features con;
cerning the ejection of electrons from metals by light could be
explained in terms of Planck’s quanta (theory of the photo-
electric effect, 1905). Two years later (1907) he applied the
quantum theory to the thermal properties of molecules and
crystals, and predicted a strange behaviour of the specific heat of
solids at low temperatures. This was soon confirmed by experi-
mental investigations made by Nernst and his school. On this
basis a derailed atomic theory of crystals was later developed
(Debye 1912, Born & Karman 1912, Ewald 1912, Madelung

1918).

THE QUANTUM THEORY OF THE ATOM

Qu_r fitty years' periad is, in regard to quantum theory, clearly
divided into four almost equal sections. The sccon[i,sectioh
began when in 1913 Niels Bohr applied the quantum hyplothesi‘
to Rutherford’s planetary modecl of the atom. This was a Yrea\5
success as it solved at one blow the riddle of atomic st:xbkn?lit "
and explained the nyysterious spectral series, and some feat .
of the periodic system. Many of Bohr’s predictions w L‘“ oon
confirmed by experiment (Franck and Hertz 1914) (fmdsoon
1heor.y extended in several directions. The ‘spin" of th d;‘ J ?hc
was introduced by Uhlenbeck and Goudsmit “975‘3@0&(10!1
mportant “exclusion principle” for Bohr's orb  was ),' and an
by Pauli (1924). This enabled Bohr himse fIS s discovered
interpretation of the periodic system 0:}“;;“ *‘m ‘C(}mPith h
electronic orbits started in 1‘)22— and resul L*:;k'ms . t'crms o
of one ofthe ‘missing clements, ha’fnium((_; o e discovery
Even the most startling consequences O‘S(erand Hevesy, 1922,
s e oS Start ne cor {AJLI]LCS of Bohr's theory, us for
crnng the orientation of atoms in m: ic fi

{Sommerfeld. 1916) were found in agree " et filds
greement with observation
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Important results can e

elements, except those in {

\ ate; henge all
‘ exce he nidde of the periadic ke {irony
e m principle unstable. Bug eaction veloc

; " ies are, ynder
terrestrial <onditions, so extremely slow that nothing happens
1t s, however, diffecent in the intetioy of s1ars ; Bethe shawed in
1938 that one can account for the

- heat t@evclvped n the sun
and the stars by a auclear Feaction, the fusion of foyy hydrogen

nuclei to form a helium nucleus. The opposite phenomenon, the
tizsion of the beavy nucicus of uraniunt inio almaost equal purys,
was discovered by Hahn and Strassmiann i 1938, This procesg
35 imitiated by the Capture of a neutron and followed by the
cmission of sevesal neutrons. Thus 4 well-sapporting ¢hain
reaction can be obtained, by which enormous Neryies are rele
htig general knowledge how this discovecy,
of war, led fo the construction of a el
{Fermi, 1942) and finally to the production of the atomic bomb.
This is not the place 10 entarge o the techaological probioms
connected with this developiieny, nor op
political implications: the issyes sre so formiduble that ther
discussion would need another article.
Peaceful science, not onty physics but
and medicine have greutly protited fromy the products of the pile.
The remaining few gaps in the periodic able of elgments b e
been filled and four trams-utanic elements found, amongst thew
fissionable Buclel. Innumerable Besw sotopes of known clemeniy
have been peoduced, Some of these cian be used as “tracars’ m
nd _biOlogical vesearch, others as g substitute for the
i Atment of cancer and other diseasen,

tsed,
wder the pressure
CAT Teactor og ey’

s economic and

aso wheaistry, bialogy,

MESGNS
The las Quarter of gy hialf-

t “entury was agsin vpened by
fundamentat ; " pefied by a

discovery ip quantam thepry, concerning the natuse
of the nuclear forces,

These differ, by (e short range of action,
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froin the electro-magnetic forces which keep the .eicctron§ m
their orbits. There exists a generalisation of Ma.chﬂ $ cquat:«?x)s
(Proca, 1936) which has such short-range solutions. By studying
other solutions representing waves Y ukawa was led m. 103.5 to
predict a new type of particle, later called meson, which is in
the same relation 10 the new hield as light quanta (photons) to
the electro-magnetic field. hs‘ muss could be calculated from
the range of forces and was found to be 300 electron masses.
Soon the existence of mesons was e>pcruncnmﬂy tunhrmed‘
first in cosmic ravs {Anderson zmil ?\.eddermc_\\’-;:_ 1936, later
with the help of a cyclotron in (';x}ahﬂhx& (1948). }h)c method of
photographic tracks (. 52) has, m the hands of lo“,c“‘ (fmm‘
1940) ~pmduced a weaith of new results, c.¢., (hﬂc exzsvh.‘ncc (.si
two kinds of clectrically churged m:aox.lsT o’x‘)c .\W, (f“' ‘mh,;,
200 times heavier than the electron: the nf\l .)\;l‘]d ;P‘?n‘(‘!)L:)}lts,]y
decays into the second (phus ng:tr;ﬂ particte). It is probable

i TN OF D150 EISt

lhdf‘t:::lj i;:?\ri\!:'xp:: ‘;P‘c!‘] Ve Tew Vistas Ax‘or tf\lc. futurui‘ ’H’u:
dectro-marnetic teld which for a long tme has don\n}tit%Q
e - ‘{l very likely be andy one of many helds, cach assoct-
phs e m~ . of n;mlc. and the fundamentat problem will be
;!(1‘0:‘5\:‘1'::;;;‘1:& :'cIA]n‘iunx of wil thcu; cn’xitlcs and o unmte them
into one theory, ant exclnding gravitation,

CONCLUSION
Survering this brief account of half a ccnfu.l_\} \'.g“(;nd ‘1\\':
rcm;u-k;\hlc facts: The fundumental - or n;u.m.r?\u“: r.‘g‘md
cepts concerning space and time, matter and 11}(\11(vn‘}t..uuncldn !
ettect, which phasics has inherited from 4 pn\:n('vus p;rmd! 1;1:‘;
not withsteod the onslaueht of new g‘\;?crzm')u:\ .md‘ ul.c Xf.l'( ;
be repliaced by ditterent. cufn opposite tdeas. On the ni}\c‘rimmd.
the actual physical theories, lhuugh \lmngl?' mmimuv a.n '
extended, have never been gue fihwx'dcd: the “l.‘? m‘m-x .l}rk
abways preserved as limiting cases in 1»hc ngw Ones. H‘\u? mlx e
mids} of turbulent happenings ;mq n spite 'of ‘;m xmrcd{h%y
widened horizon of facts and theories the continuity of physical
rescarch has boeen perfect!, nreser . ed.



60

[Note by Editor. - Some of the subjects touched on in this
review have been more fully covercd in past issues of Scicnee
News. For accounts of hydrodynamics and viscosity see Science
News 8, p. 91 and 17, p. 137, For aerodynamics, sec 7 p. 23
and 18, p. 44, Ultrasonic vibrations have been d'iscussc'd i-lxs;l
p. 48 and 9, p. 88. Thermodynamics s treated in 18 21,
thc‘ absolute zero in 10, p. 71 and 17, p. 123. Radar and‘ netcor
trails have feccivcd several mentions (c.g. S, p. 28) andnr]::;or
astl:onom}" is described in 4, p, 53. Science l‘:lew.t 2 was devot;
to ‘Atomistics’, while nuclear physics was also reviewed in 6
p. 62, and meson research in 16, p.9and 18, p. 86.} '
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This article was presented a5 a lecture to the Roval So
Ec{mburgh on 23 October, 1950. A shortened versio
Scientific American, Seprember 1950.
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STUDYING PLANTS WITH
X-RAYS

THE advance of biology 1n all its muny branches depends to a
large extent on the applications of advances made in physics
and chemistry. It is sad to think how little this truism has been
accepled in scientific practice ; and the way in which X-rays have
been used in research since their discovery in 1895 illustrates
how serjously limited the outlook of zoologists and botanists
can be. Almost from the beginning X-rays were cmployed by
surgeons to aid in the diagnosis of fractures, and with the
invention of the radiopaque ‘batium meal’ the shadows of
stomach ulcers and cancers began to be photographed. X-rays
of the heart and chest came to give valuable medical information,
particularly when abscesses or the inflammation of tuberculosis
cast unusual shadows in the X-ray beam. Other parts of the body
were made visible by feeding or injecting iodine-containing
substances, for iodine is opaque to X-rays. The gall bladder's
function could be studied, and the kidney, and the shape of the
urinary bladder, and the continuity of the canal in the vertebrae
of the spine, where lies the spinal cord of nerve tissuc. Substances
could be injected into blood vessels to display the circulation
and the course of arteries and veins.

What use did zoologists make of all this? A little, a kind of
spill-over from the work of their medical colleagues through the
common channel of physiological experiment on mammals.
And the botanists? Nothing at all: too remote from medicine,
they left the mystery of X-rays alone, just as for so long they
left the mysteries of biochemistry and of physics.

However, an i_mPOf!il{u step was taken three years ago by
an eminent medical radno.logiSt, unfortunately since deceased,
?vnh a cq]lg@c who was m.tcn:sted in botanical problems, and
in the British Journal of Radiology for November, 1948, appeared
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a paper by Dr A. E. Barclay and Mr Donald Leatherdale
describing how they had accidentally discovered strange ‘spots’
in the leaves of many plants (see Inset, 10-12). They used *soft’
X-rays, that is rays of low intensity and low penetrating power
produced by low voltages; and they found shadows from the
leaves of many plants, indicating accumulations of some un-
known materials. In the Mermaid rose and in Prunus the
large spots lay along the course of the leaf veins, and they
deduced that they were of high atomic weight, perhaps mineral
deposits. In the potato and tomato on the other hand the spots
were predominantly in intervenous spaces, were 300 — 500u
across and gave softer shadows suggestive of lower utomic weight
substances. In Berberis, strangely enough, no Spots were ever
found. Studies carried out through one season suggested that
the accumulations of material which cast these X-ray shadows
are largest and most marked in the spring, shrink during the
summer, and are gone completely by autumn. Here then is o
subject for further research, a mystery which may prove the
door to important discoverics. Yet, simple as it is, it has had to
wait twenty years and more for the genius of Barel

) R ay. (Some of
his work, incidentally, has already been described

. > and illustrated
in Science News 10, where Professor K. J. Franklin described

the work of the Oxford School on the circulation in the kidney
See especially pp. 102-7)) B
Barclay and Lcatherdale were really studying ways of showing
up and studying the vascular system of plangs - the s 'ci:l
tubular tissues up which water i carried from the root.‘pL
along which various food stuffs such as the sugar sy tl3
in the leaves can be carried - the xylem oy

that a saturated solution of lead acetate will rise in a cut ste
a‘nd show up the vascular channels on X-ray. Later ;I L l f5 L““
m_at they could make visible 3 good deal of‘ R t“jy'oum'
without recourse to any special apens which nf)i:}rlt ?:dt(;m?j
acetate, ve artiiicial and poisonous. S e e

g/[rb Donald Leatherdale Writes :

ubsequent to 1cati

Barclay and mysctlkt"co‘r)xuﬁh?u?n~ of e paper by Dr ALt
4 Dbotanical use of the techniq

, and
esized
and phloem. They found

ue of
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radiography, some work was done on the development of plant
5d”()3l-]c of the disadvantages of studying in'lemal developmt:nt :)]y
more orthodox mcthods is that a specimen must ??bf;;(;ls il):;
mutilated by dissection or microtome sectioning t‘o Tst;i lroy'ed
pattern. But using this radiological .approach' it ha 'nl:ervals
possible to radiograph a single specimen at various | | may
of time: thus the development of an individual plant ga tion
be described, rather than having to fornm a composite desernipl
from several specimens. e
the rclu(ions'hip between host plant and gall was thc. t::J::E
of our evperiments, with particular reference 1o thetr these
related vascular systems. The use of “soft’ X-r.uys shows thes ‘
systems without the necessity of employing radmpﬂq“‘f cof“ras)f
media. It will be appreciated that only the smaller sp‘ccws (n
plant gall could be used. as larger growths (syg:h as the ;9(1;111‘3](:)[‘
oak apple, oak marble gall, and the ‘rqus Plf:CUls"d from
certain wild roses) were too thick for detail to be resolve
> arg adiograph. .
u‘%l'lc\'cﬂ‘ll)rcifdscrr;:‘js‘jl' r?:suhs was obtained from a cor?un(:::x:;«::
gall on the white willow, caused by lhc. sawfly P‘f“"_"\”fi ’:mtricm
Lepel. The twig bearing the galled leat was gm\‘\n I'ld;(‘ imhed
solution, and at intervals of ten davs the gall “ld;g tdmd,'l:)émphs
in identical positions. \icroradiographs from ll \Lsuowm o
show the vascular tissues of lcaf;.md \%-’l“, and the gr
tissues in the specimen may be visualized. Al s, 10 prove to
These experinenis Were m the nat‘unf of ;ntz lrun(.? LA
ourselves that the technique was suitavle for ,“(]: )?l'n‘ﬂ botl;
There is much further work to be done almu. }t \?st_ 'ldg;n "
with the multitude of galls now known, and \\u‘1 the 1jd ‘1‘( paque
o described earlier. With regard to the thte.r.. it can now
bm.m.s d"b‘:l ated that the “spots’ are most prolitic during the
d‘ih-m;dgfb:c:it::lcaf ~gro\\'th. Later in the year their numbers
Ski'x::)nish, c;r they may even be altogether absent. '
Unfortunately we now no fonger have Dr Barclay with us,
but the technical detail of the metheds used by him with such
success at the Nuthicld Tnstitate of Medical Research will shortly



64

be Science News 19
Rad';:zh?lcfzd in his last book, Micro-arteriography and other
Blackwfn S(—Al::\’(hg E’"P{Oytd in Biological Rescarch (Oxforfil
Charles C, ThOm:m), Publications; and Springficld, Ilinois:

ASTRONOMY TODAY

’ ~ *
'9;%
A By 3

et towards or away
tovenients o the tube turns
Northwards movement is
O cegtons photosraph )

1. The 100 inch teiescope
from the observer for wes:
left and right for north oo
Limited by the shape of the T




2. Mount Palomar Obsery

north bearing at top
carriage. (Drawing by

atory. The
and obseryer
Russell 1

200 inch el
about gy,
Porier

< ) I 7/1.
S heus CYorhos Ofnarvaton [/)HIN.,I(I[ }
- - heu _

T oy W g

“, th \11.57 A

CCONe show il‘j.l hotseshoe

Cnter the ventral observing



NIPIS O}

Ingau feandif[d ur sd[quIdsdd pasjosal 1snl are sued 19100 o4 jutid Jeursti

19501 snadNU dYL HELY DN Qou prards aygp 341 U T0ls DON RIngau prondiga gyt

(ydviSosoyd a0 PULON, UOTIE[[a1s
-PALISGO) HOSI14( JUNOfy) TUOLIQ) Ul BINQIN 1T dY L ¢ SUOD WAYINOS Ayl Ul pngau aemdurpd v




STUDYING PLANTS WITH X-RAYS

D. Thachcray.
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ELUSIVE CHEMICALS
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HORMONES AND CARBOHYDRATLE
METABOLISM

Microphotographs of hormone crystals

22, Insulin. (D, A, Scorr, Endocrinology, 1939
25, 4372 cowrtesy of the author and the editor.)

) 0T o

;\3‘. FUI([I;,O\(\,[UH_C. O Reichatein, Hely ( him.
cta, 'l 937, 20, 953 Courtess ot the author and

the editor.) ' ‘

24, H-dehvdro 1T-hydronyeorucosterone. (Courtesy of
Professor FC o KNendall)
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25 Growth hormone Mo 10 i M. Lvans, & M. .
Simpson, Saence. AN K08, 6240 cowrresy of Dr Li
and the cdirory



Microphotographs of stained sections of dog pancreas.

-
* SR 26. Islet of Langer-
8 : hans in the pancreas
of a normal dog.
Note the grey tone
of the islet as a
whole associated
with the presence of
cytoplasmic material
Cgranules™) con-
cerned  in insulin
production,

270 Wet of Langer-
hans in the pancreas
of apituitury-treated
dog which had de-
veloped  diaberie
symptoms, Note
;hc paleness of the
blet, resulting from
Joss of granules”,

% typical »-cell.
B typical B-cell.

C  blood capillary,

Ho #-cell undergoing -

bydrope
N - > P degene .
of viicuoles in Stopling,SSRERUON” Giccumalaton

M Becell undergoing

mito e
OSIN ()¢ dmdmg N twoy

(K. C. Richardson, Proc. Roy,

S N 4,
and the editor). O 1940, 128 B, js3.
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ELUSIVE CHEMICALS

GEORGE PORTER

THE main concern of the chemist in the past has been to prepare
and study the properties of as wide a range of substances as
could be isolated, and more recently he has also been interested
in the way in which the reactions used for these preparations
proceed. As a result of this process of probing into the finer
aspects of chemical change a vast new group of chemical sub-
stances 1§ being discovered which may well be as numerous as
those aircady known. This does not mean that the number of
botdes in the chemist’s store will be doubled, because this new
class of chemical has one property which distinguishes it from
the usual run of substances, a very great reactivity and con-
sequent short bfeume. Fhe majornity of such substances known
at present do not exist for more than a short fraction of a sccond,
which explains why they have been overlooked until com-
paratively recently.

