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OCEAN-BED PROSPECTING

T.F. GASKELL AND M.N.HILL

S1NCE more than two-thirds of the earth’s surface is covered by
the oceans, it is apparent that for the elucidation.of the many
problems of the structure of the earth’s crust information from
the continental areas alone would be inadequate. For example,
without knowledge of the basic structural features of both the
oceans and continents, it will be impossible to find the depths to
the layers at which the rock types are world-encircling, and thus
the characteristic differences between the oceans and continents,
Likewise in explaining the formation of those topographical
features, such as volcanoes and mountain ranges, which are
found both at sea and on land, it is essential not only to know
their structure but also the common features of the earth’s crust
from which they are derived. These gaps in our knowledge pro-
vide, basically, the reasons for the exploration of the deep ocean
by geophysical methods. .
~ The methods used are, in principle, essentially the same as
those available for continental exploration. In the practical
details of the apparatus and in its application there are, however,
considerable differences. There are two reasons for these diffex-
ences. Firstly, the apparatus has-to be designed to operate from
" a continually moving platform; and, secondly, the area to be
" explored probably lies at a great depth below the observer.

A further difficulty in deep-sea prospecting lies in our inade-
quate knowledge of the sea-bed topography. Soundings are
widely spaced and numerous features which by continental
standards are-spectacular still remain to be found. As an
example of this, Figure 1 shows the depth profile along a 45-mile
line in the Eastern Atlantic basin which had been selected from
known soundings, as being flat. :

This inadequacy of knowledge résults from the lack of interest
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Fig. 1. Depth soundings along

in the deep seas from the point of view of the navigator, and
from the difficulties of obtaining deep soundings with a lead,
With modern echo-sounders these difficulties have been re-
moved, although the small number of ships fitted for deep-sea
echo sounding - there are only the survey and research ships ~
results in the amount of information obtained being small in
comparison with the vast area of the deep ocean. In any geo-

JU—

physical work time must, therefore, be spent in learning about .

the topography of the area of the experiments. Without this
it is impossible to ensure that the area typifies a particular
structure.

A second requirement in prospecting in any area is to find the
constitution of the surface layers of the sea bed by direct
sampling. This is a laborious process and cannot be undertaken
at many positions. The labour lies in lowering and hauling the
sampling device to and from the sea bed, and the winch required
for this work, if a sample of more thag the top few inches is to
be obtained, is special equipment which is only available in a
small number of ships. With the recen

er t development of
Kullenberg ‘piston core-sampler”, vertical smionﬁ through g::
. soft clays and oozes of the sea bed up to 70 feet in length have

been obtained by the Swedish Research Ship Albatross, although

in other ships the handling of corip t i
proved impracticable and 30-ft core.sg e ength has

are more usual, In most of -
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a line in the Eastern Atlantic.
those parts of the ocean where sediment exists, even the 70-ft
cores are relatively only scratches on the surface, and, since the
Kullenberg device is, in the best of weather, difficult to handle,
smaller corers fitted with coring tubes up to 10 feet in length
are useful adjuncts, and by the case with which they can be
handled allow more frequent cores to be obtained. The method
which we find most satisfactory for sampling with the small
corer is to allow the winch to run freely when the corer is be-
tween 50 and 100 feet above the bottom of the sea. This allows
enough speed to be gained for the corer to penetrate its full
length into the soft materials of the deep sea, and even in shallow
water, when rocks are sometimes exposed on the bottom,
samples can be obtained. Such rock samples may not be more
than a few inches in length, but nevertheless sufficient quantities

“are usually obtained to allow recognition of the formations to
which they belong.

The first geophysical prospecting at sea was the measurement
of gravity with the pendulum apparatus developed by Professor
Vening Meinesz. The measurement of gravity allows, roughly
speaking, the determination of the relative excesses or defici-
encies of mass in the layers below the position of the observer.
Thus, for example, supposing the rock structure below the sea
bed were similar to that under the continents, then between an
observer on the surface of the ocean and the centre of the earth
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there would be a mass deficiency due to the lighter water replac-
ing the heavier surface rocks of the contineat. The value of
gravity at sea would therefore be less than would be measured
at sea level on the continents, The magnitude of this difference
would be such that in the Atlantic thé negative anomaly would
be about 300 milligal * while Vening Meinesz by experiment
showed the anomaly to be positive and small. This means that
the mass deficiency of the sea water must be compensated by
the denser rocks which lie deep below the continents coming
closer to the surface under the oceans, This conclusion confirms

that the surface features of the earth are, in general, isostatically
compensated, that is floating on the fluid s

ubstratum according
to the principle of Archimedes,
The gravity measurements were a trinamph over extraordinary
difficulties caused by the motion of

the sea. It was clearly jmpos-
ums to an accuracy of a few party
and Vening Meinesz used a sub-
he motion of the submarine wag
dulum measurements similar to
ossible, and special apparatus was
marily involved the timing of the
ms swinging in the same plane and
d to the first order of small quanti-
ons, while the timing continued for
te the vertical accelerations which
h of the submarine changed, average
t in the measurement of gravity at sea
e East-to-West velocity of the sub-

marine. This is necessary because of the change in the centri-

fugal force which is caused by an East-West motion; the magni-

tude of the effect is such that the velocity must be measured with

an accuracy of about4 knot. In shallow water, where the rate at

which wire attached

to a weight on the sea bed is streaming out
of the submarine can be measured, this velocity correction can’

sible to time the swing of pendul
in a million from a surface ship,
marine. Even when submerged t
such that straightforward pen
those made on land proved imp
designed. This apparatus pri
mean period of two pendulu
in antiphase which eliminate
ties the horizontal accelerati
sufficiently long to elimina
must, unless the mean dept
zero. A further requiremen
is the measurement of th

*1 milligal is an accelera

tion (dué to gravity) of 103 cm./dec2 'I‘hg
.value of gravity at sea leve
.

1is, in round figures, about 106 milligal,

. o
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this
i the deep sea, however, .
ined with accuracy. In s
o deter:m::en wresent the greatest error. A iurther' ﬁﬁﬁon
e mbs);rvations arises from the comparatively rapi yariaton
;:E: ?/alue of gravity with the submarine’s depth, but the de
ith great accuracy.
ination of depths can be madg wi .
ml;:itsl;[ilc metli’ods of prospecting probe mugh deepeixl' gxt.oft::
bed than the best of corers, and can p‘rovnde detailed in .
seation about the different layers of rocgs instead of 'the a‘:erti °
nl:ss of the geological columns that is given by gravity o seer e
ltxilons Sound pulses produced by explosxgn: in ;he_ s::d a:;p o
. the ocean bed and pic
ned from the layers below
rel;sitive receivers placed near the sea surface. Two types of

experiment may be carried out, seismic reflexion shooting and

seismic refraction shooting. The ﬁ.rst type is su;ul:r fu:h :csl::
sounding. Whenever in the lay;rs lymgt?:lim ::lz . :e (‘:ha:t > sea

dden changes in the acous . ; |
:hh:r;rﬁuscttl of the density of the ma_tenal and the vel(;)csxg‘ :j
gound. waves in it), there is a reﬂ(_-,cn_ng boundarg axl: sour
waves from an explosion in thg. sea incident on such a bo atlnso z
will be reflected and can be picked up by hydrophones

i i hod of prospecting lies in
. The disadvantage of this met. ]
‘ :ll:: :\?mber of reflecting horizons which are found, and also in

’ ined from reflexion shooting is
that all that can be obtained ‘ '
:ll:: tfi::: between the explosion and the return of l:he e‘cj:ho, wh:;t;
flecting boundary or
in itself cannot show the depth to any re; .
::‘;J;n:e which occurs at that boundary. To determine the depth

e must know the velocity of compressional waves :in the
“':):edium above the boundary; or, conversely, to determine the
velocity one must know the depth. Both these are variable over

a wide range and neither is, in general; known for the layers

lying below the deep sea.

The second type of experiment, seismic refraction s}xooﬁng,
allows us to determine both these unknowns, and for this reason

its greater complexity justifies its use. With this method the dis-

continuous changes in velocity which exist between 'diﬁerent ,
rock types‘ are determined, as well as the depths at which these
changes occur.
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this reason the distance between the shot point and the hydro-
phone is increased to the extent necessary to ensure that the rays
which have travelled to the deepest layers arrive by the shortest
time path. This can usually be achieved since, as the range in-
creases, the time taken in reaching any particular layer becomes
a smaller proportion of the total time. Hence, because the sound
travels with a greater velocity at the greater depths, increasing
the range will result in progressively deeper layers providing the
shortest time paths. There is one layer, in particular, which never
provides the first arrivals. This is the sedimentary layer on the
bed of the deep sea. The reason for this is that its thickness is
small in comparison with the depth of the sea and the velocity
contrast is likewise small. Hence in these experiments the
shorter-range shots provide the first arrivals directly through
the water, while the longer range ones provide those from layers
below the sediments. As a result of this we are confronted with
the difficulty of knowing accurately the velocity of the sound in
the sediment; in order to determine this we rely upon the uncer-
tain arrivals of sound after those of the shortest time paths and
on laboratory measurements on the acoustic properties of deep
sea sediments.

In work of this nature on land, accurate surveying is neces-
sary in order to determine the distance between the shot-point
and the receiver. At sea, this distance can be measured with
extreme accuracy by timing the arrival of the direct sound
through the water in which the velocity is known. Another diffi-
culty of the work on land is the boring of the holes down which -
the charges must be placed. At sea, however, the charge can
easily be tamped by firing it at any suitable depth,

Ashore, use is made of moving coil instruments, called geo-
phones, which respond to the velocity with which the ground
surface moves after an explosion. At sea, it is clear that similar
instruments cannot be placed at the surface but must be laid
on the bottom. This is possible in shallow water (that is on the
continental shelf, where the depth of water is less than 100
fathoms), but where the depth exceeds a few hundred fathoms it
is not generally practicable, although a few experiments have
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been undertaken by the Americans nw
associated recording equipment have be
deep sea and recovered by havin

. g a float filled with
provide buoyancy. Normal flotation with air-filled cong‘i:::st;

impossible because of the high pressy .
would cause their collapse. 65 at the sea bed which

Geophones as instruments are the
able to deep sea prospecting and we
which are positioned some hundred
which respond to the sound wave

hich a geophone and its
en laid on the bed of the

refore not generally applic-
must resort to hydrophones
feet-below the surface, and

pressures, There are two
h: first, so that the surface
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four simultaneously), several sets of observations can be ob-
tained from a single shot, and thus fewer shots are required for
determining the full structure. Another, not so obvious, advan-
tage is that the determination of the dip of the beds underlying
the sea is possible.

€ 6~ 20 Miles ——

Sono-radio

. Redio waves . ., _ . _ buoys

- Explosion & 5 <N stydrophones
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Fig. 4. The single-ship, sono-radio buoy method of seismic refrac-
tion shooting.

The method, however, has disadvantages. The first of these
lies in the weather restrictions in the use of the buoys. In winds
of more than about 15 knots the disturbance caused in the
hydrophones by the sideways drift of the buoys causes an
excessive background noise, and the difficulties involved in
launching and recovering the buoys without damage are con-
siderable. With the two-ship technique the disturbance caused
on the hydrophone by a drifting ship is to a large extent elimin-
ated by paying cable out at the rate at which the ship is drifting
during the period when the sounds from the explosion are arriv-
ing at the ship; this method is not applicable to the buoys. The
two-ship technique also has the advantage that it is more rapid'
since the time wasted in the laying and recovery of the sono-
radio buoys is eliminated.

With the buoy method the stabilization of the hydrophone is
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the most difficult problem, since changes in hydrophone depth

. allowed, ;
methods of preventing the vertical motion of the buo\y,a;::?:;

transmitted to the hydrophone thro ich it i
supported have been tried. That wl?lgc]; t}lxl:sc;:;sc;y hien lt'ls
factory is shown in Figure 5. The buoyancy of a float rr::) sthsatls-
the hydrophone is adjusted so that it can just Suppoftathach ed to
phone and half the submerged weight of the length ef v
b.etween the hydrophone and the weight. Thus whgt o cable
rises and falls in the waves the hydrophone tends t'm o Duoy
Alth.ough this stabilization system is satisfacto OfStay ﬁ)ged.
motion of the buoy it does not eliminate the eﬂecx;yof‘;zr ot
movements. These do not directly produce spurious sj : rlxzo.n -
the hydrc?phones are made with two crystals which vent thes
from acting as accelerometers. Rather is the disturﬁrevent them
by the change in hydrostatic pressure dye to the chananc? e
qf the hydrophone, and by the pressures developed og es;n dep t.h
tive fac¢?s of the hydrophone by movement through tﬁ - senst-
a cgresfxon at right angles to these faces, 81 the water in
lagrammatic section of one :
figure 6. The §ounds received on theogyizlsluoog alrs ShowP in
in a head amplifier on the quartz crystal hy drophone e a;nphﬁojd
the main amplifier in the buoy. The output of the o t‘h ot e
con_nected with the frequency modulation tran ?mphﬁel: s
rad}ates about 10 watts of radio frequency pOWeSmltter which
aerial on the ﬂagpole on top of the buoy. Each by T through' the
has 1ts own receiver in the ship and the sounds aroy eansmitter
moving photographic paper on which time . 160qrded on
posed at the rate of 20 per second, "marks aré super-
The range of radio reception fro
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bas only been used on one set of experiments with R.R.S. Dis-

covery 11 and H.M.S. Scott during the summer of 1952: .
In the deep sea the spacing between the buoys is varied

according to the length of the line along, which the shots are to

“be fired and lies between about one mile and six miles. The first

shot is fired between four and eight miles from the nearest buoy
and thereafter at similar intervals until the maximum possible
range has been reached. For work in shallower water the spacing
of both shots and buoys is reduced.

. For the deep sea work the explosions are usually produced by
depth charges set to fire at several hundred feet. These charges
bave amounts of explosive in them between 100 1b. and 300 b,
For some of the deep sea and for all the shallow water experi-
ments, however, we uise charges which are made up aboard ship
and suspended at an appropriate distance below a float. This
float is allowed to drift away from the ship and the charge is
fired electrically when it is at a safe distance.

RESULTS

The early seismic refraction experiments yielded details of geo-
logical structure only in the shallow seas, and the first problem to
be tackled by the method was similar on both sides of the Atlan-
tic. The continents are in most parts of the world fringed by an
area of shallow sea, which may extend several hundred miles
from land as in the English Channel, or may be narrow as along
the west coast of America. The change from shallow water of
less than 100 fathoms in depth to the normal deep ocean of 2,500
to 3,000 fathoms occurs sharply; this may be because the edge
of the permanent continental rocks which do not exist in the
deep ocean has been reached, or it may be that the steep slope
represents a rubbish tip, where sediment carried down in shallow
water is deposited. Measurements by Bullard and Gaskell and
by Hill and A.S. Laughton of the thickness of, and the velocity
of sound in, the sea bed from dry land to the 100-fathom line
in the English Channel showed that a material with velocity
ranging from 6,000 to 16,000 feet per second (ft/sec.) covered
the bard rocks. The cover material could well be sediment,



21

Ocean-bed Prospecting

Science News 29

20

N . . . —_— : . , “qmowA[d WoJIJ splem
<] ~qinos [suuey)d ysidog

a3 ySnolg) wonoas Jed

-130[098 V "(10729) 8 ‘B1d

T
SajtN OOt oS

‘Sa1jooys uonoely
-21 OuWUSIdS JO poydu
Aonq orper-omos ‘diys
-0Ml gL ‘(sa0qp) ( S1g

\ Nﬂ\vcoﬁo..vrI ess

NS
—Es -

TLAaa00810°6 Y'Y . NOXFSNH

IPeY — ouos

.QAI xog Assneg| | suoydaupdy
: X 308
u‘:_ﬁ
\
ajqed) M 0014 \
auoydouipAy { 1481
3qe)
Aiayieg
il
2y
3un
Nﬁ m\‘_w\soa LH
— T TN
‘T
, 5 4e33sueRd
437 duwy il T oipey 4 |~ ——— Y
\ } xo:m\
J3PIBY jeLIDY ——= { OIpey - ouog

\
.\ ‘fonq

siptug Bung —=glli<———ap0g eray
oipel-ouos vy ‘(y3u) 9 ‘g

.munoz&o#&n ap Jo
woneziiiqels YL (43 § I




22 Science News 29

consolidated by its own weight, and its thickness increasing
steadily to about 8,000 ft'at the 100-fathom line. A rather similar
picture of the structure of the continental shelf was obtained by
Professor M. Bwing and others off the North American eastern
seaboard. There is some evidence that at least in places the edge
of the continental shelf is made of hard rock; samples of sand-
stone have been dredged from the sea bed off the American
shelf, and the character of the topography of ‘the ocean bed
near the edge of the shelf is, in places, very rugged. It is not
inconceivable that the continental mass of rock joins the deep
ocean at the sudden change in depth, and that in places the
junction is cliff-like, but that the sediment brought down from
the erosion of the land smooths off the land-ocean boundary.

The geology of the English Channel area to the east of the
Lizard is not unlike that which woyld be expected for the normal
land surface if it had been eroded to the depth of the sea. Refrac-
tion shooting has shown that as in Cheshire or in the south of
Hampshire there is a deep basin of New Red Sandstone rocks.
In places this is overlain with chalk and earljer formations and
is covered with only a thin layer of recent sediments. This layer
is in many places so thin that Hill and Professor W. B. R, King
dbtained geological samples from below it by coring,
ing more precise interpretation of the evidence produced by
refraction shooting. Figure 8 (on page 21) shows the section
through the English Channel southwards from Plymouth,

Deep sea seismic refraction measurements using the “sono-
radio buoy method have now been made in the North Atlantic
and in the Pacific and Indian Oceans. Figure 9 shows the track
and seismic stations of the recent cruise of Gaskell and J. C.
Swallow in HLM.S. Challenger, and Figure 10 those of the 1952
Discovery 11 expedition in the N.E. Atlantic, The Challenger
did not obtain many measurements in the Atlantic, but the same
apparatus and technique was used in the Atlantic, Pacific, and
Indian Oceans and the Mediterranean Sea, and a useful con-’
tinuity of results was achieved. The work of Hii]
‘Swallow in the East Atlantic, of Ewing in the
and of R.W. Raitt in the Pacific is in good

thus allow-

agreement with.

, Laughton, and. .
Bermuda ares,.

¥

w
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Fig. 9. The track of HM.S. Challenger, 1951-52.
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Challenger’'s observations made by Gaskell and Swallow. Where
two ships and large charges are available longer refraction lines
than those possible with the single ship sono-radio buoy tech-
nique can be undertaken and information about deeper layers
in the sea bed can therefore be obtained. However, in most
cases the single ship results are adequate to determine the type
of geological structure, and the results of the various expeditions
can be agreeably combined.
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Fig. 10. The track of R.R.S. Discovery
by dots and transverse lines,

11. Seismic stations are shown

There is very little doubt that the
ocean have always been oceans, and
structure from the continents,
measurements were made in deep
line had been drawn in the Pacif;
types of island structure. To seaw

Present large areas of deep
have a different geological

Before scismic refraction
water, the so-called Andesite
¢ Ocean to mark the different

ard of the Andesite line islands ‘
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consist of basic volcanic rocks, while on the other side the rocks
are more acidic in character and similar to those in the con-
tinents themselves. Seismic experiments in the Pacific show that
a different type of sea bed exists on the two sides of the Andesite
line, To seaward there is what we may call the typical world-
wide simple deep ocean structure, in which the ocean floor con-
sists of a few thousand feet of sediments lying on top of a
hard layer characterized by a sound velocity of 21,000 ft/sec.
which may correspond to basalt. On the continental side of the
Andesite line the sound velocity of the basement material is
17,000-19,000 ft/sec., and this is overlain by layers in which the
velocity is 10,000-13,000 ft/sec.; similar, in fact, to normal con-
tinental structure. The grouping of the seismic results was on
the basis of the velocity profiles observed, but this grouping was
the same as the geographical distribution given by the Andesite
line. A third difference between the deep ocean and the con-
tinental type of structure is indicated by Raitt’s work in the
Pacific, and by Hill and Laughton and Ewing in the Atlantic;
at a depth of about 40,000 feet below sea level the basement
layer changes to one in which sound travels at 27,000 ft/sec. on
the continents. The position of this change is called the Mohoro-
vitié discontinuity. It occurs at about 100,000 feet below the sur-
face in continental areas. This difference between ocean and
continent (Figure 11) is perhaps the most fundamental of all,
and we believe that below the Mohorovidié discontinuity the
rocks, probably peridotitic in character, are world-encircling.

In many parts of the ocean there are large submarine topo-
graphical features and there are a large number of islands and
island groups standing out in what we have been calling the
typical deep ocean. Measurements near such islands show that
interposed between the basement rock and the sediment is a
material with a sound velocity of 13,000 to 15,000 ft/sec.
It is probable that this material is volcanic rock, and a recent
laboratory determination of the sound velocity in a sample
from the 1950 Mauna Loa lava flow in Hawaii gives 13,500
ft/sec. The velocity could, however, correspond to sedimen-
tary rocks of many sorts; but shales, limestones and the like
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must be derived from some source material, and such areas as
the Hawaiian chain of islands and the Bermuda area appear to
be isolated from land by large expanses of deep ocean having a
simple geological structure unlike that of continents.

The volcanic layer is many thousands of feet thick, and such
that it penetrates into the normal level of the flat-ocean base-
ment rock. It is therefore probable that the crust forming the
sea bed has been depressed, either because material has been
removed from underneath or because weight has been placed on
top. The sequence of events is, then, that a volcano has erupted
through the 21,000-ft/sec. layer forming the bed of the sea, has
gradually built itself up and in the course of time has sunk
because the void which was left by escaping material must be

filled, and because the earth’s crust could not stand the strain of
‘the extra weight when sea water was replaced by rock. Measure-

ments at the coral atolls of Funafuti and Nukufetau in the South

;' "Seas indicate that these islands are built on old volcanoes, and
* that there is a core of high-velocity basement material which

has not been altered by air or water in the way that the low-
velocity volcanic rock which has flowed to form the shoulders
of the volcanic pile has been changed. The oceans contain many

- isolated islands, and as deep ocean surveying produces more

details of the sea floor, so more and more isolated ‘near’ islands
or sea mounts become apparent. It is unlikely that these are
formed by sedimentation, since they are nowhere near any
source of material; yet they often rise 10,000 feet from the flat
sea bed, and although sediments of much greater thickness are
known in many parts of the world, they are always to be found
in areas where an abundance of obvious source material has
been available in the past. It is, of course, possible that large
features, such as the submarine ridge running nearly at right
angles to the Hawaiian chain or the mid-Atlantic ridge, are large
folds in the sea bed, because presumably this can be folded in

. the same fashion as can rocks on continents, but the present

known facts do not require any further explanation of deep
ocean structure than the simple picture of a permanent ocean
bed, consisting of basement rock with a sound velocity of 21,000
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ft/sec., studded with volcanic protuberances and their amed‘,
growths of coral and debris, '
In the south of the Indian Ocean, to the west of the Sunda
Straits, the Challenger expedition found the simple deep oceanl
structure consisting of 1,500-ft thickness of sediment lying o8
basement rock, but to the north of 58° S. there is a considerable
thickness of material with the intermediate velocity of 13,000~
15,000 ft/sec. interposed between sediment and basement. The
Indian Ocean in this area is extraordinarily flat; for hundreds of
miles there are no irregularities of more than a few fathoms
except for isolated Sea-mounts, one large one rising steeply to
7,000 ft above the sea bed, and extending for about 60 miles.
This sea-mount consists of 1,500 £t of sediment above a 14,000
ft/sec. material, and the whole area north of 5° 8. in the Indian
Ocean may be an enormous outpouring of volcanic material.
On the other hand, it may be continental in character, and only

~determination of the depth to the Mohorovitj¢ discontinuity
can decide this question.

The sediment thickness in the
in the Pacific, by a ratio of about
the Atlantic stations are nearer to
ment material, but it may be tha
difference provided by different
of the Pacific area is red clay,
ment is predominantly globig
samples from the N.E. Atlan
been derived from the melti
ness may be related to prox
cene period. .

