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Editorial
ANY scientist casting his eve rapidly down the list of
Contents is liable to raisc an eyebrow as his gaze meets the
title Teleparhy. Psychical research is stiil not a respectable
subject to the vast majority of laboratory workers, and any
journal which offers to take it seriously itself becomes
suspect. It is not simply that in the past psychical research
has been plagued with charlatans and the worst kind of
amateur investigation, but rather that its aims have seemed
different from those of natural science, and really rather
boring to men studying the phenomena of the Universe like
equals of the Creator. Some of it has been tangled up with
the attempt to prove the existence of Life after Death, and
all of it with the study of human personality, which even
under the more neutral name of paveholoay, is still shunned
by some men of scicnce. Accordingly, we felt it necessary to
be very cautious. We had to avoid the kind of pseudoscience
which conceals large dollops of pure emotion inside a
genuine-looking wrapper of scientific method, the sort of
thing which convinces the unwary casual reader who takes
a great deal on trust. On the other hand we wanted to be
fair, to display what had been honestly accomplished in this
field of study. We chose Telepathy as the subject, because
of all the departments of Psychics it is the one most suscep-
tible of simple experimental attack, and one in which
advances have certainly been made in the last fifteen years.
And we chosce the authors because between them they have

an enormous experience of psyehical research, encyclopaedic

knowledge of conjuring, and acutelv critical minds. The
result is probably as fair and objective as any review of the
field can possibly be at the present time.

What clse in the Contents is especially noteworthy?
Exploring Jan Mayen by members of the Oxtord 1 nin CTSity
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Fig. 1.—Diagram of aircraft in light showing the position of the
‘bird’ (A) and aliernative mountings (C and By for the mugnetic air
detector units.
navigational technique: with four cutters acting as wireless
stations transmitting radio signuls to the aircraft. These
signals are recorded alongside the magnetic trace on the
same photographic strip so that they can be interpreted to
give the position of the aircraft at the time of passing over
any magnetic anomaly. The aeroplane flics on a level course
up and down parallel lanes over the ocean, automatically
recording the magnetic anomalies and their geographical
position so that they can be studied at leisure on the ground
by experienced geologists, who will decide if the anomaly
indicates oil-bearing or associated rocks.

The magnetometer used in this particular survey was
developed from M.A.D., the magnctic airborpe detector
designed during the war for searching for submarines from
the air, and the E.F.S. system used in harbours for tosting
the effectivencss of degaussing equipment abourd ships.
Actually the Russians were the first to attempt  aerial
surveying when they devised a4 method based on pe change
of inductance in a coil of wire, due to magnetig ¢ ali
but this oy 'O ot ¢ anomalies,

Wwas not sensitive {0 vanations of Jegs than one-
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twentieth of the earth’s ficld and is clearly of no use in oil
prospecting, although it did help them discover some large
iron ore deposits.

On land the magnetic method is the quickest and cheapest
for surveying, and this remains true in the air, with the added
advantage that small local variations and anomalies are
non-effective and eliminated. leaving only the deep structure
effects, which are then relativelv more pronounced, and it
is deep structures which will be connected with ol pools.
Even so this initial survey of the Bahumas took six to cight

Fig. 2 (2).——Magnetic Maps from Ground and Airborne
Surveys of the Mangum. Oklzhom:, area
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Total Magnetic Intensity: Observations taken a1 ground surface
Note the town of Mangum in the unper left-hund auadrant of euch
map (see also pp. 12-4).
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Fig. 2 (b).—Total Magnetic Intensity
Flight level 1,935 ft. above sea level
c. 300 ft. above ground

months, and must be followed later b
survey of the most likely areas by
methods.
Aerial prospecting, as distinct from mere aey;
raph).' and pure surveying, js now quite :,:n:lt phptog-
practice in America. It has been used over Texas Stablished
parts of the U.S.A., including northern Alaska‘ Hand many
whe.n. flying over land it is important tq § .d cre again,
position of the aircraft and ‘split-field’ ph N the exact
usually taken as the aeroplane flies over the oroSraphs are
are later correlated with accurately knowy grgg?lﬁgd' These
] surveys

Yy a tedious carefy]
gravity or seismic
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Fig. 2 (c).—Total Magnetic Intensity
Flight level 2,935 {1. above sca level
¢. 1,300 ft. above ground

of hills and similar landmarks. Flying at a thousand feet,
several hundred miles of survey can be recorded on one
continuous strip. Figure 2, A.B,C,D, gives a set of magnetic
traverses taken at various heights above the ground over
the same strip of ground in Oklahoma. The characteristics
can be interpreted geologically and the information gained
will be about the major structure of the rocks with in-
creasing depth as the height of the survey increases. Thus
the survey at ground level will give the position of any
unusual rock structures quite close to the ground surface.
That taken by an airborne magnetometer at 300 feet will
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Fig. 2 (d).---Total Magnetie Intensity
Flight level 7,935 tt. ubove sea level
c. 6,300 {t. above ground

concern major rock structures rather further beneath the
surface, i.c., more deeply seated structures as the geologist
would say. Similarly the surveys at progressively ir\crcas}ng
heights give the general rock structures at Increasing depths.
With increase in height, however, the absolute value of the
anomaly detected will rapidly decrease and the geological
inter‘pretmion becomes progressively more eeneral andblcss
('ieta‘lled. The- utility of the mcthm‘i 18, however, elear since
S TR e e T O B

Cing nvestigated.

Geophysical prospecting, geophysics for short, is a4 com-
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mercial science which has developed so.rapidly in the last
two decades that it is now by far the most important tech-
nique for the discovery of new oil-fields, and uses some
of the most precisc and sensitive apparatus in science. It often
surprises pure physicists when they find out how sensitive
these geophysical mstruments are. For instance the three
types of gravitational instruraents, the torsion balance, pen-
dulum, and gravity meter, have all reached their ultimate
practical sensitivity. Gravity meters will detect the change in
gravitational attraction on raising them from a road surface
to the kerb, say about four inches. Thev can now be made
sensitive to vertical positioning to within un inch and no field
surveys, in regions where o1l may be tound. are better than
this, so there Is no sense in designing more accurate equip-
ment. Torsion bualances similarly are so sensitive that the
limitation in their use is the practical one of corrections for
local terrain gravity attractions caused by slight hillocks,
mounds, depressions and embankments.

Eotvos, in the 19th century, and Schlumberger, since
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some control by varying the type and position of the ex-
plosion. The recently introduced radio-active technique (see
below) has specialised applications already, and may be
more widely used later when thoroughly proven,

These geophysical methods are most powr
or more are used in conjunction. Someiimes
such as the magnetic will be used §
a sensitive one, such as reflection scismic, for determining
the detail in an area. It may also be tombined with a
relatively ambiguous method, neither of tl
themselves, but together they cross-elimip
interpretations except one. A fine ex
dxsyf)vmy recently of the CXiension of the Rand banket
which gave the new Orange Free Spye aold field. Muagnetic
and torsion balance surveys in co-operation l\\‘.'t.l ‘%\"”’d
geological interpretation guve the ¢y, f\;r thi : \1 > . Lc

Slowly geophysics is extending iy “Pplicizril::s m‘llrllld
seismic waves are now used in explor ng ri\'Cr‘y;:uc :S :md
buried channels. Typical prohlems may be findi ¥
hard rock on which to pluye ot mdmg.sumblc

: place bridge piers or site dam
foundations - the huge new dam on the Waikato ; \: '
Zealund for instance. If geophysics had pl(;tt,f(1°}1‘? New
of the old Mursey river, which ﬁrobublv ch:xng;d ]I“ Pat\h
near the estuary several thousand veurs dgo, a lo: u;ursc
troubles encounicred when the p’rciiminir)" ‘tu ~O the
water-logged sands in the old bed of (he five vnml met
been avoided. er would 1

A few special minerals and ore body depasits ¢
located, gold as mentioned above iy an exam I? t};m be
present most of the minerals which mialt ba dp‘(&"- ‘ut at
not sufficiently valuable (o = ctected are

pay for ¢ ( :
. t B Costly con Iy
methods. Large iron-ore deposits were found bé);/ ,éjlllyn:.lcg}

magnetometers mm Sweden and Russia, but iro e 1S
re]auvc.ly abundant, which, combined x\nh‘;ts c}?*mc‘ l-b
means it is rarely sought by geophysicivs. Placer N ijﬁncglsi
sand deposits sometimes contain gold, and Lthc ’f ;;~uw'd
be found by magnetic traverses (if they are th«:?o-scarﬁ??i,

ful when two
a rapid method

e precise in
ate all the possible
ample of this was the

1ave

or the survey und then |
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‘black sands’) or by clectrical and gravity traverses, across
the old river beds of previous and present-day streams.
Galena, graphite and the fine silica sand used in making
the best grade optical glass can be detected and distin-
guished by combining cicetrical and gravity traverses.
Graphite and good quality sand are swliciently valuable to
prospect for them. During the vwar muny minerals were in
short supply in the States, even with the increased output,
and new sources of chromite and bauxite were sought and
found by gravity surveys. the chromiie in Cuba and the
bauxite in Arkansas. Sulphur is sometimes found in huge
masses in the cap rocks just above salt domes™ wlong the
Gulf coast. Salt domwes arc a fuvourite oil cache in that part
of the world, usually located by seismic and gravity methods,
and 1t 18 surprising to readse that 1iis cconomically worth-
while to search for such a cheap mineral ss suiphur, al-
though, of course, where it is found it occurs in very large
quantities relatively pure.

The geoplysicists’ quest is, howeser, almost always for
oil, and nuclear physics has found a minor application in
radio-active well-logging, the buest technigue used in
looking for oil. Since oil is found only in sedimentary
rocks any difference in radio-activity between sandstones,
clays, shales and Uimestones will be a vatuable way of
distinguishing bewween them. Common sediments in order
of increasing activity arc: coal, salt. limestone, sandstone
and shale. Shalc often contains potassium micas and the
salt deposits may also contain potash. In both cases
radio-active potassium may be a vital clue in detecting the
different strata, Rock layers with uranium or radium will
be found as well, All the work is aimed at trving to find the
sand strata if there are anv, since that is where the oil
will be.

The method is very simifir (o Schlumberger's resistivity
logging. A long metal casing or tube contains two Geiger-
Miiller counters. complete with umplifiers, so that chunges
in radio-active intensity are mognified. sent up the cables
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_ as electric impulses and recorded at the surface. The metal
tube is let down the well on the end of a very long cable
and then pulled up by winch at a steady rate, recording the
radio-active intensity continuously. 1,500 fect per hour is a
common rate for withdrawing the detector and wells down
to 12,000 feet have been 1ogged: .

Only gamma rays are sufficiently penetrating to pass
through the metal well casing and container — uImOst_ all
wells are lined with metal tubing to prevent the sides
collapsing and filling -in the well hole. Changes in radio-
active intensity give a clear indication of a sand-clay
boundary, and this method has advantages over the usual
electrical logging since old wells can be cxplored through
transparent casing in order to detect any oil-becring strata
which may have been missed and overlooked when the
well was first drilled. Further, where oil or salt in the
drilling mud at the bottom of the well make the electiical
method useless, radio-active logging is quite unaffected.

It was more recently realised that more information can
be got by actively bombarding the rocks with neutrons.

.-~ GEIGER-MULLER COUNTER - —

' '
1 . . . . !
| ‘ . i ;
L i
. - - st
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This combined with the natural intensities as found above
eliminates many of the ambiguitics. Indeed the neutron
attack is the ncarest approach to the direct detection of oil,
Fast neutrons arc only slowed down appreciably by atoms
of approximately the same mass, i.c.. hydrogen, which
means, in practice, in oil wells, water or oil. When they
have slowed down suflicicntly the neuirons arc captured by
atoms in the rock mincrals which then become artificially
radio-active, and, being unstable. may emit gamma rays
which are picked up by the detector. The neutron souree,
a mixture of radium and bervllium. is at the upper end of
the tube and the detector at the bottom so that as _thc
cable is hauled up the detector passes through regions just
previously activated by neutrons. Figure 4 is a sketch of
the technique. The combination neutron - ganima-ray logs
give a distinction between sandstones and limestones, which
are hard to distinguish, and in generul between porous,
liquid-filled regions and those which arc non-porous.

The airborne magnetometer and radio-active well-logging
are only the latest develonments in looking for oil, which
is always somewhat of a gamb’e. No interpretation of
geophysical measurements is ever better than a good risk,
a guess made with the help of local geology. Since,
however, new wells are continuously being found to keep
pace with the ever-increasing world consumption of oil,
geophysics can well be said to be an cfficient and successful
young science.