It seems reasonable to ask why, if such substances can never
be isolated, so many chemists are busy at present finding out
all they can about free radicals, as these short-lived chemicals
are usually called. Their importance lies in the controlling
mfluence they have on the way a chemical reaction goes.
Chemical equations of the type

2H, - Oy —> 2H,0
tell us that two molecules of hydrogen (H,) will combine with
one molecule of oxygen (O,) to give two molecules of water
(H,0). I wonder whether it has occurred to the reader to ask
how in fact the molecules manage to rearrange themselves in
this way. The first guess would probably be that three molecules,
two of hvdrogen und one of oxyeen, come together in just the
right positions so that a split of the bond between the two atoms
of the oxvegen melecule is all that is noesssary o produce the
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apart from the fact that with more com-

S usvally impossible 0 write down any
reasonable intermediate contiguration of this kind, there v o
very serious objection 1o this simple idey in re
this one, It is fairly €asy to caleut
collisions of three molecules can
found that the number is pyyen
collision is effective, 1o expliin the
reaction which can take place he
In trying to expiain Teactions of ¢
to assume that white the reaction ;
as well as the swapie molecyles
mediate substances such s free

radicals like OH. Th ASSUMption was myde before any direct
evidence of theis free EXIStence had-been obuained, and much of
our knowledge of their chemical Dehaviour )y, been deiived in

this way. More recently direcq Methods ke Been paifected for
detecting these transicnt chemicy) substices, wiwd

branch of chemistry has been opened up.

actions such as
ate how muny sinmit;mcv“}
OCCUr in & given time and ¢ 48
00 small, even §f every such
very rapid and even explosne
tween hydrogen and oxveen.
his kind it has been necessary
S aking place

there are present,
themsetves,

shortlived inter-
Womy of hydrogen and free

A whole pew
HISTORY OF THE [pg, OF A trps
Since the days of Lavaisier the erm Craydicyl”
describe a grouping of atomyg which oceyry
and is transferred as g whole iy
though it were a single atom, A
strongly in the frec existe
isolated them. In the ear]
ammonium {NH)

known examples an
cacodyl AS(CHS')Q, while Frynk)
free methyl CH,. Ip these ung similar ¢
‘compound radical’, which s 4 stal
two sueh radicals combine,
had in fact prepageq <acodyl
and Frankiang's free
only when the idea o

RADLC Ay

has been used 1o
APArt of o malecyle
a chemieyl reacton rather g
any of the carly chemisys believed
nce of tudicals ang cladned ty have
Y part of the fitheteentyy whtury the
and Cranogey {CN) radicyls m:zc- weli
had solated  free

the iolation of
RETVN 1t W,

and reporeq

as alwavs the
! hle molecyl formed when
veh had beep Prepired s Bunsen
» Which s (¢4 LaoAs Ag .
methyl way actually ethane ¢ g3 it \\31;5
f the stable Cxistence gf free r:djscal\ Wits
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iscarded that the immense structure of orgax.ﬂc chcmistr?’ could
N for it was built on the foundation of the xd.ea of
t')c ﬂ;‘ded\’algncx saturation. The \u?cncy.of an atom is the
oo . d; which it is able to form with other atoms, an_d
o ?S:e of more and more molecules was determined it
ifu:htfoi::::ha( carbon always hud a valency of fﬁzzayizﬁ;z:
of one and oxygen of 1wo. although the bond {mné’ tC’ ¢ double
as in the cuse of the oxsgen molecule O - () n l;\-)dd' s
f“ I possible to prepare a molecule unless u~ 1“1 a» \
On\r*l'kh]‘ bonds in use by combination between the atoms. Thus
?}::.?stjuﬂ‘m:ing molecules were found to he quite stable:

H
!
C
HoH G
}[{ | H-( (‘ H
— HooCo--C -0 1 | |
HA{I‘ " Pt H=C  C-H
H H H 1(’
H
methane cthyl aicohoe! benszene

} 4 a - . Ter WO ll db
but the wadivals CHy, CuHa OFHL ety ele. \\h.u_h (L':l, :
ontly B o ee existence.
part of these molecules could apparentls h e na hub'u ::'u,.‘
In view of the remuarkable success of this theory m or&,dm},
1 1 EH ¥ » ~ 9 N e A
chepustry it 1s not surprisimg that the idea of the &\;xknu} C
: ' ) ws rapidly dropped. so that when
weals | c free state was yapidly dropped. ‘
radicils in the } fro hat whe
Gomberg really did prepare « fice radical in 1900 the chemical
IS il
; vather sceptical,
) sstonnbed and wuther segy -
wortd was sstonnde ! . \
Gomberg was tving to prepare hexaphem | cthane, which
101 Vi hRREE ' o e
i ethane molecele i which o the hydrogen atoms have been
. i} by phonn b iCaler zroups and o8 refoie b the foipndy
repiwced by pliens 2RI

€. H (S|
Colly =0 0o

ot NERY,
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;‘;z:;:o‘;z\;mi’tizl:c ixtlg,li\::tr?:'lct}ive. but to have u lifetime rather
reason as atomic hydrog. a:\e been expected, for the same
shining a li‘ght on thf: roft’f]' Free atoms can also be made by
the bond breaker, unrz;oittt:-l'ii' i‘:ct;‘shl energy in this case being
ar e va 1S way that one of the first
?::‘;;uifi':;‘tizt:‘j'z;(t:ntil()r\ [lhmr existence was given. When chlorine
rapid reaction takes pll],:.;g}?}t}'lf] the presence af hydrogen a very
chioride is formcd.AFor‘ le \; ch may be explosive, wnd hydrogen
a chlorine molecule g n;': \‘I\'huimn “f bghtwhich is absorbed by
chloride are produce] T;:)) s a n‘an.)n molecules of hvdrogen
Nernst, in 1916, m"l’tv)s"‘ l(l '0 explain this remarkable effect
chain in this case i si;:;t (;H theory of chuin reactions, The
formed from a chluriné nmelccubly :th; twa free chlorire atoms
light, continues by pr B onigiial dissociation by
t\io ’le:lr;(:l;::l::tl:;t:(l(:i ““'miuung many HO T molecules hefore
bine and stop the chain (s\;:;r);'j:(p)fc\r; atoms) eventually recom-
evidence for free atoms is in this cu;e (1::1",p NG Mlho.ush the
powerful enough to gain rapid ucceptancl:q the reasoning was
SHORT-LIVED FRER RADIC 4 s

It was not until 1939 that th

Dot o oo - |
¢ sunpie free radiegls Were oy i

to be capable of free exicroncoe
to! ”()fgdilz;rgli‘ tflr:x, existence. The apparatus used by Pancth
: ditz this purpose was ug SEPIE a8 1 way pow
and consisted mainly of a fong tube thronak o el
:m{;npcd t:\c vapour of lead letramethy i:’\h‘((\\:}"()h "
ube was heated ; > poi ! '
was decon;;zrc‘j} :tnsolt?ltdpollm hy a.B“mc‘ ’();r the vapour
e o bevony ok \ﬂ, \\.ts L_icpoxncd on the cool part of the
mirror, The {lec was o Do form o @ thin metalfic
from this mirroy a \ . h'mwd " o i
and a new mirror way for 5 the s e
as before, b the ol o IS Terned in the Same way
away by some very I‘C’ICI:I'\'I\ rrf)r (.lt\\\'n\lrc;\m T rapidly mw;)
of the lead oy i Cmaterial formed jp, the dcmml.\miuon
! product leaving

amethyl, The
. vl ¢ ting
simply ethy Aich i
ply ethane, which iy quite unreactiyve
as clear thy It w

as rupidiy
When this
1 bur

anogt

the tube was
towards metals of this
cthyl rudicals, produced
art the heated Part of the tube,

kind, and it w f)
‘ ‘ cl as free
in the decomposxtmn oceurrine f
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which were removing the mirror. By making lead mirrors of a
standard size at diferent aistances along the tube it was possible
to show that the number of vadicals decreased rapidly with time,
the mirror ten inches from the flame taking about ten times as
long to disappear @s one very near to the flame. Knowing the
speed at which the gus was flowing through the tube it was
calcukated that the average lHfetime of a methyl radical in the
tube before it reacted was about one hundredth of a second.
At Tast the real answer had been found to the old controversy
of whether radicals such as methyl could exist in the free state.
and as is often the case in arguments of this kind both sides were
rieht ; methyl was guiie ~table phasically and could exist in the
frec state. bt on the other hand it was so reactive chemically
that it was only one hundredth of a second before it disappeared.

The free ethy tradical C H, was also identinied by this method.
and the "narror teciutigace” bus been widelv nsed as a test fou
radicals of this kind i Gl sonts of reacdons, Most organic
moiccules break vp. v hen heated. into free radicals which can
be detected by the removad of metal murrors, though it 1s not
alwayvs vasy o say exacthy wingt radical it is which is doing the
trick, becanse the anelasic of the very small amounts of the
cormpound formed by the riedice! with the metal presents many
problems. The method has also been used to show the presence
of free radicals when molecules are decomposed by light, «
bright kimp in place of the anie being the onlv modification
necessary. In this way some of the bigger radicals can be detected
which do not appear when heat is used to decompose the mole-
cule, because the heat tends to break up the larger radicals as
welll such radicads being phenyl C.H,L tertiary butyl C(CH,),,
acetyl CHLCO and benzoyl CLH,CO.

As with atoms we have had to relv 1o a great extent on
indirect evidence for our information about free radicals, and
an early example of this kind of work is that of Norrish on the
breaking up by light. or photochemical decomposition, of
ketones. Acetone CH~CO-CH, is such a ketone, and is de-
composed by ultraviolet light to give the gases carbon monoxide
C O and ethane CiH,. In the same way diethvl ketone decomposcs
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according to the equation: (light) (,H,~CO-C,H, —— CO+
CH,,.

Now the question arises whether on being excited by the
light the molecule just reorganizes itself to give these products,
or whether it first splits up into free radicals which recombine
to give the hydrocarbons GH,y or CH,,, and the final products
give us no clue to the answer. The solution 1s easily found,
however, if we use a mixed ketone, such as methyl ethyl ketone
C,H~CO-CH,, because in the first case only one hydrocarbon.
C,H,, will be obtained. In fact Norrish found three hy'd rocarbons,
GH, Gy, and Ctiy,, in roughly equal amounts, which 15
just what would be expected if the ketone first splits up into
methyl and ethyl radicals, which then recombine 1o form the
final products.

A vast amount of work of this kind has been done, but it is
rather like standing outside a theatre and trying to guess the
name of the play from the faces of the people coming out. if
one had some means of seeing the radicals and atoms themselves
the study of their reactions would be greatly simplified, and one
of the nearest approaches to this ideal which is being developed
uses the spectroscopic method of detection.

THR SPECTROSCOPY OF TRANSIENT SUBSTANCES

Most substances, whether atoms, molecules or free radicals,
when excited by an electrical discharge or by heat, emit light.
whic?.x for each substance is different and quite c;mraczcristic
apd is known as its emission spectrum. Simifarly when white
light is passed through a substance certain wavelengths (narrow
bands 9f colour) are removed and a stmilarly characteristic
absorption spectrum is obtained. Examples of a{} these types of
spectra are shown in Inset, 13, and it will be seen that ance the
atom or radical responsible for such a spectrum is identified
the spectrum will in future experiments provide a diagnosis of
the most certain kind, The wavelengths of the many lines in
sm'xch a spectrum, which can be measured very accur‘:llci)’v also
give us _much detailed information about the structure of the
free radicals; for example, from the spectrum shown of the C,
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radical it is possible to measure the distance between the two
carbon atoms as well as the cnergy which would be required
to split the bond between them.

Historically the first evidence of the existence of free hydrogen
atoms was spectroscopic, the theory being worked out by Niels
Bohr in 1913 to explain the series of lines noticed by Balmer
when an electrical discharge is passed through hydrogen, and
the emitted light examined spectroscopically. Bohr showed very
conclusively that the lines were those of atomic and not mole-
cular hydr;)gen. and at the same time founded the theory of
spectroscopy. This father of all spectra, the Balmer series, is
shown in Inset, 13(a) as it appears in the spectrum of a star.
Many of the spectra found in the laboratory appear also in the
sun, stars and comets; in fact in a few cases atoms and radicals
have been studied in this way before they were known on the
earth at all. One of the lines noticed by Fraunhofer over a
hundred years ago in the spectrum of the sun is now recognized
as that of the free radical CH.

The Bohr theory of the hydrogen atom was closely followed
by the interpictution of other spectra, many of which were
found to be the spectra of molecules, but the molecules identified
looked very peculiar to the chemists of thirty years ago, some
of the commonest which occurred in flames and discharges being
OH, CH, CN, (,, NH, ctc. It may now be considered fortunate
that the very molecules which occur most readily in spectra are
the free radicals which are so ditficult to study by ordinary
chemical methods. Over one hundred free radicals made up of
two atoms only have now been found in this way and a great
deal has been learned about their structure. Some of them,
which occur in flames, are known to play a vital part in the
reactions taking place in the flame - OH being an example - but
others, such as (; and CH, may be formed sunply by thermal
decomposition of the fuel. The mere appearance of a spectrum
in cases like this does not give us enough information to say
what part the radical is playing in the reactions taking place.

Attempts are now being made to use the very direct and
precise method of spectroscopy to follow free radicals in ordinary
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this time the redicals are disappearing as rapidly as they are
formed. “The light wsed iy therefore a flush lasting ouly one
thousandth of 4 secorad, and o this e
of energy can be disapated by discharmng ¢ ven Large condenser
{ oy million times brightes
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present for a few thousandths of a second and then react o
give chlorine and oxygen again. There are probably many other
reactions and short-lved molecules like these which would for
ever remain undetected by the more usual chemical experiments
which take scconds or minutes to perform

TRIE RADICALS IN INDUSTRY

There s noe sale for free radicals as suehv: even the most Jet-
propetled of debivery seivices vould not handle these perishable
goads: their impoerturce n commerce les e the directing

influence they bune on the micchanism of industrial progesses.
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The cracking of the higher hydrocarbons to give useful fuels
like petrol involves first the breaking-up of the larger molecules
into free radicals and then the recombination of these radicals
to the smaller molecules required. Then again when this fuel is
burned the whole mechanism of the combustion, or reaction
with oxygen, consists of a number of steps nearly every onc of
which is a free radical reaction. The petroleum engineer would
like to know very much more about the chemistry of these
intermediates in order to control better the processes he directs.
The manufacture of plastics is another industry which depends
on free radicals for its livelihood. The growing polymer in this
type of reaction is actually a growing frec radical which continues
to grow until it meets another free radical and so ends tlye chain
(see Science News 3, p. 156). To start the process a free radical
must be produced in some way, for example by adding the
catalyst benzoyl peroxide which decomposes easily to g}vc a
phenyl radical, and the properties of the final polvmer ar
determined to a large extent by the number and kj '1 ff .
radicals used for this purpose. e of free
th::;r);atf)ei;z che;’nmal industries can get along without using
molecules somewhere in their process d th
modern chemist is no longer startled o e e

o by a chemic
which disobeys all the classical rules of valcnc(; Fmical formula
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RESEARCH REPORT

A, W. HASLETT

AMOLEBAL TRANSPLANTS

THE technigue of micm-n‘.anipulation‘. dc:\clopc‘d to a ne»\' ?11;1;
of precision through the wotk of Plerre de lonbxu‘nc J ‘
Institut Pasteur at Garches, has made possible many cxpcmmn%s
which could not before have peen undertaken. One of the most
spectacular is the removal from an amocba of its ccll xﬂlucl'cus‘,
and the later replaceinent of this by & different ngclcux, tm_nas-
planted from a second amoceba. This was tirst described l?}’ Dvl ! ¢
Fonbrune. and his collaborator Dr ). ('ommundm), in ,l\)"?'
and has also been illustrated in a fim. An extension i this
experiment, of potentiaily wide interest, has been c:\mcq out
lately by Dr. 1. J. Lorch of the Chester Beatty Rcscurcl‘\ ll.lsllllllc,
the i{o;;‘.l Cancer Hospital, and Professor J. F. I)amglll of the
Dcp:m;\\cm of Zoology, King's College, London: This wais on
the same lines as Dr de Fonbrune's voriginal work in France, 'but
with the important ditference that transplants havc bcen f"llo’m
one species of amocha into another. The result in one 4(.45» lms
been the creation of what appears to be a vncw slr;u.n of .'mmc ha,
maintained bv repeated division and mtcrfncdm(c in form
between the original two species. There 18 thus cvnd:nce
that, in amocbae at least, the cell plasm as well as tl\m nucleus
affects the observable properties of the cell - thcse.mdudmg the
size of nucleus, and the patierns of external om.hnc shown by
the amoeba as a whole. It is the kind of \york which needs to be
repeated and extended. as the authons point f\ut, but as a record
of experiment and results is of interest for its own sake at the
present time.

The species used were Amocha proceus and Amocka discoides.
Both can be grown i mass culteres from single individuals, and
they can be readily distinguished. 4. discoides has more serrated
outlines then A proseus. and iis nuciel are snuller. The nuclei of
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both are irregular in shape, and measurements were in all cases
of the largest diameter. Nuclear size is naturally smallest after
division, and increases up to the next division, so that measure-
ments must be made on a considerable number of individuals to
obtain figures which arc significant. Those for A. discoides
ranged from 30.4 to 35.6 microns (thousandth-millimetre)
and for 4. proreus from 36 to 46 microns. These figures were
found to be characteristic of the strains used, and where mass
cultures were grown from individuals were independent of the
size of nucleus in the individual amoeba from which the cultare
was grown, ‘ ‘

Removal of the nucleus results in a sfowing down and inco-
ordination of internal movements. In Dr de Fjonbrunc\' des-
cription, there are ' mouvements anarch‘iqucs qui se ralentissent
progressivement.” After replacement of the nucleus by 1yps-
plantation it was found in the London experiments thay ‘normal
appearance and ability to move” may be recovered in
seconds, though ‘several hours may clupse before reCovery is
complete in the case of some animals.” Recovery, in this sense,
is described as “reactivation”. It was achieved in about the
proportion, whether transplantation was between amoebae of the
same or of different species. But the number of animals which
afterwards divided was considerably reduced w!
tion was inter-specics. With amoebae
normal movement and appearance were
per cent of cases, and ir about 635 p
obtained. With transplantations betw
wils @ variation in results
the nucleus.

Out of sixty cases in which a nucleas from 4 discoidc s was
transplanted into the cell plasm of AL proteus. fiftyome R
‘reactivated’, but of these anly VENt ~two dividey '.md 0
of these gave a mass culture. The largest 4 o '
thcs:e ruclei were measured inuncdi;ncl,\ before trunsfor and
again 24 hours later. The average before tynage W, \;; - » [ .
which was the same us the SPeCies wveryge - hi'l\ fxf!':r\I-r:‘nlln‘{klnx‘\n:‘
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but within thut for . prorus into which the nuc‘lci .hud
been transferied, The opposite trunsplantation -~ 'l1u$lct{> ol:
A. proteus into cell plasea of 4. ‘/-"““”v‘/”f v “S.mudc " S;x,l);m‘:':
cases. Of these, forta-tive were 'KC;lCKl\;llCd: but on )'\l 1rc_<,
divided afterwards. On the other hand. .‘mc-O' thOSCI Wh,lfh[l:j::d
divide gave a muass culture which was mamlmpcd f(:r ,'(w;bzrmu;
a year. From the two which divided. but dld‘ nJ‘ "ﬁ]uuls which
culture, measurements were made on Ihmce‘n‘l’“ fl:rkthc‘ largest
were their progeny by division. The ;x\cmgu‘ x” o r;}_
nuclear diameters remmned wathin the nmnjul’m:;ﬁd;mcfti-ulx)) o
rous although slightly reduced, Thkc "h;“:ib':n‘i:{:u‘:: l; the unique

. discoides, but may not have been sit R s
:S:Li::t:j;] p;ll\c a mass culture, the xfxllgf’ 'ol d\l[::“\t;;l:h ‘:]‘:Z
practically identical with that for A discoides. 1l
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others as discoldes. and ull“crs dagam
a reasonable conclusion, there-
in fact, intermediate. Finully,

GROW ITH « ONTROL IN PLANIS
Crruit tee hormones (auxias) was
caTit a ool trait tiee
A long-term mneshigatil haor N ) was
l un t the Last Malling Rescarch Station near Maidstone
degun at the Last Maling St ar i
) Jb1‘)1( L confurction with the Rescarch Institute of Plant
A inoconni ] o e ‘
l[?l ! l)‘ of the Imperial Coliege ©f Screnes und Technotogy,
5 ATLAYNG 1 v ‘ .