In the past, measurement of the present rates of sedimentation
of deep ocean oozes has been our most powerful method of
estimating the thickness of the sedimentary cover of the rock
layers lying deep below the sea bed. There can be litile doubt
that the approximate rate of deposition is at present about 04
inch per 1,000 years. If one assumes that this rate has continued
since the ocean basins were first formed about 2,000 million
years ago, and allows for the compaction which must exist in the

N.E. Atlantic js greater than
2} to 1. This may be because
the continental source of sedi-
t there is a more fundamental
sedimentation processes; most
while in the N E. Atlantic the sedi-
erina ooze, Recent examination of
tic suggest that some sediment has
ng of icebergs, and the extra thick-
imity of glaciers during the Pleistq."
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deeper layers of the sediment, then 'one wou[c'l expect a total
thickness of about 30,000 feet. This is greafly 3n excess of the
average of about 2,000 feet measured by seismic methosisR anfi
we therefore can conclude that the present rate of degosntan is
greatly in excess of the averagg taken over geologl'cal time,
There are several reasons why th1§ may be the case. Firstly, .the
present relief of the continents is hlgher‘tham the geologists
believe to have been usual in the pflst‘ T‘hns means that, other
things being equal, the rate of erosion fmll be higher, am‘i the
fine clay particles which are deposited in th.e deep sea will be
greater in number. Secondly, a large proportion of the deep sea
deposits is organic in origin, consisting of the shells of plank-
tonic animals. The sedimentation rate must depend upon the
population of these animals and there are many reasons why
this may have been less. Thirdly, it has bfeen found that the sm'all
shells are, in many parts of the oceans, dissolved before reaching

* the bottom and this condition may, in the past, have been more

prevalent than today. ‘ ‘ . .

The deep oceans and the continents are different in their geo-
logical structure, but our knowledge of how the continent joins
the ocean is limited. In particular, there are areas su‘ch as the
Philippine Sea where the water is as deep as in the main part of
the Pacific Ocean, and yet from the geo[_ogy of the 1sland‘s tlfe
area has been shown to consist of continental rock§._ Seismic
experiments suggest that there may be a graduz.al transition frf>m
continental to deep ocean structure, but lf)ng distance refraction
results will be needed to be certain of this, '

Coral grows in tropical areas in shallow water, and in the
Pacific and Indian Oceans there are many ?oral atolls that are
ring-like islands, enclosing a lagoon. I?arwm saw many of the
Pacific atolls in his celebrated voyage in the Beagle in the e:arly
19th century, and concluded that the coral had grown on a sink-
ing volcano; in the early stages the ring of coral had been a reef
fringing the volcanic island, and the coral had grown to keep
itself above low water, while the volcano gradually disappeared
from sight. Murray, on the other hand, decided from evidence
in the Solomon Islands that the coral was only a layer of a few
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hundred feet that had grown up on clay-like sediments covering

submerged sea-mounts; the ring structure was due to the dislike
of the coral for the muddy water, so that it only grew on the
periphery of the sea-mount. Since reef building corals do not live
in depths greater than about 200 ft one would expect no more
than this thickness on Murray's hypothesis, while if subsidence
occurs a very great thickness may be formed, Evidence from
seismic refraction measurements, collected recently by Gaskell
and Swallow in the Pacific, shows that the coral is normally
several thousand feet thick, so that the typical isolated coral atoll
in the deep oceans is formed as Darwin suggested, and as would
be expected from the structure of the Pacific Ocean floor men-
tioned earlier in this article (Figure 12). It is probable that some
atolls of the Murray type do exist near continental areas, where
thick layers of sedimentary rocks show that large up and down
movements can occur, and where bands
on clay are to be found on land.
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Fig. 12. A section through a coral atoll,

Although seismic refraction measurements have been made
in relatively few positions, sparsely scattered over the deep
oceans, a reasonable picture of submarine geology can be built
up because of its simplicity compared with the complexity of
rock layers on the continents. Research continues whenever the

of coral rock resting
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facilities become available for these difficult oceanographic ex-
periments, and will probably yield more information soon on
the structure of the fringes of the continents. It is possible that
these areas are outgrowings of the continental masses into the
oceans; long lines of volcanoes rising out of the d‘eep ocean bed
may form traps to hold in the sediment from eroding continents.
This material instead of being spread evenly over the ocean floor
may thus be concentrated and after hardening by pressure ‘and
by heat may be uplifted by earth movements to form extensions
to the continents,

Seismic experiments at sea are necessarily carried out from
floating, mobile laboratories, and it is by the interest and good-

" will of the Hydrographer of the Navy, the National Institute of

Oceanography, and the Marine Biological Association of the

- United Kingdom, that ships are provided so that Great Britain
...+ is able to make a large contribution to this world-wide research,

and thus carry on the old British tradition of exploring the vast
waters of the earth.



' THE MOVEMENT OF
INDIVIDUAL ATOMS IN METALS

R.S. BARNES

WHEREAS the atoms of a liquid or gas wander about almost
freely, the atoms of a solid are held more or less rigidly in posi-
tion by their neighbours, and in a crystalline solid, such as a
metal, the atoms form a regular pattern or lattice. A:t low tem-/
peratures the atoms vibrate a little about their mea.m position in
the lattice, b}lt as the temperature is raised the average energy of
the atoms increases and on the whole they vibrate more
violently, until at the melting point the lattice structure breaks
up and the material becomes a liquid with comparative freedom
of atomic movement. However, even in the solid state some free-
dom of movement is allowed, for at temperatures below the
melting point, although the average energy is not sufficiently
large to break up the lattice structure, some few atoms acquire
sufficient energy from their neighbours to be able to break away
from their lattice positions and to move to new ones, but it is
only when the metal is within a few hundred degrees o% its melt-
ing point that the number of such atoms is appreciable. This
process, involving the movement of atoms from one lattice posi-
tion to another, is known as diffusion. '
That the atoms of a solid metal diffuse is apparent if we take
two pieces of metal, one the radioactive isotope* of the other
and heat them together in contact for a period. In regions wher. ’
they touched, some of the radioactivity will be found to hav:

*The radioactive isotope contains atoms whj

. . . ich are ic:
identical with the atoms of the normal metal, but which ar::lémlf:ally
‘labelled’ in that they emit radioactive particles which ectively
detected. can be
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transferred to the other side of the join, showing that radio-
active atoms have crossed the join although the metal remained
solid throughout the treatment. This process, where an atom
diffuses about a lattice composed of atoms chemically identical

" with itself, is known as self-diffusion. Similarly, if two different

metals were heated together, they would mix in regions where
they touch, but in this case the whole range of alloys of the two
metals would be formed in the diffused regions. Such a process
involving the simultaneous diffusion of two different types of
atoms is known as interdiffusion; this is more complex than self-
diffusion.

As the diffusion of atoms is the controlling factor in many
metallurgical processes it is very important to know at what rate
the atoms diffuse under all possible conditions. For example, an
alloy when cast is usually inhomogeneous and must be annealed
at a high temperature, so that the atoms can diffuse to give it a
uniform composition throughout. From the rate of interdiffusion
the necessary time for such an anneal at any témperature can be
estimated. Also it is frequently necessary to use two metals in
contact at high temperatures, and a knowledge of the inter-
diffusion rates enables a maximum operating temperature to be
specified so that interdiffusion of the metals can be avoided and
the particularly advantageous properties of each metal retained.
Apart from such immediately practical problems, a study of the
diffusion process will help our understanding of the behaviour
of metals at high temperatures, and make it possible to develop
specialist alloys for high-temperature operation; alloys to oper-
ate at progressively higher temperatures are constantly being
demanded by the designers of gas turbine and rocket engines.

HOW DO THE ATOMS OF A METAL MOVE?

An atom will in general move about the lattice by taking the
path ofileast resistance for which it needs least energy. There are
three reasonably possible ways in which an atom can change its
lattice position. The first process is shown overleaf in Figure 1,
where two neighbouring atoms (a and b) squeeze past one an-
other to exchange positions; this process we shall call the direct
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Fig. 1. Direct inter- Fig. 2. Interstitial Fig. 3. Vacancy
change mechanism. mechanism. mechanism.

interchange mechanism. Figure 2 represents a process in which
a single atom squeezes between neighbouring atoms, to wander
about until it arrives at a vacant lattice site (or vacancy); there
are always a few of these vacancies in any metal lattice. This pro-
cess is known as the interstitial mechanism, because the atom
travels from one interstitial position to another until a vacancy is
found. The final process (the vacancy mechanism, see Figure 3)
consists of the movement of an atom into a neighbouring
vacancy; another atom moving into the newly vacated site. In
effect the vacancy diffuses through the lattice, although this
results from the series of short jumps of many different atoms.

HOW FAST DO ATOMS MAVE?

It is not possible to study the movement of a single atom in a
metal, but we can study the effect produced by the diffusion of
a large number of atoms. For instance, if we take a thin sheet of
a metal and deposit upon its upper surface a very thin layer of its
radioactive isotope (see Figure 4) and heat the sheet to a

‘ Radiqagttli)ve‘) i
. isotope

Metal aheetb

Detector

Fig.4. Arrangement for measuring rates of self-diffusion.
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sufficiently high temperature, self-diffusion will occur, and the
labelled atoms will move into, and about, the lattice of atoms in
the sheet. If the radioactive isotope chosen emits radiations
which penetrate only a short distance through the metal, a detec-
tor placed below the sheet (Figure 4) will not record until some
of the labelled atoms reach the underside of the sheet. The faster
the atoms diffuse, the sooner the detector on the other side of
the sheet will record. .

Such an arrangement could be used to show the way in which
the rate of diffusion depends upon the temperature. It is found
that the time (¢) for the atoms to diffuse through the sheet is an
exponential function of the absolute temperature (T)

p ' t=t,exp(Q/T)

(where ¢, and Q are constant for a particular metal) so that at
low temperatures the time for the atoms to diffuse through the
sheet is very long, and it is only when the temperature is within

" a few hundreds of degrees Celsius (centigrade) of the melting

point that the time is reasonably small, and diffusion appreciable.

A series of such experiments all done at a given temperature
but on several sheets each of a different thickness would natur-
ally show that the thicker the sheet the longer the time the atoms
would take to diffuse through it. In fact, the relationship between
the time (#) and the thickness of the sheet (x) is given by the
relation

t=x*D
(where D is.constant for a given metal). The value of D for a
metal can be used as a measure of the ease of diffusion through
it when comparing it with other metals.

The interdiffusion of two different metals can be studied in a
similar way if some chemical method of detecting the penetra-
tion is used.

To give some idea of the rate at which metals interdiffuse;
after a day at 1,000° C, (84° C. below the melting point of cop-
per) copper diffuses only 0.002 in. into nickel. However, as in
many applications metals are maintained at high temperatures
for very long periods, such a rate can be very important, par-
ticularly if thin sheets are involved. .
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MOVEMENT ALONG GRAIN BOUNDARIES

The lattice structure of a metal is never perfect, and, as the im-
perfections in the arrangement of the atoms produce a looser
packing, it is easier for the atoms to diffuse in their vicinity.
Althopgh the lattice structure is predominantly regular, it is not
normally made up of continuous rows of atoms starting at one
surface of the metal and ending in another. The atoms are only
aligned in small regions called grains; one grain containing rows
of atoms lying at an angle to the rows in the neighbouring grains
(see Figure 5). Along the boundary between the two grains (the
grain boundary) the atoms cannot be neatly arranged, and we
should expect atoms to diffuse more easily along such a grain

boundary, than through the more tightly packed regular lattice,
This is indeed the case.

Surface

Grain
oundaries

Fig. 5. The grain structure of a metal,

Inset 2 shows a photomicrogra
by welding pieces of copper a
sheet), which has been chemic
nickel has been attacked and

ph of a diffusion couple (made
bove and below a thin nickel

’
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micrograph, but this time of a surface 'cut parallel to th.e
welded interface, so that the copper (in this case blackened) is
diffusing normal to the paper. It can be seen that t_he copper has
penetrated the grain boundaries, wh?reas the grains themselves
are uncontaminated. Inset 4 and 5 illustrate further e?(amples
of grain boundary diffusion (si:’nilar .to In§et 2); the t?nn black
line (xy), appearing on the mckel-nc}? side of the interface,
marks the extent of the copper peqetratlon. In these two ‘photo-
graphs only one interface is shown in each, because the. thickness
of the nickel sheet is much greater than t}xat shown m. Inset 2,
where two interfaces appear. The penetration at the gram‘boun-
daries is more marked in Inset 4 (where the couple was diffused
at a lower temperature) than in Inset 5, wherf:, however, the
normal penetration into the grains is greater. Itis gener.ally true
that, near the melting point, the diffusion along t}le grain boun-
daries is but a small contribution to the total d1tjfus1on, but'at
lower temperatures the diffusion along the grain boundaries
becomes relatively more important.

Atoms on the surface of a metal diffuse even f.aster than atoms
in the grain boundaries, as is to be expected seeing that they are
much freer than atoms in the body of the metal, even those in
the grain boundaries.

THE MOVEMENT OF MARKERS

When two metals diffuse one into the other, do they do so at the
same rate? The answer to this question can give valuable in-
formation on how the atoms diffuse. It can be studied by using
a couple, made of the two metals in question (4 and B), such as
that shown in Figure 6. The flat join between the two metals is
made visible by including markers of some material which does
not react with either of the metals 4 or B. On heating such a
couple to allow the metals to inter-diffuse it is found that the
markers move towards one side of the couple (the 4-side, say)
and away from the other (the B-side). The higher the tempera-
ture the more rapid is this movement, and the total movement
at any one temperature is proportional to the square root of the
time for which the couple has been annealed. This behaviour
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suggests that the movement is the result of the inter-diffusion
process, and this is confirmed by making the two halves of the
couple of the same metal (or one half of the metal and the other
of its radioactive isotope), when only self-diffusion occurs, and
the markers do not move.

" Markers
[

B Y Y,
N

Fig. 6. Diffusion coup‘le with the welded interface marked.

The markers do not move relative to the lattice immediately
surrounding them, as markers of any shape or size move at the
same rate, and even markers, which dissolve into the lattice, and
are so intimately connected with it, move at the same rate. This
can only mean that the lattice in this region is itself moving; the
markers drifting with it and making the movement apparen’t.

If more atoms of A4 than of B cro sed the marked interface,

then there would be a steady gain of atoms on the B-side of the
er. To accommodate these

interface and a steady loss on the oth
extra atoms in the predominantly B |a
to expand. Similarly the steady loss

ilar] of atoms on the A-rich side
would cause this side to contract, B

etween them, the expapsion
the other, they would pro-
$ is observed, and we must
markers is a manifestation

ttice, thelattice would have .
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Marker movements occur in all pairs of metals so far tested,
e.g. silver/gold, copper/nickel, copper/brass, etc., showing t'hat
interdiffusion in all these metals must occur by some mechanism
other than direct interchange. Either the vacancy or interstitial
mechanism, neither of which necessitates the flow of an equal
pumber of A and B atoms over the interface, is left as a possible

one.
EXPANSION RESULTING FROM DIFFUSION

In addition to the movement of markers it is found that as two
metals inter-diffuse a series of small roughly spherical holes
appear in the body of the diffusing metal. These holes appear
near to-the welded interface, but not actually on the interface,
and they are always on that side of the interface which is con-
tracting, i.e. the side which on the whole is losing atoms (the

" A-rich side in our example). It is found that the sizes of the holes
-increase as diffusion proceeds, the increase being more rapid at

high temperatu?es. The two photomicrographs of cross-sections
of diffusion couples with their welded interfaces perpendicular
to the plane of the photograph, shown in Inset 4 and 5, illus-
trate the nature of these holes. The welded interface in this case
is marked by a series of black dots, which are small inclusions
entrapped during welding. The presence of the holes causes
the density of the couple to decrease, and the progressive de-
crease in the density which is observed when two metals inter-

"diffuse can be entirely accounted for by the formation and

growth of these holes. This decrease in ‘density is also propor-
tional to the square-root of the annealing time, which suggests
that the hole formation also is a result of the diffusion process.
The formation and growth of holes as a result of interdiffusion
suggests (as we shall show) that vacant lattice sites are in some
way involved in the diffusion process.

INTERPRETATION

The experiments described make it possible to deduce how the
atoms behave when the interdiffusion of two metals occurs, The
fact that markers move during interdiffusion eliminates the



40 Science News 29

possibility that a direct interchange mechanism operates, leav-
ing the vacancy and interstitial mechanisms as possible ones.
The vacancy mechanism is, however, the more favoured, mainly
because calculations show that the energy necessary to form a
vacancy is smaller than that to form an interstitial atom. But
also the experimental results (in particular the growth of the
holes) can be explained more simply and plausibly if a vacancy
mechanism operates.

If atoms diffuse by exchanging places with vacancies, the flow
of atoms moving in one direction will be accompanied by the
flow of an equal number of vacancies in the opposite direction,
In the example we have taken (Fig. 7) the preferential diffusion
of 4 atoms in the positive direction will be accompanied by a
preferential flow of vacancies in the negative direction, so that

vacancies will accumulate in the 4-rich region (where the holes
are found).

+ .
L= e3ete %0t
Direction X RRRISEROKIIS
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Fig. 7. Couple, left, before diffusion; right, after diffusion.

An obvious question to ask is where does the large number of
vacancies come from. The number of vacancies normally in the
lattice at diffusion temperatures is very much smaller than the
number of vacancies which must crosstheinterfacein evena very
short time, so that vacancies must be continually generated on
the side of the interface from which vacancies are being lost, to
make good the loss. These vacancies cannot come from the sur-
face of the couple, because the marker movement is not depen-
dent in any way upon the size or shape of the couple, but they
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must be generated in the diffusing region of th‘e couple. A
vacancy can be produced most easily, i.e. by using the leagt
amount of energy, at a discontinuity in the lattice where the
atoms are less tightly packed. Discontinuities which could act
as sources of vacancies occur at {a) grain boundaries, which
have already been described, (b) impurity atoms, which occur
even in the most pure metals, and (¢) edge dislocations. This
latter type of imperfection, which occurs in all metals and
accounts for many of their mechanical properties, can be re-
garded (Figure 8) as being caused by the insertion of an extra
partial plane of atoms, /, between two of the normal lattice
planes, m and n.

m L n

m n

Fig. 8. Edge dislocation.

The separation of the atoms around the position marked X is
greater than the normal spacing, because the extra plane of
atoms (/) forces apart its neighbouring planes (m and n), making
it easier for atoms to move in this region. If an atomgn either of
the planes m or n, and adjoining the position marked X, moved
into the position X, a vacancy would be left behind which could
then diffuse through the lattice. Thus by adding an extra atom to
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the extra plane (/) of the dislocation, a vacancy is generated
with the use of relatively little energy. As further vacancies are
generated, the plane of atoms / will grow until it reaches the edge
of the crystal, when the dislocation will cease to exist, a complete
plane of atoms having been inserted. Similarly vacar’\cies can be
annihilated at an edge dislocation, atoms m’oving out of the
pl?.ne I to exchange places with the vacancies, until eventually
teh{stplane of atoms [ is eliminated, and the disl,ocation ceases 10
xist.

Hf)wever, not all of the large number of vacancies which cross
thfa interface are lost at lattice discontinuities, but about one
thm.i of them go to enlarge the holes which for;n on the side of
t}}e m_terface where the vacancies accumulate. For if a vacancy
diffusing about the lattice were to exchange positions with
an atom on the surface of a hole inside the metal (see Figure 9),
the vacancy would be assimilated by the hole, which would
be f‘.nlarged by the size of the vacancy. Thus an;y holes in the
lattice would be f:onstantly enlarged in regions where vacancies
were accumulating, and if a sufficiently large number of

vacancies accumulated in a small region, they would coalesce
to form holes in much the same way as wat

er molecules coalesce
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Fig.9. Enlargement of hole by acquiring a vacancy.
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to form water droplets on a misty day. Thus the accumulation of
vacancies in large numbers, in the region which is on the whole
losing atoms, can explain the formation and growth of holes.

Thus when two metals interdiffuse, vacancies flow across the
interface, many more going towards the A-rich side than in the
opposite direction. This net flow of vacancies results in an~
accumulation of vacancies on the A-rich side and a reduction
of the number on the B-rich side. The flow of vacancies is main-
tained by the continual replenishment of vacancies at lattice dis-
continuities on the B-rich side. Some of the vacancies which flow
over the interface to the A-rich side are annihilated at similar
lattice discontinuities, the rest going to enlarge the holes formed
in the early stages of diffusion. The reason for this preferential
flow is presumably that it is easier for one type of atom (in our
case the 4 atoms) to exchange places with a vacancy, so that
these atoms diffuse more quickly than the other type.

PRACTICAL APPLICATIONS

Knowledge of the behaviour of diffusing metals can be applied
to many metallurgical processes, and two examples will be given.
It is common practice to coat the surface of a metal article with
a thin layer of a different metal to give the article a better surface

. finish or higher resistance to corrosion. If such an article is sub-

sequently heated the metals may interdiffuse, and microscopic
holes form near to the interface, producing a weak region in the
metal. If the holes are sufficiently near together, the surface layer
may peel off, exposing the underlying metal. A full understand-
ing of the diffusion behaviour.of metals would enable such
failures to be avoided. Many small metal components are now
made by sintering metal powders, which have previously been
pressed into the desired shape. When such a compacted powder
mass is heated the individual particles sinter together to form a

‘mass full of holes, which are formed by the particles closing

round about them. On continued heating the density increases
until the compact is almost solid because of a reduction in the
total volume of the holes. However if the powder used consists of
a mixture of particles of two different metals, it is found that the
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density of the compact at first decreases, and only after con-
tinued heating does the density start to_increase. This initial
decrease of density is caused by the formation of the extra holes
which result from the interdiffusion of the metals. As the size of
the articles produced by such powder methods must in general
be controlled, this diffusion effect must be understood.,

As a result of these recent investigations of the diffusion
phenomenon it has been realized that many early interdiffusion
measurements are in error because the movement of the inter-
face and the formation of holes has been ignored. It will be
necessary to repeat them if accurate results are to be obtained.

These experiments on the diffusion of metals have given valu-
able information on the detailed atomic processes occurring in

metals at high temperatures. In particular they have shown that
vacancies play an important role.

METHODS IN PSYCHOLOG.Y

F. H. GEORGE

THE psychologist who would present his subject to non-
psychologists is confronted with several difficulties. One of them
is that every human being is, in some degree, a psychologist: he
may be open to the criticism that he studies his own behaviour
by introspection and that of others by intermittent observation;
but, in his own eyes, and in his own way, he is still something of
a psychologist. He expects to be told more about himself than
he knows already, or thinks he knows. But the real extent of his
knowledge is suggested by the eagerness with which isolated
concepts, from sex-motivation to intelligence quotients, are
taken up, puffed up, and what may be limited but useful notions
become ridiculed, because of the disproportionate importance
attached to them. Other difficulties are inherent in psychology
as a subject, Ideally, the psychologist should have access to a
complete physiology, extending at the least to a full knowledge
of all ‘physical’ changes in the central nervous system, and affect-
ing it. There is as yet no such completeness: there is a gap be-
tween the animal-as-a-whole and particular internal processes,
not all of which can be directly studied. Should psychology then
wait? That is not the normal custom in science. Furthermore, in
the practical world it is assumed, in part correctly, that applied
psychologists can help the school-teachers with their knowledge
of learning, contribute to vocational guidance and the improve-
ment of relations between groups, and even, as psychiatrists, aid
in medical treatment. These applications depend on general
psychology; the part played in them by special techniques is
relatively small, since the principal difficulties lie in interpreta-
tion, for which we lack the necessary theoretical model. The
psychologist is compelled, therefore, to give practical guidance,
though the foundations of his own science are still under discus-



46 Scier;ce News 29

sion. This was for a long time the position also of, for exémple,
- the metallurgist. Another difficulty is suggested by some of the
definitions given of psychology: terms such as ‘conscious life’
and ‘mind’ are a reminder that psychology abuts also on philo-
sophy. Again, this is true of other sciences, and indeed of science
as a whole. But in psychology there have been theoretical
psychologists who have been philosophical in a sense that the
theoretical physicist is not, turning repeatedly as he does to his
laboratory colleagues. It is largely as the result of a recent revolt
against arm-chair psychologists that the term ‘experimental
psychology’ has come to cover both theory and experiment; its
task, as in other branches of science, being to bring about their
closer integration. There is also one further difficulty, which is
sufficiently suggested by the fact that the Penguin Dic;ionary of
Psychology is a fatter volume than its companion Dictionary of
Biology. In. Fhis article I hope, none the less, to clarify the
present position, and to make psychology understandable as a
science to other scientists,

Such an explanation is the more desirable because the com-
partments of science are essentially man-made. The subject
matter of all science is essentially the same : systematic observa-
tion and systematic presentation of the observations in com-
municable form. Scientists naturally differ in the levels of
abstraction at which they approach knowledge; they work on
variqus dimensions and with various techniques. The division
of science into compartments, however, is a convenience: it is
indeed a necessity as a division of labour, as are ali categc;riza-
tions and classifications. They are also quite arbitrary; and
although such divisions are necessary for discussion a’nd‘to’
ease the burden of administration, it is their arbitrariness that
has, unhappily, been most often forgotten, with the result that
they are taken far too literally. These emba;‘rassments have con~
tributed toward narrow specialization as well as the attendant
evils of lack of co-ordination, co-operation, integration, etc, It is
in this rather unfortunate, rather distorted backgrou;ld ti]al 1

would like to consider the experimental psychologist’s role in
science.