STANDARDTEXT-BOOKS
(but hardly suggested as light reading)
C. A. Heiland. Geaphysical Exploration (Prentice Hall & Co., 1946),

Jakosky. Exploration Geophysics (Times Mirror Press, Los Angeles.
1940).

L. L. Nettleton. Geophysical Prospecting for Oi! (McGraw Hill &
Co., 1940).



Aspects of Bee Behaviour

DR COLIN G.BUTLER

THE organisation of the social Jife of & colony of honey bees
has for generations past intrigued man, and many have been
the suggestions made in attempts to explain this pheno-
menon. Some of the carlier writers. including Virgil
b.cncvcd that a king bee reigned over the inmates of c;lc};
hive and directed their labours. It was not, indced, ynyj|
1925 when Résch published his findings on the division of
labour amongst the worker population of a colony of bees
that we began — and it was only a beginning - to understand
something of the organisation of sociul life amongst ybtccg

Rosch showed that every worker bee is able to undcrtuk .
all the tasks which present themselves to her, follows ¢
with advancing age, a definite sequence which is the Sjt?ng’
for each individual member of the populition of 3 Droi ‘e l'c
balanced colony. He showed that the life of the \vgkry
bee in such a colony is divided into three muyip pcr'r ((;r
during which she performs the following dutics ip tIO S
nursery work, houschold work, and foraging The u'm,
first duty performed by the young adult bee is 1o (e, very
the lately occupied cells of the brood combs so th&t o1 out
larve may be rearcd in them and, at the sape z: further
also helps to maintain a high and almost constant ime, she
ture in the brood nest. When she bCCOm{:.s‘qb tempera-
days old she ceases to clean out cells, and [‘m‘ o \hrep
about the sixth day of adult lif¢ she is prim.‘.r‘l”} then until
with feeding the older larvae with a mi.\'tur: l‘}: concerned
pollen which she takes from the storeg \YO‘ honey and
within the hive. During this period she .h ‘O, ]th“‘sc foods
large quantities of protein in the form of poif.&c,f consumes

glands in her head called the ‘b ey Cortain
(¢ r - )
he 00d-food" glands, which
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secrete a jelly-like substance very rich in protein, have been
increasing in size until by the sixth day of adult life they
are fully developed. From the sixth until about the tenth
to fifteenth day of adult life, during which period her brood
food glands continue to seervle more or less abundantly,
she attends to the {ceding of the very voungest larve
whigh, until they arc wbout three days old and begin to
reccive a diet of honey and pollen, receive nothing but this
special glandular food (Plate 13). By the end of this period
of nursing the worker's brood-food glands have once more
become greatly reduced in size, und she enters into the sec-
onq of the main periods of her adult life.

The second period commences on or about the four-
teenth finy with her first short flight trom the hive, the so-
called ‘play’ or first orientation flight. During the course
;fi :t}tlgr;l?‘itrscfi\gcig:y[; t‘hc young bee iy responsible for such
by the ﬁsm“m j e n;'cmr that is brgughz nio the hive

48CTs, stoming and ripening it, seeing that the
pollcq brought in is likewise siored properly, general house
Clcf”“_ng, the secretion of wax and uny fccessary comb
building, and, by muking further oricniation flights, she
legrns the position of the entrunce to her hive, relative to
neighbouring objects in the apiary (Plate 14). Such things as
other hives, bushes, and even stones. situated within a few
yard§ of the hive, all come 1o serve as useful landmarks to the
homing bee. Towards the end of this period in her life
the young bee frequenily helps to guard tie entrance of
her hive against robber bees and vasps.

By thc time a bee s three weeks old she has learned to
recognise the position of her hive in the apiary and to find
it again, and she then emburks upon the third and last
period of her fife during which she collects water, nectar,
pollen (and sometimes o resinous substance called propolis
which is used for scaling up small spaces within the hive) in
the field (Plate 15). During good flying weather in the sum-
mer when the ficld bees are very busy, this final period in a
worker bee’s life may last for anything up to three weeks
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If at the end of the period during which the young bee is
performing her orientation flights, prior to becoming a
fully fledged ficid bee, and is learning the position of her
hive relative to neighbouring objects in the apiary she is
captured at the hive cntrance and released a short distance
from her hive, she will find her way home by sight, by
recognition of objects in the vicinity of her hive and the
position of her hive in relation to them. As soon, however,
as she commences to seck nectar and pollen in the field at
some distance from the hive, two further senses come into
play and ussist the young bee to find her way home.

The Forager's Bee-line

Before discussing these senses, let us first see how a bee
behaves when she has found a really abundant supply of
good-quality food. Let us suppose that a number of bees
have found a dish of sugar syrup that we have placed on the
ground one hundred yards away from their hive (Plate 10).
These bees can be observed to fly straight out of their hive,
‘make a bee-line’ for the dish of syrup that they have
previously found, settle upon it and immediately begin
to feed and, as soon as they have filled their honey-
stomachs, which will fake about half a minute, return by
the most direct routc to their hive. Here they proceed to
regurgitate the syrup that they have collected, passing it
with their tongues to those of the houschold bees that are
Tesponsible at the time for the storage and ripening of food
brought into the hive. These ficld bees then leave the hive
once more and return 10 the dish for another load of syrup.
ofl{l9?1;et0f a series of observations made during the summer
(See Platgcl)()bccls were found to be visiting u dish of syrup
their hius Tl)1ep aced on the ground about 360 yards from
quiCk-dry.i ne c:;'l tlwq bees were each marked with a spot of
oraces so that Itlh?c paint on the florsul surfaccs of their
from all other he. g sf)u?d be readily recognised not only
marked red and o, ut also from each other, one bee being
© other biue. When this had been done
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continuous observation was kept on this dish for just over
one hour and the number, duration and time of the visits
of these two clearly marked bzes to the dish werc noted.

During this hour one of these bees paid sixteen visits to the
dish and the other fourteen. the average length of time
each bee spent on the dish being just over half a minute;
the remainder of the time, that is to say the intervals
between visits or the time spent each time in ﬁyi‘ng horr}e,
getting rid of the syrup, and flving out to the dish again,
averaged about four minutcs. In the ¢vening thcs; same
bees were still visiting the dish with great regularity and
must between them have already made at least 150 round
trips, almost certainly without a break. between the hours
of 11.26 a.m. (when observation on the dish commenced)
and 4.25 p.m. (when it was discontinued for the day). On
the following and subsequent days these two bees were still
visiting this dish as regularly as ever. It should also be
mentioned that in order to reach this dish they had to fly
either over or very near many other dishes containing
syrup of the same concentration and in the same abun-
dance, and yet they never, so far as could be determined,
deviated from their course in order to visit any other dish.
It is now known as a result of this and other experiments
that honey bees do in fact remain remarkably constant to
one particular dish or small group of flowers to which they
have somchow become attached, even though this dish or
group of flowers may be surrounded by others of apparcntly
equal attraction over which they are forced to fly in order
to reach their especially favoured dish or patch of flowers.

It was also obscrved in the simple experiment that has
been described that each of these bees took up a very
definite and characteristic stance on the dish. One of the
bees always chose a point of feeding on the west side of
the experimental dish and the other selected a point on the
north side. Neither bee ever moved more than a millimetre
or two from her chosen position, and cuch assumed a
characteristic attitude whilst drinking. one drinking from
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the side of the dish and the other settling head downwards
on the reservoir which suppiied the syrup to the dish.

Sensing Dircciivir and Distance
Now it might perhaps be imagined that those two bees
that were visiting this dish of syrup with such regularity
were finding their way between the dish and the hive by
means of sight, by the recognition of various lundmarks.
Undoubtedly sight, combined with the memory of various

prominent objects scen on previous flights, did assist these-

two bees to find their way home from the dish, but, as
already mentioned, Wolf has shown that two other SCNSCS,
a sense of direction and a sense of distance travelled, supple-
ment the recognition of landmarks. Let us supposc that
we place a dish of sugar syrup exactly one hundred yards
due north of a fairly strong colony of becs. Sooner or later
a few of the bees from this colony find this dish of syrup
and begin to make regular journeys between their hive
and the dish, transporting the syrup home as quickly as
possible. As soon as half a dozen bees have scttled down
on our dish let us mark cach of them with conspicuous spots
of white paint so that we may rcadily recognisc them even
whilst they are on the wing. The next time that some of
these marked bees visit the dish and have settied down to
feed we pick up — very gently, so as not to disturb the bees
~ the dish with the bees still feeding on it, and move it to
a point thirty yards due west of the original feeding place.
We find that when the bees leave the dish they do not fly
in a direct line to their hive as they have been doing
previously but instead they fly exacrly one lzzlzg(lred yards
due south and, failing to find their hive in this ‘position,
they begin to fly round and round in conccntqc circles
of ever-increasing size until they finally recognise some
landmark which cnables them to rcoricntntg themselves
and find their way home. Similarly, if the dish of syrup
with the feeding bees on it is moved to a pomt.duc cast
of the original feeding place, the bees on leaving it fly
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due south, rather than south-west, for exactly one hundred
yards before they realise that they are lost. The same be-
haviour is observed if the dish with its feeding bees is
moved from its position duc north of the hive to a new
point just south of the hive. In this case the bees_ fly in a
direction exactly opposile 1o that which would bring them
back to their hive.

To carry this experiment to what appears to be aln»u\)st‘ an
absurdity, the writer once removed the dish from 1ts cus-
tomary position and pluced it on the roof of the ‘hn\;e.
Most of the bees on leaving the dish failed to recognise the
fact that they were actuzlly on the roof of their home and
flew away in scarch of it. The results of these experiments
show very clearly that the honey-bee not only makes use of
local landmarks in order to find her way back to her hive,
but also possesses knowledge of the direction from the
feeding place in which her hive should lie und also of the
distance that she has previousiy flown between her hive qnd
the dish. Thus our cxpcrimem{xl bees on leaving the feeding
dish in each case flew due south for exactly one hundred
yards in order to reach a point at which they expected to
find their hive.

Guidance by Smell
‘In the course of these experiments the observer would
have noticed that, although many hours or ¢ven several
days may have passed before a single bee cume near the
dish of syrup that had been put out to attract the bees,
once one or two bees hud found the dish the number of
bees visiting it increased rapidly. He may even have been
led to won&cr whether or not the bee that had first found
the dish of syrup was able to comey knox\'!cdfgg osf the
presence and position- of the dish 1o hCI‘.Slslk'l‘s. ,o.me
writers, unable otherwise to explain the rapidly llle‘CdSlng,
population, have put torward the ghcory _that the ‘finder
bee leads other bees to the source of food cuhgr by actgauy
flying along in front of them to it or by laying a trail of
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scent between the dish and the hive, or something of a
similar nature. Actually as we now know, mainly on
account of the work carried out by von Frisch, the finder
bee does not leave trail of scent or anything else to lead
further bees to the food. She is, however, fully capable of

informing them of the presence and source of a particular -

kind of nectar or pollen and, furthermore, the direction
from the hive in which the flowers in which she has found
this food are situated and the approximate distance between
them and the hive. When a bee has found some profitable
source of food in the field, such as a dish of syrup or some
flowers in which a rich supply of pollen or nectar is avail-
able, she fills her polien baskets or honey stomach as the
case may be and returns to her hive. She will in all proba-
bility enter the hive and move on to one of the ncarest
combfs. Here she proceeds to dance a little dance more or
less vigorously. The more profitable the source of food the
more vigorously she dances. Some of the younger becs that
have just reached foraging age and are near to the dancing
bee pay a great deal of attention to her, turn and face her,
often follow her movements, and every now and then the
dancer feeds to them small quantities of the nectar or pollen
that she has collected. These small quantities of nectar or
pollen can be shown to contain enough of the perfume of
the kind of flower from which they have been collected to
inform their recipicnts of the perfume associated with the
flowers from which the nectar or pollen was obtained, Later
some of these recipients will leave the hive in their turn in
search of this perfume and thus of the flowers from which
it and the nectar or pollen were obtained.

Communication by Dancing
The dance itself is somewhat variable, but fundamentally
it consists of a series of figures-of-eight repeated at frequent
intervals. If the source of food is located only a short
distance away from the hive the two loops of the figure-
of-eight are superimposed one on top of the other (Fig, 5),
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Fig. 5.—A, bee is able 10 communicate to other bees whare food is to
be found by *dance kanguage’. This is the pattern she dances when the
source of food is relatively near 10 the hive - the sc:-ca'licdf Round
Dance of von Frisch, (Figs. 5 and 6 come from von Frisch's paper
in Experientig}
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g, b i increases, the dance pattem gradual{y
chirlxggeséumﬁstrf;ep::f?r:c; reached. Here, in the so-called Wagtail
Dance, the bee makes a half-circle to the right, then a straight run
during’which she waggles her abdomen, and then a half-circle to the
faft.
hut as the distance between the hive and the food becomes
greater the two loops of the eight become more and more
discrete until, when we reach the stage that the source of
food is situated at a distance of about one hupdred yards
from the hive, a perfect eight with entirely distinet loops is
being formed (Fig. 6).