. wystolony nt result. recerded an prefimmars form in the
It Mmost rece sult. . ‘ | ‘
o nlt sort of the station for 195900 the extraction of a

annual repos R : o
tural lm\lh inhibiting substatice, which acts i opposition
natural gr - g \
to the growth-promotniy hormaone,
In earhier work at bt Mudlres essentially the same method

was applicd to vegetative shoots o Lpple and plem s biad been
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used by F. W. Went at Utrecht in 1927 in a series of experiments
which provided the first complete proof that growth-promoting
substances were present in developing plant tissues. Went's
experiments were on a pure line of oats. He used the colcoptil'c
of the seed — the sheath protecting the plumule or shoot within it
— both as the source and the indicator of the growth-promoting
substance. He cut off the tips of coleoptiles, as the source, and
placed them in rows on agar plates. The tips were then removed
and the plates cut up into corresponding sections. To show the
presence of the growth substanee in the agar, he applied sections
of agar to the stumps from which the tips had been cut, some
centrally, and others to one side - the whole experiment being
carried out cither in the dark or in a red light. When the agar
section was applied to one side of a stump, there was a curvature
of growth in a direction away from the covered side. The inter-
pretation was that the growth-substance had passed from the
severed tip into the agar, and from the agar into the stump,
and that growth was greatest on that side of the stump into
which the growth substance had passed. Because of the small
amounts in which growth substances are present, mcasurement
of the curvature produced in oat coleoptiles has remained as the
standard method for the determination of plant growth hor-
mones — and it was the means, incidentally, by which the
of synthetic growth substances was first established

Experiments <'1uring the 1946 and 1947 seasons ay Fast Malling
followed essentially lt_le same methods jn both respects. The
result was to confirm, in general, that wherever there was exten-
sion of the shoot, there also a rele

ase of auxin ¢
strated. But in detail, some of the effects nf(::::lid :Z dcmo>n.
complicated, and a number of questions were raised 1o r}:' quite
decisive answers could be given. One was about th which no
the auxin; another about its ultimate f: € source of
drew to a close. There were indicatio

ate, as the growy seasoa
auxin came from the stem tissyes pr
it could be said only that auxip persi

ns, on the first, that the
oper. But on the second,

growth, and in the end it scem

become unavailable for extrac

activity
and measured.

nr sted .for longer tham active
¢d just to dxsappcar. or at least so
tion by the agar method,
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In the more recent work, now reported, auxin has been
extracted also with ether, and in this way it has been shown that
‘non-transportable’ auxin may be present which is not shown
by the method of agar extraction. In this form ~ or under these
conditions - auxin was found to persist throughout the dormant
period in shoots of Myrobalan B plum. and it could be c'xlractcd
from the greater part of the shoot at any stage. B_ut in apple
shoots of the Crab C stock, auxin was found only in the basal
region during the dormant period. and even tl-n:rc only up to
early December. It was also by the cther extraction method that
the presence of the growlh-inhibilmg‘ su.hult:mcc, alrcady men-
tioned, was first confirmed: and an inhibitor, presumably the
same substance, has been extiacted from apple leaves as well as
from shoots.

Hatcher. Report East Malling Rescar ol Starion (1948), pp. 113-16.

Vyvyan. Ihid. (1950), p. 34

MUSCLY LXPHRIMENTS

Physical cxpcrim:‘ms on muscle are carnied out at a number of
dili'crcm levels, aecording to the object in \igw ;lllq the interests
of the experimenter. At one extreme, thgrc 15 basic r.cscu'rch on
the propertics of muscle as xuch‘. Laperiments of_ this kmd';n:c
wsually carried out on frog muscre, ;n‘u-j t}'lc cx.;\cx‘||}zc|1tul“\11111 is
connn'onl\ 4 single muscular twiteh. lh'cn' object iy to discover
the cvclc'uf operations by which chemical energy s translated
nto ;ncchunic.xl work ; or, in other \furds, to_ understand the
working of muscles as cngincs.-ln an mtcn‘ncdlu_tc category :\r‘c
experiments in which the pcr'txwrr}?ullcc of a §||1g]¢ fnusc-lc is
studied in sustained contraction. l-vmul.l,\', there 1s the functional
type of experiment in which the objectis to _n.bser\'c? the use m:fdc
of groups of muscles under natural conditions. The following
note brings together some examples of recent research at these
three levels.

In work on the single muscular twitch, Professor A. V. Hill, of
University College, London. has for some years bean recording
with increasing accuracy the relationship in time between the
beginning of muscular contraction and that of the release of heat
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from experiments on cats which might have seemed of doubtiv!
relevance. With the spine bent, there is a critical position bevond
which the spinal muscles are inhibited from activity; and a
connection was suggested with the tendency of spinal dises
{normally lying between the vertebrae) to slip from position
when a heavy weight is thus lifed. In sitting, measurements of
the same kind show less activity in the forward satched position,
which is unconsciousty adopted in fatigue, compared with the
upright position, whether with the back supported or otherwise,
which is conventionally regarded as more correct,

Hill. Proc. Royp. Suc. B, 1950, 137, 268

v Nature, 1950, 166, 315,
Floyd wad Silver J. Anatomy, 1950, 84, 132,

OULANS AND CLIMATE
The difliculty in studying climatic changes by the classical method
of the advance and retreat of glaciers is to compare the record
of one region with that of unother. Areas of glaciation are of
limited extent, and between them are continenytz) regions which
must be spanned by less certain methods, as well

as the oceans
which until lately could be spanned by no othe

r method except o
jump. The limitation Bas been from luck of information, and

not from choice: for a region of the ovean bed w
undisturbed apart fram the <low deposition of
vides ideal material in principle for the analysis of whatever
information can be extracted from the sedimert,
Material for examination, covering the reguired depth within
the ocean bed, hs lately become avaable frony e piston cote
sampler designed by Dr B. Kullenberg in Sweden and used
during the Swedish Deep-Sey Expedition of 1947-%, fed by 17
Hans Pettersson of Goteborg, with [y Ku}lcnhcm' as deputy
leader. With this equipment, cores of up o about 70 ft fengih
can be recovered from the ocean bed at the greatest d»pt'h%’ and
there has been renewed interest in the pusx‘i\hi(it\' of o in
continuous record of surface oeun climate from the character
of sediments deposited on the sea bed o
Changes in temperature, show
estimated by two methags,

‘hich has been
sediment pro-

of obtainime @

at differeny periods.
OWR by these cores, have been
The firat was developed by 1
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f. 8. Phicger of the Woods Hole ()ccanographic;fl\lnslilulion,
Massachusetts, and  later re-asscssc‘d and rpodﬂxed by Mr
(. D. Ovey of the British AMuseum (N:‘uural Hxstor)f)..flt conu?tlsl
in making population counts, b_\ species, of Ff)raml‘nt elra,dsn;a
single-celted organisms which !?\c in t!\~c surface ‘11_\’!.:1‘5,“‘\[\ tllcln‘
Qni‘ to the botton, wiwie thew “tesis or skclcton‘s auunu; ddu
as sediment (Science News 17, pp. 117-1R). The S(?L?ﬂd;el‘lo ,
developed by DrJ. D. H. Wiseman, alio of the Bntlsl} ' l'lDSi,rl]l'l‘\::
depends on chemicul mcus»urAc‘mcms ot. (\hz" ;'.mo)ur‘llt‘olfc‘tx}:ctc ,(r;
contributed by the Foranuniiera to ditterent lL.\t S (f) l R( l
Tivis was first described at the centenary meeting 0 t.\c O,ytl
seorological Society in 1948, and gave rc.fu.lt‘s which in general
NN -Ii vith those given by the Foraminifera method based
;11:1’&:0({ .\~\f “\\umg, It~ bjms is that the higher the tcippcmturc in
o \I.K,L-;th.c lavers. the greater the mass of Foraminifera tests,
ll}:;i -\‘\ll].c;i:i-‘,,vc “of carbondte. W hich is dcpqsi(c‘d. .
' Dating, however. bas remuined \'pccpl;m\c in th‘c ab‘soinu: 0\.1
chiech by radieactivity method ;mp}lcd to the same LOR... / n
"Iicrllllli\C procadure, Botteved to gne G sh‘urt-cul to ~ddlmg,
‘i‘n 4 core from an undisturped arca remote trom land, is nm»x
CDr W seman to have been workcd‘ out from a co'xc
"\qu b - a4 denth of 2,379 fathoms in the cquatorial
UN&HH_C\.‘ ““i‘)‘]“‘q\ws“h Deep-sea Fxpediion. Chemical and
f\”;”-u..lkl lb.ih :m] proceeding, are said to suguest, tiest, that the
N"\\Kf‘ ;h‘.c»\cml.x)i\ only ol ¢lay and the remains of Fora-
:;‘\)ilifi(z:?;:]: :.u;d..,\ccund,'lh;n the rate at \\.hich dfxy wias dc;?nsi(cd
was substantiatly unitors, O this h;xx‘ls‘.lhc lfmc-scalc for the
u‘\.; Tas been tined by the known last pc‘rmd of grc:‘\(cst warmth
'u"moul 3.000 B, — the so-called chm;m{ optlm.um - 11(1}!
;,.”Lm\dy applied to ghve approsimate dates for earlicr chinatic
J];Hmcgl The tirst date guoted iy .;1?\011[ 117,000 nx‘.,'w'hcn there
N T;\ distinet but <harp mimmum.&cnwcr;nurc. The next
principal maumum o temperature s gl\cn_us 7&'00() lf'('
followed by a lesser munimunt at (?R,(HK) B From 111‘1\ pertod.
temperature is thought to ?mw rsen Ll!l}ll about 43,000 p.c.
Tiven, after remaining essentially vonstant for 16.000 vears, there
wars o thivd but lesser munimum at ahors 23000 5. There was
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then a general, but not uniform
3,000 B.c. already quoted, 1t is ¢
the dates given should be regard
stage.
Wiseman and Ovey. Proc. Geol. Ays.
Wiseman. The Times, 1950, Sep

, rise until the optimum about
mphasized by Dr Wiseman that
cd as provisional at the present

» 1430, 61, 28.
ember 22

LOW TEMPER ATURE p
A footnote can now be added 1o the p
same heading in Science News 17 {pp.
soIme recent measurements were
sound”’ - the transmission of he
through hetium 11 at very low t

Hysics

daragraph given under the
123-6). In this paragraph
recarded of the speed of *second
“tas a form of wave disturbance

: cmperatures | and the connection
was illustrated between these measurements and theories of

hefium I, ‘a liquid so unusual in jts behaviour as to justify the
description of a matter i, a “fourth state™ — neither solid,
ordinary liquid, nor gas.’ The experiments then described were by
J. R. Pellam and R. B. Scoy of the United States Burcau of
Standards, Washington, ang consisted in measurements of the
speed of transmission of sccond sound at lower temperatyres
than before. They confirmed that therc was a minimum speed
of transmission of 60.4 f1. Der sccond at a temperature of about
1.17 Absolute, and thereafier showed a smooth Tise to a Spe
of 111 ft. per second at a temperature which, though no; deter-
mined, was between 0.5¢ and 0.7° Absolute, This nerease in
speed of transmission was in agreement with predictions based
on a theory developed by Professor L, Landay in Russia, in
contrast with the principal alternative theory which prédj;tcd
the reverse effect.

Further measurements, at
beecn made by K. R, Atkins
Society Mond Laborator
Professor Landay’s theo

cd

stll lower wemperatures, have now
and D, v, Osborne in the Royal
¥, Cambridge - 44 these, too, support
ry. In the course of two experiments,

they made elcvep Measurements of the speed of transmission of
second sound within the temper

ature range from about 0.4° 1o
about 0.1° Absolyte. The resuis

£t N ! Show 4 continued rise in speed
OF Transmission, but with 4 teadeney to flatgen out, as if to a
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steady value, as the absolu'tc 7ero n fxpproact}e‘fl._‘At therlow::(;:
temperature reached ~ which is MM\.jCC\( to xtcwi(;?n asm.fa‘ :
temperature ~ the specd of transmission was_ 2 ‘n:; ¢ ff:f,,.
sreond, equal to about 560 fr. pet sceond, m' mor; : Va owt
iimes as great as that reached 1 the Bufcdlvl.o ‘tan' .u
measurements. According to Professor Lun@aus th».or), uxc
speed of second sound should tend to a prcq:cled raF(ﬁ) “31 ]1e
speed of normal sound as the absolute zero s approache - ’n
i 5. the specd of second sound should be 1/4/3 thot of normal
Y l'&» ‘l' tier has not been measured at any lower tem-
round. :l:‘\j,.]d} “;\‘° Atﬁolu(c but, on the simplest supposition as
?;r;;\l;rtth‘;;;;cns in the interval, is taken pmvisiorf;f!!'y tlo bc;j‘a’b’ozg
272 mctres per second at the absol‘:nc xcro.‘ T?Jh. d.‘t’m;i Zotnd
;’z'ofcssor Landau’s theory, would give a s;?c;d‘ or s,&,g.,o(;x 7:” nd
: absolute zero of 157 metres per second, compared w x’ -1. jc
a the d " rure of 152 metres per second at 0.17 Absolute. There
ObSCN'CQ “%T:» !w{c:‘ admittedly, which are pointed cut. The
AR F.1';31 sm';’.d may change 1n a diflerent way with
N Of-'l']:;'? \.'n lh;x-t a.\'su'.n'cd; the speed of second sound muay
e e x'(w‘ experiiental curve between 0.1° Absolute a!}d
e fﬂ’m. ) :r )-' and there 1s the chance that other theories
he ill“v\‘h“t‘“ (d which wive the same result. But in the mean-
n‘my . dc“'-c O);:"'Vidg«: \x'oz'L:crs sum up, “the present experimental
umclytslhfn(v:lm‘b.c considered strongly in favour of Landau's
results :
method of approach’. ) s

Atkins and Osborne. Phil. Moz 1950, 41, 1078,

THE SIZL ©F PLUTO

Pluto, the outermest of the 1:7*.‘»\\.;1 !\.k“.)\c“f h;':\‘. had ;11-; i:l‘(;ln'ic
i The irony Dies in the fact that it is probably m}, small in

hhmry" facter of sixty to zocount for the perturbations in the
e o ‘L (L;S \v}:i&zv Jed to it discovery, The dicrepuncy.
Ol'l’}‘ ()r-l"\l"‘cj“l\'\ai bs"cn sisrcted, has been contitmed lately by
l‘j‘;}:;’;ll‘”:‘l—]‘;;m (:f the diameter of l’h,jm. n:;:\‘!‘c wi'th the Z(X)—in_ch
{:~lcscupc at Patomur ()‘.‘\CI'\“.U‘?} i .( ;1!11.orm:). ilm? a disc
n‘\cl‘cr desicned by Dr G PoNuaiper of Chicagoe for the more

il

e measeremant of e Jonvcter of ,\:Qf‘t‘,‘ﬂC. The eliect
dceuraee ST
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of the latter mstrument is to enable the apparent size of a planet,
as seen through a telescope, to be matched by cye with that of 4
disc which can be varied continuously in diameter, brightness.
and colour. The measurements on Pluto were made inde-
pendently by Dr Kuiper and by Dr M. L. Humason of Mount
Wilson and Palomar Observatories. They showed its diameter
to b about 0.46 that of the earth. With the same average density,
this would correspond with a mass equal 10 0. that of the carth;
but, in fact, the densitics of the other pluncts Hehter than the
carth — Venus, Mars, and Mereury - are fess than that of the
carth by 10-20 per cent. The predictions of the American
astronomer, Lowell, which led to the discovery of Pl
made in 1915 and gave it a oy

s

uto, were
185 of the order of six times that of
the earth. They were based on the perturbations of the orbic of

Uranus. after those due to Neptune had been ultowed Tor. Later
estimates. based on the apparent action of Pluto in puliing Nep-
tune slightly out of its orbital plane, gave a figure for i’luto‘x
mass which was about five times smailer, but still pre
cight to 10 times than has now been shown probuble.

SO Bt Asgeonnnn A 1950, 50. pp. 13729 nd 240,

ater by

LIGHTNING AND THE SPARK
DISCHARGE

R. D, CONNOR

11 is sonie 200 years since Frankhin proved the electrical nature
of lightning, yet it 1s only in the fast 15 years or so that, as a result
of much concentrated research, the subject has been clarified
enough to allow of & description of the complex processes
invoived 1n the discharge. Today many aspects are the subject
of contlicting theories and st await a complete description.
Tty vears ago Townsend began his clussic researches on spark
ln‘:.ikbm\'n. and many years passed before the need arose of
modifying in part the views then formulated. Recent work has
chiown the close hink between long sparks produced in the
faboratory and the lightaing discharge, so it s through such
studios thit it understanding of hizhtning can be reached.

THE SPARK DISCIHARGE
The  Townsemd Mechanispis, Townsend Jdescribed  clearly the
sequence of events i a gas petween two parallel metal plates

connedted (o the opposite termusiads of abattery (Fig. 7). A sod!

electrode tthe cathodey is tlluminated
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with ultra-violet light. These high encrgy photons (particlss of
light) liberate photoelectrons from the metal, and these electrons
will migrate to the positive plate (the anode) under the action
of the electric tield X The clectric tield is the gradicnt afelegtrical
pressurc or voltage in the gap, and here X Fig, wheie bois
the applicd voltage and d is the plate separation in cms. Fot @
constant ultra-violet illumination, the current to the anode
increases as the fietd is increased from zero and soon tends to &
“saturation” vatue, i (Fig. 8). True saturation means that i
many electrons reach the anode per second as are liberated from
the cathode per second, a condition rarely attained in practicy
because of clectron diffusion away from the anode, znd othei
complicating factors. Thus the portion B C of {ig. 8 1s not quite
flat, but is nearly so. At C the current begins to i;mrc;xsc rapidhy.
until, at a field strength given by the point £, the gap breaks
down and a spark passes. The explanation of the current increase
at C is that, in the higher fields then available, a photoclestron

P it

Figo s

from the cathode grins cnough energy between collisions wiin
gas nelecules 1o hiberate electrons by ¢ollision fiom  these
moleculs. As the molecule was electrically neutral before, the
removal of a negative electron leaves it with a net positive charge.
The molecule is then called a positive ion. The new clectrons S0
produced advance to the anode and by the same process produce
further new electrons. This process of fonization by collisinn i~

n
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cumulative, and so an electron avalanche is formed which
proceeds to the anode. .