7/
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EXPERIMENTAL PSYCHOLOGY

We can trace in experimental psychology many large and pro-
minent threads in the rather complex skein of the subject.
Firstly, I shall consider the large field of comparative psycho-
logy and its overlap with zoology, physiology, biochemistry,
endocrinology, and genetics. There are, in comparative psycho-
logy, four principal methods of using animals: (1) For the study
of the psychology of particular animals: dog, cat, etc. (2) The
comparative method in the sense of the zoologist which involves
the comparison of various forms. (3) A type of phylogenetic
usage which is designed to trace the evolution of psychological
processes from ‘lower’ to ‘higher’ organisms, and (4) the use of
the animal as a research tool; an instrument for research in
problems of behaviour. The last of these methods has been by
far the most important for the psychologist. It is, indeed, vital
to the work of the psychologist in animal behaviour to realize
the basic fact that psychologists have generally used the animal
as an experimental tool and not in a truly comparative way.
This must be regarded as a criticism of animal psychology to
date and has diminished to some extent the value of its findings.
The development of a truly comparative method seems essential
to the future of psychology.

For experimental psychology the animal represents a means
of observing a simplified combination of behavioural p'attems.
The use of relatively simple organisms has, it is believed, the
advantage of reducing the number of variables under considera-
tion and allowing a control of the ‘external environmental’ vari-
ables that could never be possible, say, with humans. This leaves

- difficulties in dealing with ‘internal variables’ and the general

lack of control that one can exert over them. What is worse, even .
in physiological psychology, where the organism can be placed
under some kind of internal control, the behavioural patterns
are to some extent changed by the actual introduction of the
control.

The above difficulties seem to be quite general in experiments
on behaviour, as they are in all science in some dimension. The
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well-known Heisenberg principle of ‘Indeterminacy’, for ex-
ample, .deals in physics with the fact that carrying out ;n obser-
vation interferes to some extent with what is observed. In the
fa.bm{e 'statement we are adhering to a scientific mod.el of a
realistic’ kind (assuming a ‘real’ external world), and this is not
regarded as inconsistent with an insistence on ope;rational defini-
tions, i.e. definitions which merely refer to the actual operations
p.erfom.led by the experimenter, for certain models ol:] certain
dimensions; this applies particularly in limiting or borderline
. cases. Thus, apart from many debatable questions, the study of
be'havxour deals with problems similar to those i’n the resi' of
science and .has similar difficulties; the differences being of
detgree and dimension. In particular, the psychologist is de‘flin
}mth alarge n}xmber of relatively uncontrollable variabl h .
internal relations appear to be by no means linear es whose
Sl o F . ey Somstion el o the s
1 N “operationism’ or ‘positivism’
on one hand, and philosophical realism on the ?
seem cent Lo n o other, and they
.In these circumstances the psychologist is doing just what one
@ght expect‘; he attempts to contro] as many varijabl % 2 pos
sxbl.e, 'and with the aid of simplified anima] experi " ats POZ
stat?stlca.ll techniques he aims to produce correlaﬁ? lmei;l twee
env1ronmen'tal conditions and behavioura| attmns etweet;
structure, bl'ochemical events, etc., which will lelejid :"}Sh tion
and generalized laws of behaviour. It is trye that i i'm tenes
the phrase ‘to produce correlations bet PR
terns and neural structure, etc,’
sary. Much of behaviour theor;si;1 :;?dl‘:’gyser?ga;ﬁ e(,i as neces-
pendeqt of the ur}derlying ‘molecular® complexr:s oafr o llnde-
endocrxno!ogy, biochemistry, etc. It must not be thneuilo Olfy’
gsxl(ceholctiﬁlsttst hreal!y beflieve it to be independent bu(t)usintwt ;c:
elieve that theories of behavi ’ . .
organism-as-a-whole terms aniio?vritﬁz?ltbiinl;::ggct:dd:nmzly ce
on the ‘molecular level’ sciences. Let us consider a t icpfn ?HC‘;
experiment : a maze situation wherein one may obs?:veaa ::t‘ :‘uil

ween behavioural pat-

-
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a maze under more or less complicated circumstances. A
‘reward’ is introduced into the goal-box, and the performance of
the rat will vary from time to time and according to the nature
and amount of the reward as well as many other factors which
are not necessarily observable directly. Thus we have the well-
known situation in which we appear to be able to observe most
of the external stimuli conditions and the responses-as-a-whole,
although further variables, conveniently assumed to influence
the resultant behaviour, are unobservables in the organism-as-
a-whole, being largely internal to the organism. This viewpoint,
which has often been followed, seems to imply a ‘realistic’
model. Thus from the organism-as-a-whole viewpoint thereexists
the need for ‘hypothetical constructs’, such as ‘electron’ in
physics, or ‘ego’ in psycho-analysis, to bridge the gap in our
observables. The special process of reducing these constructs to
the status of ‘intervening variable’ and operational definition,
or the replacement of the constructs by an increased range of
observation, appear to be the alternatives at our disposal. The
last possibility will depend on increasing our range of observ-
ability in the organism-as-a-whole technique (the electroence-
phalogram, etc.), or.on supplementing our analysis of a ‘molar’
kind by analysis of a ‘molecular’ kind. This point will be recon-
sidered later.

The theorist of ‘molar’ behaviour - the psychological psycho-
logist — is not dependent on the data of the analytical or ‘mole-
cular’ sciences such as neurology, but he couches his theory in
terms of behaviour-as-a-whole. He is rather in the position of
owning an unopenable box which performs a great variety of
tricks; and, since the box is not openable, he makes inductions
about the internal mechanism by observations on the resultant
performance only. The best examples extant of ‘molar’ theories
of behaviour are those of C.L.Hull and E. C. Tolman. Both
use the method of deduction from limited assumptions, and both
attempt to fill the gap in our chain of observables, by the use of
logical or hypothetical constructs; a system of verbal labels that
may be taken to cover complex organic events, internal to the
organism. Hull, proceeding on a highly ‘mechanistic’ pro-
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gramme, fulfils the ambition of the behaviourist J. B. Watson
a¥1<.1, taking literally the measurements obtainable frc.)m.the con-
dmona.l reflex experiments of both the Pavlovian and the neo-
Pa‘.’lo.wan f[yp_e, outlines a stimulus-response type of theory.
Thxs 1s sometimes compared to a slot-machine in which the
stimulus, the coin, goes in, and the response, the bar of chocolate
?;es;lv::itc;ﬂayc:,—yoi}l corpe; out. Tolman goes’a long way along the
rist’ path with Hull, but attempts to i in hi
theox:y the complex findings of Gestalt psygrtxsol?g;rﬁg(i;eu\::rﬁ
of tlps schoo'l on the situation-as-a-whole mostly on visual per-
;T:;:dn'b Htehls thus f_orced to place more, emphasié on the gaft
y the organism than the pass; i i
Hull. The organism in Tolman‘spt}izz-eyr?):fs assosrl'ufg1::i(rjncics) l;ezz
compared to a (map-reading) contro] room, which can modify

its behaviour without necessari y i e
ril o1n Vv -
S e, 0 4 4 through the overt r

ternal solution of
sponses as random.

Returning to the general situation ;
logy we_ﬁnd, then, a theoretical structy
bolic .(ln?guistic, aided by metaphorical models) t d
staqdmg in much the same relation to experiment as d s m fl;]
ma.tlcal physics to experimenta] physics. The two oestma e;
serious deYeIOpments have been the gradyal extensiomosf recet
mental evidence from ‘molar’ to ‘molecular levelsn(o eXPef;
more attention is gradually being paid to generali tm s afn
neurological kind), and an increase in the numbej fz attempts fo
develop some form of mathematicaj i, o o s b0
theory.

. D.O. Hebb’s recent monograph on be
atternpt to build a bridge between
This work may be taken to be one o
tion towards a sort of ‘generalized
approaching unification in science,

The mathematician’s work is on a higher leve] of abstracti
and more remote from psychology as such, but mathcr::ﬁlco;;

problems instead of treating its initial re-

0 experimental jasycho-
re manufactured in sym-

'haviour theory was an
physiology and psychology.
{ the first steps in the integra-
human biology’; part of the

models on certain levels of approximation are already available

kes mo: . :
re allowance for the organism’s in-,

nguage for’ behaviour

Methods in Psychology 51

Cybernetics, mathematical biophysics, and the quantification of
Hull's behaviour theory, may be cited as examples of the mathe-
matician at work on various levels. Also there are the many
attempts to state psychological theories precisely in the terms of
mathematical logic. These, however, are on a somewhat different
plane, though none the less interesting as experiments in theory.
There exist many examples of these mathematical models in
behavioural theory, and they are usually of relatively simple
form. They generally express relationships between the prin-
cipal logical constructs of the system, An example is the starting
point made by Ivan D. London for a rather limited investigation
into what he calls a class of forgetting curves. He considers the
initial state to be defined by the number of originally activated
units, these constituting what he calls the ‘engram complex’,
This is the position at time =0, after which no further learning
takes place. He assumes further that the rate of ‘engram-
inactivation’ (loss of ‘retention’) at time ¢ is proportional to the
number of units still effective at that time. This is equivalent to
assuming that any unit is as likely to become inactivated as any
other, and leads to an exponential form of ‘forgetting curve’
n=ce-%
in which ¢ and a are constants. This simple example must suffice
here as an indication of one of the possible uses of mathematics

_ in behaviour theory.

RELATIONS WITH PHILOSOPHY

It should be apparent to psychologists, although it has not
always been so, that theory and experiment are inseparable in
science and that the existence of comstructed theories implies
deductions, inductions, assumptions and all the paraphernalia of
methodology which constitute the philosophy of science. Thus
it is that the problems of the philosophy of science are often
directly illustrated in psychology; while in physics, apparently
little related to psychology, the philosophical problems of quan-
tum mechanics make an interesting comparison with those of
psychological theory: a point that has so far aroused little
comment.
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It is not intended to deal explicitly in this article with the prob
lems of the philosophical psychologist. To do so ade Pfto 1-
woul_d demand a historical approach, and only a few Q_UE: y }E
r(?latlve.ly recent interest can be mentioned here. The v&? (;lm o
discussion between ‘mechanists’ and ‘idealists’ st.ill ed e: t- S way
:)hr?;lgh, ztx_lthoufgh the scientist’s problem has been mfde t:lse:;zi‘,

y the notion of model-making, U ing h:
especia!ly by the analysis of l%nguril:ti:zs‘trir:)(ciil:li’hzset? ee:ll e
sym.bohc structure which uses language — ev’er d: -~ ailny
n?at}cal, or by way of charts, models, etc. - and fro}:'n \:il'ntlxat .
d‘lctu?ns can be made independently of direct ‘empirical 1; pre-
tlops: It is irrelevant whether the directives accepted i° SBI;’T
buﬂdmg are ‘teleological’ (purposive) or ‘behaviouristl'] model-
purposive). The models are justified, if at all, by the f n (‘ﬂon‘
relationships to which they lead. Thus the pc’)stulatio urllcm)nal
of Hull and that of Tolman (still under ccmstruction)rla Y
pendent of_the pa‘rticular prescriptions used in theor grl’f "?dej
and terms involving ‘purpose’ can be regarded as dZ’ ; U:)ldlng,
not_ de'sxfable, as interpretations of these relationshi o IC.‘OI'
Fo .mdlvxdual predilections; such words have princil p:ﬁiccordmg
istic \{alue. Words such as ‘purpose’ are therefore I;ciey éﬁheur-
meanlngles§, unless an operational definition of them j - cz}lly
as have Wiener and his associates in the field of lSbsupph.e d,
They can then be properly used; but thus, and 1Cy pneres
they be shown to be necessary to the the; orly hus, can
metaphysical encumbrances. i

The older problem of mechanisti : et
being lar‘ge]y vgrbal, the more intecx:'evs(:;rsllglspiz:ssts IXF dlre'ctwgs
between opt'aratlonism’ and ‘realism’. I believe that }:?CUSSIOH a
be 1"es.o!ved if we regard P. W. Bridgman’s oper %:' ol mthods
as'hmltmg tests applied to an otherwise ‘realistic’a o Toanoce
pmgle has spown the necessity of the operatio H;Odel' Hlerbert
its far.-reachu-lg successes in relativity theory: s methoq , and
technique which is equally vital to psycholory’ l; P ; beh'eve, .
say here that there is no evidence that one mg}:i lt ® sufﬁc1e1.1t to
sally useful. Use can be found for ‘teleolog(i)c:l’ vflu be univer:

and many other kinds of models, and they should n:: it;l;z:si:trii&l:;:

and not merely
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be regarded as mutually exclusive; our problem is to find a suffi-
ciently predictive model for the work in hand, and dependent on
the level of abstraction, and the nature of the predictions,
desired.

Apart from the search for ‘hypothetical constructs’ in neuro-
logy, there have been interesting developments in ‘molar’ theory.
Three nodal points have arisen which have been regarded as
fruitful — ‘digging points’ in the continuum. They have become
known as the ‘theory of learning’, the ‘theory of perception’
(these are dug at both ‘molar’ and ‘molecular’ levels), and the
‘theory of motivation’. These nodal points are obviously not
independent, and their separation represents to some extent the
historical accidents of development as well as the influence of
philosophical directives: they are now in process of integration.
It is hoped that this unification will lead to the further develop-
ment of ‘General system theory’ as developed by L. von Berta-
lanffy and others. Indeed this very important approach to
psychology has been tapped to some extent already in D. Krech’s
recent development of a hypothetical construct, which he calls
a ‘dynamic system’.

The experimental work of psychologists has largely been

- carried on in this theoretical background, and the theoretical

methods used, although varying in detail and technique, have
been of the same general form.

Statistical mathematics is a tool to the psychologist, not
part of the theoretical edifice. It is used as a weapon for show-
ing relationships between variables either in ‘experimental’ or
in ‘uncontrolled’ conditions. Standard techniques such as pro-
duct-moment correlation and analysis of variance are used.
Statistical techniques are used often in ‘molar’ experiments.
There have been many thousands of such experiments, and a
simple example may be considered. G. C. Grindley, in an early
experiment, hoped to show differences between ‘rewarded’ and
‘unrewarded’ maze-running in chickens, Omitting details of con-
trols, he used two groups of chickens, one of which was fed
grains of rice at the end of the maze-run, while the other could
see the rice but could not eat it. The difference between their
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]l?st;rgie;f:;:l?:z;st }\:;?rs t?lr:jovt/lx: fo be statistically significant by
method of comparison of meeanrsc.,ugh the maze and the statistiat
. ;I;l;:r:btov::hvery sm}ple €xperiment is ‘molar’ in the sense that
o the organism-as-a-whole. As a ‘molecular’ example
Ll;?e;las:cal experiments of K S. Lashley might be given V:fy
genetgzc,a“e took a number of groups of rats, carefully controlled
i i'-’[ :nt;i’ taught them some activity, such as simple maze-
oo i[.w : dean perfqrmed surgxcal operations on the rats
olved destruction of various cortical areas, The rats

yvhen fully .recovcred from the effects of operation. were re-’
‘fr:rr;imed l:nto the maze situation, and from the reSt’llting per-
fo ther::isir :e :vzzsc tz?ble to show that maze-running was possible
oy o th;ﬁ ewfe of the particular area of the cortex des-
cortex’left o pertormance depended only on the amount of
Intact. The above two briefly outlined experiments

are given merely to illustrat
. . : e method and m i iti-
cisms and difficulties are not being considere: "y possible erl

PERFORMANCE AND LEARNING

;)nn: (s);f:e;le;e; .Of methods with a long historical background,
Bl p La interest, goes under the name of the psycho-
ph ;’erimer:te;l od. Thhe names of Fechner, Weber, and other early
e kno»l\)/?cwofglm are associated with these methods.
- el — H H
fon ! er-Fechner law s usually stated in the
R =Klog§/§,
R is the sensation, and S, is the smallest
O sensation. This is one rather crude
s at connecting stimulus conditions and
n shc.>wn to have a limited application in
Koenig and Brodhun, more recently, have
y for the human eye to cover just percept-
‘ § over a greater range of intensities. The
{)sychophysmal method.s, which generally aim to connect s.timu-
tps and response, or stimulus and sensation, have various par-
icular techniques variously labelled : (1) method of constant

N

where § is the stimulus,
stimulus which leads t
generalization that aim
‘sensations’. It has bee,
its original form, but
generalized the theor
ible visual difference
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stimuli, (2) method of single stimuli, (3) method of limits, (4)
method of adjustment, etc. They have in common one inherent
limitation; all of them involve, in effect, the identification of the
measure of the stimulus with the measure of the response, and
these, in general, cannot be the same. At the best, in some
circumstances, one will give a certain order of approximation
to the other, and the ensuing adequacy for prediction will
depend on the dimensions of the particular problem. There has’
been some success with these methods in dealing with visual
and auditory problems, and perhaps also to some extent in
‘quality control’.
MORE ABOUT THEORY CONSTRUCTION

I would now like to return to the problem of theory-construction
in behaviour theory, The problem of ‘learning’ appears to be
central, and can be said to be largely reducible to the problem
of ‘reinforcement’, The problem in its simplest terms is to state
the conditions that lead to certain behavioural processes being
‘stamped in’, in the organism’s repertoire of possible behaviour
patterns, and to others being omitted. Hull and Tolman have
approached this problem from their two different philosophical
standpoints, and yet in the most recent statements of their
theories there is surprisingly little difference between them,
They both appear to use mixed ‘realist’ and ‘operational’
methods and both are forced to make great use of ‘hypothetical
constructs’. The present position appears to be that the inter-
pretation of hypothetical constructs in one system is different
from the interpretation in the other, and no more. As has been
briefly remarked, for Tolman the unobservable gap between
stimulus and response has been filled by constructs which are
inferred to be more ‘central’ than those used by Hull. For Tol-
man the emphasis is laid more on the organism’s control of his
eavironment, whil¢ for Hull the emphasis is on the environ-
mental control of the organism. These differences of emphasis,
and that is all they are, are interesting traces of their rather
remote ancestry in extreme ‘mechanistic’ and ‘teleclogical’ view-
points. It appears to be the influence of operationism on these
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theorists which has had the increasing effect of replacing infer-
ences, which earlier were mostly derived from a priori theory-
building directives, by statements of functional relationships
between the ‘hypothetical constructs’ adopted.

The differences in choice of constructs in these two most
representative of contemporary theoretical systems are of ex-
treme interest to specialists; but for a wider audience, and in the
‘present state of biological knowledge, there is probably more
interest in their methodological approach than in the predictive
powers of their theories.

Perhaps the most interesting aspect of the Hull-Tolman con-
troversy is the way they have moved asymptotically towards
each other and a theory of common agreement; both would now
explicitly separate ‘learning’ from ‘performance’. It is still, one
feels, the atavistic shreds of implications from philosop’hical
fii.rectives that stand between them. As Lorenz has pointed out
%t is not possible to ‘explain’ the behaviour of an engine by stud :
ing .only'its piston, but neither is it possible to understand :
engine without dismantling it at all. Both processes are necessapg
for a complete picture, and in their enthusiasm the ‘mechanisis’
and ‘teleologists’ have forced each other off either side of the
sensible road. The use of operationism coupled with a set of
realistic many-dimensional models is, in my opinion, an answer
tf’ a great many of the troubles; as also is an aware,ness of the
linguistic pitfalls. The Hull and Tolman theories are indistin-
guishable operationally, which suggests that their ultimate unifi-
cation depends on increasing the number of behavioural observ-
ables. This in turn suggests an attack at all levels by experimental
psychologists of all kinds, with physiologists, biochemists, gene-
tlcfists, endocrinologists, mathematicians, etc,., working tc;gether
with a common plan and an idea of each other’s mode of attack
There is need also for a critical and unifying influence by phi]o..
soplllers of science. All of this, and no less, will give us the be-
havioural answers that we want. One step towards this end will
be the philosophical education of scientists; the other re h
ably, will be the further education of philosophers in ;}fe Slm;-
lems of science. But two facts stand out from current ps}l?(l;.lc-’lo-
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logical discussion. One is the need for fitting psychology into a
more balanced biological background. For surely a psychology
independent of physiology is quite unthinkable in practice; and
this, if so, implies a great increase in investigations at ‘molecular’
levels. The second fact is the need to realize that all science is
wholly linked up with theory-building, with the need for ‘philo-
sophical’ vigilance as a corollary.

In such an article as this there is an obligation on the writer
to mention the psychologist’s skeleton-in-the-cupboard : ‘intro-
spection’. To avoid acrimony, I shall make only a few general-
izations. Most of existing psychological theory avoids the prob-
lem, since such theory represents generalizations from animal
experiments. However, introspection seems best viewed as an
easy step from ‘consciousness’ and without any special mystery,
at least, for the psychologist. Introspective reports are usually
used in human experimentation and clinical work. However,
they are, in a sense, merely an extra experimental control, and
certainly do not feature in recognizable form in the theoretical
edifice. Although this is clearly an inadequate statement of a
complicated problem, ‘introspection’ does not appear vital at
the moment in the building of psychological theory.

One further word of limitation should be added. The integra-
tion and unification of science will not be sufficient alone to
bring about the whole of the generalized biology that is looked
for. It is absolutely necessary, as already mentioned, that our
range of observability be increased. To take a simple example:
it is almost certain that a detailed understanding of the endocrine
glands, as well as special methods for measuring their secretion
in the living organism, is essential to our behavioural model.
The facts are at the present time that, with the exception of the
radioactive tracer method of estimating thyroid output, and
some methods of measuring gonadal secretions, there appears to
be no direct method at all of estimating endocrine output. The
pituitary and adrenal secretions, for example, are not ascertain-
?ble and, in general, our understanding of the endocrine model
is fragmentary. This is a problem in the main for endocrino-
logists; but as well as the necessary development of such
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dynamic techniques, the development of behavioural theory
also will penefit by a closer working together of the various
branches of science. In fact, it is probable that integration will
actually facilitate the discovery of the necessary specific tech-
niques; certainly it will change their values, and possibly may
make some unnecessary.

CONCLUSION

This brief note on psychological methods can do no more than
outl‘ine what has become a vast, unwieldy, and fast-changing
subje(.:t. More recently, as in physics, many of the changes have
been in mterpretation of our knowledge, rather than in experi-
mental technique, although both are necessary. The operational
method has done a lot to reduce the amount of nonsense that
~once passe.d _for psychology or behavioural theory, and I think
ftbove all, it is clear that we have to produce a racc’a of scientiﬁc:
aIl-rpunders’ as well as the tethered specialist. To this end it is
ﬁFst 1mporta'nt that each and every scientist, using, as he does
his own special techniques and theories, should reali;.e in his own,
branch of work that his techniques are limited and his theories
fragment?ry; and that they will, at some stage, become in-
tegrable into more general theory-constructions ;nd scientifi
m'odels: The effect of this must, in general, be to change :h:
dimensions of each branch, modify the existing fragmgnt
Fheories, and often wholly alter the viewpoint of scientists w. all;y
ing in what was some small part of science-as-a-whole o
Psychology has often suffered both from bad pub.licit d
from the fact that it lends itself better than do most sub'e)::tal:
Fhe pr_opafgatim of nonsense. But out of this uneasy back)grolsx :l’
;Zfsprtlng;lqghahhealthy, rigorous, and methodologically souzd
ant whic owever, wil i
infant wh to,come. , will need to be handled with care for

Methods in Psychology 59

FURTHER READING
General introductions:
Murphy, G. An Introduction to Psychology, New York, Harper,

1951
Zangwill, O. L. An Introduction to Modern Psychology. London,

Methuen, 1950.
Learning theory: ‘
Hilgard, E. R. Theories of Learning. New York, D. Appleton-
Century, 1948. (Includes accounts of both Hull’s and Tolman’s

theories.)

Philosophical aspects: ,
Pratt, C. C. The Logic of Modern Psychology. London, Macmil-

Ian, 1939. (Out of print.)
Wilkie, 3. 8. The Science of Mind and Brain. London, Hutchinson's

University Library, 1953.