As the distance becomes greater than one hundred yards
a straight run of proportionately increasing length is inter.
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polated between the two loops of the eight and during the
performance of this part of the dance, the straight run, the
dancer Wwags her abdomen rapidly from one side to the
other (Fig. 7.) Thus the dancer is able to indicate to her

sisters the approxirgate distance between her hive and the
source of food,
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Fig. 7.-——~How a bee conveys to other bees the direction in which a
profitable feeding place lies with respect to the hive. In A the straight
tun (shown by wavy line in the diagrams since the bee is waggling her
abdomen) is vertically upwards on the comb when the food source
lies in the direction of the sun; if the food is in the opposite direction
(see D), the straight run is vertically downwards. By varying the
angle of the straight run to the vertical the bee can communicate the
intermediate directions. (Reproduced by courtesy of the editor of The
Observer, based on von Frisch’s diagram published in Experientia.)

Finaly it has been shown that the degree of inclination
of the straight run, if present, to the vertical is an indication
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of the direction in which the source lies relative to the
position of the sun. If the straight run is made vertically
upwards on the comb then the source of food lies in the
direction of the sun at that time; if the run is performed
vertically downwards the source of food lies in exactly the

* opposite direction, and so on. Thus a bee is able to inform

her sisters of the richness of a source of food, of the kind
of food, that is to say whether it be pollen or ncctar; of
the perfume of the flowers in which this food is to be
found, and of the direction from the hive in which these
flowers lie and their distance from the hive!

Division of Labour
Although we know quite a lot about the division of
labour amongst the worker bees of a colony before they
become field bees, that is, in general, say before they are
three weeks old, unfortunately we know very little about
the division of labour amongst the ficld bees themsetves.
Many observers are convinced that some form of division of
labour does exist between the field bees of a colony which
ensures, under reasonably favourable circumstances, that
all the bees do not go off to collect nectar, resulting in the
collection of a surplus of carbohydrate and a shortage of
protein. The order, if such exists, in which the scveral field
duties are undertaken by every individual worker bee has
not yet been determined with any certainty. One or two
observers working with small colonies composcd entirely
of very young becs have come to the conclusion that,
generally speaking, necctar is collected by the younger
foragers whilst pollen is collected by the older ones, and
water is collected by the youngest foragers of all. The
colonies upon which these observations were made were
not, of course, properly balanced ones and these results are,
therefore, open to question. Indced Rosch himself was
unable to discover any definite sequence of dutics per-
formed in the ficld, and more recent research strongly sup-
ports the view that whereas there may be a tendency for the
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oot field bees to collect nectar and the older ones
poye'lluen,! this is little more than a tendency, and the work
ormed by a field force of a colony of bees at any given
time is probably less dependent upon age than upon such
other factors as the nutritional requirements of the colony
at that time, and, perhaps, the relative availability of
nectar and pollen in the field. It is, of course, well known
that a certain number of bees collect nectar and pollen
simultaneously from the flower of their choice, and that
certain flowers contain so much pollen and are constructed
in such a way that the visiting bee, even if she should only
be desirous of collecting nectar, is compelled to collect on
her body a great deal of pollen as well. It is, however, less
well known that in certain circumstances a bee will, after
combing the pollen off the hairs of her body, instead of
transferring this pollen to her pollen baskets for transport
back to her hive, deliberately drop the pellet of pollen on
to the ground. Such behaviour can frequently be observed
amongst bees that are working sunflowers for nectar. There
is thus some evidence that whilst for the most part the
honey-bee is a creature of habit blindly doing certain things
in response to certain stimuli, she is capable on occasion
of breaking the general rule and doing the unexpected.
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OIL PROSPECTING
SEISMOGRAPHY

Explosive churges are set off in holes drilled in the ground, to obtain
a record of the speed and character of the resulting vibrations as they
are reflected back from successive layers of subterranean rock.
Interpretation of the records (see Science News 8, page 63) leads to
detection of oil-bearing strata. L ) .
The following eight plates show the difficulties of ground prospecting
in the quict backwaters and swamps around L§|ke Arthur, Louisiana.
(Plates 1 10 9 by courtesy of the Standard Qil Company, N.J.).

e

Plate 1. Quarterboats moored under trees draped with Spanish
moss constitute a floating base for the entire field party.

Plate 2. Setting off for the day's work. A centrifugal pump -
with out-board motor head is too heavy for one man.

A e P
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Plate 3. All loads are
limited 10 thirty - five
pounds per man. and there
are frequent halts for rest.
At times the men nay sink
up 1o their knees in mud,

Plate 4. A hydraulic drill
bores holes as deep as
cighty feet to receive the
explosive, when the opera-
tuonal site is  ached.
Water  for the drill iy
pumped from a sush pi,
casily blown in the swamp
with dynamite, using the
pump seen in plates 2 and
3

water into the intake

Plate S0 Priming the water-pump by powt S dush pit. The pump.
head. which will then be dropped into tnt M:\ L through the
under the hands of the man on e nghts GQne E

line in the hachground to the dnl! calaee 3o

e b transnit the
Plate 6. Meanwhile, the connections on the J}v,np_lnl.:r; \\[::::\crlx‘)rdcr ol
im s pick-up ncrophones i the beld to the rec
Sulses trom the prck-up nucropt ( et
e ‘lll)\LL fover. The ne record s a [‘I\Ul\‘&"dl‘h of gal
are checked <
movemenis




OlIL
I PROSPECTING

B MAGNETOMETRY

(See Advances in Geo-
physical — Prospecting
page 9).

Plate 9. Another way
of  studying  under-
yground rock is by
measuring the strength
of the carth’s magnetic
tield at different points.
Here a ground surveyor
is making a measure-
ment of the pull of the
roch beneath his feet
on a magnet inside the
box of his instrument.

3

Plate 7. A Iightprpof ghanging bitg is the portable dark :
room in which film from the recorder is developed
immediately after the explosion has been made

i Plate 10, A moddern improyenent is to make ‘lhcfn‘;\lgrg“%c
blate . Examining the de o i wnvey by qeroplane. A twin engime Beecherall of the 7.5,
. EX developed seismic rec . ! unvey by seroplane. A twil ¢ig i : cle
carth vibrations e record of the ; Geological Sunvey carries 3 special acrial magnetometer

¢ Bird ) beneath i, ke @ bomb. .
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ADFECIS OF
BEE BEHAVIOUR

The different functions performed
by the worker  bee follow 4
definite sequence, which ¢qp be
divided into three main periods,

Plate 13, In the hirst
period  she carries
OUt nursery duties,
his photograph
shows  nyrse bees
feeding larvee curled
up in their cells,
and  older house-
hold  beey respon-
sible  for capping
ccllscontainingt'ull_v
Brown larvp.

Plate IS Fin;nlly::
the bec 'grudu;l(_c?
1o foraging duties.
This bee iy seehing
nectar  trom  plum
blossom.

Plate 16, A dish-
feeder of the tvpe
described on page
24 i which a con-
stant - supply  of
sugar syrup is made
available  to  the
experimental  beges,
(Plares 13 10 16 by
courtesy of Dy
Cthvery l

Plate 14, The second
set of duties can be
described as house-
hold duties, which
include storage of
nectar, sealing of
cells, and comb-
building. Here 4
worker |y tearing
down 4 queen celt, '



EXPLORING JAN MAYEN

Plite 19, A kinva
flow breaking up:
the white specks are
lichens. in the fore-
ground, sand collec-
ted gy depression
beary Howcrlng
planms, The SNOW-
covered summig of
the 8.000-f1. Beeren-
berg voleano rises
above the mist.

Plate 17

R ey,
Vogelbers, ihe stte ot oo o the bird stud
With

the Beerenberg volo o hehind

Plate 20, Olacters

at the N.E. end of

. > North Jan Maven: mist

view of the Beerenberg, with the N¢ anks at sea level

and 2.000-1t, Photo

taken at 2 am, 1}

miles off shore, few

plants grow on the
exposed vy,

Plate 1%, Anothes

Lagoon ar s foor,

Plate 21, Typical
late snow area. {ee
axe  marks  where
plants  begin (o
Erow: near top of
slope, Taraxacum,
Saxifraga and
1rahis lower. Noite
deteitus held on
snow surface
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'"ELEPATHY

. . v 1 Plate 2% Tl
Plae 260 50ul and Goldned's expermientil set-up 108 He 28, The

wlepaths ivestigations. The Agent is on the night
and the Esperimenter controlling the Agent on the
fefi. the Perapient and Experimenter controlling
the Pervipient st in an adjomimg room

Plate 27 The Expenmenter controlling the Agent
sits this side of the sereen. She is provided with a
sheet of random numbers (A). If the first number
up
4y of
wsed o ume

15 2, she holds the small card beuring the figure 2
Lo the aperture (¢). and so on to the end of
50 guesses. The stop-clock was merely
the duration o the ron

i Agent's side of the sereen. The Agent,
Secing the figure 2

2 at the aperture («) would look .t
the second card from the left. These cards (o) bear
animal symbols und are placed face downwards inside
the cardboard box.

RESEARCH
REPORT

Plate 29, A section, high-
b magnitied through a
microscope. of the liver in
the earty stages of malana.
All around can be seen
normal hver cells packed
closely side by side, con-
taming therr darkly-stained
usually oval nucler; and in
the centre s & tight masy
of - muatuplving malarigl
parasites, distinguished in-
ter alia by their umy dark
nucler This iy g new
Phase recenty discovered

by Protessor 1} Shary
ard PP Craiiugm
R ETIC ENTER TR \\M(MIUI
H»\L Foovoat
N o <



Plate 30. Electron micrograph of vaccinia virus magni-
tied 32,000 times. Note the surface “bobbles.”

Plate 31 Vaccinia virus after digestion with pepsin.
Magnitied 32,000 times. Note appearance of collapsed
outer membrane and dense intact centre. Sce page 46.

Telepathy

DR. ERIC J. DINGWALL and DENYS PARSONS

>

FRoM carliest times observations have been made by peopie
living in various stages of culture which seem to suggest that
occasionally some persons become aware of facts, events,
or impressions which appear to have been obtainzd neither
through the normal channels of sense perception nor by
inference. The facts thus acquired may relate to past or
present events, but now and then it would seem that
knowledge of the future is demonstrated, a phenomenon
on which has been reared an immense literature of fortune-
telling and prophecy.

It is remarkable what close correspondences exist between
reports of expericnces of this nature described in Egypt,
Greece, Rome and China, centuries before Christ, and those
reported right down the Middle Ages to the present day.

The scholars of ancient times discussed these phenomena
and attempted to explain them in accordance with their
own philosophy. Cicero (B.c. 106-43) wrote a book on
divination in which he dealt with the whole problem in a
manner which indicated the serious and critical regard
which he entertained for the stories current in his time.

Even after the decline of the witcheraft cpidemics, interest
in the subject was kept alive by students who were still
trying in vain to fit paranormal phenomena into a frame-
work of thought clearly not destined to receive them. Thus
it was not till late in the eighteenth century that men began
a serious attempt to apply experimental method. Not
surprisingly, the early experiments were unsystematic and
showed that those conducting them had little appreciation
of the sources of error and of the possibilities of mal-
observation and fraud. ‘

33
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With the rise of modern spiritualism in 1848, however, the
interest of the learned world was aroused and some of the
bolder intellects conducted experiments of a telepathic
nature on subjects in the normal state and in hypnotic
trance. In 1882 a determined attack on the problem was
formulated. In that year the Society for Psychical Research
was founded to conduct a scientific investigation into all
phenomena which were prima facie incxplicable by the lu\\:'s
Known to physical science. Its earliest task was a systematic
attempt to investigate the alleged transmission of thoughts
from one mind to another by means apparently indepg’ndent
of the organs of sense. The results of these experiments
were held to confirm the reality of ‘thought transference.
but the experimental conditions did not approach the
standard expected for similar experiments to-day.

Nevertheless, the carly experimenters reached one im-
portant conclusion — that “thought transfercnce’ was too
narrow a term to describe the kind of results which were
obtained. This led F. W. H. Myers to suggest the word
‘telepathy’ for the communication of impressions of every
kind from one mind to another independently of tlic
recognised sensory channels, and “telaesthesia’ for the direct
cognition of objects or conditions, i.c., by means apparentiy
independent of the senses und under circumstances in which
no other mind could be suggested as the source of the
information.