If on the average « new electrons are produced by one electron
in advancing one cm. in the field, then the current reaching the
anode can be showntobe i-is¢€ &d (1) where ¢ is the base
of Napierian logarithms. Now x will depend on X, In fact %/p
is a continuous function of /5, p being the gas pressure measured
in mm. of mercury, and X" the field strength in volts per cm.
The onsct of ionization by collision occurs at a characteristic
value of v for each gas. Thus, this characteristic value is 2 for
neon, 5 for argen, 10 for hydrogen, and 20 for air.

o is a statistical quanuty. for the number of new electrons
produced per cm. by one electron will depend on the number
and nature of the collisions it makes with the gas molecules.
Average values of « are therefore used.

As the ficld is increased above that corresponding to the
point C (Fig. 8) the current increases exponentially (Eqn. 1),
but subsequently, with higher fields, the current increases more
rapidly than exponentially. When this occurs, additional electrons
are being created by some process other than that mentioned
above. The eaplanation otfered for this new etiect was that the
positive ions left behind in the gap by the electron avalanche
would themselves be able to iontze by collision as they moved
towards the cathode. The positive tons, being much more massive
than the clectrons, have a speed about cne-hundredth that of
the clectrons.

On this view positive ions would begin to ionize at a critical
value of ¥/p, and if B new electrons are formed by one positive
jon in advancing 1 cm. towards the cathode, the total value of

7 ad

sarrent s f_ —
the curres ) 1~ﬁe 2

(2)if 3issmall when coem-

pared with «, as is usually the case. Equation (2) reduces to (1) if
8=0and the current becomes iniinite if 2 = Be % (3). This
condition was regarded as the critenian for a spark. The equation
satisfied the observations, and was accepted until evidence
accumulated to show that positive 1ons could not gain sutlicient
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energy, in the electric fields employed, to ionize the gas by
cdllision. Further, when the gas pressure was low a small
dependence on the cathode material was observed, while « as
detined above is essentially controlled by the gas.

However, there are two other processes, either or both of
which may be active at one time, depending on the cxperimental
condutions, both of which yield equations very similar in form

to (2). For this reason they are referred to as Yownsend mech-

anisms. These are positive ion bombardment of the cathode, and
photoelectric effects at the cathode. fn the first process, the
positive fons on arriving at the cathode strike the metal surface
and in so doing have a small probability of Wiberating an electron
from the mctal The liberated ¢

o - . lectron will then proceed to
tonize by collision on its w

) ‘ ) 2y to the anode. In the second process,
if on mpact some of the electron’s energy s transferred to the
gus molecu‘c', the latter is “excited® and cutt enut photens it
returning to {ts normal state, Photons are alvo vimitted when a
positive ton s aeutralized by an electron, These photons are
emitted at randon in alt directions, so some, depending on the
geometry of the apparutus, will strike the cathode and Cnn have
a small probabitity of lberating an electron by the photoelectric
etfect, provided the photons are not absorbed by the gus. These
newly produced electrons will fonize in their wd. ance to the anode
Under these conditions the sparking criterion A
equivalent to suying that more thap one clectron must be
generated at the cathod: by the positive RS or phot
duced in t\h-c passage of wosingle electron and IS prageny geross
the gap. This ensures that succeeding avalanches wil] 'mc‘w\ i
size until one sufhiciently large causes the Spark o vecyr ot
The Streamer Mechanism, Unfortumately for the :
the subject, these Townsend mcch;mi\n{s ure
applicable, They apply ia cases where th
and the electrode separation small.
tmpoctancs at higher

(bgn. 3y is

ons pro-

simplivity of
not unnversaliy
e C Uy pressure s low
They are not of tundamentat
s . pressures and longer vaps, Part of the
evidence for this can be stated briefly, Consider alc an imn
air at atmospheric pressure when the applicy uimuc ,:m\- k:lii '”t
greater than the minimum NCCENSAry to cause xp;xriixugbll‘r)::\:\li::c
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the cathode by a sudden flash of ultra-violet light. If a cathode
mechanism were effective at least one electron avalanche would
require to cross the gap before the spark could pass. The time
necessary for this is about 107 seconds, yet luminous channels
are observed well across the gap in times of the order of 10®
seconds after the initiating flash. The spark is thus under way
before the first avalanche has cressed the gap. Under such
conditions no dependence on the cathode material is observed,
so a new mechanism n which catiwode processes are unimportant
must replace the Townsend mechanism, when the pressure and
gap are large.

The evidence leaves no doubt that for longer gaps and higher
pressures photo-tonization of the gas molecules and the subse-
quent accumulation of positive jons ia the gap to produce a
space charge are the two factors which control spark breakdown.
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Fig. 9. (Re-drawn by permiisyion from the Journal of Applied Physics.)

The term ‘space charge’ usually signities a slowly  moving
concentrated aggregate of charged particles or ions, The pmces;
as envisaged by Meek is as follows. An electron tiberated from,
or near, the cathode will produce 2 new clectrons per em. of its
path to the anoede. The total number of clectrons formed in

advancing v cm. s €2X, and an equal number of positive ions
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will be left behind and can be considered as relatively at rest 1n
the gap as their mobility is small. As the electron avalanche
reaches the anode and is absorbed by it, a conical-shaped
distribution of positive ions is left (Fig. 9¢). Most of the
positive ions are to be found close to the anode, and this dens¢
aggregate of positive charge extending from the anode into the
gap will, if large enough, attract to itsell photo-clectrons and
neighbouring electron avalanches.

The electrons of the captured
avalanche change the positive ion space charge into a conducting

column with both positive and negative ch
Photons emitted by the initial ava)
craation of these neighbouring pho
process continues with succeedin
tive space charge (Fig. 9¢). Thus

arges in it (Fig. 9b).
anche are responsible for the
to-eletrons in the gas, and the
8 avalanches towards the posi-

more and more photo-clectrons
are produced in the gas and more avalanches are attracted to the

column as time goes on. The addition of the positive jons of the
captured avalanches extends the column towards the cathode.
This process is termed positive streamer formation. When the
streamer reaches the cathode a highly conducting column now
bridaes the gap and the electrodes discharge through this channel,
producing the visible spark. The speed of the avalanche is about
2% 107 cm./sec. while the return Positive streamer is about tan
times as fast. The final discharge is between 100 and 1,000 tines
more rapid than the avalanche.

Clearly the necessary condition for streamer formation is that
the original avalanche should Loy e tehind a sutficiently large
positive ion space charge so that neighbouring photo-clectrons
and their avalanches may be attracte

o . ¢ d to it. Meck has shown
that this is equivalent to saying that the radi

quiy al electric field due
to the positive fon space charge must be of the same order of
magnitude as the electric field between the plates.

The problem of ti

ie formative time mentioned above can now

g2 is in excess of the minimum
required for spark breakdown, then the initial avalanche grows
so quickly that, at some point in the gap, the positive ion space
charge can attract other avalanches to it. The space charge
grows upwards towards the anode and downwards towards the
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cathode simultancously. as phot'ons are‘emittcfldin' allcd;r;ctrlr(‘)::‘e,
and photo-elecirons ,mduccq in the.hnf: Sf,d :d':([::iy od o
effective than those foraied in other ‘dlr;c'tlonc. oumgs. or e
e). The rapid growth of (hc‘ streamer thus ace

. o ive times observad. "
mo;;,:g,:zlti::; II"u:u;ni;z[‘ In moasuring the \sol'(t;tglil?vi;:::lil:lséf
given electrode assembly would bmzk (-jrmiv::1 :lxe g;,p vv;ith an
tomary to irradiate the »at?;;)iv\i)f;d :l’i,ght or Xrays. This is
fonizing m(}ifl:l(:*nhs;wzl:\cruitiz.xl voltage is reached, there are
o ensure -t-‘” in the gap to ensure taat the spark miechanism
enough C)u".ons Townﬂ;“d or a streamer process. Unless there
pro:ccds, be it :“xu\‘“ in the gap, sparking cannot take place,
i at lenst on'C_ : .“\' large 2 voltage is applied to the electrodes.
IXTCSDCC!]\-? o ](, I‘H‘n(“' potentials, it Is customary to apply a
In mcaﬁul‘m’g %p:xﬂmrr\ time o the electrodes, and if no spark
\olmgc.for gn -dr;.;m[. the voltage is increased, We deline the
nccu:':; in this 1“ (L"i“t;x’l voltage for which in S0% of its appli-
.\-pu.rkmg mf«cmz:r‘o;\v: d.o“.\ e :’park. I the gap is not irradiated,
C.u“(,ms thi-%"lzp" than critical can be applied for Jong periods 1o
voltiges &-L:l ut a spark passinz. This delay between the appli-
lhc- £ap m;):‘ijr.m;zc‘and the passage of the spark is called the
C.;mm;, .::f ‘a]r‘vd ;1 ;a;ne_:cs from 107 secs. for irr;xdi:ngd gz'xps: to
ume J"{,g (;r more for gaps carelully sereened from irradiation.
1‘_?]:::3;‘: Ligs consist of two main parts. Firstly .thcrf: is the
statistical lag, which is the dcmg before an electron is pl(?(?\xccd
in the gap at a pamt from which breakdown cur} be initiated.
Secondly there is the formative time of the s;?ar‘k itself once the
electrons have begun their avdalanche, ‘S[:{l.ﬁs‘l!c;if fazs of 100
microseconds have been observed .in no.n.-n'r;xdmtc(/l‘ gapsof { mm.
when impulsive voltages are applied wn.)ch are 507 greater than
that necessary to cause breakdown in the SAme gap when
irradiated. Voltages sixteen times the normal sparking voltige
have been applicd to non-irradiated paps for 1 microsecond
without breakdown occurring. With ample irradiation no lower
limit to the value of the time lag has been found, for with ex-
cessive voltages the gap breaks down miore rapidly. If the
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irradiation is very intense the onization in the gap produces
sufficient space charge to distort the fiecld and a reduction in
the sparking potential is observed, so the intensity of the
irradiation of the gap must be kept within reasonable limits
for concordant results.

From Townsend's sparking criterion it can be shown that the
sparking potential depends only on the product of the gas
pressure and the clectrode spacing. This is Paschen’s law. The
law is based on the total number of ions present in the gap.
Meek’s theory is based on ion density

and predicts departures
from Paschen's law. Such departures

are observed. To give one
example, the sparking potential for 1 atmosphere pressure and
Fem. gapis 32 K V., while for 21 atmospheres and a gap of - cm.
it is about 27 KV.

Corona. 1f one plane clectrode is replaced by a sharp point,
such as a needle, the nature of the breakdown is altered. In
such a point-to-plane discharge, the field is no longer uniform
between the clectrodes. The field is very large in the netghbour-
hood of the point and relatively smail in other re
gap, particularly if the electrode separation js |
point is made the anode, and the voltage across the electrode
gap is slowly increased, high fields capable of producing streamers
will oceur in the neighbourhood of tiye point, as described abhove
for a plane parallel gap. Streamers wij] propagate towards, but
will not reach, the cathode, because they will be advancing into
progressively weaker ficlds. After advancing so fur,
fail to maintain themselves ang S0 cease t
bination will rapidly obliterate the stre
streamer, advancing from tje point, ent
first. With increasing voltage, the excitat
avalanches to the point ang the subsequ
a visible discharge aroung the point. T
in asymmetrical gaps does not
corona round the pointed elect
enable streamers to progress
cathode, and, as before,
streamer is able to bridge th

gions of the
arge. Thus if the

the streamers
o advance. Recom-
amer unless a sceond
ers the channel of the
ion caused by electron
ent streamers produces
hus streamer formation
at once lead to a spark, but to u
rode. Further increases in voltage
farther and farther towards the
spark  bre
€ gap.

akdown occurs when a
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When the polarity is reversed, the mechuni.sm is dii-]‘crcnt,Qfor
now electrons are repelled away from lhc pon‘nt, and if tlhe field
is high enough. jonization by collision will begin. {Xs tjmg ectr.()lt]s
move away from the point, not only are 'thcy .xd\‘u?le.ng into
ever weaker tields, but also they leave behind thf: posn]lve 1o'ns
created in the collision process. I'hc§e two factorsl s :).w‘.ne
electrons down, so that there will be at tirst a x':ip{d mhu).np ica 1boen
of electrons, followed by a gradual rcductmrl int ulr‘ntmj 'r
when multiplication ceases. With slow clcutrons},“( 1;,‘&. 1st| .1
likelihood that they will be captured by oxygen ”;(".Wllj ILS m ,lfa
air to form negative ions, the ngutrul o.\)"gcnbf}]'o L;u“‘;‘mx):;lgi,v:;
high aftinity for electrons. Thus in the rcgr({n’ w._wng a:cp::har,c
ion space charge there is formed a ,ncgat‘n)lcdxoﬁ ;r:l 4 Oimt:is
which slowly migrates to the :fnodc. rh'c.hc r?etxr ]u', p i
enhanced by the presence of the positne Space <'3h1dr§;0 an
positive jons are strongly pulled to the polni, W ,CTL, ‘sc_)mej
liberate new clectrons by immbdlrdmcnt. unq thc..sb new du,tror)\s
will rapidiy proceed outwards from the point, 1on11.,u?g a‘s f'.“y

il tiwy too are slowed do.wn under tl1§ retarding action
o Uiﬂlm ker tield and the positive and negative space charges.
(f)\rsﬂt];i:‘b;‘:r:cess continues with incrc‘usir?g T.'o!f:{gc", the spacc'
charges increase, the field near the point increases and the new
electrons are able to penetrate to increasing dxﬁtzlnccs befo'rc
ceasing to ionize. In the ncig'ntmu.x‘hoo(‘l of the point the gas will
become excited and photo-iuni/anon‘ of the gas occurs. A cgrona
begins to be visible around the point a.nd,.;xhl.wugh lumu.mug
streamers develop outwards from the point, it wili be clear from
the space charge distribution that brc;xkdown.cannot proceed
all the way to the anode. What does oceur is thit the high
concentration of negative ions near the unode crcalc§ a field
large enough to permit the formation of an upward-moving posi-
tive streamer. Breakdown occurs when the downward-dcscending
negative streamers from the point meet this positive one. The
junction takes plice in the gap but nearer the point than the
plane. Inset, 16 1s a photograph of positive point-to-plane break-
down taken with a special camera which will be described later.
The streamer is separated on the photograph from the return
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stroke and is seen on the left. The retyrn

strohe moves up the
streamer channel from the plate cathode

. at the foot of the
photograph. Insct, 17 is a similar photograph taken for break-

down when the point is negative. The discharge is seen to be quite
diterent. The downward negative streamer appears, but most
of the positive streamer is obliterated by the britliance which
follows their junction. Breakdown oceurs for positive points for
average fields of the order of SKV/em, in long gaps, while for
negative points the average ficlds qre much higher, as would be
expected.

THE LIGHTNING DISCHARGE

Let it be said now that, despite the vast accumutation of obser-
vational dat.il on the subject, workars on the lightning discharge
are not all in agr.

I agreement on the interpretation of the data, Such
theory as is given below represents perh

ory aps the views of the
majority.
Cloud Charges: The surf:

: 1¢2 of the carth exhibits a net negative
charge, and in the atmospiere there iy an electric ticld of such
polarity as to repel an election outwards from

. an he earth's
surface. This ficld exists in the absence of cloud, but when a
thunderstorm is overhead it is very oftan observed that the

direction of the field reverses, indicating powcrful negative
charges in the cloud. The normal ficld is ‘

volts per metre, depending on locality. Under g thunderctoud
the reversed fields near the surface of the '
of 100 volts per cm. Recent determin
aircraft within clouds have shown that in clonds producing rain
with little convection, the field 1s small, less than 40 volts cm.
The ficlds ia normal stable clouds witiout p:‘ccipitutioﬁ are
gencrally less than 190 voltsfem., and flights through thunder-

clouds have showq that, prior to discharge, fields of at least
3,400 volis/em. cxist, but it is ne

t known how much teliance
should be placed on data obtained in a meryl aircealt, as the
presence of the acroplane will very seriously distort the field.
Considerable variation in the

field is found on traversing the
‘ f smg the
cloud. The largest fields, together with the most rapid variations,

between 20 and 200

earth can reach values
atons of the fields by
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occur in the freezing region of the cloud, and la;g: ﬁg:ﬁi:;:
generally confined to the clouds Lhe.mse.lves. Soundi 8 s
distribution as shown 1n Fig. 10,
have revealed a general charge ir movements. In all
the arrows giving the direction of the iur r the top of the
thunderclouds there is a positive charge ne;:)oc Lower down,
cloud where the temperature may be abogé an O;C., a negative
where the temperature is b-;uwgcﬂ ‘—"10 ' ‘ of the storm centre,
charge exists, while even fower, in tlnc M";?xe temperature there
are localized regions of positive charge.
is above the freezing point. s v raindrops
Many attempts hase been m;xdc' to explain hov  raind tlL:c
: 4pi ding air currents can g
falling through rapidly ascending &t ds. It has been shown
electrical charges found in thundcrdOUL .ve water drops into
experimentally that the break up of drr:’ a positive charge,
smaller ores results in the drops acqiit gray C.T. R. Wilson
while the air carrics away negatve 10ns f:fprca\.i acceptance. In
has advanced a theory which has \\tlh?:loud top by the up-
this, small cloud dropiets .Cfmﬁ,dc;(«)"gcd, while large raindrops
I f““ﬁi‘f?ﬁﬁ P ire Beld in the cloud base l:));l[lj\‘/)b
‘L‘irr:ungchgtal:;:’j’(ln‘, cl:*clmsl;ilic ;im-uctmn.of EY:?O:POP::hg cloud
b \ e a1 drop faliing in the mld. rest face and
uhgrgc. A mgtri.l od negative charge on its upper suria N
will have an in¢ ,“,“:hargc on its lower surface, and ,Wm tus
a similar pmm\: nesative ions in the course of its fali, xh.cmbi
att.l‘G{C( and absort .m:c charge. The theory Sho'ws.that if the
(g;llml?g a a';‘f;‘r Sffn a critical size its stow rate of fallin the cloud
rop is sm ‘ tive charge.
will cause it to coll‘_’c_“ “d?;t, ;:1(:5“\“ bi held in the cloud base as
The larger negative fall to the ground. Beneath the negative
described above or may _current of positive ions produced by
cloud base there 1S an;}: bushes. grass, tall buildings, lightning
point discharge ﬁf\mni-riﬂﬁ‘“’ drop falling through such an up-
conductors. €tc. ot only to be neutralized but to acquire a net
"“",".‘“ s h'kciyj nln this way the observation that positively
positive Ch.drbbredonﬂng'.cs under thunderclouds is explained.
i]:riigrr:::ir:@p\’icw is that the rain carries down the charge of
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the 9;~iginat§x\g cloud region and, as the storm centre gives the
heavx'cst rain, the preponderance of positive rain is again
e?;p.lan?cd (an. 10). In the upper regions of the cloud the pre-
cipitation is in 'thc form of ice crystals, so f any charges are
;;;o:sccsd mdt:_us, a major portion of the cloud, they i,‘;nnm
show th‘;‘:t;y c(;;;;:gHWWa}cr drop theory, Recent experiments
chamber, the ice bcconflmr drop.s to impinge on ice in a cold
the drops which fall fre o vely charged. The residue of
These results, coupled ro’r’n the e carries a positiye charge.
indicate that\ ’both I:‘m v.dnth the aircraft results given abaove,
effective in the pmduc;-:r rops ‘”“,1 1ce crystals are hikely to be
The lengths of li hlop of electrical charges in thunderclouds.
ightning strokes vary {rom a few hundred

metres to 2 or 3 kilometres T wee
and the it ] Z
| . - : * . D()t(;-l:tldl difference between

100-1,000 million volts. The charge tran
carth is onr the average 20 coulombs

cquently in the range
sfer between cloud and
although as little as 0.1

Height 1n Kilometres
o

[ o

Fig. 10.(Re-drawn by pe

rrN S - i
Bsiun from Proceedings of the Royal Sociey.)

and ¢ chas 2
iS ctihas much as 200 coulombs have been recorded, One coulomb
oo . ¢ U 1
e amount of clectrical charge transferred b flox
1 amp. along a wire for 1 second v the flow of
As will appear later. the lightaing 1

short time, so that to tr ash oceupics an extrenily

ans ,
ansfer even these modest charges a very
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high current must flow. A peik current of 20,000 amps. is com-
mon, while 220,000 amps. have been observed. While lightning
outstrips the laboratory in voltage and length of spark, the
laboratory can hold its own where current is concerned. In recent
work at Liverpocl, currents of half a mitlion amps. were
emploved in spark studies.