" Experimental (advanced):

Munn, E. L. Handbook of Psychological Research on the Rat.
Boston, Houghton Mifflin Co., 1950.
Physiological psychofogy (advanced):
Hebb, D. O. Organization of Behaviour. New York, John Wiley
& Sons, 1949,



CHEESE BIOLOGY

JAMES A.BARNETT

M

tonA NG y; :;gilea:gnéier how cheeses as different as Cheddar, Stil-
o ,p mcesscs,WhiCh amembert, can all be made from cow’s milk
o s Wb are more remarkable for their similarities
i, e ere ncels. These' processes consist in clotting the
oy draind agre [ eefc otted fmlk of ?vhey and decomposing the
sction of laoiee 11 :1 The milk proteins are clotted, either by the
or by the st ¢id produced by bacteria growing in the milk,
oreny e t1l(:n of rennet. The clot tends to contract and ex-
Pk P e watf:r and water-soluble.constituents of the
e manufac)t,u e re!atlvely dry curds are ripened; this part of
T re taking several months f9r some kinds of cheese,
and ton; ptemng t‘hat a cheese develops its characteristic flavour
" eXture; and ripening depends mainly on biological activity
p u;(cxpglly_of ba}gteria and fungi. Much of the skill of a cheese:

maker is his ability to produce curd in which these organism
grow appropriately for the kind of cheese being made. O X
nper'nng' has started, the cheese-maker has no means <;f o
trolling it, apart from adjusting temperature and humidit C?I[‘l-
Some extent ripening must be self-regulating: not only musty con
ditions be right for desirable activity, but undesirable ch nges
:lltlst l:;]e prevented, either by excluding harmfy] orgaz?si::

ogether i it i

theifgrowt;): by making the cheese so that it is unsuijtabje for
The qx{estion of what gives each cheese its dj
characteristics is not simply a matter for idle cugj
part f’f those who enjoy eating a number of variet'rl
a serious practical problem confronting people Le
!lshed cheese industries over the last 50 year. CW
m.prehistoric times, and the craft has develos‘ he
skill in the creation of such cheeses as E

stinguishing
osity on the
s, it has been
0 have estab-
ese was made
ped great heights of
nglish Stilton, Swiss
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Emmentaler and French Roquefort. Factory cheese-making has
grown up only in recent years, meeting the needs of large town
communities, and in countries where there are no cheese-making
traditions, as in Denmark, the US.A,, and New Zealand. This
industrial revolution has provided money for research, the bio-
logists being concerned largely with finding out exactly what
organisms are necessary for each kind of cheese, what these
organisms do, under what conditions they act best and what

interferes with them.
HOW CHEESE IS MADE

Lactic cheese

In warm weather people often hang up a muslin bag of soured
milk and then eat the resulting ‘lactic’ cheese. This very simple
way of making cheese depends on the presence of certain milk-
souring bacteria. The bacteria break down some of the milk
sugar, lactose, to lactic acid, and the lactic acid coagulates the
main milk protein, casein. Whey runs off from the curds which
are retained in the muslin bag. A more sophisticated way of
making lactic cheese is to add to the milk special cultures of
bacteria, carefully selected for the purpose; these are called
scheese starters’, because they start the souring. Starters, in the
form of sour milk containing only the desired bacteria, are used

in making commercial lactic cheeses.

Cheddar

Although lactic cheese is made by bacterial action alone lead-
ing to the coagulation of milk protein, milk may also be clotted
by adding rennet, a commercial preparation of enzymes from
the stomach of the calf. This is how junket is made. If the junket
is hung in a muslin bag, whey runs out and the curds may be
used as the basis of other sorts of cheese. A few cheeses, such as
Coulommier, are made from milk clotted by rennet alone. But
both starter and rennet are used in making Cheddar, and in fact

- for most kinds of cheese. The starter is responsible for the milk

becomipg acid, but the rennet curdles the milk before the bac-
teria have generated enough acid for clotting.
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The milk for making Cheddar cheese is usually pasteurized to
kill undesirable organisms and leave the field clear for those in
the starter. The pasteurized milk is run into a water-jacketed
vat. In a farmhouse the vat may hold only 20 gallons, sufficient
to make one small cheese, but in large-scale production some
factories use 1,000-gallon vats, one gallon of milk yielding about
one pound of cheese. About a gallon of starter is stirred in for
every 100 gallons of milk, which is warmed to 29-30° C.
(84-86° F.). The milk is allowed to acidify (to roughly pH 6.3)
for up to 2 hours before the rennet is added, after which the
milk clots in about 10 minutes.

The junket is left undisturbed to become firm for about half
an hour, after which it is cut up as evenly as possible into little
pieces, each about the size of a pea. Cutting the junket starts its
separation into curds and whey; just as when junket served on
a dining-room table is cut with a spoon, whey can be seen run-
ning from the cut surface. At this stage the vat is almost full of
slightly acid whey containing a large number of small pieces of
curd which are floating and kept fairly evenly distributed
throughout the whey by continual stirring. The growth of the
lactic acid producing bacteria continues, and the acidity rises
slowly. The temperature of the vat is now raised gradually to
bring its contents to about 37° C. (100° F.); this speeds the ex-
pulsion of the whey from the curd particles, a process which is
accelerated also by the increasing acidity. The pieces of curd
tend to sink as they lose moisture, but are kept suspended in the
whey by stirring.

After about an hour, stirring is stopped and the particles of
curd settle to the bottom of the vat. This is called pitching, and
many cheese-makers agree that the exact moment of pitching is
crucial in making a good cheese. The whey in which the curd is
bathed is then run off, checking acid development in the curd

- as it takes most of the lactose with it, and, moreover, leaves the
curd to cool. The whey leaves the vat just as water is let out of a
bath, and the curd particles which have matted together at the
bottom of the vat are pushed half-way along, away from the
whey-exit. The mass of curd is then cut up into blocks and
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allowed todrain further. Some photographs which show the mak-
ing of Cheddar cheese up tothisstage 'flre reproduced as Inset 6-8.

At this stage the curd feels rather like rubber, though cpeese.-
makers say that when ready for milling (thg next operatlgn? it
should be silky in texture and able to be torn into Ieaves. Milling
tears the curd into little pieces, and these are salted, adding about
an ounce of salt to every three pounds of curd. The salt,ed cgrd
is placed in metal (formerly wooden) moulds (ox.‘ ‘hoops’) which
have been lined with cloth (Inset 9). The cheese is pressed under
about twenty hundredweight for up to four days, anc‘i loses
more whey, at least in the early part of the pressing. It is ban-
daged and ripened, preferably at about 16°C. (60° F.), for three

i ths.

* ';"ll}:x;n ?sn only an outline of how Cheddar cheese is made.
Numerous variations occur in, for instance, the amount of
starter added, the exact length of time»for each pr9cess, the
acidities, temperature, and the way the matted. curd is treated.
In factories the tendency is to shorten and simplify each process.
Compared with Continental varieties of che'ese, the most striking
characteristics of Cheddar are the high acidity of thc? cu1.'d _before
pressing and the very considerable pressing to which it is then

subjected.
THE BIOLOGY OF CHEDDAR CHEESE

Starter Bacteria .

A dairy manager can buy his starters from the dairy depart-
ment of a university, farm institute, or commercial firm. They
veach him either as small bottles of sour milk, or in powder
form.

Bacteriologists can use sour milk with a good flavour for
making up a new starter; the bacteria which cause the souring

‘may come from poorly washed milking equipment. A mir}ute
quantity of the sour milk is spread over the surface of a sterilized
bacteriological culture medium (agar) on which colonies of the
milk-souring bacteria grow when this is incubated. Parts of
individual colonies are picked off into tubes of sterile milk with
litmus added; the bacteria sour the milk, turn the litmus pink
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and decolorize it by reduction. Preparing fresh individual
colonies from the litmus milk culture on more agar increases
the chance of getting a pure strain of bacteria. If the bacteria
isolated in this way acidify the milk satisfactorily, they are cul-
tured in some more sterile milk, and this sub-culture may be
used as a ‘mother culture’ for cheese-making,.

In the dairy, the mother culture is maintained by taking a part
of it each day and adding this to a new batch of sterilized milk;
this new batch then becomes the mother culture and its predeces-
sor must be discarded. In the course of a day much of the lactose
is broken down to lactic acid and, if the culture is left, the acidity
eventually becomes so high that the lactic acid bacteria cease to
grow. Transferring a few of these bacteria to a new sample of
milk gives them a fresh supply of milk sugar and reduces the
acidity of their surroundings: it gives them a new chance to
survive.

The mother cultures in the dairy are used to make up the bulk
starter: a small quantity is added to a churn full of pasteurized
milk. After 24 hours this milk is sufficiently acid to be mixed in
with the vat full of milk which is to be made into cheese.

Milk souring usually occurs because ‘lactic acid bacteria’
which are present in the surroundings come in contact with the
milk, and, using the milk sugar as a source of energy, reproduce
themselves rapidly, spreading through the bulk of the milk. They
convert the lactose to lactic acid, which is responsible for the
sour flavour and the clotting.

Examination with a microscope shows two kinds of lactic acid
bacteria: chains of round (or ovoid) streptococci, called lactic
streptococci, and rod-shaped lactobacilli which are also often
in chains. The active bacteria in clean-flavoured sour milk are
mainly lactic streptococci. Some lactobacillj are usually present,
but the acid produced by the lactic streptococci destroys most
other types of bacteria in the milk. Streptococcus lactis and
Streptococcus cremoris are the dominant lactic streptococci in
ordinary clean sour milk, and although other species are present,
they do not produce lactic acid so readily. Most English starters
are made up with Str. cremoris.

OCEAN-BED PROSPECTING

1. Sono-radio buoy.



MOVEMENT OF ATOMS IN METALS
. - - .

\ * 4. This and the following photomicrograph are of copper/nickel
o } 2 ‘ couples; they show the extent of diﬂ'us_ion. qnd lhc‘lormullon of holes
on the copper side of the marked interface. Couple annealed at
940" €. Magnification = 140.

2. This and the following photomicrograph show the preferential
diffusion of copper along grain boundaries of nickel. Cross-section
perpendicular to welded interface. Magnification = 290. . . .

) 5. As above. but showing couple annealed at 1080 C.. reproduced

3. As above, but scction parallel to the interface. reproduced at the at the same magnification.
same magnification,
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kit

7. Cheddar: the curd in the bottom of th
and draining continues. (A uthor's photog

' . - after milling ¢ alti he curd is put into moulds
s vat ik ent | . : 9. Cheddar: after milling and atlltmg. t :
¢ va/t 1; cutnto {arge pieces, ‘ l)ined witl; cloths, ready for pressing. (Photograph, N. G, J. Gruber.)
raphs.



12. Emmentaler: the cloth full of hot curd is now sitting in a mould

10. Emmentaler: the junket is being stivred in a heated copper vat. f sne .
(Author's photographs.) (or hoop). in position for pressing.

: *
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11. Emmentaler: the hot curd is scooped out in a large cloth. Here 13. Emmentaler: pressing. Whey is oozing from the curd. (Author's
it is lifted with a pulley, but often this is done by hand. photographs.)
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PHASE-CONTRAST MICROSCOPY

The micrographs on these two pages illustrate the value of phase-
centrast microscopy in showing structures in living. intact specimens;
they are reproduced by courtesy of Dr R. Barer. (Sce article by Dr
LG Thomas in Science News 26.)

L N

15. Bacteria ( B. megatherium), showing internal bodies and granules.
Magnification = 2.200.

14, Living, intact salivary gland cell of Chironomus. showing
nucleus. nucleolus, and giant chromosomes. Magnification < 1,200.

o - -

16. Living lizard muscle fibre showing striations. Magnification
% 1,200.



TEXTILE FIBRES
The micrographs on this and the following six pages are reproduced
from Ldentification of Textile Materials by courtesy of The Textile
Institute. “There are two micrographs of cach fibre: longitudinal.
above, and in cross-section. helow.
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19. Silk. tussah. Magnitication - 140.
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20. Silk. tussah: in cross-section. mounted in gelatine. Magnification

18. Wool (465 Top): in cross-section mounted in *Permount’. Magni- x 500,

fication ~ 300.



23, Cellulose acctate. phenol defustred. mounted in iguid parafil
cHutose ucetate. : . wid parafiin. 5 ) TP
Mugnification < 180, 27. Nvlon. Magnification = 130,
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26. Collufose acctate, phenol delustred; in cross-section. A
tion x 500,

liquid paratlin, Magnification « 500,
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22 Cotton, mercerized : in cross-section, mounted in gelatine, Mag-

nification x 500.

23. Viscose rayon. Magnification x 170.
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24. Viscose rayon: in cross-section mounied in methacrylate resin.
Magnification x 500,



|

I

29. Terylene. Magnification x 180.
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%0. Terylene: in cross-section. mounted in glycerine jelly. Magni-
hca!lon < 500, (The micrographs reproduced on this and the pre-
ceding pages are reproduced from ldentification of Textile Materials
by courtesy of The Textile Institute.) ‘
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Cheddar ripening

The starter organisms not only grow and acidify the milk
before rennet is added to coagulate it, they continie growth
actively throughout manufacture and even when the cheese is in
the store. With fermented milk, like kefir milk, the supply of

»

- lactose is never used up and the bacteria are killed by the acid

they themselves produce, but in Cheddar cheese most of the
lactose is run off in the whey, and the buffering capacity of the
curd is sufficient to compensate for most of the acid which can

_ be produced from the limited amount of lactose remaining in the
* cheese.

“"The acid speeds up the action of the rennet in clotting the
milk; it helps, also, in expelling whey from the curd particles
which contract more under acid conditions and, in addition, mat

.together better. Another important role of the acid is to protect

the cheese against the growth of undesirable organisms which
spoil the texture, flavour, or appearance, or make it dangerous to
eat. These unwanted bacteria cannot flourish in acid conditions
and in the presence of salt, and so a well-made Cheddar may
remain in excellent condition for many months if it is Kept cool.
Moulds often grow on the surface of the rind, but if the cheese is
properly made, they cannot penetrate the firm curd where there
is little oxygen. Lastly, acid is necessary for the action of pepsin.
This protein-splitting enzyme from the stomach is included in
rennet and attacks the casein.

Lactobacilli, as well as lactic streptococci, seem to be impor-
tant in the ripening of Cheddar cheese. Probably in cheese, as
in milk, Str. cremoris can grow more rapidly than the lacto-
bacilli, so their growth is limited to when the lactose is used up
and conditions are unsatisfactory for the streptococci. With-
out lactose, the lactobacilli probably use the protein derivatives
which result from the action of the pepsin on casein, and so
carry the protein breakdown a stage further. The change of the
tough, rubbery, unripened curd to the consistency of mature
cheese is symptomatic of protein breakdown.

Later, the lactobacilli, too, die off; and a recent examination
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of two 7-year-old Cheddars showed that there were indeed very
few bacteria left.

The lactobacilli are thought to be responsible for breaking
d.own some of the fat by means of an enzyme called lipase,
llbératlng fatty acids. These fatty acids, freed from the fats of
which they form a part, are likely to have considerable influence
on the flavour of the cheese. Lipase produced by bacteria has
been deFected after about a week’s ripening: some lipase is
present in the original milk before bacteria invade it, but this
lipase, .unlike that of bacterial origin, is not active at the acidity
fOUl.’ld' in cheese even if it survives pasteurization. Now the lacto-
bagllll isolated from cheese do not appear to attack fat during
their normal life cycle, but old cultures of these lactobacilli,

where there are large numbers of dead (autolysed) cells have

been found to break down milk fat. Lipase has in fact been
released f.rom cells of a strain of Lacrobacillus casei by digesting
away tt.mr cell walls, It is known that butyric acid does not
appear in Cheddar until the cheese is mature : this later appear-
ancg may be due to liberation of lipase from disrupted lacto-
bacilli when conditions become unsuitable for their further
growth.

"I.‘wo wprkers at Wisconsin report that various mixtures of
amino-acids in the proportion they found in cheese have dis-
tinctive cheese flavours. Another two Americans have tried to
stuqy the'changes in flavour which result from adding specific
amino-acids to the curd after salting. They concluded that pet-

haps serine gave a marked improvement: this may not, however,

‘l:: tahdxlrect effeg on ﬂ.avour. More likely, serine favours growth
it e a:;tobacxlh which produce the flavour-giving substances,
s es el:l ep.endently, two British bacteriologists have suggested
. Ine is ‘an amino-acid of particu igni i
terial e p lar significance in bac-
fa i};ﬁirgnents at Cornell using a strain of Streptococcus
fa est., isolated from hu.man faeces, in starter have led to the
Chgegd " alrog that th_l;horgamsm is important for producing a good
avour. 1The assumption is that Str, f is i
' ' . faecalis is normall
re i i
present in raw milk and is the main organism responsible fo¥
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nce called tyramine, derived from the amino-

workers found a close relation be-
d flavour, though tyramine added to
heddar flavour. They concluded
that the amount of tyramine indicated th'e extent of activity_ o.f
Str. faecalis and probably of other bacte.rla, such as le.lctobacﬂh.
It will be interesting to know if, in this case, English palates
correspond with American taste, anq als.o whether or not Str.
faecalis in cheese is capable of producing ill health.

The. characteristic flavour of mature Cheddar cheese must be
produced by the combined effects of the breakdown product.s of
casein, milk fat, and lactose. These products include amino-
acids and ammonia, volatile fatty acids, esters, aldehydes, and
ketones. Figure 1 is an outline of the ways in which they may be

produced :

CASEIN _rennetpepsin _ protein (?Jt/:cremaris%
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LACTOSE Tactobacilli

all
fat] y . butyric
? _enzymes from  volatile {caprmc

i L fatty acids | capryllic
[little] ~ autolysed lactobacilli Y Cagr?/c

Fig. 1. The breakdown of casein, milk fat, and lactose in ripening
Cheddar cheese.

THi! BIOLOGY OF OTHER CHEESES

Emmentaler and Gruyére

Emmentaler (Swiss) and Gruyére (chiefly French) are very
similar, and perhaps the most important Continental hard
cheeses, They differ greatly from Cheddar, particularly in never
becoming very acid. The curd is heated in a deep round vat to
over 50° C. and put in the press when still hot. These are large
cheeses which can maintain, therefore, for a long time, the high
temperature which they have reached in the vat, even when they
are in the press. So they are distinguished from most other
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cheeses by having starter organisms which thrive at relatively
high temperatures; in technical language, a thermophilic lactic
flora. This is a good example of how size has become charac-
teristic for a cheese: a small Emmentaler would cool rapidly
and the starter organisms would not flourish. Some sort of
cheese would result, but it would not be an Emmentaler. Typi-
cally, a Cheddar may weigh S0 to 60 Ib., but a Gruyére must be
between 70 and 120 lb., and Emmentalers weigh anything from
160 to 230 1b. For mechanical and other reasons, these huge
cheeses cannot be tall and cylindrical like a Cheddar, but are flat
and disk-like. J. B. S. Haldane has pointed out that a giant man
sixty feet high would have bones too small in area of cross-
section to carry his increase in weight, and that few insects are
more than half an inch thick as their tracheal system is not cap-
able of giving an adequate oxygen supply to a large animal. ‘For
every type of animal’, he says, ‘there is a most convenient size,
and a large change in size inevitably carries with it a change of
form.’* This is true of cheeses too.

Swiss cheese starters may contain four different types of bac-
teria which are important for normal ripening. Str. lactis (or Str.
cremoris) starts the acidification, as in Cheddar-making, but
when the temperature rises above 37° C. Streptococcus thermo-
philus takes over. This is the main acid-producing organism, and
it flourishes between 40 and 45° C. Lactobacilli are thought to
do much the same for Swiss cheese as for Cheddar, continuing
protein breakdown begun by the rennet and being responsible
for the greater part of flavour development. The fourth kind of
organism, the propionic acid bacteria, converts lactic acid pro-
duced by the streptococci into propionic acid, acetic acid, and
carbon dioxide : '
3CH,—CH(OH)—COOH

->2CH,—CH,—COOH + CH,—COOH + CO, + H,0
This carbon dioxide is responsible for forming the characteristic
‘eyes’ or holes. Well-formed spherical eyes depend on the elas-
ticity of the cheese: thus eye-size is not so much dependent on
the number of living propionic acid bacteria in the cheese as it

*Possible Worlds. London, Chatto & Windus (1927).

- -
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is affected by acidity, salt concentration, and, in particul'flr, tem-
perature. For normal eye development, an Emmentaler is taken
from the cool store when two weeks old and kept fora fevsf weeks
at 20-22° C. The corresponding tem_pe.rature fo‘r Gruyere, on
the other hand, is 16-17° C., and .1t is for this reason that
Gruyeére eyes are smaller than those in Emmentaler. A Gruyere
cheese kept at an Emmentaler temperature dgvelops lflmm;n-
taler-size holes. But the eyes are larger in Swngs than in ot ;r
comparable cheeses such as Dutch Gouda, mainly because the
high temperature mats the curd tggethet to such an extent that
diffusion of gases within it is considerably rt?duced, and bubbles
can be formed. Inset 10-13 show the makxgg of Emm.enta'ler,
and Figure 2 summarizes some aspects of Swiss cheese ripening.

carbon dioxide
propionic acid
acetic acid

Str. thermophilus 5
LACTOSE 573w Taced 8e *

propionic acig
bacteria

factobacilli £ polypeptides
————-

rennet :
. ammno acids

CASEIN v
Fig. 2. The ripening of Swiss-type cheese.

peptones

Stilton

The main ripening agent in Stilton cheese is the fux?gt'ls I"eni-
cillium roqueforti. This species forms the characteristic blue
veins’, not only of Stilton, but also of French Roquefor.t and
Italian Gorgonzola, although different methods are used m' the
manufacture of each of these types of cheese and they dlﬁ_e.r
markedly both in flavour and in appearance. .

P. roqueforti does not develop in Stlltoq before the_ che_ese is
about two months old, and until this stage is rgached ripening is
akin in essentials to that of Cheddar. E. R. Hiscox fmd he‘r c.ol-
leagues at the National Institute for Re§earch in Dairying
(N.LR.D.), of Reading University, describe three stag'es of
ripening for Stilton: the white stage before the mould begms to
grow; the period of active mould growth; anq maturation, a
stable period when the mould has stopped growing fast.
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The chief characteristic of the white stage is an increasing
acidity. Although, in contrast with Cheddar, little or no starter
is used and a Stilton begins life as a low-acid cheese, the curd
stands in its whey for several hours, a condition favourable to
acid production as the lactose remains available for fermenta-
tion. Moreover, the curd is not heated and is wet when placed
in the hoops; so, as there is no pressing, drainage is very slow.
The acidity increases gradually over several days, so that a
young Stilton is more acid than a Cheddar. E. C. V. Mattick of
the N.I.R.D. has shown how calcium and phosphorus pass into
the whey, the calcium content of which steadily rises as the
acidity increases. In a ripe Stilton much of the remaining cal-
cium is present in the cheese coat (which most people throw
away) probably because evaporation of whey occurs from the
surface of the cheese leaving behind the salts which had been
dissolved in it. Thus, unlike most other varieties of cheese, Stil-
ton is a poor source of calcium and phosphorus, Whereas Ched-
dar contains 58 per cent of the calcium present in the original
milk, and 50 per cent of the original phosphorus, the correspond-
ing figures for Stilton are 7 per cent and 27 per cent respectively,

After a month or two, the blue mould begins to grow, and
active growth continues for about six weeks. During this period,
the Penicillium is responsible for a far greater fat breakdown
than occurs in Cheddar or Emmentaler, and it attacks also the
protein. As a result of the protein breakdown there is a great
increase in the amino-acid content of the cheese; and the amino-
acids in their turn are attacked, liberating ammonia. Compared
with Cheddar, in Stilton normally about twice the amount of
nitrogen is in the form of ammonia. The considerable fat-
splitting activity produces a cheese with relatively large amounts
of volatile acids, and these can be separated by steam distilla-

tion. At the same time, carbon dioxide accumulates from these -

metabolic activities, just as living human beings give off*carbon
dioxide, and the cheese becomes less acid. Nowadays growth is
hastened by piercing the cheeses with skewers or needles: this
reduces the concentration of carbon dioxide as it can escape
more easily through the holes, and more oxygen is available to
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the mould from outside. Heavy pricking lets in far too much
oxygen, and this results in a rapid .growth, so that there is too
much breakdown of fat and protein, and the subtle flavour is
no}l‘ﬁ;os:rcif)(:i. of maturation begins when the mquld’s .active
growth is finished. Hiscox and her colleagues describe this as a
more stable period when volatile acids tend to accumulate and
there is a mellowing of texture and development of flavour.

Rogquefort and Gorgonzola '

Authentic Roquefort cheese is made from sheep’s milk, but its
course of ripening is fairly similar to that of. Stilton. .Mu.ch- of
the work on blue-veined cheeses has been carried ogt with imita-
tions of Roquefort, both in the fUnited States and in Denmark,

’s mi ing used instead of ewe's.

co;:)st;r;ilrlx(gbtec;ngiscover why P. roqueforti is d.ominant in blue
cheese, and not other Penicillia or Aspergillus, it was fouqd t‘hat
P. roqueforti tolerates a high concentration of carbon dioxide,
a low oxygen tension and a high concentration of salt bett?r than
any of the others. In spite of the hardmess of P roguefom, these
blue-veined cheeses are limited in size, as it 1s d.lfﬁcult for. the
mould to penetrate a really large cheese‘sufﬁcnemly rapidly.
Gorgonzola, the largest,does not usually weigh rpgre than 29 Ib.,
while a Roquefort may be as small as 5 1b. Tradltlonall_y, Stll.ton
and Gorgonzola receive their Penicillium by chapce infection,
whereas Roquefort is, deliberately inoculat'ed. This means that
the two former cheeses are the slower to ripen.