Besides the early experimental cfforts there were the
usual cases of apparent telepathy encountered by people 1
their everyday lives. The Society paid a good deal of
attention to these so-called ‘spontancous cases, a large
collection of which was published in 1886 under the title,
Phantasms of the Living. These cases, if veridical, showed
that the telepathic or tefacsthetic process, in conveying un
image, impression or idea to a percipient, is liable to
generate secondary reactions of various kinds - for example,
the idea of a wine-glass might reach the percipient as an
egg-cup, thus indicating some degree of distortion and faulty

) £
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interpretation on the part of the pergipient, or possibly
the sender or ‘agent’ as he is called. Such distortion is often
observed in modern experimental work and obviously adds
to the difficulties of evaluation. Occasionally we find records
of persons at the receiving end of an urgent ‘message’,
getting a vague feeling of uncasiness, being driven to some
compulsive action, or in more complex cases experiencing
hallucinations ranging from the simplest visual or auditory
phenomena to more highly developed types such as full-
form phantasms. Such phantasms when externalised are
somctimes built up to such a degree that they are mistaken
for real people, but there is strong evidence that they are
none the less subjective, as of course are the more common
hallucinations of psycho-pathological origin.

The following case is typical. The percipient’s brother,
an airman, had been shot down in France on the 19th
March, 1917. She herseif was in India. *My brother,” she
says, ‘appeared to me on the 19th March, 1917. At the time
[ 'was cither sewing or talking to my baby ... I had a very
strong fecling I must turn round; on doing so, I saw my
brother, Eldred W. Bowyer-Bower. Thinking he was alive
and had been sent out to Indiz. I was simply delighted to
sece him, and turned round quickly to put baby in a safe
place on the bed, so that I could go on talking to my
brother; then turned again and put my hand out to him,
when I found he was not there. I thought he was only joking,
so I called him and looked everywhere 1 could think of
looking. It was only when I could not find him T became
very frightened and 'had the awful fear that he might be
dead ... Two weekslaterl sawinthe paper hewas missing.’* ..

Although many of the spontaneous cases exhibit a wealth
of evidential detail, there is probably no case which cannot
be explained by normal means, if no limit be set to the
counterhypotheses of chance cgincidcncc. fraud, collusion,
lupse.of memory, malobservation, ete., taken singly or in
combination. Nevertheless the number of cases which can

* Proceedings of the S PR, 1923 xxxiii . 170
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reasonably be classed as of fair quality is considerable, and
the @ priori improbability of a telepathic interpretation is
perhaps somewhat decrcased as a result of experimental
work under rigorous conditions.

During the 50 years 1880-1930, numerous telepathy
experiments were performed, We have already indicated
that in the light of prescnt knowledge many of the early
tests were of little evidential value, bcf:ause thc‘expenmenters
did not report their results in sufficient detail for us to be
able to judge whether they took adequate precautions
against sensory leakage and other sources of error. The
modern phase of experimental work may be N‘gilfd}‘d as
starting with the work of H. J: F. W.Brugmans at (Jron.mgen
(1920), Miss Jephson (1924) in Englnnd, and J. B. Rhine at
Duke University, North Carolina (1930 onwards). Rhine
(now Professor of Psychology at Dukc) whose contribution
to the subject has been very considerable, published in 1934
a book entitled Extra-Sensory Perception, which described
experiments in telepathy and telaesthesia. This book aroused
a fierce controversy,

Critics of the statistical methods were particularly voci-
ferous but soon found themselves in difficultics. Psychical
researchers were well aware of the statistical pitfalls and
had tuken the precaution of consulting experts. As early as
1885 there appeared in the Proceedings of the S.P.R. an
article by F. Y. Edgeworth, ‘The Calculus of Probabilities
Applied to Psychical Research.” Jephson, Carington, and
Soal (sce below), worked in cooperation with W. L. Stevens
and Professor R. A. Fisher, who devised ingenious methods
of evaluating the results of experiments on ‘guessing'
drawings and playing-cards. The statistical methods used
toevzluate thecarlier work at Duke University were so simple
that there was little scope for adverse criticism, provided
that the experiment had been properly designed and executed.

On the experimental side, the earlier work of Rhine and
his colleagues was indeed much less satisfactory, and the
outburst of criticism had the healthy result of leading to a
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rapid tightening and refining of experimental conditions
and methods. Most of Rhine’s work was done with cards
bearing the five symbols Star, Cross, Square, Circle, and
Wavy Lines (the so-called Zener cards). It was found, for
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Fig. 8.—Zener Cards.

example, that with certain packs of these cards the symbols
could be read from the backs in certain lights. Subsequently
the investigators made it the practice to enclose them in
opaque envelopes or to keep them out of sight of the
percipient; sometimes agent and percipient were located
in separate buildings, occasionally in separate continents.
Many other criticisms and counterhypotheses have been
advanced. It has been claimed. for instance, that the data
have been improperly sciccted from a large mass of negative
material, or that score sheets containing poor results were
lost or destroyed. It is suggested that the tests were arbi-
trarily stopped at favourable points or that low-scoring
percipients were dropped. Counting, recording, and com-
puting errors have been held sufficient to account for the
deviations obtained. Loose conditions and poor observation
by the experimenters have been alleged; for example, the
percipient may have been ‘able to peep at the cards before-
hand or to substitute another pack while the cxperimenter’s
attention was distracted, or to tamper with the recond
sheets afterwards. Lax supervision may have allowed the
agent to give visual or auditory clues such as whispering,
coughing, scraping the feet on the floor, or creaking of chairs.

The experimenters at Duke Universiiv

( 5 at were not long in
answering these criticisms, and as the

conditions were
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tightened up, significant results continued to accumulute.
A few of the more recent scries of American experiments
appear to be reasonably proof against all the counter-
hypotheses which have been raised, even taken in com-
bination, it being assumed that the records present a truc
picture of the procedurcs adopted.

Meanwhile, G. N. M. Tyrrell; in England (1934-6), s
developing an electrical apparatus in which the percipient
had to cognise in which of five closed boxes the agent had
caused a lamp to be lit. An ingenious ‘scrambling’ device
ensurcd that the agent himself did not know which lamp
he had Jit by turning “his selector switch, so that any
signalling code, conscious or unconscious, would have been
stultified. The conditions were virtually those of telaesthesia
rather than telepathy, since no mind was aware which lamp
was lit until after the choice had been made, Highly
significant results were reported with one subject.

In 1934 S. G. Soal, Lecturer in Mathematics st the
University of London, began to CAarry out dan extensine
repetition of Rhine's experiments with Zener cards: wnd
during the next five years he gave individual tests to
160 persons and recorded 128,350 guesses. The results
appeared to be in close accordance with chance expectation,
and they were put aside. However, in the autumn of 1929
Whately Carington, as a result of observations he had made
while doing some telepathy experiments with drawings,
persuaded Soal to re-cxamine his records in order to
ascertain whether any of the percipients had scored hits,
not on the cards focussed by the agent but on the im-
mediately preceding or following cards. The scarch revealed
that two persons had shown highly significant scores on the
pre_ceding (precognitive) and following (postcognitive) cards.
while t}}cir score on the actual target card was insignificant.
suggesting a kind of displacement effect., This of course had
to be confirmed, and these (wo percipients were re-tested.,
The first of them, Basil Shackleton, a well-known We-t-
End photographer, was tested by Soal and Goldney over &
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period of 24 years, and this displacement effect was con-
firmed.* The most elaborate precautions were taken to
guard against fraud, and scnsory leakage, such as un-
conscious whispering. Many of the safeguards were inherent
in the design of the experiment, which will now be described.,

A minimum of four persons took part — the Agent (A),
the Percipient (P), the Experimenter controlling the Agent
(EA). and the Experimenter controlling the Percipient (EP).
In addition, a number of other persons including Uni-
versity professors, physicians and scientists, were invited
from time to time as observers. {One of the present authors
attended a single session at which significant scores wete
made.) EA and A sat at opposite sides of a small table
separated by a screen having a small aperture (a) (Plate 26).
EA was provided with five small cards numbered 1 to 5, and
a prepared sheet (b) bearing the figures | to 5in a random
sequence, e.g., 2, 1,1, 3,5, 2,4, 4, 1, 3, ete.. taken from tables
of random numbers (Plate 27). This sheet was taken from a
scaled envelope just before the experiment. A was provided
with five cards (¢) bearing pictures of animals. Lion, Eleph-
ant, Pelican, Giraffe, and Zebra, placed face downwards in-
side a cardboard box (Plate 28). In the next room, but not
in line with the door, P sat at another table with an identical
sct of five animal cards. EP filled in the record sheet. To
start a run EA said: ‘Ready ... Go!" and simultaneously
held up at the aperture the card corresponding to the first
number on the sheet of random numbers, suy a 2. A, just
before the word go, had shuffled the five animal cards and
taen placed them in line face downwards inside the box.
On seeing the figure 2 at the aperture she picked up the
second card from the left, looked at it and immediately
replaced it. At the same time P made his gucss by pointing
t> a card with a pencil. EP recorded the guess. EA then
said *Next!” and displayed the second random number at
the aperture, and the process was repeated at three-second
¥ The second subject slso gave i

. ST resolts which Tise Nk
vet Been published.
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results were ob

g?ef:lgilsgdsl\fere.contributed by a group of 20 or morc

: dacquaintances,
churmng now to the theoretical side, the subject is stil
ry n}uch in the speculative stage. How does an idea "get
fxcross _frqm one mind to another? Is there indeed any
transmission’ at all? The hypothesis that telepathy is a new
form of radiation is now in disfavour, the chief objection
being that the phenomenon appears to be independent of
distance and time. It must be remembered, however, that
our knowiedge of the limits of sensory powers is still far
from complete. Griffith and Galambos have shown that
bats avoid obstacles in the dark by supersonic echo-
sounding, and Ycagley's recent work with homing pigeons,
strongly suggests that they navigate by responding simul-
tancously td variations in the earth’s magnetic field and to
variations in the Coriolis force caused by the rotation of
the earth. F. W. H. Myers, one of the founders of the
S.P.R., had realised at a very carly stage that the un-
conscious mind was deeply involved in most paranormal
phenomena, and later work has confirmed this view, H. H.
Price, Wykeham Professor of Logic at Oxford, in a broad-
cast talk, has pointed out that it is nonsense to supposc that
minds are spatially separate entities ; minds are not objects
in space. If we assume that every mind is a causally separate
m§ulated system we arc denying that an event in any one
mind ever directly affects any other mind. But that is
exactly what telepathy seems to be, so the question ‘how
does the idea get across? is equivalent to ‘how does
telf?pa'thy. happen, if we assume that it never can happen?”
Price insists that we must revise our notion of what a mind
i1, and suppose that on the unconscious level there are no
gxam boundaries between one mind and another.* Whately
c:x::cligc:::?’ i}rllaz liizclopcd th’is notion of ‘a common un-
nt book, Telepathy (London, 1945), and

* ‘Philo: ics et . i
13th, 19478,():;'3‘17171317‘);de"°"5 of Telepathy'. The Listener, February

tained with a single gifted ‘sensitive,’
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combined it with the familiar laws of association of ideas.
His hypothesis is that when an associative linkage between
two ideas is formed in any one mind, it is theoretically
available to all minds. In a telepathy experiment, for
instance, the target drawing is associated by the experi-
menter with the ‘idea-of-the-experiment.” The percipient is
also concerncd with the ‘idea-of-the-experiment’ and the
linked idea of the target drawing emerges from the common
subconscious to his conscious mind.

Scientists arc not inclined to regard with favour ideas
of ‘precognition,” and attempts have been made (so far,
we think, with little success) to discover serious flaws in
Soal's experiments or failing that, to devise a telepathic
hypothesis, however elaborate, which might circumvent an
interpretation in terms of precognition. Soal's work lends
some support to a precognitive explanation of the ‘spon-
taneous’ cases of premonitions, ctc., which have been sifted
and analysed by H. F. Saltmarsh.*

The fugitive and capricious character of telepathic and
allied phenomena makes investigation difficult and time-
consuming. Work is now proceeding at Duke University to
try to correlate teleputhy scores with psychological factors
ol personality, using such tests as the Rorschach, but
investigators are still, after 70 yecars, almost completely in
the dark as to the conditions which favour or inhibit
telepathic activity. They are dealing, of course, with bio-
logical material which is notoriously recalcitrant, as workers
in the field of animal psychology have found to their cost.
That desirable goal cssential to any real progress, the
repeatable experiment, may be still a long way off; the
techniques, indeed, are repeatable but positive resuits do
aot necessarily follow. That this state of affairs is highly
unsatisfactory is recognised by all workers in the field, and
future work will have to be concentrated on a study of the
modus operandi of these clusive factors of the human
personality.