. :lth": energy from the divehuze to ground of 20 coutombs
initially at a potential of 100 mullion volts is nearly 280 kilowatt-
ho“‘§» and a rough estimate shows that, for the earth as a whole,
”')0 h‘ghtning flashes occur per second. For England, where light-
NN Iy nOt so comumon as i other parts of the world, a recent sur-
vey gives six strohes per sauare mile per annum. The rapid release
of energy in the chaniel creates 4 temperature of ten to fifteen
”_‘O“““d degrees centigrade. and the rapid expansion of the
4T at an initial rate of 10° ¢m. sec. is the principal cause of
thunder,

The bghtning discharge has been likened to the discharge of
an enormous condenser of which the charged region of the
cloud forms one plate and the carth the other. This analogy is
not good, for the discharge of & condenser is oscillatory, whercas
by far the greater bulk of all observations indicate a unidirectional
discharge. Occasionally, a few isolated results occur which might
stgnify an oscillatory discharge for a particular flash, but usually
the observation is open to other interpretauions.

Duration und Nanere. Lightning and its associated thunder is
not in any way the cause of the storm. Rather they are the
results of the meteorological processes at work involving rapidly
moving up-currents of warm maist air.

The lightning discharge has been observed to occur between
cloud and ground. withir 4 cloud. between clouds, and from
cloud to air, the latter being termed air discharges. Inset, 18 is a
still photograph showing e first two tbypes of discharge.

Recent observations show that 56% of the lightning tlashes
examined had a total duration of abeut 0.1 see. or more, and 5%
had a total dumﬁrron f‘f 0.75 sec. er more. On one oceasion the
duration was 1.53 secs. The term “total duration” is used here,

because a lightning stroke, although it may appeap tettin
P Y - ,‘ :S'*
R o MO ey,
K, Ye

1
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10 be a single stroke, is very often composed of several rapidly
succeeding strokes. The high-speed photographic methods
described below are able to resalve the individual flashes, and
as mahy as 42 have been observed. §n 509, of a butch of photo-
graphs, the lightning stroke was scen to consist of 2 or more
individua! flashes, and 57, consisted of 16 or more. The time
intervals between the individual flashes were measured. In 509
of the cases it was 0.06 sec. or greater; in 5%
0.3 sec. or greater.

Cloud to ground discharges are more eg
than other wypes, but this does not meun th
are wore frequent. A recent determinatio
showed cloud discharges 1o be aboyt
discharges, but earlier work jn South
discharges to be ten times more

cloud or between clouds have more individual flashes, rECUrring
more rapidly, and having a shoster togal duration, than dis-
charges between cloud and ground, Discharges from negatively
charged regions in clouds 1o the earth are more common than
discharges from positive regions. In the tropics, the ratio is
about 17 to 1 in favour of the former, but in niore
zones the ratio is about 3 to 1. For the carth as aw
of the lightning strokes cxamined are from negatt
except in mountainous regions,

High Specd Photography. A sull photograph does not reveal the
development of the discharge. For this a camory of the Boys
type is needed. This consists in esseatials of o rotating drum of
film and a fixed optical system (Fig, 1 1). A luminous object moy-
ing uniformly from 4 to B would trace oy the lines aI;J;md o't
on the film if this were stationary. If the film drum rotates a;
shown, the lines traced owt are g the diSplucemen‘!
be depcndm_g on t'he speed of the luminous object, the speed
of the rotation being fixed, In one | i
rotated at 3,000 revs. per min

the interval was

sily photographed
at such discharges
n in this country
as {requent as ground
Africa showed cloud
frequent. Discharges within a

temperate
hole, 909,
ve c¢louds,

and a'c’,

- €quivalent 1o a linear film speed
of 140 {t.fsec., hence the large resolving power of these cameras,

but often the p?\otogmphs obtained are dithicult (o inMerpret.
The Mechanisim of the Discharge. Using data from many

Lightning and the Spurk Discharge v

sources, 1t appearss that lightning rwcccQs as follows. .L?c.ahzcg
high ficlds in the cloud reach such a magnitude as to xxxu{nmln :n ;
propagate streamers. The action of water drops wxl'l bé m}_p‘cl): anr
here, for it has been shown in the luboratory that at ticlds o

IS ‘ L
i TS rom
i ] 3 denraduced with pernission N
ig. 11, Boys moving him camera. (Repre ! 1953y
. . o . - cEuchron 39.
the Journ.] of the Franklin Insiiute = KoM f

. Sormed and will appear pointed
8 KV e, large drops will be dd““'“_‘d an . vints a visible
. . ssing charges. From thuse fx ’
Blow or orona can b scn, whil f more marked for the waer
point,which is charged positively by mducuoyn.k in the University
a ﬁnclspray from these points, apd recent :\f)‘r‘ spray droplels in
of Culifornia has shown the ethicacy Of'rt}‘\tzbbrx::akdown in the
maintaining corona from \v.'ncr.dmps. : ‘f.),r‘ e 30 KN o
presence of water drops sets in 1ons ):'d( ’;"he streamer will
needed for plane paralicl gaps 13 waCh,L--l‘\ the two localized
not cease once it bridges the gap bcl\w)» ends. the Jower end
charges but will extend probably fmm. pot ut nc&.}w{r e
proceeding towards the ground. It s ]n‘o h ll :” " ,.‘, 4
breakdown fields existing throughout the whole ¢l " “Broun
: . der to permit a streamer to pass. Just prior to the
g;‘:g:g; li?;rluLning. ficlds of 2.700 ¥V, cm. l}a\ve been observed at
arth : ~1 it is to be expected that durmg 1h.c descent of the
o 'c.ufh ‘;)msc ficlds will increase. Purt of this will be due to the
]S,t:]‘:jd?:;:}:c :jcsccndi“g streamer itself. Thus a streamer may find
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itsell in tields capable of maintaining its growth, and it advances
towards the carth in a series of separate steps, the indi-
vidual steps being of the order of 10 metres in length.
This is called the stepped leader and is of such intensity as
to leave a faint record on photographic film. When the
leader is near the carth a streamer rises from the earth
to mwet the descending leader and a brilliant flush, the
return stroke, proceeds trom the earth to the cloud. These carth
streaimers are very short if the lightning is occurting in opef!
country, and are rarcly photographed. One of the few photo-
graphs in existence is reproduced n Inscet, 19. While the average
speed of descent of the stepped leader is 2 < 107 cnufsec., it does

Fig. 12, Diagram of a stepped leader
steps of the leader. (Reproduced swisy P
of the Royal Society )

s&m%\'e‘ahmwng the indiyidual
CERUsSIon fromy ghe

Proceedings
not proceed uniformly, but each it
jerkily and rapidly, the actugl speed
the order of 5x10° ¢m./sec, Each ste
preceding step and extends the chan
so. When the stepped leader ¢
moving earth streamers,

\d\}'l\il!ii] step takes place
ot each advance being of
D follows the path of the
nel by some 19 metres or
aches the ground or the upward
T stroke proceeds up the

¢
the
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Pic-ionized channel with « speed about half that of the velocity
of light, i.c., about 1.5x 104% cin._sec. Its passage is not resolved
by the camera. even though the speed may fall by a factor of
e as it moves away from the ground. The peak current ﬂmys
during the retuin stroke wnd from 17 to 3075 of the atoms in
the channel will be jonized. so intense is the discharge. Inset, 20
5 Bovs camera photegraph showing the downward-stepped
development of the leader, and Fig. 12 s a clearer s‘kctch of a
sknular phoro <howing e development agiinst a tu‘nc.sca'le.
The return stroke is h;"c showa as a heavy black lll.lc,.mdlCilllng
hat the ar e disei aize which followed the bridging of the

roke lasted some 100 micro-
Catth-tlond pap by the retnrn stioke lasted sone

NCCO RN leader
Very el aser the passage of the return stroke @ new lea ;,
e G . nel to eart
May come from the clowd. and follow the same chan 13) t th,
AN engender a second Teiarn stroke. As s leader ):. mmmlz.,
| : ETDE es continuous
along an jonized channel itis not stLPPtd,lrvgxt mow:‘S(. o ):
with o soced of aboat 2w 1G7 o sec. These are calle (‘1.r
crs amd return strokes can oceur
rise to the multiplicity of the
lightnine sioke aiready mentioned. The upper portion of Fig, 13-
54 shet h of e process frony 1he descent of the stepped leader
dSKCicy ol T P 4 LR ; N -
10 the wicored-ne dart and Tetufi stFOREs, as wauld t‘e‘ scen on
: 7| shows very clearly the successive com-

Ponents of a long spark cerated o the Jaboratory with a
\ EEESHEN BTN S B

leaders ontner dart dead

FaAPid succession, this gning

4 rotating tilim. Inset,

. e S e voltage.
ssichronized osciiogram ob 18¢ £ S e
gl.\,;,l ), .&“ sis Pave been advanced for the multiplicity of the
. e One s (hat the channel may extend to new
Ciitrgee centres in the coud. or that feaders may develop from
. C;,-,,».f.»d focahties to the existing onc. More probably, the
e v be due to the recharging of the cloud. This would

recurrence m o L
eCount for the fequent regularity o the ume intervals between
et 0 ¢ hivguch = -

{:g'”m”g dischoarye.

stceeeding retann SUTORCS. _ . ‘
Uhe time intervals berween succeeding steps of the first leader

are remarkable in their unifonnity. Many lie close to 50 micro-
seconds and nearly all that have been observed lie in the range
30~ 100 microscconds. Theoretical arguments have been
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advanced to account for this regularity, which invoke recombina-
tion processes in the Jeader channel and the existence of a hypo-
thetical pilot leader which precedes the stepped leader. 1t 18
considered likely that the primary discharge from a cloud s &
pilot leader, which moves more or less uniformly towards the
earth with a speed of 2% 107 ¢m.isee. After the pilot leader tip
has moved about 10 metres in a time of about 50 microseconds,
that portion of the channel near the cloud will have undergone
considerable recombination. Its resistance will increase. As
current is st lowing into the streamer tip, a considerable
voltage will develop across this resistance, which finally causes
breakdown 1o occur across it. A new brighter discharge leaves
the cloud and travels down the pre-ionized channel of t‘he pilot
leader with a velocity ol about 5> 10® cn./sec. This new discharge
is the stepped leader. 1t rapidly overtakes the pilot streamer and
stops when it reaches it, while the pilot s!rca.mcr continues its
journey. Some 50 microseconds later recombination will again
cause an increased resistance in the channel and breakdown will
occur again. A new discharge travels the 20 metres to the tip
of the pilot streamer and stops there, to appear as the second
step on the photograph of the stepped leader. The process
continues.

The pilot streamer docs not appear vn any photograph et
examined, and caleulations indicate that its jon density would
be insutlicient to crcale‘ an impression on o rapidly moving tim.
Recently a novel t.cchmquc has revealed the presence of jonized
clclvron‘z]\ cthannc:s E'gh; uijross. a lm‘lg gap in the luboratory, while
the otographabie leader s only : ;- - .
and ?s following the cxisting c<>r(u—:a‘t:!:‘]:x(\)l:;lw‘}gl :tum\ e
pilot leader expluins many difliculties (‘»I' th ‘Sii lk F)\C\)r:" (')f the
and it may well be similar in nature t(; the I ‘.m“.]‘i" dischares

| ) ¢ almost invisible corona
streamers mentioned above,

T:hcsf’ considerations apply io 4 discharge leaving a negative
region in the cloud. From what has been said earlier no diﬂt\ sulty
OCCUrs in eRvisaging streamers rom Positive resjons of ,T‘)mi

From laboratory and field ubservation it ) oo ¢ N .
branching of a lightning stroke occurs i 5 ocertan 4 at

In the dircction of

Lightning and 1he Spark Disciu ge

propagation and is independent of polarity. The stepped leader
and first reiurn stroke may exhibit branching but succeeding
strokes do so very rarety (Fig. 133 e articularl
Tall Buildings. Lightaing sirokes 0 1all buildings, h?\mcuidrr]y’
the Empire State buiiding in New York, have boen mwns'l;ezl
studicd. In the vast majority of discharges v;xumxr‘.cdi lluc L)?.\{)
has been negatively charged, 2nd upward stepped ‘leac ers, v:n:;])
sometimes displaved upward branching, errc »\eryl com‘mn;
The initiul stepped Jeader in this sise is not followed by a r: v
Sroke from the Closd. On entering the cloud the Iummosn')
the feader continues to be recorded on the phl()ltw‘grz}pli for tnlncs
Up to one-tenth of 2 sseond. The condition 13 similar to a low

‘o stroke. Thereafter suc-
current are, and is called a conunuing stroke. The

= - -
RERRINYY

| - ) )

i" ' ‘_...u:{:% {"l - z) ){

s.

B O L
st iane - :

e s s e T v£ samE STROPE
LS il

“cLoup TO EARTH

v

/ !
T v e s ¥ L
} RCORE c -~ ’ ‘/
{0 ) .. . ; !
) I Ve i (
/ ' : 4 \
i c T TAR  E N Leamts
0 | o mati i .

‘,‘,,. vy anena PTNRAN OF TRE S Mg
f Pt

i TCup 1o TALL CONDUCTING STRUGTURE

OF Srapeg .
Fig. 13. Schematic diagram showing discharges from negative cloud o
B ey J discharges trom negative cioud to wli
structure such as Empire State Building. In a small number of cases
Struy ¥ o .
the downward step leader 1ype has been observed to the Empir:
State Building. (Repio Jueed with permission from the Journal of the
S 1nid \ Lhid .

g . ~Fachiron, 1939,
Franklin Instiute - A, B. McEachiren, )

substantially flat terram an

ceeding flashes in the same channel are created by a downward
developing Ieader stroke, followed by a return siroke from the
building. The process is illustrated in the lower seetion of Fig. 13,

R - Le ahwence of 4 re el
A probable explanation for ti¢ absence of @ return stroke from
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the cloud is that sufticient charge is not concentrated at that part
of the cloud, and therefore is not immediately available for the

production of a downward return stroke. If the return stroke
depends on the availability of charge at the end of the leader
channel, it explains also the observation that discharges from
cloud to air do not give a return stroke cither, The discharge to
a tall building is similar in nature to positive  point-to-plane
breakdown with the removal of the return stroke (Inset, 16). It
may be that a downward developing streamer from th:: cloud
is in action, as well as the upward streumer from the building.
This is not seen in the majority of cases, but this might be due
to the leader being obscured by cloud.

Lightning is the common territory of the worker on atmos-
pheric electricity and the worker on the spark discharge. Con-
tinuing co-operation between these two groups may finally vield
the complete chicidation of the phenomenon which \\lcvf,u‘!\
to-day.

CONTROLLED CORROSION

F. A.LOX

RuUsTInG of iron and steel has been a source f”‘ }t’orry I(:
engineers and an expense 0 the co'mmuxvx‘;t)' ﬁl’;.‘i ;"”!’ lb(‘“‘.
time, and a great many wars of meetng ﬂ.m pr‘o d:rjn )w:veu“:;ri
evolved. Until recently thewe have usually deplm e ‘;1 F:]d 3:
some form of covering on ihe s\‘.r_(u\cc'n;‘f_ tmcﬂr::. ;c‘\;rlucuz(c
protecting it morc or less mcchanwull} bl‘on?m1 et
influcnces. Painting, clcam-r‘?;umg. and uqu;i::;orcedktoﬁio‘pt
familiarexamples oflhc‘?rmccu;c :l}:it(;];oisf“:r:\tcc\ion. which ir;
n spite of these ordinary methoe: . ain ki
the aggrcgaxtc are very costly, it sull Ilapp:??s th)dct ,thlr:d(l»?ht:?;::
of steel structures do not last well: for u“.mil’ o oded wjllc'r
estimated that the annual cost O.f r.g—pm‘glll"‘%lt;rilur&cs of‘this
muins in England and Wales :1hmp is LD\,”]vl, l‘( ! .»f ;‘hc subslmcé
kind are due mainly 10 mcchamgxl breakuge ( ) (5 > ~"1
" + susface — the paint tilm or the coating. One might
protu,lm'g the s oblem could be avoided by mukmg.cn‘\w".ﬂ
argue that the pre ¢l and so rehving on the mtrinsic
gist the attack. This would be very
ble, but it is not <o for a variety of

structures in stainless ste
propertics of the steel (o':‘
ZTg‘u’“::abh;*llfil'tfl\'\ctrhtaf»rld]:;l"\m: of stainless stcgl would be pro-
‘C'JW_"SV ) H ’)nii\‘e even when one takes into account the
hxl‘ﬂu{\'.cl_\’ L“;-k ‘;1116;1t necessary for ordinary iron and steel.
recurring rep qu otection for certain tvpes of steel structure is,
A. mtnhf)d ‘lefirnto prominence. which has the effect of making
huv.cvcf,fol}?' less”, although it does not affect its composition
e Sttm:v:; ;my mechanically applicd laver. This is the
o hcogc;flgalv;mic protection. This way of protecting steel 1s
:r:itdeopossiblc by the sclf-same factors which givg rise to the
corrosion, and makes use of the same electro-chemical effects.
in order to appreciate how this protective method works let
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us consider very bricfly what happens when a picce of steel
corrodes. For corrosion of the kind we have in mind to take
place at all, it is necessary for the surface of the metal to be
exposed to thc action of some liquid solution; this can be a
relatively strong solution like sea water, a dilute one like rain
water, or may consist even of dampness in some surrounding
medium like soil. The metal surface, either because of local
slight differences in composition or because of local differences
in the solution on it (the ‘electrolyte’) assumes different
characteristics at different points, with different tendencies to
go into solution in the liquid. At the more reactive (‘anodic’)
spots the metal may be thought of as splitting up into positively
charged ions which enter the solution and electrons which move
to other areas of the metal, giving these (‘cathodic’) areas a
negative charge. The positive ions migrate in the solution and
there encounter negatively-charged ions belonging to the electro-
lyte. The two sorts of ion combine to form a corrosion product.
The electrolyte having by this part of the process lost the
negative ions, a corresponding number of positive ions reman.
These may be, for example, hydrogen ions or metallic tons (ke
sodium) which may have been in the ¢le

ions migrate to the negativcly~chargcd
metal and are there discharged by
This is (basically) a continuing pro
certain side effects may interfere wit
The metal thus continues to be eaten away at the anodic arca.
The movement of elcc:trons mentioned above constitutes a flow
of electric current, which by our ordinary convention we usually
regard as moving in a dircction opposite to that of the electrons.
A current, therefore, leaves the steel at the anodic spot, traverses
the electrolyte, and re-enters the metal at the cathodic area.
Depending on many factors, anodic and cathodic areas may be
far apart or can be so close together as to be indistinguishable
from cach other.