A number of different suggestions have been made as to what
gives a typical Roquefort flavour. Probably some ketqnes are
important, and these seem to be produced frorp the volatile acids
(which are liberated from the fat) by the action of the Penicil-
lium. So Penicillium seems not only to break down the fat and
liberate volatile acids, but to take the breakdown a stage further,
attacking some of the volatile acids themselves. The mould is
active for longer in Roquefort than either of the other two kinds
of cheese by virtue of its initial inoculation; it has a smaller
volume of cheese to attack and so ripening goes a good deal
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further, and butyric acid is present in much larger quantities.
A summary of the ripening of blue cheeses is given in Figure 3.

laetic acid. L.
LACTOSE Tactorla lactic acid wmemane v g
. e acetic .
FAT _pe_’“f'_”l"_'» olatile fatty acid butyric [espec[a!lY in Roquefort]
Vv Y ® caproiq }Penlalllum ketones
PrVic fespecially Roguefort]
¢ tones
Penictllium - gep'noacids
PROTEIN rennet > {a:\n\:’nqnia .
volatile acids

Fig. 3. The ripening of blue cheese.

Camembert and Brie

Camembert and Brie are soft cheeses, and they must be small
because they are ripened from the outside by organisms which
grow on the surface. They are rennet cheeses, acidified by lactic
acid bacteria, but some yeast settles on the surface and probably
lives on the casein and lactic acid. Anyway, it dries the surface
and prepares the way for Penicillium camemberti, a white mould
which appears on the surface two or three days after making.
The Penicillium forms a surface felt, enzymes from which
diffuse into the cheese so that ripening starts from outside. The
mould reduces the acidity and attacks the protein. Two or three
weeks later the Penicillium is succeeded by a surface bacterial
growth, usually the red-coloured Bacterium liners, and this is
responsible for the greater part of the protein breakdown.

Gammelost

In Norway Gammelost has much the same status as has Stil-
ton in this country. This cheese ripens both from the outside like
Camembert and also from within in the manner of the blue
cheeses. It is made exclusively from skim-milk, and so the ripen-
ing is almost entirely protein breakdown. Mucor is the mould
which grows on the cheese coat, and Penicillium roqueforti is
introduced inside. Like other Norwegian cheeses Gammelost is
very strange indeed. It is dry, flaky and inclined to be bitter,
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probably from the protein derivatives. Althoqgh the finished
cheeses are very similar, there are two main methods of making
which have arisen in two different localities, Sogn and Hard-
anger Fjords. In both cases starter is added and the milk left for
about two days to become very sour; coagulation is by acid
alone, and no renoet is used. By the Hardanger method the
soured milk is heated to the very high temperature of 60° C.,but
by the Sogn method it is boiled. The curds are dried and infected
with the correct fungi. If fat is left in the milk from which Gam-
melost is made it gives unpleasant flavours because the moulds
attack the fat instead of concentrating on the proteins. On the
other hand, Mysost, the most popular Norwegian cheese, can
be made from whey and cream, with no curds!

CHEESE IN GENERAL: A COMPARATIVE SUMMARY

Type of milk

Cheese-making provides a pragmatic division of milk into two
classes; cheese can be made from a milk which forms hard curds
when treated with rennet; it cannot be made from a milk which
forms no curd, or only a very soft one. In Europe, cheese is made
with milk from cows, ewes, goats, and reindeer. But, although
mare's milk is consumed in parts of Eastern Europe, for instance

TABLE 1: Approximate Chemical Compositions of some types of
Milk (as percentages (o nearest whole numbers)

Type of Milk Water Fat | Protein | Sugar

Cheese-making| Cow 87 4 3 5
Milks Ewe 80 7 5 5
Goat 82 5 3 5

Reindeer 68 17 10 3

Other Milks Mare 90 2 2 7
Ass 90 1 2 7

Human 87 4 2 7

(Sources: Davies, W. L., Chemistry of Milk, 2nd edn, London, Chap-
man & Hall, 1939; and Davis, J. G., and Macdonald, F.J., -Rich-
mond’s Dairy Chemistry, 5th edn, London, Griffin, 1953.)
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‘as the fermented milk drink kumiss, it cannot be used for cheese;

in common with asses’ and human milk it does not form a hard
curd. These soft-curd milks contain more water and sugar than
the cheese-making milks, and they are lower in protein.

This distinction is important in quite another practical way.
It is generally thought that human infants should not be given
plain cow’s milk undiluted and untreated, lest it should form
hard clots in the infant’s stomach causing discomfort, a great
deal of the curd appearing undigested in the faeces. Dilution
with water and boiling both go to soften the curd. This can be
seen very easily in the kitchen if boiled milk is used in an attempt
to make junket: no proper curd is formed.

Treatment in the vat

A sour milk curd is tough and crumbly in contrast with rennet
curd which is soft, markedly elastic, and able to shrink, thereby
eliminating whey, just as serum separates from a retracting clot
of blood. '

Temperature is crucial in treating the vat of curds-and-whey
and it is important in characterizing the cheese. Stilton, for in-
stance, undergoes no heating in manufacture and so draining the
curds is slow and a high acidity develops gradually over several
days. On the other hand, heating to 37° C. when making Ched-
dar ensures a relatively rapid expulsion of whey; while the 50° C.
to which Emmentaler curd is raised gives the curd its peculiar
plasticity essential for the formation of proper eyes, and in addi-

tion favours the growth of a ditferent type of micro-organism.

Ripening

Although temperature partly determines what organisms can’

grow in the cheese, nowadays the bacteria and fungi are usually
introduced artificially. The lactic acid bacteria seem to be impor-
tant for nearly all kinds of cheese. In lactic cheese, Cheddar and
Emmentaler, they are the only normal ripening organisms (if
Emmentaler’s propionic acid bacteria are included in this cate-
gory), while in the blue cheeses and Camembert they are only
the first of a series which break down the milk constituents: in

¥
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all ordinary cheeses lactic acid bacteria are the first active
organisms.

The chief feature of ripening is the conversion of insoluble
proteins into soluble substances. In the Swiss and Dutch types
of cheese usually only about one-third of the casein is converted
into water-soluble compounds, whereas in soft cheeses like
Camembert nearly all the casein is broken down. Rennet is
responsible for most of the initial attack on the protein, and the
micro-organisms carry the breakdown further. As thg action of
cheese-ripening bacteria tends to be inhibited, while that_of
rennpet is promoted by acid, the Swiss and Dutch cheeses which
are hard but not very acid contain more amino-acids than the
soft cheeses: the breakdown is less extensive, but more thorough,

Fat is broken down more rapidly in a cheese, like Roquefort,
permeated with moulds. In contrast, fat hydrolysis is very slow
in the hard, rich cheeses and they require a long ripening period
to develop a mature flavour.

Lactdse, on the other hand, is the first major constituent to
disappear in cheese ripening. Normally all the lactose is broken
down to lactic acid which may be metabolized further, as in
Emmentaler where it is convested into propionic acid.

Both the blue-veined cheeses, Stilton, Roquefort, and Gor-
gonzola, and aiso Cheddar and the Swiss and Dutch varieties of
hard cheese, are ripened from within. For Camembert and
Brie ripening starts on the surface and works inwards. And not .
only is this external attack able to ripen the whole cheese because
of its small size, but also because the flat shape of the cheese, too,
provides a greater surface area (relative to the volume) from
which the attack may be made. :

SOME MALADIES OF CHEESE

French dairy scientists distinguish between les défauts de
fabrication and les maladies du fromage. Here their example is
followed, and faults in manufacture are considered only where
they cause a cheese malady of microbiological origin. Such
maladies ilJustrate further the individuality of the different kinds
of cheese. Not only do cheeses have their characteristic bacteria
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in normal development, they are characterized also by the types
of infection to which they are liable.

Trouble from alien bacteria in Cheddar cheese is usually
symptomatic of insufficient development of acid by the starter
streptococci, In these conditions certain coliform organisms,
such as Bacterium aerogenes or sometimes Bacterium coli, can
grow rapidly, Bact. coli is the most common intestinal bac-
terium, and Bact. aerogenes is very similar, but is more usually
associated with soil and plant materials. Neither is normally

responsible for human disease, but for a cheese they can be very

serious indeed. They flourish without oxygen, and break down
lactose or lactic acid generating carbon dioxide. This gas pro-
duces a large number of tiny holes in the curd, and causes it:to
float in the vat instead of pitching. The curd is then difficult to
handle, and the holes spoil the texture of the cheese.

The same organisms cause trouble in Swiss cheese too. Here
the holes are formed when the cheese is in the press or some
days after. They can be detected in the finished cheese by tap-
ping it with a finger, just as a doctor taps a patient. Eventually
the gas produced may bulge the young cheese, and often the
body will be leathery and have a sharp disagreeable flavour.
The effect on flavour is most marked if lactic acid, as opposed
to lactose, has been fermented by the coliform organisms.

Trouble with Bact. coli and Bact. aerogenes is best prevented
by cleanliness. An active starter should hold back their develop-
ment, not only by high acid-production, as in Cheddar-making,
but also because of antagonism between the lactic acid bacteria
and the coli-aerogenes group. But in factory cheese-making the
empbhasis on speed may lead to insufficient time being given for
the starter bacteria to produce enough acid. Finally, pasteuriza-
tion, now usual in making Cheddar cheese, is effective against
coliform organisms, although it decimates the lactobacilli of the
milk too, and may very well contribute to the poor flavour of
present-day Cheddar. It certainly has very serious consequences
for the Swiss type of cheese in holding back the growth of the
propionic acid bacteria.

There is a contrast between Cheddar and Swiss-type cheeses
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in liability to infection with another type of organism, the
butyric acid producing bacteria of the genus Clostridium. These
organisms not only flourish without oxygen, but also form re-
sistant spores which survive pasteurization. They fxre held in
check by salt, particularly if the acidity is high, as in Cheddar
cheese, In Emmentaler and Gruyére, on the other hand, not
only is the acidity less, but the salt is merely rubbed into the rind,
instead of being fairly evenly distributed through the cheese.
Conditions are thus more favourable to these organisms, and
they cause serious losses in the Swiss cheese industry. They break
down lactic acid into butyric acid, hydrogen,and carbon dioxide.
The butyric acid gives the cheese an unpleasant flavour: t!xe
hydrogen produces large holes, blowing the cheese out; while
the carbon dioxide tends to go into solution and does not give
much trouble. These big holes are often separated by only a thin
membrane; and, if one of these ‘blown’ cheeses is pierced with a
skewer, and the gas squeezed out by pressing with the hand, the
escaping hydrogen can be ignited, burning with a steady flame.

Cheese Starter Troubles

Failure of the lactic streptococci, used in starters, to produce
enough acid for Cheddar cheese making may be caused by bac-
teriophage (or phage), a virus parasitic on the bacteria in which
it multiplies. It can bring about a rapid destruction of the bac-
terial cells, so that no more acid is produced. The first report of
a starter failure from this cause was given in 1935 by H. R,
Whitehead and G. A. Cox of the New Zealand Dairy Research
Institute. A pure culture of Str. cremoris in commercial use as a
cheese starter sometimes failed to develop acid. Whitehead and
Cox had found previously that aeration of a starter sometimes
led to a sudden failure. Although the mother culture of this
batch of starter appeared normal, vigorous stirring of sub-
cultures induced loss of activity.

They set out to study the differences between the active and
inactive batches of starter culture. They added a few drops of
each to tubes of warm pasteurized milk which had been coloured
with methylene blue. The blue colour in both tubes disappeared
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0 two or three hours, and this suggested that the streptococci in
eaf:h were satisfactorily active. The methylene blue test on 8
milk sample measures one type of bacterial activity in it; the
colour generally disappears more rapidly the higher the num-
bers of bacteria. Microscopic examination confirmed that there

wvas a normal growth of streptococci in both samples. But an

hour later the blue colour had returned to the sample of aerated
starter, and no bacteria could be seen with the microscope.
Grow?h went on normally in the active starter.

Whitehead and Cox concluded that some agent had destroyed
the streptococci in the inactive culture and that this destruction
accounted for the failure in acid production in the cheese vat.
The)’»found, moreover, that minute quantities of milk from the
tube m.which the streptococci were destroyed were sufficient to
Cause similar destruction in an active culture, ‘

Although phages had been observed for most types of bac
teria, they had only fonce before been noticed attacking lactic
Stljeptococci. A final observation made Whitehead and Cox cef-
tain that they had found a phage attack on the starter organisms.
A culture which had become inactive after aeration was grown
on agar. Normally the bacteria grow fairly evenly on the agar,
but in this case there were large numbers of clear circular
patches free from growth. These patches are characteristic of
bacterial cultures attacked by phage. ' ‘

Whitehead and Cox showed later that droplets of moisture
c.arry phage, and it is believed to remain dormant in dust par-
ticles for a long time. Factories suffering from chronic phage-
:.ittack have been saved from stoppage by making up bulk starter
In a special room away from the main part of the factory, and
by t'aking thorough precautions against the introduction of in-
fection into this room. The best way to avoid trouble is to use
starters made up with strains of lactic streptococci which are
attacked by different phages, the latter being highly, though not
completely, specific.

Less disastrous starter failure may be caused by inhibitory
substances produced by certain types of bacteria growing in the
milk. These substances inhibit the growth of other micro-organ-
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isms: that is, antibiotics may be produced by bacteria in_ the
milk, It was Whitehead, again, who in {933 found that a strain of
Str. lactis with this characteristic was responsible for a starter
failure. Whitehead's inhibitory strain was passed on to Engle'u?d,
where E. B. Anderson and L. J. Meanwell of Un.ite:d Dairies
isolated strains of Str. lactis resistant to the inhxb’ltory sub-
stances. These strains have been used for c:f)mme.rcxal F:heese-
making over a number of years without losing this resistance.
Just after the war, A. T. R. Mattick and A. Hirsch of the N.LR.D.
described a strong antibiotic, nisin, produced by descgndants? of
Whitehead’s strain. Nisin has been found to be effecu.v.e against
tubercle bacilli and organisms responsible for mastitis. It has
been used by Hirsch and his colleagues to tack!e.the pro.b.lem of
‘blowing’ in Swiss-type cheese caused by clostridia. A nisin-pro-

" ducing strain of Str. lactis introduced into the starter was found

to prevent entirely the destructive acti.vilties of the clostridia
without impairing the normal starter activity.

Lactobacilli which produce inhibitory substances have been
isolated also from Gruyere cheese. Hirsch and his co-workers
set out to find whether naturally produced antibiotics within the
cheese could account for the absence of butyric acid fermenta-
tion despite the presence of large numbers of clostridia. They
found that some of the lactobacilli in young Gruyére cheese do
produce large quantities of inhibitory substances which have
different characteristics from those of nisin but resemble hydro-
gen peroxide; they are probably important in suppressing the
butyric acid fermentation.

Penicillin itself, now used for the treatment of mastitis in
cattle, has caused trouble in cheese making. Being soluble in
water, it gets from the udder into the milk, and later may
inhibit the growth of starter bacteria. Moreover, pasteurization
does not destroy penicillin. The quantity needed to produce an
inhibitory effect is too small to be detected by any readily
applied test; and a small dose of penicillin is not easily distin-
guished in practice from a light infection of the milk with bac-
teriophage. Penicillinase, an enzyme which destroys penicillin,
has been used experimentally to get rid of penicillin in milk; but
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its use in cheese making may be open to a number of objections.
It does, however, now seem to be practicable in some countries,
and is the only really effective remedy. The attempt to restore
Cheddar flavour to American cheese by using Str. faecalis is of
interest in this connexion since Str. faecalis is resistant to peni-
cillin.

CONCLUSION

Cheese-making is an ingenious technique for persuading harm-
less micro-organisms to work in an organized way towards pre-
serving most of the nutritional value of milk in a palatable form
which can be transported and stored more easily than liquid
milk, and in which it is far more difficult for disease-producing
bacteria to multiply. Weight for weight, cheese compares very
favourably as a food with grilled beef-steak, cheese having less
water and as much protein. It is a better source of calcium and
phosphorus than beef, though it contains less iron.

The scientific study of cheese-making has advanced most in
Denmark and the U.S.A., where European cheeses are imitated
with varying degrees of success, and recently in New Zealand,
where the best factory Cheddar is made. Research hasinfluenced
the industry greatly. Before 1900, for example, starter cultures
were not used at all for cheese-making. Now, as a direct result
of the work of Storch in Denmark and Conn in the U.S.A,,
starters are almost universal and their use goes a long way to-
wards making very large numbers of cheeses marketable. Bac-
terial infection cannot be left to chance when cheese is produced
on a large scale to meet the needs of a great urban population.

Even though those who have achieved the greatest advances
in cheese science have been academically trained, they have been
concerned, in Orla-Jensen's words, with ‘constantly clearing up
more and more of the problems which confront the practical
dairyman in his daily work’. But not only have scientists affected
dairying, dairy research has furthered academic science. Orla-
Jensen’s work with the lactic acid bacteria helped to reorientate
bacteriologists from morphology towards considering activity
to be the most important aspect of bacteria. Cheeses are good
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material for the study of microbiological population changes,
and starter difficulties have stimulated research on aspects of
bacteriophage and antibiotics of an importance far beyond
dairying.

Considerable differences from one individual cheese to an-
other, and even between two different parts of the same cheese,
present research difficulties which may hfxve to be overcome by
using large numbers of cheeses. As the 1mPonant thing about
cheese is whether it is good to eat, another difficulty comes from
the necessity for assessing quality. Wilp many hundreds_ of
cheeses grading is very difficult, yet Ministry of Food ofﬁmals
attempt it daily. Not long ago most chees'e-'makers estimated
milk temperature with their elbows and acidity l?y smell. Now
they use a thermometer, and a somewhat unsatisfactory titra-
tion for *per cent lactic acid’. Scott Blair of the N.I.R.Q. has been
studying the psychology of subjective )udgements. in Chees.e'
making and cheese judging, with a view to expressing them in
terms of physical measurements.*

Some of the finest cheeses, Double Gloucester and Port Salut
for example, have been made for a small clientele. But nowa-
days cheeses must be produced for large numbex.'s of town:c,fo!k
and in these circumstances must be necessarily exoteric in
flavour, not for the gourmet. For a gastrono_me' there ma)f be
one day, and one day only, on which a cheese 1 right for eating;
but for most people a piece of cheese must last at least several
days.

A widespread demand for good cheese cquld be h?lped. by
scientific work. A detailed knowledge of chemical and biological
changes in ripening makes factory control possible, and factory
methods can be changed to give better results. New kinds of
cheese can be developed to suit factory conditions: Danish-
Swiss (Samsd) cheese is an example of such an invention. The
Danes, with no traditional cheese of their own, have imitated
cheeses from France, Italy, Switzerland, Germany, and Norway,
but not England. It is probably relevant that English cheeses are

*He described some of this work in ‘Measuring Craftsmanship’,
Science News 7 (1948).
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geor:'erTa;Z:;rZCf’;‘d whilst, on the whole, Continental ones are
tory productin nl fcheeses are in many ways better suited for fac-"
ing acid develon or one thing labour time is not wasted await-
be developed fg;neBm; Perhaps a suitable low acid cheese could :
labour than most f(‘,t.l§h manufalcture, more economical with *
But even ¢ ds traditional English cheeses.
logy; ther[; ?s afy “‘?‘ nearly enough is known about cheese bio-
biology and chomispn rce: much to learn about the micth”
solved are link€;¥115{ry of ripening. Many of the problems to be
distinction beme/ with academic questions of, for example, the
and Str. lactis 8_;;11 tWo types of organism, such as Str. cr emoris
authorities do e;ise bacteria are so much alike that many
study of cheesen-0 ! distinguish between them. In the scientific
are present am} l;]lS lmporta:‘n to know exactly what organisms
establishing the id: \: they dlﬁer. fron.1 those in other cheeses;
bacteriology. The atity of organisms is still a major problem in
chemical' activicy - interesting differences are those of theis
activity : whether they break down lactose to lactic

acid :
man’ya;:f:Ck proteins, or produce toxic substances. If there aré ,
ermediates between the different forms, and if one |

opulati ;
Population of bacteria can adopt the characteristics of another,

the i . .
Y are going to prove very difficult organisms to sort out. This

15 just one exam i i ising i
ne¥on o :Sl: l_oefs gz::g. biological problems arising in con-
Cheggzer :S':ow ;emember good pre-war English Farmhouse
Same pam at right ha.s present-day factory cheese to the
o e n:lad eyTask, too, if a really good factory Cheddar can
in making £ te. he Danes'have succeeded better than anyone
S oc ory c_heese§ wu'h good flavours. But Denmark has
por und fe ne an intensive industrial revolution, and perhaps
aoons: Z : 3cg Daqlsh taste has suffered less than English. No
heonle o airy science can create good factory cheese for a
e pone l;)ut bg‘astronomzc education and who have for many
oo, thna de to afford really good quality food. As a con-
Todue ey o not demand high standards, and factory

rs.emphasxze increased output and high yields, rather than
producing t}le finest quality cheese. ' '
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GERMINATION

A. M. MAYER

ONE of the most basic, and also one of the most intriguing pro-
cesses of plant life is that of germination. We can define ger-
mination as that group of processes which causes the sudden
trans.fgrmctxtion of the dry seed into the young seedling. This
deﬁmtlxon is very useful because it is what we normally see when
watching germination occurring in the garden or in the field. In
other words this is the germination which interests the farmer
or the gardener. For them, germination is only of interest when
something, the first leaves or the cotyledons, emerges from the
ground.

To the plant physiologist, however, the process is much nar-
rower, and at the same time less well defined. For him the emer-
gence gf some visible organ such as the young root or the young
sboo} is only the final manifestation of germination, not its be-
ginning. It is only a sign that an extremely complex series of
physiological processes has occurred. It does not and cannot tell
us anything as to their nature,identity, or sequence of occurrence.

. We know best the conditions required to bring about germina-
tion. Everyone knows that the first prerequisite of germination
qf the dry seed is an adequate supply of water. If other condi-
.tlon.s are suitable, the first step of germination is that the seed
1{nbxbe5 water, This is at first a purely passive process condi-
tlonefi only by the colloidal nature of the material of which the
seed is built. The extent to which such imbibition will occur will
depeqd primarily on the nature of the seed. Thus a rather starchy
seed hlge the wheat grain will imbibe relatively little water, while
a proteinaceous one like the pea will absorb a great deal. The
rate and extent of water imbibition, irrespective of the seed, is
largely QCpendent on the temperature. At high temperatures the
absorption will be fast, at low temperatures it will be rather slow.

At the same time, however,

~ be simply illustrated by closely packing seeds,

. serve the germinating seed by eventually

* extent only within a very narrow region a
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at low temperatures the final amount

of water which enters the seed will be rather larger than at high

temperatures.

Equally characteristic of this
the increase in volume of the see
hand in hand with the development 0

primary step of germination is
d. These increases in volume go
f large pressures. This can
for example of

peas, in a container, adding water to it, and then tightly c_lqsing
it. A glass container will generally burst under these conditions.

These changes in volume and consequent pressures may in part
permitting the emer-

oot and shoot from the seed coat without
stressed that they are quite inevit-
seeds will absorb water for a con-
siderable time just like live ones. The absorption of water,
although it precedes germination, is by no means a proof of it.