* Proceedings of the S.P.R., 1934, xlii, pp. 49-103.
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Structure of an Animal Virus

ELECTRON micrographs taken by Dr I. M. Dawson and
Dr A. S. McFarlane of the National Institute for Medical
Research, London, suggest that the viruses of animal
diseases form an interesting link in the chain connecting
the larger organisms, through bacteria, with the plant
viruses. The bacteria, although often less then a thousandth
of a millimetre in diameter, are still organisms. They are
capable of independent existence, given a suitable food
supply can be cultivated in the laboratory, and the chemis-
try of their single cells is little less complex than that of our
own. Many of the plant viruses, on the other hand, can bz
prepared in crystalline form, and are presumably composed
of a single substance. Yet in the particular environment
provided by their host plant they can and do reproduce
lhc.msdvcs. An animal virus is similarly limited as to con-
ditions of reproduction - but, as these new electron micro-
graphs show, it may possess structure.

Thq virus which Dr Dawson and Dr McFarlane have been
st.udymg is that of vaccinia. This is one of the smaller animuil
viruses although appreciably bigger than, for example, the
lvllrus of pol.iomy.clitis or infantle paralysis which has
I;Ir:l)s, gcxcsnc(;(r:fn::-ﬁ;:]i .Ma_{.;rziﬁgd one hundrcd lhouszmd‘
ool FPe p¢ uble in size wnh'u non-austerity lump of

gar and shows surface “bobbles” which are only a little
larger In proportion. These “bobbles’ are remarkably regu-
lar in appearance and they are thought to repre ‘;nt i d?\i'
d_ua_l protein molecules. In a few cases ch;u'n\sl ltb ; ”: I f
:xtmxlar size appear alongside or ncar tilc viru‘s (;)ngtrullncli cz:s(;t'

ripped from their surfdcc.gherc are also indications in
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some of the electron micrographs of a relatively dense
centre. However, the most interesting pictures are of virus
particles which have been exposed, before examination, to
the digestive ferment pepsin (the protein-digester of the
stomach) (Plates 30 and 31). The appearance of these sug-
gests that the pepsin has removed much or all of the material
from the outer part of the virus. leaving only a collapsed
membrane and the more dense and intact centre already
mentioned. The collapsed state of the ‘membrane’ is sug-
gested both by its greater elongation in the micrograph, and
also by an appearance of folding in some cases. Finally, there
is a suggestion, based on the manner of contraction of the
virus particles under different conditions of drying, that
there may be a supporting internal network which would
permit of a conceriina-like movement. This last, particu-
larly, is speculative at the present stage. But there seems no
doubt on the main point — that both chemically and in
physical structure an animal virus muy show local differen-
tiation.
Dawson & MacFarlana. Narure, 1948, 161, 464

The Earth's Changing Magnetism
If 2 magnet were frcely suspended. so that it could swing
vertically as well as horizontally, then at almost all points
on the earth it would make use of its double freedom. In
the northern hemisphere, the north-seeking pole of the
magnet would dip downwards as well as pointing north : and
in the southern hemisphere, the south-seeking pole of the
magnet would behave likewise. And only on the magnetic
equator would the magnet take up a horizontal position.
In general as it was moved north or south, it would dip
more steeply, and the north and south magnetic poles
are defined as those positions on the earth’s surface at
which a freely suspended magnet would point vertically
downwards. Incidentally, the horizontal component of the
earth’s magnetism corresponds with the horizontal pull
exercised on the poles of a magnet. and the vertical com-
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ponent with the pull in a vertical direction, and the term
‘angle of dip’ explains itself. Finally, it may be worth
adding for convenience that the reason for talking about
the earth’s magnetic *field” is that there is no pult or force
exercised unless there is a magnet to be pulled —~ and, even
then, the extent of the force depends on the strength of 1}1’e
magnst as well as on the strength of the field. The earth’s
magnetiv field at any point is thus a local property, which
we may think of for convenience as being there all the time,
but which needs a magnet or other detecting instrument to
make it show itself, .
With that preliminary it may appear less alnrmmg.
although no less important for navigation. that the ea.rt.h >
north magneiic pole should have moved from the position

in which it was last established. The first report of the kind .

resulted from a flight made by the British Lancaster air-
craft Arie< in May, 1945, and the position given for the
north magnetic pole was between 200 and 300 miles to the
north-norih-west of the position on the west side of Boothia
Peninsuia, the most northerly promontory of the mainland
of Canadi. in which it was found by Amundsen iin 1906,
Much further work has been done in the interval, and the
Dominion Observatory of Canada has Lately issued &
statemen: stimmarising the position. In addition to the
change of posttion, which there was aircady reason to think
must have taken place, it is belicved that the north pole
moves daily round a cirele of about 80 miles diamcter. This
woul.d be difficult or impossible to imagine if the polc were @
physici} point on the earth’s surface to which a compass
needle was attracted. But if it i remembered that there is 4
magnetic field at all points on the carih’s surfuce, and that a
change in the position of the pole means merely a small
change in the dircection of the carth’s field in that neigh-
bourhood. then the _fucts asreported appear less remarkable.
.The‘most extensive observations were made during the
Zﬁmﬂtbg;ilr:‘g; V(V)}{;f; rf‘l’g“:(.(,‘.A.F. aircraft was used to
: TY geophysicists to Boothia
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- Peninsula and a number of neighbouring islands. These

included Prince of Wales Island, where the Pole is now
thought to wander, and Victoria and Somerset Islands to
the west and cast respectively. Survey ship observations,
also in summer, were made in the neighbourhood of the
straits immediatcly north of Boothia Peninsula and further

north again. A number of winter measurements were made

during the northern transport trials to which the name
Exercise Musk-Ox was given, and it is perhaps worth
emphasising that the whole of these observations were made
either from the ground, or in a few cases from ships, and
In no case from the air. Taken together they are said to have
‘established the opinion” of the obscrvatory as already

-indicated, although it was proposed that further work

should be carried out during the present summer, and
probably also in following years. ’
Long~term changes in both the horizontal direction and
angle of dip of a freely suspended magnet have been
known in the casc of London from 1580 onwards. In that
year a compass necdle in London pointed 11 20" East of
True North, and in 1823 as much as 24 30" West. These
changes used to be aitributed wholly to a corresponding
movement of the carth's magnetic poles, and a cycle of some
480 years duration was deduced. But in fact there is no
Proof of the permancnce of the suggested cycle, and as
regards its generality there is evidence that there may be
regional reversals of the direction of change which are not
Mmatched at all points on the earth. There are also daily
Variations both in intensity and direction, which can be
followed by taking average figures for ‘quiet days,’ free
from the larger and transient disturbances known as
magnetic storms. These arc attributed to tidal movements
in the electrically charged layers of the upper atmo§phere
and to currents induced by these movements within the
crust of the earth. Merely from London records, thereforg,
we know that there arc both long-term and more .ra‘ptd
changes in the magnetic field of the earth, and similar
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changes in the neighbourhood of the north magnetic pole
should not be regarded in principle as any morc surpris-
ing.

The same cannot be said of an investigation, bearing
on the past history of the carth’s magnetism, which has
been made by Dr J. St G. Bruckshaw of the Irperial
College of Science und Technology. What he has been
doing is to examine in detail the distribution of magnetic
material in the Armathwaite and associated dykes which
sprawl from west 10 east ucyoss northern England am! are
traceable to the formerly volcanic istind of Mull (?ﬂ the
west coast of Scotland. Dykes in general are s0 Many former
cracks in the carth’s crust throueh which molten m‘.\.tc.rz'.s!
has been forced upwards, but not so far s to the original
surface, The result is o lons narrow band of alien f‘OCk
which, in the present case, i: about 30 10 80 feetin width
and is comparatively rich in iron. From the conditions of
Its formation, it can be said that any previous magnetisa-
tion of this material would have been destroyed. The
supposition, therefore, i that the direction of the prc.scnt
magnetisation of these dykes corresponds with that of the
earth’s magnetic ficld at a time when the dykes were coohng
to solidity. Local variations in the present magnetic ficld
of the earth, due to such dykes, have been measured before,
and the results have been broadly the samc in all cases.
Thcy are consistent with the apparently untikely cxplana-
tion that the average magnetisation of the dykes is in the
reverse direction to that of the present field of the carth.
Tha't applies in places us widely separated as Saxony, South
Africa, Brazil and New Zealand. But the effects in detail
have been too complicated to allow of a direct conclusion.
Dr Bruckshaw's contribution has therefore been to examint
11_1e physical magnetisation of rock specimens taken, from
side to side, across 65 different sections of these British
dykes. .ln some cases, atl specimens have been similarly
magnetised. In others the direction of magnetisation
changes more than once across the width of the dyke. But
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in all, if the whole width of thé dyke is averaged, there is
the same reversal on balance. There, then, are the facts.
They make it probable that tens of millions of years ago
there were cither a series of lTocal reversals in the earth’s
magnetic field, or that there was a simultancous and general
reversal, Either would be very much more difticult to explain
that the comparatively minor movement in the magnetic
north pole which also has been Jately observed.

North Pole: Terrestrial Magnetism, 1948. 53, 97.

Bruckshaw. Monthly Notices of the Royal Astroneni. Soc. Geo-
Physical Supplement, in the press.

The Metre in Wavelengths

There is an appeal to the imagination in the recent
announcement by the United States Bureau of Standards
that a form of mercury, prepared from gold by transmuta-
on in a nuclear pile, is likely to provide the basis of the
future international standard for the measurement of
length. The making of go'd from base metals was for many
centuries the dream of alchemists. And here we have
mercury being made from gold, and put to strictly utilitarian
emplovment.

As to the aim, it has long been recognised in principle
that some particular and specified wavelength of light,
tudiated characteristically by the atoms of onc of the
heavier chemical elements when vaporised, would provide
& more satisfactory length standard than the present metal
buirs, engraved with fincly scratched lines to mark the
bt’ginning and end of the ‘international metre.” The diffi-
culty was that no light source was available from which a
single completely sharp wavelength of radiation could be
separated. Gne reason for this is that practically all of the
Niiural chemical clements consist of mixtures of atoms
which are identical in their chemical properties but differ
slightly in mass ~ and these mass ditferences introduce very
stight diffcrences in the wavclengths radiated. The ideal
material for usc as a wavelength standard is accordingly
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one in which all the atoms are identical ~ and, for other
reasons, it is desirable that its mass should be an even, and
not an odd, multiple of that of the hydrogen atom. Both
conditions are fulfilled by mercury made by transmutation
from gold. Whercas normal mercury consists of a mixture
of some seven different kinds of atoms (isotopes), mercury
atoms made from gold are all of the same kind and have 3
mass of 198 units. Dr W. I'. Meggers of the Bureau of
Standards has described how, after cariicr attempts to
prepare mercury-198 in adequate amounts by other methods
had ended in disappointment, a ‘a dirty gold bar with a
secret history” was deiivered at the Bureau, towards the end
of the war, “wrapped in oily paper.’ It was said to contain
mereury-198, and afier “successive heatings, pumpings and
sealings of condensed vapour ' yiclded cnough for onc lamp.
By this autumn, as much as 2 grams is expecicd to be
available, and it should not be long before the other prin-
cipal national laboratories receive supplics. Any formal
change in the definition of the metre will depend on tae
General Conference on Weights and Measures, acting on
lhc.advicc of an international technical committee. This
achieved, it is expected that the British and American
yards - which at present differ in length by about three
parts in a million - will both be redefined in such a way as to
remove this difference and bring the new British-American
yard into a more casy rclationship to the metre. The
suggested connection between the two systems s that one
inch should be made cxactly equal to 2-54 centimetres. It
hap_pens, conveniently, that this relationship could be
ac!uc.ved by spliting the ditference, roughly, between the
existing British and American standards, so that no pride
need be lost on either side. This would be of very real
benefit in practical convenience - Lut it is obvious that
nothing cun usefully be done until the question of the
mternational metre has already been settled.