This process of corrosion is thus ide
of current out from all the anodic area
could in some way be prevented fro

ctrolyte. These positive
cathodic parts of the
absorption of electrons.
Cess, though sometimes
hiit and slow it or stop it.

ntified with the passage
s of the steel: if current
m leaving the metal no

Controlled Corrosion It

corrosion would occur. The princi._v!vc of gal.vanic'p'rt)t\;cuor} 1?.
therefore, to create electrical conditions wh:cl\‘ﬁuku the tw:r;
of the stec surface cathodic; this clnsur'c§ }.ut nolo‘x:riw‘a"
current flow takes place. This .rcsult 15 acmcvcd"b'y ch‘l ‘g‘tm):
coupling @ morc active metal wnh_xhc stcél gnd \»’n h xln, ;:;e
lyte; when this is done current tiows, as in a sample f t?:é
Frou reactive metal through the electrolyte and into
o o he face of this intlow, no current can then flow out,
s:gczli'n[or:ii:: (s:p(;:s can develop and no corf()sikux1r caxj (:ccucr]n(s):.;
may consider this condition as the provision o t L‘ ¢ (:].n ts

Aroe-ccale battery ; the current generated by this battery action
fl]‘“gb " vﬂ W ir{m e steel and so swamps the tendency to
I 10(:@? of minute local batteries within the steel, which
:l“—(:;"g;bc of the corrosion which would othcrwi.sc‘ occ\tfrl. It
is obvious that the current floning frem the‘ reactive meti vt.o
s st it be much larger than the corroston currents which
e St'CCI mth tcd steel ;i:\.ce the former is due to the effects
ﬂ(‘)w ]’n udms)iri(:'n?lir mcl;,l;. while the l:chr .rc.suhA from sma!l
Ul. ‘u\o i’ dierent parts of metal which is basically of uni-
itsrences m-‘ ' The swampirg erlect is consequently large,
for(;n COZEY“:zll:;S;u“‘(‘n must follow from the coupling of the
and complete
reacie mct{ll'- etal, since it supplies the swamping current,
i The fﬁaCU\C n:r'q'ucml\' is itsell corroded, on behalf, sc? to
's anodic and Coml.wum\'cv'cr. this is not of great moement since
§pcak, OYdl'll]\ct:?rr:mgcd that the sacriticial metal can be renewed
it can readily B
th'“ i't s Co‘“ﬂftc‘l&l‘;ﬂt‘;:ﬂ:;?je's as candidates for the work of

Mooy nl“—tl:u:. (anodcs The general requirements are that the
acting as galvi .
mC(ta)l Caosfrnoxsx},;l(;uﬁ;wdic to the steel so that its *battery power’

a) bes

. s“'otl::i‘ away not oo rapidly 1 it should have a large
® :rec‘:t:ical capacity per unit of weight, ‘ ‘
be free from any tendency to form a scale or film which
© might insulate it from th‘c :;ircuit, .
() beliable tocorrode to a minimumextent onitsownaccount.
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Although zinc meets some of these requircnients, the metad
which fills the bill best is magnesium, and this metal is being
increasingly used as a sacrificial anode. lts use in the United
States and in Britain is growing quickly, especially for the pre-
tection of pipe fines, storage tunks, and telephone and power
cables and sheaths.

The use of galvanic protection for pipe lines is particularly apt
and helpful. Here the soil in which the pipe is buried acts as the
electrolyte and the galvanic anode is also directly coupled by
electric cable to the pipe. Long pipe lines such as those carrying
oil across desert arcas in the Middle Last pass through a varieny
of ditferent soils, sonwe of which are very brackish and liable
to attack the pipe at any point where its mechanical protection
(bitumen wrapping) has broken down. Such “aggressive” soil
zones are a nightmare to the enginecrs since they &re areas in
which costly pipe leakages are atways fikely to occur. Galvanie
anodes provide an elcgant answer to the problem since these
automatically provide protection 2t all Sl in the coating when
they occur and as they occur (Inset, 14, 15). The protective
“swamping” cwireRt can enter the pipe only at a disconinanty
in the coating, and it is, therefore, naturally distributed to
protect those parts of the pipe which stand in most need.

Magnesium galvanic anodes have been supplied to protect
parts of a 1,200 mile pipe line across the desert from Hafin to
Endor, for .watcr pipe lines in Foolund and Seatland, and for
the pmtcctl.on of transformer tanks. In Teaay a length of &2
miles of 4-inch £as main has been protected in this way, and
steel structures in sea-water, like jetties and pontoans, are also
b@mlg(zj preserved by magnesium anodes in many parts of the
world.

The corrosion of steel can also occur under cert
by a mechanism which is not the usy

a result of the action of soil bacteria. As a sort of bonus to the

useful rcsul.ts that magnesium anodes confer in preventing
electrochemical corrasion, it turns out 1h

ain condiwons,
al electrochemical one, as

. atthe use of magnesium
anodes raises the pH of the soil to « level at which the bacteria

in question ~ B. microspira desulphuricans - do not flourish.

HORMONES AND
CARBOHYDRATE METABOLISM

ERIC REID

THE discase diabeies medlitus (commonty called “diabetes’} has
been known since ancient times. The sufferer excymcs an cnf)rm-
ous volume of urine which {untike normal urine} c.on‘tams a'
sugar, and the disease is named after these symptoms { dmbc{es
= siphon; ‘melhilus” = sweet). A reference by a sevenu.:cnd?-
century playwright, Moligre, to the sweet taste of the urine in
this disease suggests that the diagnostic method‘s then avanabl_e
{0 physICians Wwere somew hat lin'\itcd! Indeed, it W‘..lS ‘not »unui
1he eighteenth century that the discase was cle_arly dlst«pguushcd
from another disease {diab tes insipidies) in which there is a large
urine excretion, but no sugar present.

As recently as 30 years ago. diabetes r{zd{itux was regnrdn?d
as o hopeless discase, and even now there is no true cure for 1,
But to-day it is rarely fatal, since i(- can be kept under control
by injections of the hormone, in:whn, A\ we E;h{xll se¢ shortly,
the presence of a sugar (glucose) in the urine of d)abct;g pcrsqns
is a result of an abnormal increase in the sugar always gn'cu}atmg
in the blood. 1 insulin is injected, the blood sugar level is lowered,
and there is no longer any *spill-over” into the urine.

We rust begin with a brief explanation of the term “hormone’.
Since the beginning of this century it has become recognized that
the animal body contains a number of ductiess glands {(see
Fig. 14), which produce chemical substances kKnown as ‘hor-
mones’. There is a certain resemblance between the function of
the ductless glands and of the brain, for both essentially control
Processes OCCUrring in other parts of the body. The development
of the tesies and ovaries, and growth in general, are examples
of processes which are influenced by ductless glands, The brain
controls distant processes by means of neries, which may be
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likened to a system of telephone wires; but ductless gl;mds act
on distant organs (e.g. the liver, the muscles) by sending “mes-
sengers’ — the hormones - via the blood stream. Thus, if a man is
frightened, he may have to make vigorous use of his limb

— = Pitwitary

oz~ Thyrold and parathyroids

renals =X=T
Adren ~b~— Pancreas
=Rt
Ovarles = ~ Testes
[ -
{female) =7\ (male)

Fig. 14. Position of the main ductless glands.

muscles, for fight or tlight as the case may be. The adrenal
glands assist in this by secreting a hormone into the blood
stream; one effect of this hormone is to make more ‘fuel’
available to the muscles, in a way which we shall consider fater,

Many hormones have now been isolated as pure substances
(see Inset, 22/25), and some have even been synthesized in the
laboratory. Broadly speaking, they fall into three chemical
categories: — the steroid type, the amino-acid type, and the
protein type. The busic structures are shown below. More
detailed accounts of the manner in which proteins are built up
from amino-acids units will be found in other jssues of Science
News (c.g. the article by Kendrew in No. 11).

}‘{};l(? HII{QH[(‘)H[({O
H-N-C-C-OH .. - NoC-ConN- oG
! ]
R R R' R"
steroid amino-acid ) tei
‘skeleton’ ‘skeleton® ’;;ﬁ/i‘l':)n'
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CARBOHYDRATE METABOLISM

Hormones such as insulin influence “metabolism' — the chemical
processes occurring in the living organism. Biochemists have
unravelled many of the details of metabolic processes, and have
shown that most of them occur only if a catalyst is present.
These biological catalysts arc known as enzymes, and consist of
specialized proteins. Generally speaking, each particular chemical
reaction in the living organism requires a particular enzyme.
If, then, we are seeking to know in what way hormones influence
metabolic processes, we must keep in mind the possibility that
the hormones are acting by influencing certain enzymes, for
instance preventing their action. Examples of this will be con-
sidered later, although the field has so far been littic explored.

When insulin is administered to an animal, the amount of
sugar (glucose) present in the blood is reduced. This suggests
that insulin influences the metabolism of glucose in some way.
Glucose belongs to the class of cheinical compounds known as
carbohydrates, of which cane-sugar and starch are other
examples. What, then, happens to carbohydrate in the animal
body?

For simplicity we can consider the mctabolism of glucose
itself, since almost all carbohydrates are partly or entircly made
up of glucose units. By suitable tests it can be shown that the
blood usually contains about 0.10 per cent glucose (or somewhat
more following a meal). We may regard this glucose as in
transit from the liver to the tissues, and particularly to the
muscles, for the liver acts as a reservoir which supplies glucose
to the rest of the body. The muscle cells can also store a certain
amount of carbohyd:ate, but sooner or later they break it down
to obtain encrgy. Glucose is not stored as such in the muscles
(or, for that matter, in the liver), but is built up into a more
complicated carbohydrate known as glycogen, or animal
starch. It is, however, not essential for the cell to convert glucose
to glycogen before using it as a *fuel’. The main chemical path-
ways involved are outlined in Fig. 15 together with the formulae
of some of the compounds concerned.
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Not only is glucose not stored as such, but it does not oceur
free inside cells in appreciable amounts. 1t enters the cells from
the blood in the form of a phosphate ester, glucose-6-phosphate.
A number of other intermediate reactions in glucose metabolism
involve the formation of phosphate compounds, some of which
are indicated in Fig. 15. The nature of the intermediate com-
pounds, and the role played by the compound ATP (adenosine

Glucose (jlycogcn
1 4 3
> \
Glucose-6-Phosphate = Cilucose~1-Phosphate
N
5
6 N
(’;l)ccrol\_—_—_“l’lzosphngl)ccmldch_\Jc //;\L:mnc‘
I 7
|7 / 1
i 4
13 ~! 10
Fat = Peruvic Acd = lLactw Acid
N
8 Y
- Actd

Faty Acids ————">Acclic Acd Oxalacetic A

) < T
14 13 \\l O
Acetoacetic Acid ‘Ketogenic' Asparllu
Anmino-Acids* Acid®
20

Glutamic 18 Intermediate 19/ 10
Acds T -~ — ( ompuundx O, H

Acctone
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triphosphate) in the furmation of certain phosphate compounds,
is described in Science News 10, p. 66.

It is important to note that a key reaction in the metabolism of
glicose is its comersion to glucose-6-phosphate (reaction |,
Fig. 15). This reaction, which enables glucose to pass from the
blood into the tissue cells, involves ATP {acting as a source of
phasphate) and the enzymie hexokinase, We may note in passing
that the breakdown of carbohydiate 1< arrested at the pyruvic
acid stage if the oxyvgen supply is deficient (as may happen in an
actively contracting muscle). The pyruvic acid is then converted
(0 lictic acid (reaction 10). The formation of lactic acid from
plucose oF glycogen requirss no oxygen, but the energy obtained
from this Iimited treukdown is much less than that ebtained by
complete oxidative breakdown of the curbohvdrate o carbon
dionide and water. Much of the lactic acid formed for instance
during violent exercise is ovidized later, when oxygen becomes
more plentiful during 112 subsequent rest period: the rest is
puilt up into carbohsdrate again.

Although carbohydiare is the chicf fuc! of the body, we cannot

Tig 15 Metabolisat of carbohydrate in animal tissues. The main
pathway by which glacose ik oxidized to provide energy is de-
noted by fivars arnoss Soaie nuporan: detadds are not prescated in
the scheme. In partivular,

{1y some of the reactions dre coniined (0 certaty tissues: thus,
reaction 4 occurs in the lner. butl not w1 the muscies

(23 each reaction hus a specitic vatalest, Le. an enzvmie; ihus
reaction s vatadysed by the eneynie hexokinase

(35 ATP must be present 1o proside phosphate tor ceaain reactions,
e.g. Teaction 1

1) amino-wids fof which the compound marked * are exaimples)
can be formed from of built up into, protein.

Where @ reaction s represented with wonly 4 uvnele greow {pointing
downwards}, the reaction ¢annot proveed it the opposite direction,
in contrast 10 reactions represented with 4 dowble arrow.

Although glucose and glucose-6-phosphate can he converied into each

socher in the liver. this is s represented by o double artow, since
the two reactions (1 and 43 require ditferent enzvies.



120 Science News ]9

glucose into the tissue cells. We do not yet know the exact way
it does this. The reaction requires ATP as a source of phosphate,
and insulin may act by making more ATP available. But this
is probably not the sole explanation.

Insulin not only lowers the blood glucose level when injected
into an animal, but may also increase the amount of glycogen in
the tissues. How is this brought about? Oune way depends on @
principle known as "‘mass action”. The rate of ¢ chemical reac-
tion is increased if the concentration of any of the reacting
compounds in the sotution is increased, or if that of any ol the
products is decreased. Thus speeding the hexokinase reaction
raises the concentration of glucose-6-phosphate in the cells, and
makes the transformation of this compound into glucose-1-
phosphate (reaction 2, Fig. 135) proceed faster, und hence specds
also the conversion of the glucose-i-phosphate to ghycogen
(reaction 3). But recent work suggests that insulin can also direet-
Iy speed up the conversion of glucosc-1-phosphate to ghycogen.

Insulin also accelerates the conversion of carbohydrate into fat
althpugh it could be argued that this effect of insulin may be
an indirect result of its effect on the hexokin
also stimul-tucs the building up of AMINO-acids o protetn, so
(h'at there is less conversion of amino-acids into carbohydrate.
Fiuher prouess \\'guld tend to reduce the amount of carbohvdrate
in the hiver, and its output of glucose to the blood (of. reaction 4.
Fig. 15) would be lowered.

It is .ewdcn.t that administration of insulin to an animal, of
to a sultable tissue preparation kept
produce diverse effects, and th
effects are primary (due to

ase reaction). It

alive in the fuboratory, may
ar it s difficult to decide which
a direct action of insulin} and which
are §i:condary. At present the situation is confused, rather than
cl:_irmed, by the discovery that the metabolic pathways of pro-
tein, fat, and carbohydrate are interrelated, ’
Although an nsulin preparation injected tnto an anfioal lowers
the lcv.cl of glucose in the blovd, the initial effvct may actually
be a slight increase in the level, This increase has recently been
shown by de Duve and others 1o be due to a f:

ini ; . actor, commonly
present in insulin as an itpurity, which increases the breakdown
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of liver glycogen to furnish glucose to the blood (reactions 3, 2,
and 4, Fig. 15). Little was it realized by many workers engaged
in studying the actions of insulin that their insulin prepara-
tions, thought to be pure, in fact contained also a substance
with an action opposite to that of insulin! {t has been suggested,
somewhat speculatively, that this factor is a hormone, and that
it originates from 1he so-calied a-cells of the pancreatic islets of
Langerhans (see Inset, 26). The results of investigations now in
progress may throw light on this.
THE ADRENAL GLANDS

Mention has already been made of the theory that when a
person is frightencd the adrenal ghands seerete @ hormone which
makes more Naet available o the limb muscles. This fuel is, of
conrse, carbohvdrate. A substance calied adrenalin has been
wolated from extracts of the inner part (medulla) of the adrenal
wlands, and this substance produces a marked increase i the
blood glucose fevel when injected into the blood of an animal.
This inerease is the resslt of an mncrease in the breakdown of

¢ OOH e
T ¢ 4 e e
i : I CH
HO IR (rH HO v y (li CH,
\..,J N oY on Nuon,
Fyrdne adrenalin

HO=A \)-(‘ {{-CH.
%‘“._.*J OH NH:

nor-adrend i

fiver glycogen. The extra glucose thus produced can be drawn
upon by the muscle cells as an energy soutce. Adrenalin is a com-
pound with a structare simtlar to that of the anuno-acid tvrosine,
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Very recently evidence has been found to suggest that the true
hormone which is secreted in the body may be not adrenalin
itself, but the related compound nor-adrenalin, which cun al30
be isolated from the adrenal glands.

If one examines sections of an adrenal gland under the nucro-
scope, one obscrves a difference in appearance between the
outer part (the cortex) and the inner part (the medulla). It has
been found that the two regions secrete different types of hor-
mones; those secreted by the cortex having a *steroid’ structure.
We have already seen that the adrenal medulla may influence
carbohydrate metabolism in a spectacular way. It has becone
clear in recent years that certain steroid hormones produced by
the adrenal cortex are of equal, if not greater, importance in
this ficld.