The second requirement for germination is a suitable tem-
perature. While, during storage, seeds show a very wide range of
tolerance to temperature extremes, from well below 0° C, to
50° C. or even higher, this range narrows considerably during
germination. For germination each variety of seed has its own

optimum temperature and will germinate to any appreciable
bout this temperature.

e can generally be related to the condi-
hich the seed is likely to germinate

gence of the delicate r
damage. It must, however, be
able physical processes. Dead

This optimal temperatur
tions of temperature under w.

under natural conditions.
Strangely enough, the nature of the effect of temperature on

germination is only beginning to be understood. The amount of
experimental data is prodigious. Thus we know today that the
temperature response of seeds is conditioned by light. For ex-
ample, certain lettuce seeds germinate very well in the dark at
26° C., but fail to germinate at 29° C., unless they first receive

" some light. Cases where the seeds will only germinate when kept

in the dark and are adversely affected by light are equally well
known. Wheat, for example, germinates best in the dark. A case
where the relation between light and temperature is the reverse
of that in lettuce is provided by timothy grass, in which tempera-
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ture : -
that ;zisdcﬁ:ff, ?jlje,lmer_rela“:d‘ At one time it was thought
in the light tho«sec vided into three classes: those germinating
to light. Rc'cent‘wgekrmmal'mg in the dark, and those indifered
that all seeds Wi“‘)r has disproved this view. Today we can say
the other conditio fcs;?ond to “g,ht (or darkness), provided that
Another essentivnls’fdnd especially the temperature, are right.
OXygen to the scf:d‘1 lo'r germination is an adequate supply of
which is the doter S.' t is not the external oxygen concentration
which can re: mining factor here, but the amount of oxyged
each the embryo. The failure of many seeds to ger-

minate c: ,
not pene‘::a:len?n(;gb(:dly be ascribed to the fact that oxygen cat- -
hinders it. The sam e seed, because, for example, the seed coat
can be improved ¢ is also true for penetration by water. Both

proved greatly by slightly damaging the seed coat of .

softening i .
for Somegt;tn:);nchegllcal treatment, such as steeping the seeds
coat is very hardazlmi l.n the most extreme cases, where the seed
. tmpermeable an cs ot
by entirely removiny it , We can cause germination
Thus far w .
e he .
affecting germi (h‘,we merely considered the external factors
interest. The n:nd“on' .Bul internal factors are of equally great
ost obvious of these is the viability of the seed,

that is to say, its abili )
say, its ability to germinate. In effect this means merely

whethe Al .
nowadary:/eb:,1 f;;:;i‘lripg with a live seed or a dead one. This cat
chloride, a dye whict:ned by staining the seed with tetrazolium
seeds but not with d -glves a characteristic red colour with live
seeds of doubtful v'e;- ones. It is a useful method for sampling
the seeds were ro(;a ility. Next are the conditions under which
the very uﬂdesifabl uced. Every seed grower is acquainted with
localities. under o etphenomepg that seeds produced in certain
minate in less pro ertain conditions, fail to germinate, or ger-
annual losses tl; [;’Ortmn than usual. Although this causes large
use the seed, we ek5eed grower and to the farmers who have t0
Equally little und ;low practically nothing about its cause.
their germinatmne;s ood is the periodicity which seeds show in
harvesting, but w:n ome seeds will germinate immediately after
tion. call d'd ill then slowly enter a period of non-germina-
, calied dormancy. After a period of weeks, months, or years

_ Mination we have an embryo which is
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nd, and the seeds again

this so-called dormancy comes {0 a0 € s 2
rest can be artificially

germinate normally. This period of .
broken by treatment of the seeds with ethyieng, thiourea, Of

alternating high and low temperatures. Other seeds will only
begin to germinate after a certain period from harvesting has
elapsed, this being generally termed after-ripening. ‘But e\{en
more startling and inexplicable is the real periodlc'xty which
many seeds exhibit: upnder definite, constant conditions 'thc
seeds show periodic maxima and minima in their germination
percentage. These maxima and minima may oceur monthly ‘or
yearly, or after arbitrary but regular time intervals. As yet no
one has succeeded in relating these periods to any definite pro-
cess in the seeds. This is not unduly surprising if we now examine
the sum total of our knowledge of the physiology and bio-
Chemistry of germination.

It is known that as the seed
atan increasing rate. This rate i
increase in respiration characte
P_RSSive water-uptake. An equa
tion is the decomposition Of

;mbibes water it starts to respire.
s by no means constant. Such an
rizes germination as opposed {0
lly obvious feature of germina-
some of the reserve materials

Present in the seed and theif transformation into other sub-
stances such as cell material and peW protoplasm on the one
hand and their utilization fof respiration on the other hand.
These physiological processes are undoubtedly those around

which the process of germination centres. At the start of ger-
more or less in a state of

d of time this embryo is suddenly

stirred into activity and begins 0 develap. This development
must in the first instance express itself io cell division, that is to
say the formation of new cells. Consequently new cellular
material must be created, whose source during germination can
only be the material already present in the seed. The subsequent
stages of development, cell elongation and vacuolation, do not
strictly speaking belong to germination Proper. It may be
assumed that they are 10 different from the similar processes

occurring in any growing tissue of the adult plant.
It is therefore the first step, the activation of the embryo,

rest, After a very short perio
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lvoh];f;ecxon:gtutes the rea.l ge‘rmination. This is evidently a very
the Proteipns cefstsﬁone of its first phases must be the hydration of
to metabOIizZ B e seed, in order to make them potentially able
zymes which a ut before the seed can metabolize, all the en-
active, In theazle so essential a part of cell activity must become
those CODCemedry'seCd appax.-ently they are not active, except
although at a with respiration, since even the dry seed respires,
enzymes hav Vbe ry much r.edu(:ed rate. It is then, when thesé
swing. At on: :;’lcome active, that germination gets into full
The nilclei no eb ere are a multitude of activities in the seed.
to smaller e :V begin to divide, reserve materials are hydrolysed
Thus starch in Eleskand are reconstructed into new materials.
The proteins anm naown to glucose and fas are hydrolysed-
different onesal:e WP olly or partially broken down and new and
a date stone w;feh orme?d. Even s'uch unpromising material as
atilized whﬂ’e mxcd consists essentially of very hard cell walls, i§
are laid down :ndatﬁe erﬁbryo stirs into activity. New cell walls
mination begin to appI::xr.y’ the externally visible signs of ger-
o Tt‘}l:s é)izrl: Qf tgelrmmati.on is theljefore of the greatest interest
‘change ove giis - It provides us with material for studying the
hydrated mr, Url;\g a matter of hours of an almost inert, de-
hydrated ladnsts 0]1 protoPIa§m to a highly active, organized,
help us top snd cell. The Slgmﬁcanc'e of this is self-evident. It can
N6, action o ers’tan.d the conversion of normally resting cells
the signiﬁcanncs, tES in the case of tumorous cefls. Considering
has been devocted0 the process it is surprising how little effort
it Tha rea ef to its study anq how great is our ignorance of
enormous di:,ls or this are manifold. The most obvious is the
short period ;rgxty of processes .whxch are packed into a very
stitutes tho r o] ntlm‘e, It is rather lixke.: trying to analyse what con-
the blue rineta Ay vital part of building a house in the absence of
mortar l)?in o og;c moment there are just heaps of bricks and
ning at mamg ar?n ; at the next, dozens of workmen are begin-
electric Wirir): p lr‘;ts - building walls, and putting in plumbing,
be surpri g and so on. If we watch only the bricks, we shall
rprised at the end to find that the water taps work.
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d interesting approach to the whole prob-

One very useful an
ested by the fact that

lem has, however, been made. It was sugg
in nature many seeds and fruits are provided with a regulatory
system. This system consists of the presence in the seed of in-
hibitors which normally prevent their germination unless cer-
tain conditions are complied with. These conditions may be the
correct climatic conditions such as an adequate amount of rain.
This is a frequent feature in desert plants such as the guayule.
Many fruits such as the tomato or the citrus also contain inhibi-
tors of germination. Here the function may be to prevent ger-
mination prior to full development. The object of such inhibi-
tory systems in nature, if one can refer to an object at all, is
apparently to ensure that the seeds will only germinate under
favourable external conditions. This safety mechanism provides
an ideal tool for research. Evidently such an inhibitor must stop
some basic process of germination. We can isolate such an
inhibitor and study its effect on germination. Following this, we
can investigate at what time in germination it acts, and can look
for the process with which it interferes and identify the enzymes
concerned, If we return to our analogy of the bouse for a
moment, it is like forcibly preventing the plumber from working
and then thoroughly investigating the difference in the house
with and without the plumber working.

It is this method which has been chosen as one of the lines
of approach to germination physiology in the laboratories of the
Botany Department of the Hebrew University. It has been found
that coumarin, a substance frequent
fruits, is a very powerful inhibitor of germination. Its effect on
various enzyme systems is being systematically studied. More-
over the several functional groups of coumarin have been inves-
tigated in the hope of elucidating the nat
it is too early to draw conclusions from
cle'fnr tl?at it is very promising and will eventua
appreciation of germination.

In research it is always easier to study the difference between
two more or less similar processes than to investigate the nature
of one of them without having a basis for comparison. In ger-

ly occurring in seeds and

are of its action. While
this work, it is already
1ly lead to a better
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mination studies we make use of this, as well as of the general
experience that the study of metabolism under abnormal con-
ditions, as instanced by our inhibiting of germination, aften pro-
vides a short cut to knowledge of the normal pathway of
metabolism,

Germination is a process on which much of our agriculture
and horticulture is based. It is frequent and obvious, and at the

same time provides us with a most fascinating and fruitful field '

for_ future rescarch. The results abtained are of interest not only
because.they concern germination, but because they may P‘:O'
vide the key to the general problem of what constitutes activity

or inactivity of protoplasm, the building material of living
organisms.

FURTHER READING

For a general introduction, not including more recent work, see: "
Baston, Lela, V., and Crocker, William. Twenty Years of See
Research. London, Faber, 1948.

PHENOMENA OF
SUPERSONIC FLIGHT

-

G.N.LANCE

RECENT events have aroused public "mterest in two fr;t};:;
specialized phenomena of high speed ﬂfght. ’The ﬁrstﬁot ose
phenomena is that of ‘Supersonic Bangg , whlgh wefreC IS Suc_
licly demonstrated at the Society of Bfmsh Aircraft 19(;:;3 ruc-
tors’ Flying Display at Farnborough m'Se‘ptember N . p
second, rather unexpected happening, 1S Control evef’srah,
which was brought into prominence In thg refent film e
Sound Barrier’. The object of the present 'arucle isto pre‘&ent‘an
acceptable, if slightly simplified, explanation of the facts behind
supersonic bangs and control reversal.*

* SUPERSONIC BANGS

How do subsonic, transsonic, and supersonic flight differ fljom
one another, and why do they differ? The speed of sound in a
fluid depends on the fluid itself and on its physical state. For
example, if the atmosphere consisted solely.of hydrogen, §ound
would travel very much more quickl'y than, in fact, it does in our
atmosphere consisting primarily of nitrogen and oxygéh. Suppos-
ing the atmosphere given, then the spegd o.f sound depepds on the
height above sea level — it decreases with increasing height - also
the speed of sound varies, slightly, from day to day as the baro-
metric pressure alters. In fact it can be shown, in a rigorous
mathematical way, that the speed of sound depends on the pres-
sure, the density and the adiabatic constant of the propagating
medium.

To understand clearly the difference between sub- and super-

*For a further account of aeronautics see the articles by Prof. O. G.
Sutton and H. Pearson in Science News 7 and 18 respectively.,
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:ﬁgi:ssfesfgs llt ;}S best to consider a simple example. Figure 1a
Fig 16 t}::;)s, ogmg river into Which pebbles are dropped; in
e oS 1;6{(; of. the river is increased until it is exactly the
Rowing very s(\)v .me c'irlsturbgnces,.and in Figure ¢ the river is
who az0pe the 1 bgl he po.mt O is the position of the observer
b pebbles, a{ld 15 a fixed point in space; if the water

owing then the disturbances will consist simply of con-~

er
"/ -

(b)

(c)

Fig. 1. i ‘
(ga) " ;l;(l)vaﬁgjlstu.rbance produced when pebbles are dropped into
e an th oving stream, (&) stream flowing at exactly the same
s the disturbance travels, (¢) fast-moving stream.
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s extend outwards from O

centric circles, their circumference
say a. Now consider Figure

With. the speed of sound (in water), i
la, in which the stream is flowing from left to right with a

velocity ¥ and the circles of disturbance are no longer concen-
fric- After a time ¢ the water will have travelled a distance ¥;
ie. 00’=V, where O’ is the centre of the circle ABC caused by
the pebble thrown in at O at time £=0. It can be seen that the
disturbances are ‘concentrated’ upstream from O and ‘rarefied’
downstream, The important thing to note about this case ~ the
SIOW-moving stream — is that the disturbances could, if they did
not die out, reach all points in space upstream or downstream

from 0.

Turning now to Figur
then the point O will be suc
upstream against the current.
tem of circles with a commo
dicular to the direction of the stream
be seen that the disturbances can on
downstream from A’OA, and no poi

can ever feel the effect of the pebbles.
Finally, consider Figure I¢ in which V is greater than a. Here

it can easily be proved that the circles of disturbance all touch
two common tangents, 04 and OA’. Since AQ'=at, and
00’ =V1, it is clear /tgat
sin A00’=A0'/00’=0/V=1/M. (Eqn 1)

The non-dimensional quantity M= V[ a is defined as the ‘Mach
Number’ of the flow, and the angle 400’ =y is called the ‘Mach
Angle’. Here again, the disturbances cannot reach all points in
the fluid but are confined to a wedge, whose angle 2 depends on
M. The connection between # and M is given by Eqn 1; the
greater the speed, V, the smaller is the angle, p.

e 1p, in which we suppose that ¥V =a;
h that the disturbances cannot move
Thus the disturbances form a sys-
n tangent A'0A4 which is perpen-
. In this case (V' =a) it can
ly reach points which are
nt upstream from 404

Single Bangs

With‘these preliminary ideas, it is now possible to return to
the subject. It makes no difference to the argument whether the
stream ﬂow§ w1'th a velocity V and the pebbles are dropped in at
the same point in space or whether we drop the pebbles into still
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water but do so when running with a speed V. Furthermore, we
obtain a much closer analogy with acroplane flight if we think of
the disturbances in three dimensions instead of only two as we
have up to the present. The extension is easy; circles become
spheres, the common tangent 4°0OA becomes a tangent plane,
and the wedge 4’04 becomes a cone — the Mach Cone. The dis-
turbances can be caused by rapidly inflating and deflating a
succession of balloons arranged along the flight path. This
analogy is the one used by C. H. E. Warren,* and will prove very
helpful in understanding the bangs.

It should be pointed out that, if the velocity of flight does not
remain constant, then the diagrams will be altered slightly, e.g.
the lines OA and OA’ of Figure l¢ will no longer be straight.

What of the bangs themselves? The most accurate description
of them is that they sound similar to one, two, or three rounds
of anti-aircraft fire. It is rather difficult to define the difference
between a bang and a loud noise, but a bang is best described as
a very intense noise of short duration. Any explanation of the
bangs must account for the following facts:

(1) As many as four bangs in rapid succession have been
heard by observers.

(2) A number of observers listening to the same flight may
not agree as to the number of bangs they heard; this is an impor-
tant point,

(3) The bangs may be heard by observers scattered over an
area of some 10%by 4 miles.

Anyone who has heard a jet-engine on the ground will agree
that, if this noise could be stored up or accumulated in some way
and then fired at an observer, this observer would hear a very
loud noise. If the aircraft were capable of flying for a consider-
able period of time at approximately the speed of sound (M =1)
then the acoustic noise would build up at the aeroplane as at
O in Figure 15. When the aircraft slowed down, this large dis-
turbance would then continue to travel with the speed of sound,
a, and any observer who was in its path would no doubt hear a

*See the correspondence in Flight quoted in ‘Further Reading’.
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loud noise. Unfortunately this explanation is rather too simple
and it must be rejected for the following reason:
Unless the aircraft were capable of sustgined flight at about

‘M ==1 the sound of its engines, etc., would not accumulate; and,

in fact, the flight records do not show that the aircraft flies with
a velocity of V =a for a sufficiently long period of time to cause
a build-up of sound as described above.

The possibility must now be considered of the aircraft creat-
ing large aerodynamic, as opposed to acoustic, disturbances.
(Since a balloon emits no noise, the disturbances, discussed
above, which are caused by hypothetical balloons are aero-
dynamic rather than acoustic.} Aircraft do, in fact, produce such
disturbances and their occurrence may be explained best by the
balloon analogy. In place of the aircraft we imagine that as it
flies along a balloon is suddenly inflated and fills the space which
the aircraft would occupy and then the balloon deflates again as
the aircraft passes. These closely spaced balloons cause aero-
dynamic disturbances (or sudden changes in pressure and dea-
sity) to propagate, with the speed of sound, as in Figures la, b,
or ¢, according as the imaginary aircraft is flying sub-, trans-, or
super-sonically. '

1t is now well known that certain aircraft are capable of sus-
tained supersonic flight, and this is taken as a basis for our next
explanation. Warren asserts that the supersonic bangs can be
beard by any observer wha is stationed at a point on the ground
towards which the component of velocity of the aircraft is
exactly a. Figure 2 shows the geometry of this condition.

e}
Fig. 2. Aircraft, 4, flying supersonically with a velocity ¥V will have
a component of velocity equal to a in a direction AO, where

Bfe(\O =90° — g, and ¢ is the Mach angle.
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Here AB is the path along which the aircraft A4 is flying super-

sonically; if B?O:90° —u, where p is the Mach angle, then the
component of velocity of the aircraft in the direction 40 is g,
the velocity of sound, Thus the aircraft has a component of
velocity equal to a towards any observer who is stationed along
the generator of a cone, vertex A, axis the flight path AB and
semiangle equal to the complement of the Mach angle. Such an
observer will, Warren proves, hear a bang. The present writer
subscribes to this explanation as being, in his opinion, the best
one so far advanced which embraces all the facts.

It can be shown mathematically that an observer so situated
will receive the disturbances from many balloons simultane-
ously, very much as in Figure 15, and that this disturbance is
sufficient to cause a bang instead of a loud noise. Clearly, on this
explanation many observers are all able to hear a bang, and the
area over which it may be heard will be roughly rectangular,
with the longer side in the direction of flight. Thus this theory
can account for at least one of the facts listed above. It now
remains to explain the facts (1) and (2): that more than one bang
may be heard by some observers,

Multiple Bangs

A typical flight path is shown in Figure 3; P is the point at
which the aircraft begins its dive, and, before reaching 4,, it has

P

Fig. 3. At the point O two bangs will be heard; that produced at A4,
will arrive at O first and that produced at 4, will arrive Jater,
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attained supersonic speed. The plane continues to accelerate for
a while, and at 4, bas a velocity ¥V, greater than ¥, that which
it bad at A,. Since V, is greater than V', it follows that the Mach
angles at A, and A, are such that x, is greater than p,; and, if
A,T, and A,T, are the tangents to the path at 4, and A, respec-

tively, then 01/4\, T ,<O;1\2T2. Hence it is possible for a point, such
as O, to lie along the line whose direction gives a component of
velocity equal to a twice during the same flight. If this is the case
then the observer stationed at O will hear two bangs, and a
little thought will make it apparent that the bang heard first will
have been caused by the aircraft whilst at 4, and that heard
second will have been caused whilst at 4,.

The reader can convince himself by drawing other diagrams
of possible flight paths and assuming other velocity distribu-
tions along the flight path that jt is possible ta find points at
which three lines intersect along all of which the component of
velocity is a. Observers stationed at such intersections will hear

X > - >
@ Aﬂ)so"—p B \)\so"—p
S N
N ~
N N
N\ AN

~ AN
N N

O: OZ

Fig. 4. (a) Straight flight path; single bangs will be heard along 0, 0,
(b) Equiangular spiral flight path. The focus O receives a bang
from all points of the path. (See following page.)
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three bangs. In this way we have been able to explain the other
two facts about bangs; namely, that more than one.bang may
be heard by any given observer, and that the number of bangs
heard by different observers is not necessarily the same.

Reports have been published of bangs being so violent that
windows have been shattered by the force of the ‘explosion’. If
§upersonic flights are to become everyday occurrences then it is
umportant to investigate the possibility of the bangs being very
violent. Consider for the moment a straight flight path with a
constant supersonic velocity V parallel to the ground. (See
Figure 4a.) In the diagram the aircraft will clearly cause bangs
all along the ground and any point O on the ground will hear its
bang from only one point, 4, of the flight path. ’

Suppose now that the flight path were twisted in such a way
that the observer O were to hear a bang from the plane wherever
it was on its flight path — or at least for a considerable portion
of it ~ then the bang would certainly build up and become a

-violent explosion. Such a state of affairs could pertain if the
aircraft flew, with a constant velocity V (greater than a), along
a portion of an equiangular spiral. (Figure 45.) However, if
the aircraft did not maintain a constant velocity then the exact
shape of the flight path required to produce an explosion at a
given point would not be such a simple curve, and in fact the
path would be a function of the velocity at any point. Hence to
prevent violent explosions pilots of the future must be instructed
not to travel along equiangular spirals with constant supersonic
velocity!

There is one other explanation, which was put forward by
_B. A. Hunn, and this will now be considered. Hunn believes that
it is flight at approximately sonic speed which causes the bang
and he also showed that it is the aerodynamic as opposed to
acoustic disturbances which are built up. The fairly large area
over which bangs may be heard is accounted for on this theory
by the facts that (a) the bang ‘spreads out’ after having left the
aircraft when the latter slows down, and (b) the temperature
gradient in the atmosphere causes the direction of the bang to be
altered continuously.
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Hunn is able to explain multiple bangs by saying that a bang
is produced each time the aircraft passes th'rough or ‘t01.1c1.1es’
the speed of sound; thus an aircraft with a flight h1stqry similar
to that shown in Figure 5 would cause three bangs. Finally, the
difference in the number of bangs heard by different obse.rvers
is explained by again making use of the refracting properties of
the atmosphere; thus one or more of the bangs may not reach
all observers, because their directions are altered by different
amounts since the bangs were generated initially at different

heights.

Mach Number

@)

Fig. 5. Flight history which would, on Hunn’s theory, produce three
bangs when sonic velocity is attained at 4, B, and C respectively.

‘To summarize the present position, the theories of Warren
and Hunn each have something in their favour, and the correct
one will only be decided when an aircraft is flown in steady level
flight at about M=1.5. If, as I believe, bangs are still heard then
Warren's theory is more probable; if, however, bangs are not
heard, then the true explanation clearly depends on trans- and
not supersonic flight, and Hunn wins the day.

CONTROL REVERSAL

Before attempting to put forward an explanation of control
reversal we must be clear as to what the expression means. For
clarity we must confine ourselves to aileron reversal. The
ailerons on an aircraft are usually situated on the trailing edges
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of the wings and extend approximately ha®way along the wing
from the tips. They are hinged to the wing in such a way as to
allow up-and-down movements of their trailing edges, and they
are actuated by a sideways movement of the stick; if the stick is
moved so as to cause a downward movement of the aileron on
the starboard wing, then the port aileron will have an upward
movement, In such a motion the starboard aileron is said to have
a positive incidence and the other a negative incidence; and
normally the starboard wing will rise. The rate at which the
wing rises, causing the aircraft to roll, depends on several things,
two of which are the amount of deflection of the aileron and the
forward velocity of the aircraft.

It is found in practice that, for a given aileron deflection, the
rate of roll becomes less as the forward speed of the aircraft
becomes greater until a velocity is reached at which a deflection
of the aileron produces no rolling at all. If the aircraft velocity
is still further increased, then a positive incidence of the star-
board aileron will cause the starboard wing to drop, instead of
rise, as is normal with positive incidence, and the ailerons are
said to be reversed. The critical speed at which no rolling occurs
is called the ‘Aileron Reversal Speed’. It may be pointed out here
and now that the aileron reversal speed of an aircraft is not
necessarily the same as the speed of sound, and in fact the con-
cept of the speed of sound can from now on be forgotten. One of
the aims of an aircraft designer is to make the reversal speed

Fig. 6. Swept-back wing showing aileron attached by the hinges H,
and H,. Centres of pressure locus is shown — —— - and the flexural
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greater than the maximum speed at which the aircraft is de-
signed to fly. In this way control reversal can and should be
avoided. ' ‘ _

Figure 6 shows a typical swept-back wing with the aileron _not
yet deflected, attached by the hinges H, and H, to the wing.
Assume for the moment that the wing is perfectly rigid and will
not bend under any forces that may be applied to it; it is inclix}ed
at an angle of incidence «. In this case the lift of a small sec.txo'n
PQ may be considered to act at a centre of pressure R, and simi-
larly for all possible elementary strips. In this way the dashed
line MRB is obtained; it is called the centre of pressure locus.
It is, of course, impossible at the present time to construct a
perfectly rigid wing, and all wings must have certain fe]astic
properties. Suppose a vertical force to act at different points in
the strip PQ. There is one point only in that strip, shown as §, at
which the force may act without causing any distortion of the
wing. A force at any other point in PQ will cause a change of
incidence; it will increase « if it acts forward of S, and it will
decrease « if it acts aft of S. Similarly for all other elementary
strips. The locus LSC is called the flexural axis of the wing; it
can often be well approximated to by a straight line.

When the elastic properties are taken into account the wing
will distort under the aerodynamic lift which must be produced
to keep the plane in the air. If the wing root AF is at an angle of
incidence = then owing to this distortion the remainder of the
wing will be at a slightly different incidence. The aerodynamic
loads on the strips and the distortions produced by them auto-
matically adjust themselves so that, in level flight, the lift is equal
to the weight of aircraft.