Meggers. J. of Oprical Soc. of America, 1948, 38, 7.
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Malaria Discovery

The story of the life-cycle of the malaria parasite, which
Sir Ronald Ross began to unravel in India in 1897, has
lately been completed by Dr H. E. Shortt and others at the
London School of Hygiene and Tropical Medicine. They
have shown what happens to the parasites, in a human
patient, between the time when they are introduced into the
System by the bite of a mosquito, and the time, about ten
days later, when they make their way as small v_voym—llkc
organisms into the red biood cells. It is during this incuba-

T

H«CORRETT
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Fig. 9.-—On the left is the incorrect rcprcscmfuiop of what happens
0 the sporozoite of malaria after its introduction into the‘ §I?od. by
nosquito bite : ihe parasite was thought to enter the biood ceils st;anght
way. This theory was accepted for over 40 years; now !’ro €ssor
thortt and Dr Garnham at the London School of Hygienc and
‘ropical Medicine have shown that, instead of entering the red blood
ell, it goes first to the Yver, as on the right. where it undergces an
laborate cycle before returning to the blood.
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tion period, naturally, they could be most usefully attacked,
and it has been suggested that the recently introduced drug,
paludrine, can do so. In the case of bird malaria, which is
caused by a related but not identical parasite, 1t has been
known for some time that the parasite remains during this
_period in the tissues of the infected bird, and it was accord-
}ngly suspected that there must be a corresponding phase
in the devclopment of human malaria. This belief was
strengthened during the war when Dr N. H. Fairley dis-
covered at Cairns, Australia, that within the first half-hour
after being bitten by a malaria-infected mosquito, the blood

of the bitten human being could transmit the discase to 2~
second human being by direct inoculation, but that after

any longer period this was impossible: in other words the

parasites must have ‘gonc to earth’ somewhere in the body.

What has now been discovered is that, during the interval

before active infection, the parasites are in the liver. The

first demonstration of this was on a rhesus monkey. Later,

human confirmation was obtained through a hospital

paticnt to whom it was desired to give an artificial infection

of malaria as a normal part of medical treatment.* And

still more lately, indications have been obtained that the

parasites are also in the liver during the quiescent period

between an initial attack of malaria and a relapse. The

practical result will be to give added confidence in tests

carried out with avian malaria on the effects of drugs during

the tissue phase of the disease. See Plate 29.

Shortt & Garnham. Nature, 1948, 161, 126.

Shortt, Garnham and Malamos. British Medical Journal, 1943, 1,
192,

Shortt, Garnham, Covell and Shute. Ibid., 547.

D.D.T. and Malaria
Remarkable results in the control of m
paratively simple and economical meuns have been obtained
by the Research Department of the Colonjal Office in
* For gencral paralysis of the insun

alaria by com-

¢ - a late cffect of syphibs.
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British Guiana. Efforts have been concentrated in the Jow-
lying coastal area where there are numerous drainage and
other canals to encourage brcedmg, apd as many as l,‘_l()l)
mosquitoes have been caught in a single early morning
‘round up" in one bedroom. Two sugar estates, bot}} with
a high incidence of malaria, were selected forlCXPe“me'm’
and preliminary surveys were made to cstabhsl}: ?othd‘hc
numbers of mosquitoes which were -no.rm’:)!l‘l)'/ 0 ;h‘qugon‘:
huts, and the proportion of malaris mtuuonl. ' 1.\10 Lhé
D.D.T. was applied in a simple kerosene so }Jlxon, e
insides of huts only. On one of these estates, W here:f ! r
were given u single such spraving. no clinical u»bc/hf .
malaria were seen for 21 weeks, and !‘.\‘C momhi d}‘,cr
spraying the malaria parasite rate Was stil no mrou,tllttl:
half its original level. Later. after the research pdrt))“x‘.(.
moved to East Africa. a control system based on the bﬂr.ﬂ:
simple method was extended to cover p:uvcgn Ons-lhm\
and one-half of the population of Brimn Guiana. In ona\
centre, in which 60 per cent of school children were bc.foru
infected, the proportion wus reduced 10 I8 per cent: the
birth rate had doubled and infant mortality had fallen t(;)
less than one-third of its original level. It cannot be i‘ssumew’
unfortunately, that these figures will be .unwcrsall)é rCIgKI;
ducible, without local modifications in method. d ll )
dif’ﬁculty is that the walls of mud huts ha‘./c been four'1 z([
absorb D.D.T. with inconvenient readiness. A pf",“ti
answer to this is that powders of certain payucl? si}apes Jer:l_
sizes are less readily ubsorbed, when upphed.as a su.spt
sion in water. than is D.D.T. from a solution or n t?::
¢hulsion. Another difficulty. which was founﬁ duw\sg one
first experiments in British Guiana, was -d:;at ttheen:readtmcm
Particular species of mosquito 1o whu'\ e relthor
described made Jittle difference. 1t was not 2 <:“1rr:¢;10g wind
malaria or yellow fever, the two most xmpormn' o dge'lsc
Carried diseases, but it does carry fmothe? tumplc‘l ‘li é
filariasis. For such reasons, it is nnpofﬂb‘c.'t;—)\ ginleircztll;r
from success in a particular area, dealing with par
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by precipitation with alcohol for example. Thus the bulki-
ness of the dose was reduced and the treatment became
somewhat less unpleasint. A little later it was found possible
tohadminister liver extracts by injection into a muscle or
vem. An unexpected thing then came to light: the dose
could be reduced 10 about one-fifticth of that nceded by
mouth. It appears that the active principle is cither destroyed
b_\’to.r is not well absorbad from, the diges.ive tract.

This is rather surprising, because normal people 3P~
parently do succeed in taking in enough of the factor If
Fhis manner. They do not have 1o eat liver in order to get
it: the healthy body has another mechanism. The stomi}Ch
secretes hydrochloric acid and the enzyme pepsin, which
act together to digest the proicins in tood. Another enzyne
Is also secreted by the healthy stomach: it is called the
intrinsic factor or the Castle fuctor, aficr its discoverer.
It acts upon another substance called the extrinsic factor
(2 sort of vitumin) which is widely distributed in foodstufls,
m. produce the factor present in liver (or a4 precursor of
this substance). The product is then stored ready for use in
the human (or animal) liver, and duly performs its function
of looking after the supply of red blood cclls. Now In
pernicious anemia the secrctory glands lining part of the
stomach cease to function properly; they may no longer
pour out any hydrochloric acid in responsce to a meal, and
they do not produce the intrinsic factor of Castle, The
patient may still be eating plenty of the extrinsic factor,
but it does him no good because there is no intrinsic factor
for it to react with, We do not know how to get these
stomach glands back into working order; in other words,
there is no complete cure. However, we can borrow, as it
were, the sccretory mechanism of a healthy animal. It
should be possible to do this in cither of two ways and in
fact they both work. Thus we can give the patient intrinsic
tuctor from the stomach lining (of the pig for example)
along with foods containing the extrinsic factor: alterna-
tively, as we have seen, we can give liver extracts by mouth
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or by injection. But, in every case, this substitution therapy
must be kept going continuously, or at frequent intervals.

In these days it is not uncommon for a vitamin or other
active principle to be isolated, characterised and synthe-
sised within a few years of discovery. Yet this anti-perni-
Cious anamia factor has only just been isolated after 22 years
of effort. There have been two reasons for this delay. One
is the difficulty of scparating this factor from accompanying
substances of similar chemical behaviour ; but the greater is
that of securing sufhcient tests to follow the progress of a
fractionation. The chemist may observe, for example, that
the constituents of a liver extract are progressively thrown
out of solution (salted-out) by additions of ummonipm
sulphate. He may decide to trv §. 4. 3 and full saturation
with this salt, and a day’s work will give him the four
fractions. He must then seck clinicians who are willing to
test these preparations on humai cases of pernicious
Anxmiy in relapse to sce which of them is active in treat-
ment, for until very recently there was no other method of
assay. Because each test requires 3 wecks, it may well be
months before he has the answer. Eveniually he may learn
that no very uscful purification has occurred, for thcre'is
Some activity in every fraction. If he is not already too dis-
couraged, he must think up a new idea.

nghly active preparations were made by Laland and
Klem in Norway, and by my colleagues Emery and Parker,
“fhilc recently Pz;rkCr and I have effected further purifica-
tion. We have been greatly helped by the discovery that,
after getting rid of most of the coloured impurities, we were
left with pink material and this colour went hand in hand
With the clinical activity. After 10 ved fractions from
Separate experiments had all proved ac}ive, we peg:amc
convinced that the anti-pernicious anzmia factor is itself
a red substance. The best fraction tested, up to April 1943,
Wwas fully effective in a single dosc of 0.3 mgm., but I have
since made one 13 times as strongly coloured, which should
be active at about 1.5 micrograms daily (about 1/20,000,000
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of an ounce). A preliminary account has been published in
Nature (April 24, 1948, 167, 638) but was forestalied on
week earlier by a letter in Science (April 16, 1948, 107, ?96)
from Rickes er al. The American workers have also obta.med
a red substance even more highly active (at about 1 micro®
gram daily) and crystalline. This means that they P"Obapli
have the pure anti-pernicious anzmia factor, for Wh‘c_
they suggest the name Vitamin B,,. 1 have now (May) ;ug_
ceeded in getting small red needle-shaped crystals a8 cnt
cribed by the American team. It is an extraordinarily POt e
substance, morc so than an$ known vitamin of hormone,
and only surpassed by a few incredibly poisonous bactena
toxins. d
The Americans give no information about their metho ;
of purification, or the properties of their substance, sO w
cannot yet tell if it is the same as ours. The key technique®
in the British work were adsorption chromatography ©
aqueous solutions on columns of charcoal or silica, a?'c
partition chromatogruphy of butyl or propyl alcoho |c
solutions on columns of damp silica or starch. Thes
recently-developed methods* permit the analysis. often as 2
series of coloured zones on the column, of mixtures impos-
sible to fractionate by other means. f
Since about 100 tons of liver are needed to make 1 gm- 'ob
the pure factor, not much progress has yet been made Wit
deducing its chemical constitution. We have, however, been
able to determine the molecular weight, and find it 0 be
about 1,600, this is about 4 times as large as the pCI}IC‘ll‘"
molecule, for example. Penicillin proved extremely difficult
to synthesise and, although mere size is not-the only factor:
we may safely prophesy that the ami-pernicious-aﬂxmla
principle will provide the organic chemists with a rea
tough problem. ;
Another point of interest is that the British anti-pern¥
cious an@mia preparation is giving very promising results if
alieviating the spinal cord degeneration that often accom
* See Science News 4, page 66 and Plates § and 6.
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v panies pernicious anemia. This indicates that a single factor
. is concerncd with these symptoms as well as with the blood
" regeneration ; this is in contrast with the action of folic acid.

This latter substance, now made synthetically, seems to act
as a partial substitute for anti-pernicious anemia factor; in
doses 1,000 or more times larger, folic acid causes blood
regencration, bat gives no benefit to the spinal cord con-
dition,

It is necessary to conclude with a word of warning that
these advances offer no immediate prospects of relief to
?Uﬁ'erers. The pure anti-pernicious anzmia factor, even
If it can be made commercially, will be very gxpensive;
moreover we have no evidence as yet that it will do anything
that cannot be done now with adequate doses of ordina.ry
hiver extracts. The pure substance could be given safely in
very large doscs, but it remains to bz seen if they will prove
valuable. Other indirect practical advantages may accrue,
but the main value will be the opportunity for still more
research, leading eventually perhaps to a cheaper synthetic
product, and to a better understanding of its mode of action
in the body.

Chemical analysis of the crystalline anti-pernicious
an@mia. factor has now revealed the presence of an atom
of cobalt in the molecule: also probably three atoms of
_phoSPhorus. This unexpected discovery has created great
interest in scientific circles. Although cobalt has long been
recognised as an ‘essential trace element’, it was not known
how it worked. Minute quantities are needed for the
Nutrition of some bacteria and animals. On pastuies low
in cobalt, sheep get ‘pining discase’ or ‘coast sickness’, a
symptom of which is anmia; this is promptly cured by
treating the animals (or the soil) with tiny amounts of
cobalt salts, Now at least we understand one extremely
important function of cobalt; it is to produce this factor
which looks after the supply of red biood cells. Incidentally
its vivid red colour is casily explained, for this is a character-
istic of complex organic compounds of cobalt. '



The Deep Picture Process

COLIN BUTEMENT ¢

ALTHOUGH stercoscopic photography is over one hundred
years old, it was not until quite recently that a really pracs
llcal‘ method of producing stereoscopic prints, which coul
be viewed by reflected light without the aid of some sort ©
viewing device on the eyes of the observer, was pcrfccth;
The older methods generally relied on the photographing
of two views, by means of a special camera fitted with tW9
lenses set at about 21" apart represcating the distance 1OF
mally scparating the eyes. These two lenses, therefer®
recorded the subject from the same position as the cyes Of“m.
observer, and prints made from them were viewed by mean®

left cye stereograph

,/ N

1L LO3COPpIC /‘

rlght eye mage

Fig. 10.—Diagram of the layout in an ordinary stereoscope-
of a stereoscope, so that each cye saw only one of the two
pictures, which were merged in the brain to give the senss”
ton of a single picture in relief. Examples of these viewins
instruments are the Mirror stercoscope designed by Wheat”
stone in 1838 (sec fig. 11), and the prism stercoscope pro-
duced some six years later by Sir David Brewster.