One such hormone iIs corticosterone’(Luset, 223, and anotier
is 11-dehydro~17-hydroxy-corticosterone {Inset, 24j. The latter
will be familiar to many readers, under the less formidable nanie
of *Cortisone’ or ‘Compound E°, in connection with recent
repocts that it relicves the condition of rheuniatold arthritis
(see Science News 15, p. 128),

CO-CHLOH CO-C11.011

110 (H /
\ ) O (H;l
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cortieosterone Wedehydro-17-hydroxycorticosteron

These hormones influcnce carbohydrate metabolism in two
yays. On the one hand they increase the extent to which proteit
is broken down (and hence converted to carbohydrate). On the
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other hand, they decrease the oxidative breakdown of carbo-
hydrate. Both tiiese actions lead to an increase in the carbo-
hydrate stores of the lLiver. The accumulation of carbohydrate
which results from injection of these hormones may even go to
pathological lengths, so that the blood glucose level is raised
considerably. There may then be a temporary spill over of
glucose into the urine, as occurs in diabetes. 1f only a low dose
of one of these hormones is injected, there may be no rise in the
blood glucose Jevel; but it is nevertheless found afterwards that
injection of insulin does not produce the usual lowering of the
jevel : the adrenal hormone has in some way prevented the normal
insulin action.

As well as conserving carbohydrate, hormones of the adrenal
cortex may stimulate the use of fat as an afternative energy
source. This may be of particular importance to a starving
animal, since if it burned carbohydrate at the same rate as a fed
animal, its carbohydrate stores would quickly become exhausted.

THE PITUITARY GLAND

The tiny pituitary gland, situated at the buse of the brain, plays
a Jeading role in the hormonal set-up of the body. It is made up
of two parts ~ the anterior and posterior lobes ~ which, though
in close contact, are anatomically and functionally quite distinct,
The anterior lobe is the more important of the two. No less than
six hormones ~ all proteins — have now been isolated from the
anterior lobe of the pituitary, and the existence of others has
been suggested, but not proved. Several of these hormones have
a controfling influence on other ductless glands - the thyroid,
ovaries, testes, and adrenal cortex.

The hormone which stimulates the adrenal cortex is termed
adrenocorticotrophin (ACTIH. In view of the fact that adrenal
cortical hormones can alter the pattern of carbohydrate meta-
bolism when administered to an animal. it is not surprising that
ACTH can also affect it, Recently, J. W. Conn and collaborators
in America have investigated the effect of ACTH on human
volunteers, and found that it can produce symptoms of diabetes.

Early investigators in this field had to use crude viipuriticd
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a~me“9r.pm”mfy CXUIACLS containing a miature of hormones.
Since it is only recently that biochemicy] techniques have boen
developed for the isolution of bure hormones. B. A. Houssay.
H. M. Lvans, ang other workers showed in 1432 that crade
eXiracts may induce SYmptomis of diabetes when injected into
animals such g the dog. Later, 1. G. y oung found that dogs
treated with 4p extract of catyle Prtustarics for a prolonged period
developeg Persisient digbetes, - that is, diabetes which continued,

?;_ld Sven became More: severe, after cessation of treatment
gL 16y,
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mployed
Much ACTH, ¢ oyed in

these experiments did not contain
O that thig

cause of the ( hormone could not have been the
¢ diabetes, There “as evidence to suggest that the

diabetes wyg

Y WAS rather g b attri

“attnibuted 1o g . Nt ne hnown
as growth hormone - o ¢ mnother hormone

rapidly when tr, O called because some animals grow more
this hormane cated with i, American workers have now isolated
a8 a pure protein (Tuset, 25), and it has recently
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been shown by Young and wllabor;uors that the pure hodm:)on:
can induce diabetic symptoms similar to those produced by
Cn::’i;xgd;t single hormone capab_lc of Pmdu,c.l?i elt]‘fgztlz Sz
different as normal growth and the disease d_labetgs‘. Zs wd e
pointed out that the particular effect obtamedd?c&etn on e
test animal employed: the adulr dog develops dia i;s,response
puppy, and the rat (young or adulf) mc‘:rel)y grti)wc n fesponse
to treatment with growth hormopct The L,lu" to 11ves’ ¢ ;“mulal-
is to be found in the pancreas. thunary extracts m\e- .{ ulat
i {Tect on the islets of Langerhans in the pancreas o ‘ '
o ]c- y, so that the B-cells of the islets secrete more insulin.
z)rx][ :;cpgﬁfc{ hand Inset, 27 shoxys the L_\.pical aP}scux';éng?a%{;r;
islet of Langerhans in a dog which has just d‘cv‘dope‘} u[d"be
as a result of pituitary trcutmgm. The uppcar;n'cc‘ Sf]iths_
compared with that of a normal islet (Inset, T6). xstcns 0 ) ‘“;arc
tion are seen in many of the ﬁ-cclls_of the islet. om? tl:e.cens
filled with fluid (hydropic degeneration), and n1§nj\! ]9 he coll
have lost the granules which are present \vhgn insu ml ‘1] mori
prodiiced. Some S-cells appear to be funcuomillllz ‘6\:13,t e
actively than usual; it is signiticant tlAmt one ,8(::. 1‘n ’n e ;}T,[
has been caugit in the act of dividing in two. 1t seems, t ut‘n,' ¥
'“sl e dog the B-cells become overworked as a result of pituitary
Itlr]c:t]:'ncm&: and less insulin is produced since many l’n'c;.xk 'do'wn
under the strain; whereas the g-cells of the puppy ‘o.x r‘:t Jr?
more robust, and do not break down u!ulcr the Slll‘.lll\“lllnz,
action of pituitary extract, so that these animals do not develop
dh;?cit:slbikc]y that the gm\\th-promming action }»f the extract
in the puppy or rat is largely due to an mcr‘cgsc u? the mpoum
of insulin produced by the pancreas. lfan animal is gl‘.owmg_‘ .“
needs extra proteimn as a burlding-material for thg new l{SSllCVlt xs
laying down. We have already sccq that one qctlon .Of miulm is
to assist in the building-up of protein from amino-acids. Growth
would thus be favoured by an increased insulin secretion, as
occurs in the puppy or rat given pituitary extract,

To summarize, an immediate result of giving an extract



140 Science News 19

containing growth hormone to an animal is an increase in the
insulin output of the pancreas, and the effect finally obtained ~
growth or diabetes — depends mainly on the ability of the pan-
creas to keep on producing. But how does growth hormone
bring about an increase in insulin output? Nobody knows, but a
clue may be obtained from the work of C. F. Cori and col-
laborators, who as already mentioned have studied the effect
of hormones on hexokinase in vitro (i.e. on 3 preparation of the
enzyme extracted from muscle and kept active in the laboratory).
Certain pituitary extracts reduced the activity of the cnzyme,
and thus decreased the conversion of glucose to glucose-6-
phosphate. If an extract of the cortex of the adrenal gland was
also added, the reduction in activity was even more marked.
If, however, insulin was alsp added, the

activity of the cnzyme
was restored to its origin

al value. The study of the effect of
hormones on enzymes js { raught with experimental difficultics,

and it is not always easy to interpret the results. Nevertheless,
we may soon know more about the ways in which growth
hormone, and other hormones, influence enzymes concerned
in carbohydrate metabolism.

The metabolic processes of an animal le
might proceed in a fairly orderly w
did not exist. But hormones are pa
animal which is under a stress of so
starvation, when its carbohydrate
dangerously low level if it were not
of hormoncs by the adrenal cortex.
a hormone (ACTH) which contr
an increased activity of the latter
output of ACTH. The change in
brought about by a prev
hormone of the adrenal e
influence one another in g

It is important to real;
this discussion usually
addition to their effect o
also remember that the

ading a quiet life
ay if hormonal regulation
rticularly important to an
me kind, such ag fright or
stores would run down to a
for an increase in the output
The piwitary gland produces
ols the adrenal cortex, and
is the sequel to an increased
ACTH output may, in turn, be
10us increase in the amount of the
dulla in the blood, The ductless glands
way which is difficult to unravel.

2¢ that the hormones mentioned in
have other physiological actions in
n carbohydrate metabolism. We rust
net effect in the living animal, when
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functioning naturally, may be diﬁ‘crent’ fror}x the ﬁndn‘n;sl when
cach pure hormone is injected and studxcq sm_gly. Insulin o;ver;
the blood sugar level; adrenalin may raise it: but w};enl ote
hormones act together (adrena!iiz; hc)pxiwog tt:ee ;rlzr(\;fe; gd g[ [::z:;fn
fr. Iycogen store in the liver in od, and insul
t;\(::n:r:xzfgry;ziunzhe blood into muscle) something physxo!'oglc:
ally more significant takes plac;thzm1 lﬁr&;;%:;ﬂ:ﬂéf&;}té:;ﬁgx{:::zm
“tional co-operation. It is this co . .

:;:lc‘::i(:::)bg;;) ;\:fru?;h makes the scientific anglysrs of :ihc (?drecxsc
action of each so difficult. So although .thcre s NO g90 e‘.u incc
that other glands such as the thyroid or postcno; prux ar{
are important in carbohydrate metabolism, rcsca'rc ;na)l; yc
provide some, Likewise little is known about the way t .c ;axln
controls this metabolism directly : but damage to th'e hypothal-
amus may lead to the appearance of symptoms of diabetes.

DIABETES

In the healthy person the amount of glucose circulating 'in the
dload is usually quite constant at about 0.10 per cent. It is tru_e
that the level may be higher after a meal, when carbf)hydmu? 1s
passing from the intestine into thf: blood. If, however, it does rise,
the pancreas secretes more insulin and thus helgs to restore it to
normal. The extra ghucose in the blood enters tissue cells, as we
have already discussed. Usually it does not pass from the blood
into the urine, but it may do so if the concentration of glucose
rises above a certain threshofd favel (approximately 0.16 per
cent). This Jevel is seldom exceeded in a healthy person, so that
the urine is usually free of glucose.

The insulin-secreting mechanism is somewhat delicate, and it
may go wrong in one of two ways. It may break down and be
unable to produce cnough imsulin to meet the needs of the
animal. This is essentislly what happens in diabetes. On the
other hand, rarely, It may run amok and produce more insulin
than the anmmal needs. This condition
insulinism’.

If the pancreas is producing 100 Jirtle
occurs in diabetes mellitus, the blood gl

i known as ‘hyper-

tnsulin, as generally
ucose level tends to be
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much higher than normal - so high that the threshold level is
often exceeded and glucose passes into the urine. We have already
seen that insulin assists the transfer of glucose from the blood
into the tissue celis, and also (directly or indirectly) the conver-
ston of amino-acids to protein and of carbohydrate to fat. If,
then, there is a deficiency of insulin, there is not only a piling up
of glucose in the bload, but also a tendency for protein and fat
to break down more rapidly than they are formed.

Some of the amino-acids formed in the breakdown of protein
are convertec_] to carbohydrate. But the carbohydrate merely
accurpnlates in the blood as glucose, since it cannot pass into
the tissue cells a¢ the usual rate. Thus, in u diabetic person,
carbohydrate Is usefi more slowly, and fornwed (from protein)
zotr)ior‘z:::ldlg;x\an na normal person. On the other hand, fat

n more rapidl : . o i
carbohydrate as the main fu}zldo); [:\Z‘JSQ;:IU&L perhaps Teplacing

In the diabetic, oxidation of fat to provide cnergy does not
proceed smoothly. The fatty acids formed when f;;{ v broken
doyvr.\ are probably converted (o acetic acid which is usually
OXIdll_ed by ghe pathways indicated in Fig. 15. ‘;:m oxidation it is
combmc'd with a carrier compound, oxalacetic acid. This acid is
showp in Fxgt IS as emerging unchanged from the oridation
reactions, but in actual fact some of jt gets [ost by the wayside, as
it wer?. The stock of oxalacetic acid in the (is;ttcs I nérmu]]y
rep[emshcd by u'rcac\im\ which requires pymv;; acid (-n_-;w(ion 9,
Fig. 15). Pyruvic acid is forned by the brcuk;h)\\‘n of carbo-
l.\ydra%tc, and may thus be deficient if carbohydrate breakdown i3
impaired, as in diabetes. Much of the \ ‘

] ¢ acelic acid formed from fat
is then converted instcad to acetoacetic acid (reaction 14, Fig. 13),

and this may decompose to give acetone (reaction 20). These com-

ounds are n as .
gf o ar, .k?‘o‘wn as ketones, and are of little use as a SOUree
\e\’e rfa?'n ?0\:(—1‘ they are quite poisonous in excess.
I i . L
the Tght of th cfcoinsuiler the symptoms of diabetes mellitus 18
to appear is N O;fgofng survey. Among the first symptoms
a marked increase in the amount of urine passed.

Thetrh?mg oi; th‘e urina'ry system would be irritated if the con
centration ol glucose in the urine were high. However, the
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increase in the volume of urine keeps the concentration down
to a tolerable level, but results in a feeling of thirst. The pe_rsgn
also feels hungry, and eats more food, but does not put on welgh‘t’
and in fact may actually get lighter. If tests are carried out'on is
blood and urine, it is found that the blood glucose fevel is p\;,i.--
sistently high and that his urine contains gincose. Abngrmz.i y
large amounts of ketones may be present in the blood an yrn:l;.
In severe cases, the smell of acetone may even be noticed in the
breath. If the discase runs its natural course (as used to‘happen
before insulin was available), the patient gventuaily dies }inwa_
coma, owing to ketone poisoning. Bef9re thx§ can ha.ppeni,1 (;,as
ever, he may succumb 1o some infectious disease, stnce e
! i a healthy person. . ‘
cS;;ic:litzchh;hTUtlo()k to which the _diabetlc patient hég t’o
resign himsclf before the days of insulin treatment. Nowa ays
diabetes is scidom a fatal discast, a‘.u\ough the dlabt:txc~ person
has to live on a carefully comrollcd' d;ct. and take trequelr)z;
injections of insulin. The amount of insulin ncf:ded has to
carefully determined. since it varies from one patient to anot.her,
Too mﬁch insulin is perhaps more dangerous than too llFtle,
since the blood glucose level may fall s0 low that the patient
collapses from Jack of glucosp in 'thc bruml. . .

If it is indecd a lack of insulin that gives rise to diabstes,

what causcs this lack of insulin in the first place? Diabetes may
.

develop in sonie people as a result of an inherited weakness in
the insulin-producing mechanism of the pancreas. But many
who develop diabetes may not have a hereditary defect, and it is
likely that other fuctors can operate to bring about a breakdown
in insulin production.

There are probably several difierent types of diabetes, with a
number of symptoms in common (glucose in the urine, ctc.).
If a person is found to have these symptoms, a diagnosis of
diabetes miellitus s made; but this is purely a matter of con-
venience. A term such as this may be a hindrance rather than
a help, if it is not appreciated that the diagnosis considers
symptoms as distinct from causes, and that the causes may be
manifold, We cannot even safely assume that there is always a
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diminished insulin output by the pancreas in diabetes. It is
conceivable that the metabolism of the body might alter so as
to increase the need for insulin in the tissues. If the pancreas
could not step up its insulin output correspondingly, there
would be a relative shortage. For the present, however, we will
assume that insulin output does diminish jn diabetes, and con-
sider what may cause this diminution, ,

It will be remembercd that diabetes can be produced experi-
mentally by injection of certain hormones, which originate from
the adrenal cortex or from the anterior part of the pituitary gland.
Diabetes might thus result from over-activity of one of these
glands. In particular, it could occur if the pituitary gland pro-
duced too much ACTH (which would make the adrenal cortex
over-active) or too much growth hormone. There is good cvi({-
ence that such over-activity may occur in the human
rise to diabetes. 1If, for example, the pituitary gland of
person produces too much growth hormone, he develops
symptoms of acromegaly, such as an enlargcmer;t of the bones
in the hands and face. Not all persons with acromegaly develop
diabetes, but the proportion that do s is higher than that
observed in the population as 3 whole. ¢ ‘

We have already considered a possible w
hormone could produce persistent (i
should be capable of damaging the pancr
certainty. However, an interestin

fog;ard, based on the fact‘th‘dt many enzymes contain sutphydryl
g_ d )2grosu ps and lose their activity if these groups become oxid-
ized (2 (-SH) —> S-S), The tissues of the body contain a com-

pound known as glutathione, which itself possesses sulphydryl
g;miir;sland seems to be TCS_DOnsibIc for maintaining the sul-
gozIsib)lle f’hr?tugf of enzymes in the reduced (active) state. It is
in the B'cel‘ls ofet}?nz}fmes responsible for the synthesis of insulin
th © pancreas contain sulphydryl groups. If, then,
e:le cec:ls were short of glutathione, the enzymes might become
f(')c:‘r1 tl:: nandd~ ber unable to synthesize insulin in sufficient amount
eeds of the body. What could cause such a shortage?

One way in which diabetes can be produced experimentally

and give
an adult

ay in which growth
abetes. Why ACTH
cas is not known with
g theory has recently been put

.
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is by injecting a compound called allpxan. This c.ompound has
a structure similar to that of uric acid and qcrtam otl}e}' com-
pounds normally present in the body, and it can oxlld{u t‘he
sulphydryl groups of glutathione and of enzymes. It is s::;
nificant that the effects produced by ACTH in purpan;, 1bnl y
experiments of J. W. Conn, included not only a rise In the bloo

CO NH .
N{ \(‘0 Il\{{ i ICO
lo cO CcO C——NH
A4
\N}{ NH
alloxan uric acid

glucose level, but also a rise in the level of uric acid and l:;‘fan
in that of glutathione. The level of glutathione In th:c ,B—c?1 s n‘ﬁ
doubt fell also (although this would be h.ard to prove), and suc
a fall might account for a failure of the insulin supply. |

Diabetes could thus be the outcome of a sqmcwhat comp :ex
series of changes. A temporary over-prod};cn_on of ACTH 03;
the pituitary would rapidly bring abgut a rise in the blood ](":\f,l
of a compound such as alloxan or uric aqu, as well as of glucose
itself. Glutathione would then become oxidized, and be unable
to preserve from oxidation the .sull?ﬁ)'dr)l groups of enzymes
responsible for insulin synthesis. The r§sultmg sl19rtage of
insulin would lead to the appearance of diabetes, which would
persist if the damage to the B-cells were severe. -

This theory is far from proved at present, but it will act as a
valuable guide to investigation of the causss of diabetes. Medical
science has alrcady achieved one triumph in the control of
diabetes by insulin. The possibility of a cure being found for
diabetes is rather remote, since the £-cells may be irreparably
damaged when dizbetes has set in. I, however, the changes in
the body which precede actual diabstes were better known,
a condition of ‘potential diabetes’ could perhaps be recognized.
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It might then be possible to devise treatments whereby the
development of actual diabetes could be prevented. This is a
fertile field for further research,
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CORRESPONDENCE

{ mned iny itorial of
It was, indeed, refreshing news comau?cd n )f)ur Ectio orial of
Science News 16, that you were extending the scope
soctological aspects. - tuced
-produce
As a production engincer and a designer of mass-p

. , en I learned
motor=cars. I have never learned so quickly as wh

P R ing over to
, vl tr1ditions ; ocial significance 1n gomng.
about formal traditions and s 5 r of the Institute of

furniture design. I have been a mcmbc' o in learning
Sociology for many ycars, so I was very mte‘resb' hese more
the limitations to technical progress imposed by

! »ss real, factors. ) .
m ‘(’f::\lg:i;sb:xnngc ks;i o 'nxany directions, in the ffl'Ctoig:S;[::;
the market, cte., where technical development ‘S'lf{“n% e -
environments faster than habits c:m‘change to .;:wp e
also in many cases because the tcd'mlcal change gz So;c'cctcd
been for its own sake or for novelty’s sake and has ﬁt‘mt ']u‘i‘in '

There is often a regrettable waste of .resc'arcl; sho(r: ~(;m:mi§
from an unguided or misguided apphcut.lon 1;“ W “:'dcr:d This
and social implications have not been c:ne.fu y CQ;\ 1 - .us o
is all the more regrettable because the scxenust.,dl‘.c:;n momore
these other factors, would be able to co]nm er re]-iomc ore
impartially than other people and could he ?tm over
problems which his technical advancenment crea cs N

In these enlightensd days \\‘hcn‘C\OIUl\IO‘I(; 1 ;m ‘1"‘:‘”1;}
theory, it is a pity that more regard is not paid to the c»lo 111 nor:_
of social habits, conventions apd_ slandard§ - particularly o
discriminating tastcs regard.ing intimate social cn\lron.men.t by
the process of formal tradiuon..Thc morg close tq soc3a1 sttua-
tions the greater need for care in furthering tcchn‘lcaI fmprove-
ments. Architecture and furniture are two outstanding examples,
Unfortunately industrial dcsigncr:s are all too ready I.O sc.:izc on
any new material or principle discovered by the scientist and
to force alien changes on the appearance of these more intimate
articles.