Up to this point the aileron has been taken as part of the wing,
and in fact was at the same incidence to the air stream as the
wing itself. We now turn to a consideration of the aileron as a
separate unit. In the rigid wing case, if the starboard aileron is
deflected an extra amount 8 so that its incidence is «
board wing as a ill have a greater lift
the aileron was u Cted, and the port wj
the aircraft will roll. \ .

/e
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‘ What happens when elasticity is taken into account? Since the
aileron load is transferred to the wing by hinges H, and Ha,
f)vhich are usually aft of the flexural axis, the wing will distort,
its incidence will decrease, and the effect of the ailerons may be
nFutralized or even reversed, in which case no rolling will occur.
Since the amount of flexure of the wing increases as the aircraft’s
speed increases the ailerons become gradually less and less effec-
flve until reversal speed is reached, when the aircraft rolls the

wrong way’,

As explained above, for safety’s sake aircraft designers must
so arrange things that control reversal does not take place within
the speed range for which the aircraft is designed. How may this
be done? A complete answer to this question cannot be given in
an article such as this, but two ways of preventing, or at least
delaying, reversal can be mentioned. A reference to Figure 6 will

"make it obvious that, for a given force on the hinge points A
and H,, the resulting distortion of the wing will be proportional
to the distance of H, and H, from the flexural axis LSC. Since
the size and position of the aileron is determined from other con-
siderations this distance can be reduced only by moving the
flexural axis towards the trailing edge. This will involve detailed
alterations of the ribs, etc., composing the wings. The second
way of delaying aileron reversal is simply to make the wing
st.iffer by thickening the skin or by other means; however, the
difficulty here is that usually more material is required to pro-
duce a stiffer wing, and this all adds to the weight of the aircraft.

In conclusion, it should be said that the problem of aileron
reversal is rather more intricate than has been stated. No
account has been taken of the fact that the wing distortion

depends also on the density of the atmosphere; thus, for a given-

speed, reversal occurs first at low altitudes. Nothing has been
said about the reversal of other control surfaces, e.g. elevators.
To discuss this subject adequately the distortion of the fuselage
must be taken into account, However, one thing has been made
clear: that if the ajrcraft were made inelastic, then distortions
could not occur,and consequently reversal would not take place,
But there is still a reservation which is necessary to this last state-
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ment. If the wings are made thick, reversal may still occur be-
cause at high subsonic Mach numbers shock waves are induced
on the wings by the deflection of the ailerons; this latter is a very
complicated phenomenon and cannot be discussed here. Finally,
it should be re-emphasized that control reversal has nothing
whatever to do with that magic thing from which we started,
“The Speed of Sound’.

FURTHER READING

Supersonic bangs have been discussed at length by many authors, see
for example :
Flight, issues dated 3 October, 17 October, 31 October, 21 Novem-
ber and 5 December 1952.
Nature, issue of 31 January 1953.
The detailed theory of Aileron Reversal has been given in The Aero-
nautical Quarterly, Volume 1, May 1949,



RESEARCH REPORT

A. W, HASLETT

WHISTLING ATMOSPHERICS

ALTHOUGH whistling atmospherics had already been dis-

covered and described by H. Barkhausen in 1919 - that is, one
year before the earliest regular broadcasting service — until a
- recent investigation by L. R. O. Storey at the Cavendish Labora-
tory, Cambridge, little systematic research had been done on
them. Their characteristics are that they are of audio frequency

(from about 0.5 to 10 kilocycles); that they are of long duration |

(from half a second to several seconds): and that there is a fall
in pitch, or frequency, as the ‘whistler” proceeds. The effect of
Mr Storey’s investigations is to suggest that they offer a new and
promising means for the study of the most remote regions of the
atmosphere surrounding the earth. His experiments were illus-
trated at a Conversazione held lately by the Royal Society, and
have since been published.

When whistlers were discovered, and for some years after-
wards, the main interest in atmospherics was as unwanted dis-
turbances to communication. The immediate problem was to
determine the origins of the more frequent and short-lived ‘click’
type of atmospheric, of about 1 to 2 milliseconds duration, and
to correlate these with the distribution of thunderstorms and
meteorological fronts. It was from this work that the ‘Sferic’ ser-
vice of the Meteorological Office was developed as an aid to
forecasting. More lately, atmospherics have been used increas-
ingly in the study of radio propagation.

One of the earlier observations on whistlers was that they
were often heard one to two seconds after a ‘click’ atmospheric.
Since click atmospherics had already been connected with light-
ning strokes, it was a reasonable guess that whistlers, which
sometimes followed the clicks, had a similar origin;and a theory,
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based largely on this coincidence, was suggested by Bark'hau.sen
in 1930, and developed by T. L. Eckersley of the Marconi Wire-
less Telegraph Company in 1935. o

It may be useful at this point to state the 1mpl}cat10n§ of any
theory which takes this coincidence as a starting p01.nt'. If a
whistler lasting a second or so is congldered to have o'ngmated
in a lightning stroke lasting 1 to 2 mill}seconds, and takm.g place
another second or so earlier, then the interval between click an.d
whistler, the duration of the whistler itself, and the change in
frequency as it proceeds must all bevregarded as .secondary
effects, determined by conditions during a 'surprlsmgly‘ long
interval of propagation. T his interval is longer in mar}y whistlers
than the time taken by radio waves to travel (effectively undFr
vacuum conditions) from the earth to the moon and pack again,
Secondly, since the time-interval betv.veen .the arrival of t'he
highest and lowest frequencies of a whistler is comparzjlbl? with
that between the click atmospheric, if any, and the b.egmmng of
the whistler, it follows that during much of their journgy the
wave-packets which compose the whi.sFler must have been pro-
pagated under highly refractive cond1t10n§. .

There was little enough evidence at the time. But on one point,
Eckersley's theory led to a relationship which could be tested.
It was a prediction from his theory that the square 'root of the
frequency of a whistler should be inversely pxroportnonal to the
time-interval from its origin. This relationship was conﬁrmed
in 1933 for a single whistler, and to that extent tl?e primary
assumption made in the theory was supported by ev1d.ence.

The backbone of Storey’s research was the syste'ménc record-
ing of large numbers of whistlers, and the analysis in terms of
frequency of all good specimens record:cd. He used a straight-
forward receiver, restricted to frequencies between 0.4 and 10
kilocycles, and during one minute in every half—hogr, day and
night, the output from this was recorded .automatxc.ally on a
magnetic tape recorder. Routine obseyvanons ?onsxsted in a
daily play-back of recordings, the counting qf whistlers, and the
analysis of good ones. During three mogths in 1951 tl.u? average
number recorded was about 1.3 per minute. In addition there

¥
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was a series of special experiments in co-operation with the
Sferic organization. The object of these was to determine the
origin of click atmospherics followed by whistlers. During these
experiments, all ‘fixes’ of atmospherics by the Sferic organiza-
tion were followed immediately by the transmission by tele-
phone, from Dunstable to Cambridge, of a short tone which
was recorded at Cambridge on the same tape as the output from
the atmospherics receiver.

It was a general observation from the Cambridge records that
whistlers either came after a loud click or none at all, and this
was confirmed by comparison with Sferic fixes. Clicks preceding
loud whistlers came always from within 1,000 kilometres from
Cambridge, and clicks originating at distances greater than 2,000
kilometres were seldom followed by whistlers. They were typical
click atmospherics in that they came from storm areas, and their
wave-forms, when examined by P. W. A. Bowe, were found also
to be typical. There is thus good evidence that whistlers preceded
by cligks originate in lightning strokes in the same part of the
world, and that they return after an interval.

What of whistlers not preceded by clicks? Here the relation-
ship between frequency and time, already mentioned, has pro-

vided a useful indication. This relationship can be expressed in

the form that the time multiplied by the square root of the fre-
quency is equal to a constant D, which represents the dispersion
of the whistler. (If the drop in frequency is the same, the longer
of two whistlers has the bigger dispersion.) Both the dispersiont
and the presumed time of origin of a whistler can be determined
from its frequency at different times, whether or not the par-
ticular whistler is preceded by a click. But where a click and 2
whistler are associated, the time of the click and the time of
origin of the whistler are the same, within the limits of accuracy
of the method.

From their dispersions, single whistlers can be classified as
‘long’ or ‘short’. There are variations in the dispersions found at
different times; but at any one time there is a long group and a
short group. Whistlers not preceded by clicks are short. Long
whistlers, on the other hand, are consistently preceded by clicks,
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ughly twice as greal. The simplest
histlers have travelled twice as far
as short ones. In addition, there are sugcessions of whistlers. Ig
some of these the dispersions of all whlst.lers are the same, :;n
the intervals between them are then often irregular. The simp ehst
explanation is that they have fo)lqwed .the same path fromht e
same area, and originated in a multi Qle llghtnlpg-ﬂas_h. Butt er:1
are also trains of whistlers, in which the d%spersmn of eacIf
whistler is progressively greater tha'n that of its »pred.ecessor.
the dispersion of & typical short sfvhxstler af thp time is taken as
unity, then the successive disperstons gf a train of whxstl'ers are
either 1,3,5...0T 2,4,6 ..., accordmg as the first WhlSt'[er is
short orlong. In either case, the .ex{ra dispersion of each w}'xlstler,
compared with the one before 1t, is equal to‘two sgch units.
Storey’s explanation can be mosit conyemently introduced gft
this point. It is that the unit of dispersion, as thus defined, is
that introduced by 2 single jQurney be}ween the area roun'd
Cambridge and a corresponding area In the.souﬂ-\ern hemi-
sphere. A short whistler — not preceded by a click —is thus sup-
posed to have originated in a lightning stroke on the far side of
the equator, and to have made only one sugh joumey..(')n t?;
other hand, a long whistler (preceded by a click) has originat
in the area round Cambridge, but has travelled across the equa-
tor and back again, probably by roughly the same route. Trains
of whistlers are produced by waves which have been reﬂ'ectec%
backwards and forwards, possibly as many as .ten.or more times;
each whistler of a train has thus, compared with its predecessor,
made two extra journeys across the equator. ' N .
The interpretation that fong and short whistlers originate on
opposite sides of the equator is §upported also by such figures as
are available on seasonal varlatxon.'ln February and March
1951 the average aumbers of short whistlers ‘recorded per minute
at Cambridge were respectively 9 and 19 times as great as the
average number of long whistlers; but in July the number of
short whistlers was reduced to abqut one-ﬁftt} of the March
figure, and the number of fong v.vhx.sﬂers was. m;reased by 40
per cent. Short whistlers were still in the majority; they have

and their dispersions are 1o
interpretation is that Jong W
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qnly one journey to make, compared with two. But the direc-
Fxons of seasonal variation were opposite for the two types, and
in agreement with the variation of thunderstorm activity in the
two hemispheres.

The theory developed by Eckersley has been extended by
Storey, and is shown to provide an explanation of these facts.
‘It is necessarily complicated since the medium of propagation
is both dispersive and also has directional properties in virtue of
the earth’s magnetic field. Eckersley showed that waves of these
very low frequencies should penetrate the ionosphere,* and that
the.ir velocities of propagation should increase with frequency,
as is necessary for the explanation of the falling frequency of a
whistler in terms of a dispersive theory. Storey shows further
that, over a wide range of initial directions, the waves must be 0
refracted that the ray-directions correspond quite closely with
the lines of force of the earth’s magnetic field. Events up to the
upper limits of the recognized ionosphere should be adequately
predicted by the theory. Thereafter, given a sufficient density of
electrons, the waves will continue to be propagated in the
general direction of the magnetic lines of force. Above the
magnetic equator, they should reach a height of about two earth
radii, and should then return to earth by a path symmetrical
with that followed during the first half of their journey.

The only obstacle to the theory is the relatively high electron
densjty - of the order of some hundreds of electrons per cubic
centimetre — which it is necessary to assume at these great
heights. On the other hand, it is a fact of observation that the
whistlers return to earth, and there is rather strong evidence that

hey cross the equator. It is suggested that the electron cloud
may be derived, not from the earth’s atmosphere, but from the

*In radio communication, the frequencies used are much greater,
and waves that penetrate the ionosphere are those with frequencies
greater than the critical escape frequency. For an introduction to
some aspects of radio propagation, see Fundamental Principles of
lonospheric Transmission (Radio Research Special Report No. 17,
H.M.S.0., 1948). Whistler propagation is taken to be in the ‘extra-
ordinary’ mode (cf. doubly refracting crystals in the optical case).

»
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sun. Storey points out in a note added to his paper in February
that the zodiacal light is believed to be caused by the scattering
of solar radiation from a disk-shaped cloud of tenuous material
which surrounds the sun and is extended in the plane of the
earth’s orbit. From recent observations, H. Siedentopf, A. Behr,
and H. Elsisser have estimated the density of free electrons at
various distances from the sun, that at the distance of the earth’s
orbit being of the same order as is required by Storey’s theory of

whistler propagation.
Storey, L. R. O. Philosophical Transactions of the Royal Society, A,

246, 113 (1953).
Siedentopf, H., Behr, A., and Elsisser, H. Nature, 171, 1066 (1953).

BIOCHEMICAL COILS

In a note in Science News 22, it was recorded that a coiled (form-
ally a helical) structure for protein had been put forward by
Professor Linus Pauling and others, of the California Institute
of Technology, and that evidence in its support had been pub-
lished by M.F. Perutz of the Cavendish Laboratory, Cam-
bridge, from x-ray reflexions. Events have followed a rather
similar course in the case of another biologically important sub-
stance, deoxyribose nucleic acid. Its components were illustrated
by D. L. Woodbouse and H. S. A. Sherratt in Science News 24
(pp. 29 and 33), and the evidence on its distribution, including
that in chromosomes, was discussed. As with protein, several
different types of coiled structures have been proposed. The
earliest such suggestion, based on direct studies of nucleic acid
fibres, appears to have been made by A. R. Stokes of the Wheat-
stone Physics Laboratory, King's College, London, and M. F. H.
Wilkins of the Medical Research Council Biophysics Research
Unit, also at King’s College. The most recent and successful has
been published by J, D. Watson and F. H. C. Crick of the Medi-
cal Research Council Unit for the Study of the Molecular Struc-
ture of Biological Systems at the Cavendish Laboratory, with
supporting evidence from King’s College.

The structure proposed for the salts of deoxyribose nucleic
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::rxr()iec:;ssxslt)s <t)f two chains coiled in the same direction about the
e ax b,e tl r.1‘(')[ equally .spa.ccd from each other along the axis.
s rcmOViml a}tled by »ymdmg two wires round a pencil, and
formen Ttg the pencil. The chains proper are necessarily
oo C}z: (?rnat'e phosphatc and deoxyribose (sugar) com-
° S. aracteristic features are that the phosphate com-
fhenzr;t;:rfvgla}:ed on the outside of the coiled chains, and that
oo ;ow 1cd are atla(;hed tp the sugar components, extend
hYdrogen-boa(rl.s the axis, being weakly linked together by
oyeroge ther'l ing, the bases.o§ one coil to the bases of the
stairc.ase theam; of the ﬁbr.e 1s imagined to be vertical, as in a
restrictio’n frn these cross-linkages are horizontal. There is no
o e Cono‘r‘!:i structurg on the sequence of bases along any
bt 1 ,one csol_lergd by itself. .Bqt given the sequence of the
from rome < it ferc: are restrictions on that in the other both
croselinpaine nvsv ph space and the possibility or otherwise of
oy pygn.r;l.d.lt this structure, a purine base can be linked
to thymie ; : mz })ase; or, mor_e specifically, adenine (purine)
midine) Henl:;}; 11'1;1 ine), or guanine (purine) to cytosine (pyri-
Sdons t S ,tx the sequence‘ o'f bases on one chain is con-
o o etermined, there is in each position on the other
. fo]? y one base* to which cross-linkage can be effected.
ho m(:ng;&;ls t}}'flthf cross-linkage is‘fully utilized, the ratios of
o sho};lél able bases,‘ adenine/thymine and guanine/
o rati;s " e close to uany, although variation in the other
R an;1 t'r example adenine/guanine, might be expected.
et foe o SZ, ical results, qugled by Watson and Crick, show
condive areu:rcl:ts. of deoxyribose nucleic acid examined, these
pl:;::: t}}));of;;s;g sltructurg offers several criteria for testing. It
10 somt unite ylmasswe phosphorus atoms at a distance of
Viows S (. 0 A.) from the axis; and accounts for pre-
The o r;spacmg; of 34 A and about 34 A. along the axis.
! er of these distances is that between successive Cross-
Methyl cytosine, present in small amounts in deoxyribose nucleic

aCld rom some tissues 18 tleated S €quivale tto Cytosme fOI thls
1
a l n
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the longer the interval at which the whole
there is the assumption of a two-coil
f the coils one from the

linked bases, and
structure repeats. Lastly,
arrangement, and the uneven spacing o

other. .
The evidence from x-ray reflexions, although not conclusive,

provides either support or a measure of agreement on each
point. Wilkins, Stokes, and H. R. Witson discuss the reflexions
given by the sodium salt of the nucleic acid from a variety of
sources, including calf and pig thymus, wheat germ, herring
sperm, human tissue, bacteria,and bacteriophage. The effect is to
confirm the occurrence of a coiled structure of the dimensions
stated, and also the placing of a large fraction of the total mass
at the radial distance assigned to the phosphorus atoms. Evi-
dence on the remaining two points is provided by a particular
preparation from calf thymus, which has been examined by
Rosalind E. Franklin and R.G. Gosling of the Wheatstone
Physics Laboratory. ‘The structural unit’, they state from the
evidence of x-ray reflexions, ‘probably consists of two co-axial
molecules which are not equally spaced along the fibre axis.’
The latter point is critical to the whole theory of cross-linking
by specifically matched bases, which is thus cautiously, and in
part, confirmed.

Franklin and Gosling refer also to a different structure, also
two-coiled, which corresponds with a crystalline form, and of
which a detailed study is being published. It is formed in condi-
tions of lower humidity, and is interconvertible with the other
by the addition or removal of water.

With this amount of support, Watson and Crick have felt free
to discuss the biological implications of their structure. They
point out that if the two chains, initially cross-linked and coiled,
became separated, each could form new cross-linkages only with
the same bases, arranged in the same order, as in its original
partner. Each wou!d thus contain within itself the complete
specification for the building up through new linkages of a com-
plete two-coil arrangement. In this way, deoxyribose nucleic
acids could be self-reproducing, even to the order of successive
bases. And if the genes on chromosomes do indeed owe their
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specificity to the arrangement of nucleic acid, as some have con-
sidered, both their general duplication and the occurrence of
spontaneous mutation could be thus speculatively explained.

Watson, J. D., and Crick, F. H.C. Nature, 171, 737 and 964 (1953).
Wilkins, M. H. F,, Stokes, A. R., and Wilson, H. R. Nature, 171, 738
(1953).

Frankiin, Rosalind E., and Gosling, R. G. Nature, 171, 740 (1953).

SCALE AND AGE OF THE UNIVERSE

Although much of the evidence has yet to be published, it is
clear from preliminary accounts by Dr . S. Bowen, Dr Walter
Baade, and Dr Edwin Hubble that a major reyision is in progress
in the scale of extragalactic distances; and that, for interim pur-
poses, the distances of all extragalactic nebulae can be treated as
double their former values. Since the estimated ‘age of the uni-
verse’, based on the apparent rates of recession of extragalactic
nebulae, involves estimates of their distances, this, too, will be
doubled. The reason for revision is that the curve relating the
absolute brightness and the period of variability of ‘classical’
cepheids, the variable stars used to provide a measure of dis-
tance, is now thought to have been in error. According to Dr
Baade’s account, the cause of trouble has been the treatment of
two essentially different types of star as one type.

One of the earliest inconsistencies noted arose from an
attempt by Dr Baade to find short-period ‘cluster-type’ variables
in the central region of the Andromeda nebula. These are vari-
able stars, with periods shorter than one day, which are named
after the globular star clusters of our own galaxy. The peri(}ds
of classical cepheids range from rather over one day to about
fifty days. The cluster-type variables should have been visible by
a small margin in plates exposed in the 200-inch telescope at
Palomar Observatory; but they were not. Comparison with the
brightest stars seen suggested a discrepancy of about 14 magni-
tudes, that is, of about four-fold in brightness. Further experi-
ments were carried out to test the two obvious possibilities : that
the cluster-type variables were fainter than had been supposed,
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or that the distance of the A'ndrom.eda nebula w: Swgarse 2:::; 1;2
answer the first question, the 200-inch t?l‘:)slcop'n the globular
check the luminosities of cluster-type varia f ?Sollar brightness’.
cluster Messier 3 by comparison with stars ?i tlsuat the luminosi-
The results of these measurements suggestetl known to within
ties of the cluster-type variables were correchey second question,
about one-quarter magnitude. To answeg.tt nce of the Andro-
an independent estimate was made of the ls:ts O de in three
meda nebula by photoelectric ,.neasuremeome of the brightest
colours - yellow, blue, and ultra-violet - on s the luminosity and
stars in the nebula. From this information lts agreed closely
distance of a star can be calculated. The tr etsttlere was an error
with the original estimate: name'ly, thz' tance of the Andro-
equivalent to about 1} magnitudes in the dis

meda nebula. : Dr A.D.

Observations made on the Magellanic Cloilrlriii?a:’)::onclusion.
Thackeray and A. J. Wesselink have led 1o z;,1ses were greater by
Distances estimated from cluster-type vaflaates based on classi-
about three-quarters than the ongxr_ml estim ount suggested that
cal cepheid variables, and a preliminary acc

i thing.

the final figures were likely to be greater if a“;’l i(li tg pes through
Dr Baade approached the problem of cephe ycorrespon "
his discovery that star populations are of two te);lpgs the prosence
ing, as is now thought, with regions characteriz | tYon 11 which
or ;bsence of interstellar mafte;‘. (\,S;a;(sj ;”i ‘l: :;l;t:rls " l’ﬁs own
i latter case, (ncid )

:22;3;? d ‘}lr“lhgzz were strong reasons to Susp ect tllll at thilg ;111;22
ing cepl;eid variables, although present in both pop ;

i ies and hence each group of

ted two different speci ; : "

ZZ:gZi:in;Z??o be calibrated independent.lir. Sll;li::ili) ?g):l :tai\;ln
; day, exist o

ith periods shorter than a > € pu’
?Ib'lf::,l;m}gagd:’s nomenclature, they are Tyge I Cephglds . ]?ut
bo,tix ty;es ‘include stars whose repeated perlgfds of brightening
to fifty’.

immi from about two days
an%;;mtzgfbrlinf:vised estimates of the scale and age Oflt'he
extra afactic universe seem likely to remove more difficulties
than %hey create. One of these relates to the age of the earth,



114 .
Science News 29

w .
mli]lllfgnh‘;;zeseﬂDvaﬂo}lsly estimated at between 2,000 and 3,500
to 4,000 mill'io OUb'lmg the age of the universe — from 2,000
Secondly, it hasnbyedr'S - shoqld at least leave some margin.
appeared’ 0 b een an old difficulty that our own galaxy has
Doubling the d'c:nsxderably the largest of the known nebulae.
their dimensionls-dnces'()f the extragalactic nebulae doubles also
will be reduCed.S’ and, if not wholly removed, this difficulty also
pr;rghrees;er‘:;;oga()f the scale of ex.tragalactic distances now in
e ve a further value in relation to cosmology. It is
betaeen t};e 2 tr)le were needed, of the.: disproportion which exists
and the theorefServatlonal foundations used by cosmologists
ical structures based on them.

.;c;lurnkal of the British Astronomical Association, 63, 133 (1953)
o ;Nf: eray, A. P., and Wesselink, A. J. Nature, 1935, 171, 693. .
HZ 11) bolrm; IX;tltute of Technology, press release, 12 April 1953
¢, E. Monthly Noti 1 ety (i
ko nrcss. 'y Notices of the Royal Astronomical Society (in

HIGH-ENERGY RADIATION AND PLASTICS

Changes produced in the physical properties of plastics b
equsure to high-energy radiation in a nuclear reactor have b .
studu;d by A.Charlesby, and more lately by M. Ross ti;n
Atomic Egergy Research Establishment, Harwell .The r,ea It in
most p‘lastincs, including polythene and polystyren;a is th tS more
cross'-lmkm‘g is introduced between the long chains’of :' ?Ore
Slf.:itxf: con:xs;s. In fhysical properties, there is in polytl:;nlec ﬁ?s]te
sing of the melting point; the i i iatior ’
po!ythene pecomes mgofe elastic,n;r‘;vclitl;l%;iitei:slrl:ad'l?tmn’ Fhe
Pomt' acquires rubber-like elasticity; and, finall Su'dh v
1Fra(]'1atuon, it becomes ‘completely amorp’hous l’):e; :lt e
I{ke in cl.laracter’, even at room temperature. Tl;e ei;e, ta oy
?::lggo flS plroportional to the radiation received o(\:/e?nacivoiiist;
crosgs-“nk\;ﬁ ue’s, so that specimens with any required degree of
cross-links g can’be prepa.tred. Fn the case of polymethyl metha-
ylate (‘Perspex’), there is a different type of effect. There isaa

_Charlesby, A., and Ross, M. Nature,

* Versity. The specimen is irradiate
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panied by expansion, and 2 white,
hich consists of a mass of bubbles.
r by a relatively slight exposure to
or by a greater amount of
bubbling is attributed to the

loss of transparency accom
brittle material is formed W
This effect is produced eithe
frradiation, followed by heating,
irradiation without heating. The
breakdown of side-chains, leading to the release of carbon mon-

oxide, carbon dioxide, and hydrogen; and the expansion which
takes place may be to six Of eight times the original volume.
Similar effects are produced by gamma-radiation from cobalt-60
~equivalent to high-energy x rays =0 that, if uses are found for
this expanded plastic, there will be means available for its pro-

duction without direct recourse to 2 nuclear reactor.