It was not until about 1940, over one hundred years after
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Fig. 11.——~Wheatstone's Mirror stereoscope.

Wheatstone had produced his instrumeni, that a really
practical commercial method was introduced by a French
physicist, Muurice Bonnet. M. Bonnet. after several years
of research, reatised that the only practical method of
producing a stereoscopic print. which could be viewed by
any number of people at the saime ume and without the aid
of any vicwing insiruments on the eyes, wis by means of an
optical lenticular grid, vhich would rccord numerous
steceoscopic images in the camera itself, and which could
also later be used for viewing the resultant prints.

This grid consisted of minute oylindrical lenses, very
accurately crabossed in plastic upan a glass support, so that
Cach minute clement had a rigorously defined width, focal

Colve e

Fig. 12.—The plastic grid.
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length and angle of view. In order to obtain these grids he
engraved thin copper sheets, and embossed the plastic from
these under heat and pressure to form a grid such as that
shown in fig. 12. The latest type of grid now being produced
1s made entirely of plastic and has 65 lenticular elements to
the inch.

Let us examine the properties of one of these grids in
greater detail. If the grid is put into a normal camera with
its plane surface in contact with the sensitive emulsion, and
a photograph is taken through it, a gridded negative is
obtaincd consisting of a series of very narrow black bands
constituting the entire image, scparated from one another
by much wider clear bands of unexposcd emulsion. This is
due to the fact that every portion of the image is brought
to a sharp focus under each grid clement. If this negative is
now placed in contact with the grid again and vicwed from a

2
IR e

t

Fig. 13.—How the right and feft eycs see different pictures througn
the grid. The left is focussed on points g* and g?, the right on d and d*

»
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position corresponding to the position of the subject during
exposure, a complete homogeneous negative image will be
obtained, which will appear exactly like a normal negative
but if the observer moves a few degrees to cither side of tlu;
viewing position, the image will become invisible, owing to
the critical angle of view of the lenticular eiements of tlye grid.

It is thus possible, by altering the angle of the grid and
sensitive material in the camera, to record up to twenty
entirely different subjects. upon one negative plate.

These twenty images may now be scen, one at a time, by
viewing the combined negative and grid from various angles.

If the camera is made to rotate around the subject during,
the exposure, as shown in fig. 14, then about twenty slightly
different views of the same subject will be obtained, and a
print from the negative when combined with a grid and
viewed through it will present to the observer all the various
viewpoints of the subject photographed. Sec fig. 15.

P
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Fig. 14..—The camera rotates around the subject.



66 SCIENCE NEWS IX

However, from any given viewpoint the two eyes will see
qnly one pair of images - the one representing the left hand
view, which will only be scen by the left eye, and the one
representing the right hand view, which will only be scen
by the right cye. Thus each eye sees a separate and ditfercnt
image of the subject and a stercoscopic picture results.
Cf. figs. 13 and 15.

P
“
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¥ig. 15.—-How the rotation of the camera shifts the picture on the
film beneath the grid, for example from 1 to 2.

As the observer moves around the picture, he sees wny
of the remaining pairs of images which have been recorded
at diffcrent angles, and thus obtains stercoscopic retief
from whatever position he views the print.

Normally, studio pictures arc taken by means of the
rotating camera, which is clectrically driven, and describes
an arc around the subject in a period of about two seconds.
As some twenty images are recorded behind each grid
element during this time, cach image is exposed for o\ th
of the time, or in this case for 4'sth of a second. The subject
is therefore not obliged to remain completely motionless for

»
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two seconds, as if movement oceurs a photograph in relief,
but with slight animation, will bz obtained. )

Anoihcr type of camera is now b2ing developed in this
country, in which a series of smatlt individual negatives are
obtained at on: instantancous exposure, and this type of
apparatus is quite small and compact and can bz used cither
In the studio or out of doors, enabiing rapid action pictures
o be obtained. The small negatives thus obtained are then
combined during enlarging to produce a “gridded” print
which can be viewed in the normal way.

Among the many other applications of this new process
thgh may be mentioned arc stereoscopic X-ray prints,
medlpal photographs, air photography, and the reproduc-
tion in relief of very small ohjeets, which can be enlarged up
0 50 diameters,

The procass also lends itself to the application of colour
phmogfftphy so that three-dimensional photographs in
full natural colour wiil he available as saon as supplies of
colour materials are readily obtuinable in this country.



Exploring Jan Mayen

Introduction

Tre Oxford University Exploration Club was formed in
1927 and since that time, broken only during the wat years.
it has sent out a series of expeditions of scientific exploration
to various parts of the world. Especially notable among
these have been lengthy explorations in Born€o-. Ellesmerc
Land and in the New Hebrides archipelago of the Western
Pacific ; but there have been many others extending through
all the latitudes between North-west Spitsbergen and South
America. Before the actual formation of the club as SPChs
the University and one of its Colleges (Merton) had given
their name and support to expeditions which visited various
paris of the High Arctic. .

Oxford has a tradition of exploration, and so it was very
natural that, immediately the war was OVeT, efforts should
be made 1o revive the club. 1t was clearly desirable, in order
that they should gain cxpericnce as leaders of future
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Fig. 16.
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expeditions, to get as many men into the field as possible,
but there were many difliculties. Equipment, slowly accumu-
lated over many years, had been given to home defence
organisations during the war. Travel was still restricted by
high costs, lack of transport and official obstructions, so
that more distant and ambiiious expeditions were ruled
out. Of the few possible places the sub-Arctic was among
the more attraciive, and so an expedition to the little-known
island of Jan Mayen was planned.

The island, which lies 717 N. lat., 9° W. long,, about 300
miles north of lecland, is about 35 miles long and consists
of little more than a series of extinct volcanic craters
dominated at (he narthern end by the ice-filled Becrenberg
Crater, nearly 8,000 ft. hich. From the sca the island seems
barren and lifeless, but it offers many interesting problems
to geologists and biologisis. Further, there wus scope for
geographical work in that the southem parts of the istand
are still inadcquately mapped (Plates 17, 13).

/

*
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/

-

Fig. 17.

All the members of the 1947 expedition except the
doctor and a small film unit sent by Gaumont-British
Tnstructional Ltd., were scientists, each hoping to solve a
particular set of problems especially related to Arctic con-
ditions. These problems included the distribution and
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ZC.OIOgy of soil animals, the study of lake and marine animals,
Axrd.ccglogy, the curious problem of ‘non-breeding’ 18
Teic birds, and the living conditions of the plants.

The party was led by A. J. Marshall, past member of

m;lm)_’ of the club's expeditions and rescarcher on 'b‘
p ')'Sf()logy. and included 1. H. Hume, doctor and LadeFT'
mist: F. Huxley, ornithologist; A. N. Mitchison, manné

zoologist; J. W. Wilson, botanist: A. Macfadyen, €nto;

mologisi; J. Dollar, R. (. Bostrom and D. Boyd, geologists:

The film unit was directed by Guy Blanchard and included

K. Rodwell and R. Pike as cameramen.

In the past, two expeditions had overwintered on Jan
Mayen, and some of us were assisted by their accounts
and thqse of others. The two ovcrwimcr'ing parties were
those of the Austrian Polar Year Expeditions of 1882-3 an
1932-3. Other accounts most helpful to us were those of
members of the Cambridge Expedition, 1921, and that of th
;{nplc)nu] College of Science of 1938, Although the islan
f(;lrS cen Vls"ted by several other scientists, fow have staye

more than a few days en route to, or coming from
cxpC(_lmons to Greenland, Jan Mayen ‘was famous as 8
whaling stu_tion in the 18th century and remains of ancicnt
blubbcr-boxling establishments can still be seen at ©
PlaC_CS. During the war the Norwegians maintained a smal
garrison on the island and ieft several serviceable huts
behind them which we were able to occupy. This cir-
;:)umsl_a.ncc. hclpgd us immeasurably and ecnubled our
Otamst, in particular, to carry out chemical work which
coulq not have been tuckled under normal Arctic Expeditio®
conditions, ‘

The party landed from the Norwegian sealer Polarbjor®
at 2.3 am. on Saturday, July 19, 1947, and rc-cmbarke
at 8.30 a.m. on August 24. During the intervening perio
we cxpcncncc_d ten dry days, confined to the first part of
;)(:xrr l;tea){,l‘w}gch constituted the finest summer on Te€0
o ! ds and. The weather was exiremely variable: '_“‘St’

and winds up to force 8 alternating with milder periods:
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The temperature remained throughout between 3° C. and
10° C. at sea level with a very few exceptions, and there
was no ‘night’ time at all, except during the last few days.

As a source of meteorological information and as most
hospitable and gencrous {ellow-inhabitants the men of the
Norwegian weather station, the only one in the Arctic to
make daily radiosonde observations, deserve our most
grateful thanks. The many and generous contributions
from commercial firms and public institutions who con-
tributed to the financial success of the expedition are
acknowledged in the Club’s Bulletin.

In the paragraphs below, some members of the expedition
describe their fields of research and the reiationship of
their results to wider ficlds of study to which they contribute.

Non-breeding among Arctic Birds

A.J. MARSHALL

EACH spring countless numbers of migratory birds assemble
in traditiona] breeding places throughout the Arctic. Some
of them, probably, have come from as far aficld as Tasmania,
South America, and South Affica, for in these far-off
countries small drab-coloured wading birds, which breed
only in the Arctic, are found in great numbers during the
southern summer. As the northern spring approaches, the
gonads (reproductive organs) of both males and females
begin to enlarge, and soon the birds take off for their
northern breeding grounds.

The same phenomenon iakes place among the millions
of sea-birds which haunt the open seas. They too, obcy
some as yet unknown impulse and move in enormous
mobs towards their breeding cliffs or islands. These are
‘dispersive’ rather than true migratory birds, but they alt
have one striking feature in common - a concerted move-
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ment towards a traditional breeding site at a certain time
of the year.

Travellers in Arctic countries for forty years past have
reported however that many of thesc birds (the proportions
varying with year and locality) do not breed after they
make landfall. Thus, 1938 in North-cast Greenland was
reported as a ‘completc non-breeding year® for all birds
except passerines (perching birds) yet the account cm-
phasised that the summer came early and that the weather
was fine and that morcover there were plenty of birds
around the customary brecding places. Since 1910, when
the phenomenon appears first to have been recorded, 3
great number of theories have been put forward to cxplain
it. One thing appears to be certain - that in many places
the breeding of hunting-birds such as skuas, snowy-owls and
falcons is inhibited by failure of the supplies of lemmings
on which they mainly feed. The lemming cvele is possibly
controlled by a climatic cycle which is synchronous through-
out the Arctic. About every four years snowfall decreases
sharply and lessens the lemmings’ chances of successful
hibernation. When the lemmings fail there is widespread
non-breeding among the birds which eat them.

But few birds eat lemmings, and periodic non-breeding
is very widespread. In the past, various people have sug:
gested that late-melting ice and snow may delay the
availability of nesting sites or cause failure of food supplies
and perhaps inhibit breeding. It has been suggested that
late blizzards might prevent courtship flights, or even delay
the birds’ arrival at their breeding grounds until after their
gonads had regressed to a stage where breeding that year
was no longer possible.

However, people never examined the gonads of the birds
about which they speculated, and so the collcction of the
reproductive organs of a scries of proven breeders and
non-breeders was one of the expedition’s principal jobs on
Jan Mayen. This oceanic island was especially suitable for
such a study because many factors such as lemmings,
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extremes of temperature, sea and bay ice, late snow-cover
and others considered to be responsible for non-breeding
are absent. Yet non-breeding was known to occur there.

As the cxpedition ship approached the island, and after
we had been ashore a few days it became obvious that
almost cvery species exhibited partial or complete non-
breeding. An occan transect made by Francis Huxley, the
expedition ornithologist, between Aalesund (Norway) and
Jan Muayen revcaled constant numbers of fulmars and
kittiwakes which could not possibly nest that season on
either coast.

Ashore, the open nature of the Arctic landscape made it
relatively casy to- prove whether a species was nesting or
not, especially if it was colonial, as most Jan Mayen
Visitors are. Our non-breeders could be divided roughly
into three categories :

L. ‘Stragglers” which turn up year after year (recorded by
each expedition that has called in) but never breed. These
nclude whooper swans. Greenland falcon, Iceland redwing,
king cider, oyster catcher, odd divers and others. These
may pair, but do not breed because the inhospitable Jan
Mayen environment offers none of the external stimuli
necessary to reinforce the internal physiological state of the
paired bird, The Iceland redwing not only fails to breed
but often fails to survive - we, and others, have found thgm
lying perished in the barren laval gullies. Another bird
which fails to survive is the common snipe. Of highly
specialised feeding habits, this marsh-loving species could
not survive on Jan Mayen; we found them dead around
our hutments.