G. E. CLEAVER
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SCIENCE AND CULTURE

IN the Editorial of Science News 16 there was a brief discussion
of the relationship of science and culture which raises some
extremely interesting questions in one’s mind. It was remarked,
amongst other things, that while French and history are cultural
studies, chemistry and physics are not. Science as raught, con-
tinued the Editorial, ‘deals only with things and abstract
relations, while languages and stories inevitably deal with people.’
Science, it appears, is not generally regarded as a cultural study,
and some constructive suggestions were made towards its jm-
provement as a means of education. In what follows no serious
quarrel with the contents of this Editorial really arises, but an
attempt is made to deal with the relation of science with culture

along more orthodox lines - at least so far as the conception of
culture is concerned.

For, of course, the difficulty about an
immediately with the meaning we
our heading. We have to ask ours
at the present time, not what their
from these the light and shade of m
In regard to culture no question ¢
much are we affected by the assy

point of view, our education and our experience of life. Clive
Bell’s little book Civilization, for ¢xample, quite obviously does
not yield a conception of culture v hich would be accepted by a

generation later than his own as belonging to the modern world.
The experiencing of valuable state

theme, belongs to the acstheticism
perhaps trace it back to 3 period
time of Matthew Arnold, W
last century. Wh

y such discussion arises
attribute to the two parts of
ches what these words mean
dictionary definitions are, for
odern life may well be absent.
ould well be more clusive, so
mptions underlying our own

of the twentics, and one can
of greater achievement in the
alter Pater and the stylists of the

atany of these writers woulg have thought about
such a rough-and-tumble view of cu

lture as is implicd in the
Science News Editorial it js hard to say. ‘Awareness of all that
is going on in the world and a self-awareness of oneself as a
citizen’, although not put forward as any more than something
which culture implies, would strike the devotees of *valuable

5
C orrespona'encg 13

: — and probably as in-
T too vigorous — & .
s of mind' as much he Editor may
:rl?r::ibcally a philistine outlook. For w'hak:evei; tthe past always
ightly say about culture in A.D. 1950 1t has e Rbing more
1 ati n
“‘c"‘"{ something distinct from eﬁ:lc;:; erllda capabilities’. It has
’ o
‘ atter of a man's pers ) e part of the
tha'“ ta_‘];l:t(;chere is a moment for courage t())er;;ct?s aﬁd actions
n?:‘:?r‘ _ a certain cohercnce between a maln S(h the light of what
:nlubwa.ircncss of what ends are wor ‘h".‘}i’ cf them by the whole
the wiscst men have taught) and Ser;}'::Lp(:oving and refining of
. the same time e can accord
man. It has mcant at : so that we
personality through thought and T]i:’o;; » high form of culture.
. . chieveme . {
nority the achiey o the influence o
fbglv]‘l:y':l Ii]t“has meant opening one S]er:sI: (?btl(l)t also a bracing’
‘ ining in this way a rc i the
; aining in this way 2 is clear that
the arts .md‘ £ in Herbert Read's phrase. IL e 1o
of the emoil'lon?;urc raises questions which I.nflgn o nerhaps
ani u igion,
s o Cl and ethics and perhaps of relis ly those who
problems of va uer st to make clear. Unfortunaﬂte)_/ r(;ducing
: Jig o i m
Ruskin was ::f the subject have succeeded ?h“:iﬁyca nyl:’cducated
have wriven f intellectual fog, and a scien ion of ‘mere
a great deal ;)Jc cused from a further expressi
excus
person may )
. v 18
opinion. e agree, as I think we must, th.ftt Czlt‘,l;:ch;
If, however, ,\: a man’s knowledge and the dxs;rm*;(n: - ;mn
inscparable fror at his beliefs, science plays a far areer pert
shows in af“‘"“fan we have up to this point allowed, ar e
in the problt?n; tlc":ms to one's mind is to know how it ;Zd ‘{:
question whic h s. in essentials, been so little dfstur ‘ y
Western culiafe asEicncc _ with all this has meant in the com-
the risc of mOdLr:i’on of our outlook on the universe and our
plete transforma if. How is it that this intellectual revolution
view of man himse ‘roundly affected the culture of the Western
has not far more P:_";’t answer is easily imagined. Rather than
world? The Ma: of socicty disturbed and their little worlds
have the S;‘n{:‘;:)unda(jons members of a bourgeois civilization,
to thei ' _ o -
S:li"(::ld be said, prefer to subordinate science to the principles
i s
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derived from the older

authoritarian tradition. And there may
be some truth in jt. p

rofessor Waddington's analysis of science,
as outlined in The Scientific Attitude, was, for example, too
destructive for it to be welcomed anywhere as the basis of 4 new
and more scientific form of culture. In the West, or at least in
Europe, there is too strong a sense of history and of the sacred-
ness of institutions for a change to occur at all rapidly, and this,
1 suggest, is after all o very good thing. For the price paid for
the rough justice of a revolution exceeds all reckoning, because
it is in terms of the value and quality of the life which then
becomes possible. However inadequate the older conception of
culture may now be in some Important respects, it is unavoidable
that a change from this ‘aristocratic” view to one which is
relevant to an equalitarian society must jeopardize culture as
we have understood it.

Nevertheless, it secms to be a matter of importance to con-
sider how more of the true scientific outlook may be introduced
into the culture of our own age in place of the haphazard and
somewhat nihilistic trends of modern thought which are popu-
larly supposed to be ‘scientific’ but actually may be seen to be
nothing of the sort. We have plenty of opportunitics of appre-
ciating the evils of the Marxist solution to this problem, for
after all in Russia an old-fashioned materialism has been made
every bit as authoritative as any of our own teachings
in the long run, likely to prove far more destructive of science.
But as for ourselves the solution has been not so much
as postponed. The part played by science in our ow
:should ccr.minly not .dcpcnd YRR particular philosophical
(nterpretation authoritatively enforced, buyt We may well see
in science the means of filling the v
educat.ional'and cultural programmes, Mr Fred Hoyle's broad-
casts in this country, whatever their demerits as
tration of the way in which men of s
serious), have at least revealed the
people in what we m
universe. And side by
a study of man as wa

and s,

fnund
n culture

acuum at the centre of our

an illus-
cience work (and these are
amount of interest of educated
ay call the naturalistic account of the
side with cosmology we might place such
5 presented by Sherrington in his Gifford
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Lectures of 1937-8. Perhaps, as 4 contribution t}(: cul‘t:z::s,i‘;::ess
additions might appear somewhat pungent }:v er}1]t N
under the heading of the “best that hqs been t tm;f 2 critcrim;
but this only serves to illustrate howh lpadeqfua z“ve o criterion
of a Matthew Arnold or the aestheticism of &

middle of this century. '
The time to be apologetic
As an ingredient of modern cuhu.rc.thc o Editorial already
serious difliculties because, as mcnuoncd fn [: o elations”. As
quoted, science deals with “things m?d -4’.bS \fﬂ:o is ignorant of
against this we must proiest lhfn any m,‘in.cr well rcad he may
the nature of scientitic explanations, h?“.‘" s ot cultured
be and however tine hi?h;}bimair:m{;;:(l”?Spcéking o trane:
in the modern sense of that \:'( rd: e view of the world in
t'olr{n;:tion l\:;]llb}illzki;)rf: (lz)ai)z;ii‘::c:x;hnau’onsl\\ hich }:)'OESCOS;';
wiich we fve R i ality in favour of those whic ’
morraliZi-n%} ;g}doi‘:;%rl:t%o?]ua;lrll(;)mmsurcmcn(. Not since Spm‘oia
L.I!S Uf t‘;u 1:d horritied his readers in the sevcntecn’th and eig
shocked a ies has the cducated world ever been able to bring
Fccnlh ccmurllcs ?;l; -ount of events which renders most human
”%c?r t‘0~ m“:u?ltlu:: totally irrelovant: to see things as they are,
plCJUdM-b ; itatis: but this is, in the last resort, the mood
sub specit a‘»,’-c.ml\,(,rk, Science shares with the arts a complete
of »u“ serem e ! toxx-;nx'ds the multitudinous prejudices which
dismtchSICdnCSS]“ from another. Some of these prejudices have
separate mcn' 1?; ;Mlization possible, as Keith has argued, but
helped tOrls]i]:t unchecked they may end civilization through the
g(;‘:i\r:fo}cc of the intcrnal stresses thg}v now gcngrat.c.‘ ‘

' Paradoxicully cnough, the advocates of a more scncntmc“ to'rm
of culture have unquestionably been forced on to thg dclcngwe
by the argument that two 'world \‘\'ars have occurred in a period
of growth of scientific philosophics: post ‘lmr ergo pmp{cr hoc.
professor Macneile Dixon has complained of the ‘deadly
dialectic’ which destroys all beliefs and codes of conduct;
Mr T. S. Eliot with weary superiority says we must be ‘vgry
patient’ until the time comes for the reactionaries to rebuild

about science is indeed long past.
subject certainly presents
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civilization (he does not specify reactionaries). No one seems
to have argued that the strife of the modern world results
chiefly from the survival of interests and institutions which live
on the passions and prejudices of mankind ~ on the preservation
(.)f teachings which obscure the common lot of man on the planet
just as they obscure his inevitable yovernance by law. Nothing
short of a full study of man as an organism and his place In
nature ¢an equip us to take control of the forees of the modern
world, and all that the religious teachings of the past seem 10
have inculcated needs to be superseded in these respects. These
are controversial problems, and the writer would reject all
suggestions that science can do the duty of rcligion or even
provide any true basis for ethics. But the commentary of science
on man’s responsibilities is certainly needed, for all around are
arising problems for which traditional teachings have no answers.
It is in no spirit of arrogance, certainly, that one would argue that
the imagination can, principally though not cntirely through
science, attain a higher point of view than any which centurics
of historical self-consciousncss have engendered in human beings,
and that it is through this point of view that we may best hope
for an eventual rapprochement between different cultural
groups.
A.E.BLLL
Science Department
Royal Military Academy, Sandhurst

BOOKS RECEIVED

ARE WORKERS HUMANT? by Gordon Rattray Taylor (Falcon
Press, 1950), 10s. od.

In this book Mr Gordon Rauray Taylor discusses, in non-technical
language, the contribution of what he terms ‘the new science of human
relations’ to the problems of modern industry. He is emphatic that
most managements still have little understanding of the psychological
pressuics and frustrations which lead to strikes, restriction of output
and general lack of interest in work. He says, ‘The para}dox of industry
is that if you simply aim for higher outpat, you get neither output nor
contentment. If you work for the personal happiness and development
of the employee, you get this and output too’. Many recent researches
by social scientists in the indastrial ficld have revcal_ed the fundamental
importance of the group, particularly the small primary group which
is linked by personal ties as well as by the requirements of the work.
Social scientists claim that the most ctfcetive technigue for obtaining
higher satisfaction and output is to flelcgnte greater responsibility 1o
primary work groups. Mr Taylor discusses many of the myths and
practices of modern industry in the light of tiiese theories. He shows,
for example, that motivation cannot be adequately explained in the
crude and misleading terms of *the carrot and the stick® and that large-
scale organizations, whether nationalized or not, have peculiar
psychological difficulties.

Mr Taylor's book is written simply and vividly and is, perhaps
deliberately, highly provocative. It seems intended primarily for
managers, and should be very successful in instructing, stimulating and
possibly irritating them. Mr Taylor's enthusiasm, however, leads him
to make generalizations which are unsupported by adcquate evidence,
and many social scientists would consider that his claims on their
behalf are exaggerated and must await the conclusions of the further
researches that arc needed in this important field of study.

N.ML D,

A SCIENTIFIC AUTOBIOGRAPHY and other papers by Max
Planck (Williams and Norgate Ltd., 1950), 8s. od.
This translated volume of the last writings of the great German
physicist contains his Scientific Autobiography (one-fifth of the book)
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and four papers, all but one - ‘The Concept of Causality in Physics® —
lectures delivered at various dates, ‘Religion and Natural Science’
(1937), ‘The Meaning and Limits of Exact Scicnee® (1941), and
‘Phantom Problems in Science’ (1946). As M
1858, this book is the work of an octogen
mental vigour clearly remained unimpaired.

It is interesting to learn from A Scientific
difficulties and discouragements Planck had to contend against.
Theoretical physics was not in his carly years recognized as a separate
discipline. The lcctures he attended were poor and the professors
indifferent to him. Their irrefragable Opposition to new ideas impressed
upon him the view that a new scientific truth does not triumph by
convincing its opponents and making them see the tight, but rather
because they eventually die off and a new generation grows up that is
familiar with it,

Planck was a philosophic thinker as well as a4 man of science, and
the four papers embody his gradually crystallized and inteyprated
attitude to fundamental problems in both mental spheres. This attitude
shows him to be outside the class of scientists who worship science
and believe it to be omnicompetent, able ultimately to explain all
human experience satisfactorily. He maintains that natural science is
strictly limited to the phenomenologicat world, that is, the world of
objects as it appears 1o us, mediated through our sense organs and
admitting of quantitative expression. All problems of ethics
are entircly outside its scope. The problem of caus
which is generally thought to be inside its seope,
‘phantom’ problem, that is, it is only a problem in appearance, and
seen to be so by realizing that it is a matter of *ditferent perspectives
of interpretation.” The principle of causality must be gdhered to, he
insists, and is in no wise upset, as is often held mistakenly even by
those who cught to know better, by the Heisenberg pr}nciplc of
indeterminacy, Though the will, observed from without, must be
determlr.\c.d by motives, nev ertheless, observed from within, it is free,
as is strikingly shown by our ability to muke mental reservations with
every word we speak, which is 4 reul freedom experienced at first
hand.

Similarly a confusion of viewpoints, Pl
for the supposed conflict between sciene
have the same goal, namely
ruling the universe, thejr st
different. In religion God is

ax Planck was born in
arian, but of one whose

Autobiography of the

, therefore,
ality versus free will,
lanck considers as a

anck contends, is responsible
¢ and religion. Although they
the recognition of an omnipotent intellect
arting points and methods are basically
the starting point; in science the starting
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int is our sense experiences of the external world e}nd the m_ea;]sutr:-
o ts based upon them. Science operates predominantly wit f ei'
Ii:::ll;t religion with sentiment, bf:ing founded on a\l rcli;;;cti :n

ility before a supreme power mediated to us by syrr_lbo s. gio

humilty to act, science wants him 10 learn. Right action f?.lls wntl’nn
e f cthi::s and ethics is linked with religion but quite 9utsnde
‘hF R oreligion ,and science mutually supplement e.ach other instead
smem}e. > is widely supposed, f undamentally at variance.
of bcmg',('as lar suments and conclusions  will certainly not escape
cri‘t)i]fi::n t’SromI’both scientists and philosophers. But the bc:ol:‘ x:fazitt:
rccorr;mendcd to the general reader as a chailenging expositio

ost scientists of our time.
issues by onc of the forem e

The HUMAN SPECIES by Anthony Barnett (Macgibbon and

1950), 18s. -
':'(:ce’author begins by writing *This book des?rxbes somenogr;l:e
ibutions that biological knowledge can make to COll.l?l p y
bl it has not been designed as a detached, disinterested
fé?::ﬁ:?sofnr-mn, s\;ch as a biologist might give of a dung beet)(.:. ?r a'n
“ . Every branch of scientific knowlg"dge has an origin in
Cdm}Wf’rm "wt 10 satisfy his material needs; biology, the science of
;1_13{“ ) ‘;l'tcr:‘ i: most closely linked to the production Qf food and 1hc
revention. 'f discase.” He discusses in turn the mechanism of ht?mfhty
pre\emlm:!o‘l’ n lht; evolution of man, eugenics and sex discrimina-
ﬂ.“d ol u‘:hlolo, ics as food and soil, nutrition, population studies,
ad ar;:"m;:cul(hp The basic idea is good, but 260 pages is 100 ‘Iiﬂule
:n'(ljc:;]n \:’hich to c'lo it justice, and itis a pity that the author’s polmgl
'p" flen leads him to argue a case rather than to xr‘y to give
f‘:l‘; Z(l).:)d(i)spassion;nely. One may agree ina prcsgnlulion \\'hlg“h-shQWS
e biology to have contempaorary relevance, without subscribing toa
E:-l:::inofl:ocﬁism. The photographs are excellent, the diagrams some-
times poor, the price 0o high.

CONFERENCE ON INDUSTRY AND THE UN1vERSITIES (Fed-

eration of British Industrics, 1950), ?s .

This is the report of a weekend s.cnes of meetings held at thc cnq of
1949 for industrialists and University teachers (o C.\Chimg(’t viewpoints
on the kind of training undergraduates should'gct.to fit }hem for
employment in industry, and on actual and possible jobs suitable for
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Pluto (planet), 87

Point-to-plane clectric discharge,
96

Protein metabolism, 118

Psychology of information
presentation, 43

Radio reflection from the moon,
22,50

Schmidt camera, 14-18

Sight, restoration of, 42, 44

Solar radio emission, 23, 50

Spectroscopy of free radicals,
725

Star classification, 25

Supersonics and the blind, 35

Telescopes, 10 ef seq.

Torch, atomic hydrogen, 69

X-rays, nature of, 54.
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