Charlesby, A. Nature, 171, 167 (1953)-
171, 1153 (1953).

L INSTRUMENTS

UNUSUA
f unusual principles were on

Sf’me instruments which made use © les ¥
view at a Conversazione held lately by the Royal Society 1n Lon-

don. In one of them changes iv the velocity of sound through a
gas mixture were made to operate a warning system. It_was
dDr.E.G. Richardson of King's

designed by Dr L. E. Lawley an

College, Newcastle-upon-Tyne, in
a colliery where methane was extrac
workings and piped to the surface. Its purp :
give warning should leakage of air into the system result in a
mixture approaching explosive proportions. A cathode-ray
indicator shows the difference in phase between sound waves

leaving a telephone earpiece at 08¢ end of a tube, through which
the gas mixture passes, and 2 microphone at the other. When the
proportion of one of the 8ases, and therefore the phase-shift,
reaches a pre-set figure, it IS arranged that a buzzer will sound
and an external relay system €all be operated.

An apparatus for the automatic analysis of coins and other
archaeological specimens, without damage to them, was shown
by Mr E. T. Hall of the Clarendon Laboratory, Oxford Uni-
d by ‘white ’ x-rays, and erhits

the first instance for use at
ted from boreholes near the
ose in this case was to
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characteristic s
crystal mountee; o:: a; y xrays which fall on a rocksalt or calcite
spectrometer. The se r}Adl.nO‘,na“CﬁUy scanning and counting
known in advance wr;,smmy is about 0.2 per cent, and, if it is
instrument can be pre ich elements are to be watched ;or, the
scanned. Thus emplo -sgt >0 that only relevant wavelengths are
of use in metallurgy zv;e,rlt ‘:Vas suggested that it might also 52
mil\tnw.as [r equired in a mineut: Z:V:ew(z)ge of the composition of
instrum : . .
signed by theenthZ;;h 12" different type of interest has been de-
was shown at the Ph nies ReS.earch Station, Wallingford, and
meet the difficulty thystlcal Society’s exhibition. Its purpose’ isto
and basins for the st ad the miniature waves produced in flumes
dom of uniform heju hy of coast and harbour problems are sel-
model or of imperfegt-t’ whether because of reflexions in the
designed to count a ctions in the generator. The instrument is
height of each from Stample of 300 waves, and to measure the
vertical wires, which rough to succeeding crest. A series of 34
level of the v’vater T}\:ary progressively in length, explore the
operate an alarm ci.ch'te~ shortest and longest are arranged t0
the capacity of the a it if any wave is produced which is beyond
probes and its nej hgparatus' Between each of the remaining 32
reaches successiveg rmkl)r a resistance is connected. As the water
shorted out. A pufs: es additional sections of resistance are
probes which ar -counting circuit counts the number of
e covered between trough and crest, and the

effective hei
ght of th i
readings. e waves is calculated from message-Tegister

CORRESPONDENCE

CIENTIFIC METHOD

MaNy philosophers and 2 Jarge number of physicists have
attempted to describe science and scientific epistemology, but
Chf’-mnsts and other scientists have rarely ventured into this field.
Science itself is very difficult, perhaps impossibte, of definition,
and the best we can do may be t0 accept Polanyi’s suggestion*
that a scientist is one holding certain beliefs. These beliefs are
concerned with the nature of problems and the ways in which
they may be solved.
The most fundamen
Lhe world, that A must necessarily
¥ B. A and B need not be events =

but even the most enthusiastic oppon
statistical predictions o lead to almost complete certainty on

the macro-scale, This belief may or may not apply to all 4 and
all B, some would apply it only to events in which we or other
sentient animals consider ourselves {0 be observers, not affected
by and not affecting the event under observation. In the field of
the older sciences, physics, astronomy, etc., this leads to no diffi-

culty, but in the sciences concerned with living beings it may be
i { is an observer in the above

hard to decide whether the scientis
sense or not. Few would deny that 2 physiologist studying the
circulation of the blood is, but what is the position of 2 psychia-
trist? Perhaps such subjects will have to be recognized assciences
in which another observer describes the behaviour of an obser-
ver and a subject of observ:
This relationship of 4 10
law : a law thus states that i
observe B. A law cannot say W

for the Philosophy of Science, 3,217

SCIENCE AND S8

hat there is order in
be accompanied or followed
one may be a probability —
ent of determinism expects

tal scientific pelief is t

ation.
B is usually said to be governed by a

f we observe A we shall then or later
hy this should be so; a law cannot

*Polanyi, M. British Journa)
(1952),
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tell us why water should boil at 100° C. under ordinary pressure,
although it may state the problem in another form. It must be
stressed that even on non-deterministic theories it is asserted
that if one observes a sufficient number of As, one will also
observe a certain number of Bs.

This belief in determinism is based on universal experience;
the opinion has often been expressed that scientific laws are
merely statements of past experience, that we should express no
surprise if our house were to uproot itself, but this view is
opposed to common sense, and certainly has no place in the
scientific outlook. Indeed, if it were to occur science would
immediately look for some law to explain its behaviour, and in
the event of not finding one would invent one.

'The second important belief of science is that within the whole
field of phenomena there is only one explanation which will fit
all the facts. All our knowledge (or, at least, that part which is
the concern of science) reaches us through the senses, and
science, true to its first belief, attempts to construct a ‘picture’ of
something responsible for our sensations. Whether this picture is
‘really’ true is outside the scope of science, but science believes
that only one picture will give a perfectly correct account of
what will happen when we make all possible observations. This
explains the eagerness with which scicnce attempts to unify its
laws, to replace a large number of specific laws by a few general
laws. To use an analogy, a few square inches of red, blue, white,
and so on, paint, are arranged so as to form a picture of a man or
other subject.

Since the concept of order implies measurement, science is, a8
pointed out many years ago by Eddington, a study of measure-
ments only. This is easily seen in physics, but even in chemistry
the same is true. The identity of two compounds is assumed if
" they have the same properties, such as colour, melting point,
density, viscosity, etc., all ascertainable by measurement. The
statement that oxidation of acetaldehyde gives acetic acid
means, in fact, that if we take a substance agreeing in all its
measurable properties with a substance once called acetaldehyde
and treat it with a substance similarly identical with a named

‘well shown up. Thus

-of its place in t
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oxidizing agent we shall obtain a third substagce :;azr::{lz
identical with the substance originally callc.ad_acetxcfaﬂw.Raction
firmation of this, it is well known thgt Fhe faxlu;: :;1 e L.
i8 usually attributed to impurity, i.e. it1S assert s
dehyde or oxidizing agent was not 1der§t1cal in aa]so Stk
Wwith the substance first so-called. The failure rrllil);n S bl
on wrong concentrations, temperature, etc., aaking o

This example also illustrates the plcture-n;ves e o
science: a picture is formed of atoms (themse

. . : d
i i n) in a definite way an
the picture) linked up (measurement :}ig:(; lZy L2 e ment, link-

under conditions which may be specl ; :on is illustrated
ing up in another way. The tendf’ncy ° umzc?:iﬁnoﬁng proper-
by the way in which this picture i used tc; € ?ﬁcé.tion o all sub-
ties of acetaldehyde and eventually, the class ssumed to contain
Stances alike in certain ways a$ aldehydes, 2

the same group of atoms.

It is thus necessary to specify the e

asure. i is well known, has o en' 0 Ié
surements, and science, as 18 e ¢ ter clarit

define common words'in the direc d on sight is also ex-
rigorousness. The great Fala 0 e designed to be read by
plained : most measuring instruments are
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e do not think that this
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ix‘;erzif ?(Siélrgttac:lon of the world, and while this cannot be proved

known to us. It Stigecukite on the nature of things for ever un-

butes presen£ e ere is an ext;mal universe its metrical attri-

50 by our first s msglves to us in the way described by science,

play jok lentific principle we assume that nature does not
jokes on us, and that she really is as described.

' R. SHILTON
Tottmgton, Nr Bury, Lancs.

CONSCIOUSNESS AND THE BRAIN

;13":1; 50(1;26?;2621 in Mrs Knight’s article ‘Consciousness and the

Soin . ((:‘WS 25) and t‘he §ubsequent correspondence in
nce News 27 are of such vital importance to our whole out-

izg;( that perhaps you will allow some further discussion of this
C.

Dr Mays says that our immediate awareness of anything ~ say
the' sgnsation of seeing something red — and the scientific de-
scription of the attendant phenomena are ‘different logical
types’. I think this point needs taking much further. We may
know that a red object emits radiation with a certain frequency
Spectrum, that this impinges on certain cells in our retina, and
that these send out signals to other cells in the brajn, The’pro-
cesses concerned must end somewhere, say in e[ect}o-chemical
char.lges in nerve fibres or synapses, or whatever else future in-
vestigation may reveal. The real point is that such an event as
an electro-chemical change is nothing but an electro-chemi a1
change; it is not the sensation itself, and the sam ot
pattern of observable physical events. The sensati
able, undescribable, and unobservable by an
subject. We may react to it and say ‘T see sonf
that can have meaning to another person on| b
ptrgts it by analogg with his own sensations "};h
other contents of o i .
et ur consciousness, such a

A machine could be constructed
red’ when a red object was placed j

€ goes for any
on is unanalys-
one except the
ething red’, but
ecause he inter-
¢ same goes for
$ thoughts and

which said ‘I see something
n front of it, but this would

" inadequate for such a study.

- which is apt to dismis
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Prove nothing except to him who conﬁ‘lses. reactmtxlxli:‘o :c:lrir::
stimulus with direct awareness of it, which is sorrlx)e ; 'gntiﬁc—
distinct, Consciousness or direct awareness cannot :v lsed(ilge o
ally’ observed in any other person, and our only kno
comes from introspection.

We are conscious not only 0

the time relation of succeeding O These
‘identity’, i.e. of being the same self today as yesterday.

facts point to a stable entity as the b?ckgftmnd of our awareness,
and it is this entity which we call ‘mind’. he conclusion that

The above line of argument then leads to t elthough there is
mind is something quite distinct rom bram,bam which, to be
obviously some connexion between them, abo clude tt;at the
frank, we know nothing. We may further co

; i in terms of
workings of ‘mind’ are essentially unexplgiemrzg:n lgf tscientiﬁc
physical events, and are t

herefore outside t
may be
method as this is understood today- Even our language n y ;
Perhaps the most promising line o
is at all possible ~ is some form of
to be developed.

e sensation but of

f each separat .
nes. We are also conscious of

investigation - if investigation :
introspection, using a discipline ye naps be drawn at this
Certain tentative conclusion® m?iz):serare real if anything is
a .
stage of the argument. Our SENS2T. ir interpretation
(incg:l di n hallucinations ~ 1L 35 only the.lr ,mte P ed
uding eve s of ‘reality’ are based on

i i i other notion y ar :
?k:::tnlsl?lz fa:l;)l’i;g“;: a;Vhen we say that something is or exists,
. Henc .

it exi here in space
i d that it exists somew
w take it for grante .
a:du:: :él;;e given time. It is, however, b}f no means ce.rttam :hz;
such categories are relevant when spea.kmg of the exis enci of
mind; indgeed all indications seem to point to the contrary, sin

i i where in space is almost tanta-

aying tha omething exists SOMe ;

;o:mt tto :s:ying that it is observable. It mlgl}t be necessary to
i i hat it is nowhere in space, and per-

a mind exists, but t

assert that 1 cither.

t exist in 11 o )
hagz‘g;oesst;:ments may be repugnant to the scientific mind,

s them as metaphysical or mystical non-
is now undertaking to investigate

wever, science . .
sense. If, ho tly about the subject, and either

mind, it will have t0 think correc
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accept t i

acce fis 1::7 Zeci'ssa.ry lnfgrences or give up the attempt. Of course

e 51 éon certainty that mind is capable of understand-
same sense that it is capable of understanding

nature, and it may be that
‘ ; we shall ha i
ing that mind exists, and leave it at th‘:: 10 be content with knovr

London S.W.7 R. HADEKEL

COSMIC RADIATION

In the article on ‘Cosmic Radiation’ i A
o the : 3 _ : 1on’ in Science News -
Showerssor::gie?jfba Ig)s§1ble diurnal variation in the ]Zagg?igr
e ut e y Elliot at Manchester, although it was also
o e numb‘er'of events was too small for an ex
planation in e;msD of Estgtlstlcal fluctuations to be ruled out i
am informed ¢ gl thx_- lliot that subsequent observations ha.ve
e e e eﬂ"c.ct,. and that it now looks as if th

ion in terms of statistical fluctuation is the correct onee -

. E. P. G
Department of Physics, Sydney University EORGE

* probability extends to

. which the theory of games M
 taken to be empirical, seems t
at scientists. Professor

SOME BOOKS RECEIVED

SCIENTIFIC EXPLANATION: A STUDY OF THE FUNCTION
Np Law IN SCIENCE by

OF THEORY, PROBABILITY 4
University press), pp. 376, 40s.

R. B. Braithwaite (Cambridge '
difficult book 18 developed

Pr. i ite’s i t but
ofessor Braithwaite’s importan _ o hilosopher of

from his Tarner Lectures 1946. ° , ler C
science’, he holds, ‘is primarily to make clear what 18 hapP?f“";fislt‘;
scientific thinking’; and it should b worth t £ m'OISt S:leto o
fo read him. An analysis of deductive system® and f:alculll ;a ; hcult
conclusion that the preferred system is one in which all the di

and applications to

deductions are i mathematics,
s are in the stage of pure '
& particular subject-matter are left as lateand madeas easy as possible.

The importance of freedom of theoretical terms I8 logically }u§tl§egf,
and models, not surprisingly, receive scant favour. T'he‘ dl;CIUSSIO f
the criteria applicable to statlst}ca aws, an

If as a gamé against nature in
. The final section on law,
o be Jirected more at philosophe.rs than
des that ‘if clarification has
s to construct deductive
it will assist in the

Presents the progress ©

Braithwaite conclu

the secondary effect of encouraging scicnns;
systems and to use theoretical concepts freely -

Progress of science. . - -
ADVENTURES IN puys1oLOGY by Sir Henry Hallett Dale
p. 652, £6 65.

(Pergamon Press, 1953, P . ‘
The publication of 3 selection from the published papers of Sir

Henry Dale has been given historic?l value by the addition of an
introduction and commentaries which supply the personal back-
ground to the work and the author’s own judgement as to why par-
ticular experiments Were done or not done, or copclus.lons drawn or
not drawn, at particular times. The first impression is of the large

) he initial suggestion of a subject,

part allotted to luck. Examples are t of :
his two main interests, the transmission of im-

ergot, which led to 0 ] 5
pulses from nerve fibre endings and the study of histamine and shock,
n procedure turned strikingly to advantage.

and two cases of errors i
The second impression 18 that success in research depends, not on the
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receipt of luck, but on the use made of it. And the third, valuable to
all research workers, and several times illustrated, is the difficulty of
reaching a new idea before its proper time. As its publishers and price
should suggest, the volume is magnificently produced.

MR ToMPKINS LEARNSTHE FACTs OoF L1rE by G. Gamow
(Cambridge University Press), pp. 88, 12s 6d.

Mr Tompkins’s adventures in physics have been so pleasingly told
and illustrated in earlier books by Professor Gamow that his present
excursions into blood-stream and digestion, chromosomes and cyto-
plasm, and a brain populated by barking, Pavlovian dogs, hold an
obvious and realized prospect of mixed entertainment and instruc-
tion. There is the usual concluding lecture, this time on ‘the relation
between the phenomena of life and the laws of physics’. Also, as
usual, there are unobtrusive allusions which those who wish may
seek to identify.

THE TooLs OF SocCIAL SCIENCE by John Madge (Long-
mans, 1953), pp. 308, 25s.

The greater part of this book is an analytical account, with exam-
ples, references and frequent appraisal, of the methods of social
science. In an introduction and long first chapter there are more
general discussions on such matters as objectivity, presupposition,
values, language, and the place of logic in research. The author’s
approach is pragmatic and unpretentious, and the more detailed
chapters are never allowed for long to remain merely a catalogue.
In a final discussion he claims a double position for social science ~
both as a science in the making and in society.

A BACKGROUND FOR THE PREVENTION OF BILHARZIA
by Alan Mozley (H. K. Lewis, 1953), pp. 71, 9s.

The relationship between bilharzia, the parasites which cause the
disease, and the snails which are their alternate hosts, has been used
so often as an illustration in the teaching of biology that there should
be a wide interest in this simple monograph, written primarily for
public health workers. Dr Mozley gives most of his space to the
characteristics, habitats, and limiting requirements of the snail species
concerned — there are seldom more than two in an area — and for
long-term control places the main emphasis on applied ecology; with

* Some Books Received 125 .

. . lable
copper sulphate, knowledgeably used, as an '1n3mefhate1ya;;':‘xlllz;ﬂy
measure, He predicts that more extended irrigation, P

when perennial, will add to bilharzia areas.

IMMUNOCHEMISTRY: BlOCHEMICALSOCIETI;{I.S:::IEE)::;:
No. 10 organized and edited by Dr R. T. Willia

bridge University Press, 1953), PP- 94, 12,5 6d'.  a balance

The usefulness of this symposium 1S that 1t n;]?:it:l;m of immun-
between the basic problems of immunologyémesst commonly made
ity reactions and hypersensitivity), o whic n}); evidence warrants,
statements are more simple and definite .than td e Srotopic labelling,
and various current techniques (including ;a l: not been often re-
and the use of enzymes as antigens), Which z;:; reading of medical
viewed. It should be a useful supplement t t

_ Students and others.

ESEARCH (British Medical

R
SoMs Aspects OF ENZVRE Tt Council, 1953), pp. 84,

Bulletin, Vol.9,No. 2: London, B

15s. ’ L

ide i to be readily summarized,

jum, too wide in scope to : u fzed,

3":‘:“2:1 [l);;sx: committee under the chairmanship of Sir Rudolp

Peters,

WEATHER INFERENCE by D- J. Holland (Cambridge Univer-

sity Press), pp. 196, 30s. ‘ N

This is a b(’)ok without category. }t is an attempt byri: :;m:g gm-
fessi jogist, evidently with Air Force expe ,
O aent intro rology and weather forecast-

i i i i jon to meteo
vide an intelligent introduction t oloBy e ther that he ob-

i expanded comment.ary
;vazgr:zgl};grdefi in England during the auufmn .of 1%3t6, wg;,:n hii
was a boy without special facilities. A type of beginner’ to w

i biologist, lacking in thermo-
suited would be a'young :
:;:;:jnz “lﬁ:: amenable to the simpler physical formulae.

Tue EARTH AND 1TS MYSTERIES by G. W. Tyrrell (G. Bell

18, 16s.

and Sons, 1953), PP 278, . o |
Dr Tyrrell formerly Lecturer in Geology in the University °,f

Glasgow. an(,! now an honorary research fellow of the same uni-



126 Science News 29

versity, has written a careful and well-illustrated book which is
po;?ular only in the good sense. It is the third member of a series
which now covers~the sciences of earth, sea, and sky, with the last
three words of the title common to all books. ’

BRITISH PYRALID AND PLUME MoOTHS by Bryan P. Beirne
;l:rederlck Warne, 1952), pp. 208, 189 figs, 16 plates in colour
s. ’
It .is forty years since the publication of a book in which all British.
species of the superfamily Pyraloidea are illustrated and their life-
histories described. It is illuminating that of two species suggested
for compars_ion with others as well studied, one should be Ephestia
elutella, which as the ‘Cacao Moth’ or ‘Tobacco Moth’ is of quite
evident importance.

PHYSICS AS A CAREER by Norman Clarke (Instit
i t
Physics, 1952), pp. 70, 6s. (Institute of

Practical information and advice for the would-be physicist.

ABOUT OUR CONTRIBUTORS

R. S. BARNES graduated at Manchester University and, during the
war, worked at the Admiralty Signal Establishment on naval radar.
He is now employed at the Atomic Energy Research Establish-
meant, Harwell, in the Metallurgy Division, where he is investigat-
ing the diffusion of metals in metals.

JAMES BARNETT is & zoologist who did operational research for
Coastal Command and the Admiralty during the war, and for the
past two years has been working at the National Institute for

Research in Dairying.

F. GASKELL graduated from Cambridge University and obtained
his Ph.D. degree early in the war for seismic work on land and at
sea. During the war he worked with the Royal Naval Scientific
Service and Combined Operations. Subsequently, he joined the
Anglo-Iranian Oil Company, and was in Iran until 1950. He then
obtained leave of absence to take part as chief scientist in the world
cruise of H.M.S. Challenger. This cruise was completed in the

autumn of 1952,

oral Science Tripos and the Mathe-
matical Tripos at Cambridge, and also studied physiology in the
Natural Science Tripos. For the last four years he has been lec-
_ turer in the Department of Psychology at Bristol University. This
summer he is to visit Princeton University as a ‘visiting professor’
for one year. Apart from his special interests in psychology, philo-
sophy and mathematics, he is also addicted to literature, rugby

football, and cricket.

. i. GEORGE read both the M

M. N. HILL was born in 1919. He graduated from Cambridge Univer-
sity in 1946 after six wartime years spent with the Royal Naval
Scientific Service working on underwater counter-measures. Since
1946 he has been with the Department of Geodesy and Geophysics
at Cambricge, and is a Fellow of King's College. His geophysical
work has been chiefly concerned with seismic prospecting at sea.

G. N. LANCE was educated at Reigate Grammar School and King’s
College, London. He graduated with first-class honours in mathe-
matics in 1949, obtained his M.Sc. in 1950, and in 1952 was awarded
a Ph.D. for a thesis on ‘Some Problems of Supersonic Aero-
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dynamics’. In the same year he joined Hawker Aircraft, Ltd, as a
mathematician in the Design Department. Hobbies: philately,
carpentry, and gardening. f

A. M. MAYER, aged 26, is a graduate of University College, London,
who turned from chemistry (B.Sc.) to plant physiology (Ph.D.).
Since 1950 he has worked in the Botany Department, Hebrew Uni-
versity, Jerusalem, teaching plant physiology, and doing research
on germination and germination-inhibitors, and on the mass cul-
ture of Chlorella as a possible source of green fodder.




	168381_Page_01
	168381_Page_02
	168381_Page_03
	168381_Page_04
	168381_Page_05
	168381_Page_06
	168381_Page_07
	168381_Page_08
	168381_Page_09
	168381_Page_10
	168381_Page_11
	168381_Page_12
	168381_Page_13
	168381_Page_14
	168381_Page_15
	168381_Page_16
	168381_Page_17
	168381_Page_18
	168381_Page_19
	168381_Page_20
	168381_Page_21
	168381_Page_22
	168381_Page_23
	168381_Page_24
	168381_Page_25
	168381_Page_26
	168381_Page_27
	168381_Page_28
	168381_Page_29
	168381_Page_30
	168381_Page_31
	168381_Page_32
	168381_Page_33
	168381_Page_34
	168381_Page_35
	168381_Page_36
	168381_Page_37
	168381_Page_38
	168381_Page_39
	168381_Page_40
	168381_Page_41
	168381_Page_42
	168381_Page_43
	168381_Page_44
	168381_Page_45
	168381_Page_46
	168381_Page_47
	168381_Page_48
	168381_Page_49
	168381_Page_50
	168381_Page_51
	168381_Page_52
	168381_Page_53
	168381_Page_54
	168381_Page_55
	168381_Page_56
	168381_Page_57
	168381_Page_58
	168381_Page_59
	168381_Page_60
	168381_Page_61
	168381_Page_62
	168381_Page_63
	168381_Page_64
	168381_Page_65
	168381_Page_66
	168381_Page_67
	168381_Page_68
	168381_Page_69
	168381_Page_70
	168381_Page_71
	168381_Page_72