2. Migratory wading birds such as ringed plover, knots,
turnstones, cte., which pause in large numbers en route for
their summer breeding grounds on North-east Greenland.
Some of these do not continue their journey, and remain
on the beaches and upland tarns of Jan Mayen until the
return flight of the breeders in the early autumn. Although
they may pair, and assume the characteristic bright nuptial
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plumage of the breeding bird. they do not breed on Jan
Mayen. Here we have another group of birds whosc innate
breeding requirements arc noi sausfied by the island
environment,

3. In this group fall the true ‘periodic non-breeders’ - the
birds which find the environment of Jan Mayen to their
liking, return to it in great numbers year after year, and yet
often still fuil to breed. These include the kittiwake, the
glaucous gull, the fulmar, the Arctic tern, the Arctic skud
and possibly others.

_As soon as possible afier death, the gonads of collected
birds were dissected out and preserved in fixatives designed
to show different phases of the interstitial tissue. The testes
in particular were important. The testis consists principally
of iwo components — the tubules, in which spermatogenesis
occurs; and the interstitium in which (most people now
believe) the male sex hormone is elaborated. It is worth
noting parentheticaily that most of the pioncer work on
the hormonal function of the testis was done on birds.

The most important result which has so far emorged
from our laboratory studies is that all birds, whether they
bred or not, passed through the same gonad cycle. The
male interstitium in breeders and non-breeders alike went
from a lipoid (fat-containing) phasc into a secrctory onc,
when spermatogencsis took place even among lone *stranded’
waders which had no possible chance to reproduce, About
the time the eggs of the breeding birds hatched, spermato-
genesis was inhibited abruptly and the interstitial tissué

“became lipoidal once more,

Experimental egg-destruction did not result in a sccond
clutch being laid, and there was no attempt by non-breeders
to use sites vacated by breeders after successful rcproduction-
In short, each species (though they may breed at different
times each year) arrives, pairs, prospects a nesting site,
breeds and rears its young and departs - but in the Arctic
there is apparently no repctition of any part of the cycle if
a serious check occurs, The flocks of non-breeders which
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we found dotting the lagoons of Jan Mayen were all there
for a reason connected with the failure of some part of
their reproductive cycle as affected by the external environ-
ment — the ‘exteroceptive stimuli’ of Dr F. H. A. Marshall
of Cambridge (Croonian Lecture, 1936). Looked at tcleo-
logically, the irrcvocable cessation of spermatogenesis
described above could serve a useful purpose: no parents-
would bz czught tending a second family of helpless young
when the winter biizzards sweep down the Arclic basin.

The work of correlaiing ihe fizld observations with the
cytology of the gonads of cach species is now proceeding at
Oxford.

Limits of Endurance: Plant life at Jan Mayen

J. WARREN WILSON

The few that succeed
PLANT life can tolerate a wids range of conditions, as is
shown by the scarcity of barren arzas on the earth’s surface.
At Jan Mayen, plants are at the timit of their tolerance; a
state hardly unexpected on a voleanic island in the middle
of the Greenland Sea, some 350 miles within the Arctic
Circle.

The full impact of arctic conditions on the island results
in complete absence of plant life. Such a state is found on
the bed of the South Lagoon, which is an area marked as a
great lake on maps, but actually found dry last year. The
bed would in this country offer a fertile ficld for rapid
plant colonisation; in fuct it was a desert with not one
green plant as far as the eye could sce - only a few bizarre
rings of fungi. The bacteria might here number some
100,000,000/grm. of soil; counts suggested that only some
3,000 occurred. Causes of this infertility are strikingly
obvious.
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The wind is such that during storms the surface of the
bed is whipped into black and white whirls of sand and
water from temporary pools. Glass is frosted in a few days
and stoncs become abraded smooth, while soil is stripped
from the underlying lava flows. Where soil, formed by the
break-up of lava, does collect it is a coarse black Sanfl' 50
porous that rain runs straight through, carrying with it the
substances needed for plunt growth. .

In all parts where such conditions prevail, as in ?he
mountains in the south of the island, plant Lifc is lacking
and the country looks like barren and desolate cinder heaps:
Where there s alleviation of the conditions, however
plants establish themselves on a more or Joss meagre ?C"‘l?'

Given shelter, lichens and mosscs grow on lava \\'hlch. 5
little broken down, and flowering plants contrive to live
where a soil has been formed. Some of the genera ar€
not unknown in England - Salix, Ranunculus, Cerastiu
Arabis* - but the species are high arctie, and the plants ar¢
strangely small; few are more than three inches tall, an
most are less than an inch. Moreover, the vegetation .
open; that is, buare soil shows between the plants. Also, al
the N.E. region - the extinet voleane Beerenberg, its crat€r
filled with jce which cascades 800 fi. down to the sea o
huge glaciers (Plates 19 and 20y i« snow-covered ; lhoug!l at
5,000 ft. (the snow line lies at 2.0y f1.) mosses and brig
yellow lichens enliven a lavy outerop,

N RS . . .. :, ls :

‘Al.l txeept one of the species on the iJand are pcn,ml.\hq

this is because snow blankets the inland for over six monti™
and the ¢

Ne short summer doe
Bermination to floweri

Perature is helow ¢
nine-tenths cloud or
In hollow.s,

s not permit the full cycle ”'Or;:
ng to occur. Midsunuaer mean 1"' .
cand 25 days in the month ;L\Cf“g'
mor.,

SNOW lies deep and persisis late it the
pommer. If it persists 10”3. the scason becomes too s.hoig
for any plants to Brow. A certuin degree of snow h'c §
however beneficial, ip blanketing plants from the Wit

L w
tlow, ADCmonc, Chickweey and Rev koo,
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and severe frosts of late spr‘ing. In such late snow arcaf
the vegetation is richer than in nearby paris, carpeting the
ground and reaching a height of six inches or so.
) These late snow arcas are gcncpxlly small; howevcr at
four places seen during Cxplo.ratmn of t}'\c island, 'tl‘let
generally drab vegetation broke mto0 ;1 Il::)lrlccgrfp;o?lfnlzlr}gixn
shi COVETINgG an acre : d;

::rflr':;}::gggggrﬁfﬂ{nt the hjggh z}rctic, contr'astmg ag':lir‘lfs-t‘iliel
backcloth of glaciated desolation. Such pll.xccs, %n(()}ll :1;1 e
than an English meadow, were mct at Caf;‘)ch rfuh,na' d
the persistent mists of the southern end of the 1sl‘k‘ ’[1‘1e
Seven Hollander Bay, where a woodan crgss mar ; ¢
deaths of scven whalers : at the Pillar, bleak _fQ()'Aft. cofurnu
north of the South Lagoon; and, most smkm%/ﬁ din‘
covering several acres in the shghcrgd hshbumf a %\llcgt
the south-east. The same vegetation is reported ’rom : 1
Cross Bay in the north. These arc pluccs.whc’rca{he u]S:l[el
lava gives way to another geologic_al form.auon, ‘\gf, O?Rl-;)d:
and it appears that the case with whxch. the 1‘11‘1er ck
weathers to a soil results in the vegetational fixfTerlclr[lcg%
There are 16 species which are cortﬁ'm:zidut)os;)xz or a

€ erate areas; none is restrict a.
thTﬁggils(;?nd‘s flora is poor, there being know{r;i s'cime'”(‘)é
specics of higher plants. All are of Nor\\l'cgm)n a t[?é )r{::écm
many have doubtless been carried by man, u.g:, the recent
introduction of Matrirar% {rzodlr)rat, 1\:1(1;(().1}11l vlljogndglrllntié e
near the North Lagoon. This plan mon 0 Quay
: : ‘hence leave ships bound for Jan Ma_,.un.
%theA gﬁi)ur;;idng:: n(L[:e:i:a) grows on sandbags protecting
wartime gun emplacements.

Under the snow blanker

On an expedition lasting five weeks, one cannot fol.lo‘f'
the annual course of plant develppmcnt. It is possible,
however, to cheat time to a certain extent. In late snow
areas (Plate 21) plants spring up in the wake of th; retreating
snow, so that near the snow line the plants are just putting
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out leaves, and at a distance of several metres they are full
grown and flowering. The whole range of development is
found at one time.

In one such late snow area, seven points along a transect
running across the spow line were cxanined., Poit 0
(Fig. 18) is beneath the snow and point 1 just free of snow.
The interval between successive transect points is 3 metres,
and the snow retreats about | metre in three day§; so the
plants are flowering just over 2 month after_ being freed
from snow. This is surprisingly ripid, considering that they
overwinter completely underground. Thc_ photographs
(Plates 22-25) give some idea of the chgngc in appearance,
and increase in weight of plant matter is shown in the first
graph. ‘Detritus’ is matter which is blown on to the snow
surface, and becomes incorporated tn the soil after snowmelt;
consistinglargely of plant material, it greatlyenriches thearea,

The second graph from the bottom shows that the outer
part of the patch where the plants enjoy a relatively long
summer, is enriched, owing to the greater amount of plant
matter returned to the soil each autumn. )

The bottom graph shows changes in soil ergansm num-
bers following snow retreat. Fungi arc almost inactive for
over a fortnight afier the snow has gone, and then suddenly
increase. Bacteria and diatoms, on the other hm}d, are
active under the snow, and increasc rclativc[y ?mlc in
numbers following snow melt. At the time of rapid increase
of fungi, however, they suffer a temporary setback, Perhaps
by competition for nutrients. The different behaviour of
bacteria and fungi may be a result of different temperature
demands. The bacteria commence activity below 0 C.,
whereas most of the fungi are active only above zero. The
optimum temperature for growth of bacteria f'r’o‘m Jan
Mayen soil is about 19° C., but that of the fungt is near
25° ¢, The bacteria are therefore active beneath the snow,
and after its retreat soon increase to saturation point; but
the fungi cannot grow much until the snow has been melted
some time and the soil is warming up.
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It is said that the conversion of nitrogenous maiter in
the soil to a soluble form which is available to plants is a
result of the activity of bacteria and fungi. However, in
Flg 18, the curve of %‘tb:c ni(rogcn COI‘T&‘SpOﬂd5 ClOsC]_V to

a
that of bacterial numbers, and the fungal activity has no
apparent relation.

On this particular late snow area, the snow lusts so far
into summer that no plants can develop near the centre of
the patch. Thus the nitrogen and carbon present there
must have arrived in the form of detritus deposited by
wind on the snow. The optimum snow-frec period 15
probably attaincd near the edge of this patch.

Plents that lose weight

One annual grows at Jan Maven - Koenigia islandica.
This odd little plant occurs further north than any other
annual; it grows about half an inch high, forming some
ten tiny leaves, and then flowers. It is found in hundrefis
on alluvial beds which are stream-swept in winter, dry 11
summer. By its occurrence in large pure stands of plants
of similar age, it is an ideal plant for measuring growth rate
under natural conditions.

Growth of Koenigia (before flowering stage) over (WO
fortnightly periods was measured in three different habitats,
which had soils of the following compositions :

Moisture Total nitrogen  Loss on ignition
s Fresh weight  °/ Dry weight ¢ Dry weight
Desert 1.03 0.010 0.90
Scree 21.43 0.006 0.51
Marsh 47.45 0.130 291

Of these three habitats only onc, the marsh, has an adequat€
soil. The others are poor in nutrients, and the desert is dry
into the bargain,

The growth rate of plants is often expressed as the Net
Assimilation Rate: i.e., increase in dry weight,sq. dm. of
leaf arca/ week. It has been held that this figure gives 3
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measure of the efficiency of metabolism of the plant, and
that it is roughly the same for all-plants and all environ-
ments - even the Arctic. The value falls as a ruic near 0.5.
Below are the Net Assimilation Rates found for Koenigia
at Jan Mayen:
First period  Second period

Desert 0.05 —0.20
Scree -0.20 --0.09
Marsh 023 - 2015

In all cases the figure is lesy than half the usual Net
Assimilation Rate, and in the worst habitat it falls to a
negative value. There is clearly fuster growth in the better
habitats. Also, the Net Assimilation Rate is less in the
second period than in the first, probably owing to a con-
siderable deterioration of the climate.

These low Net Assimilation Rates, casily aflzcted by the
environment, are a sign that the plants are neat their limit
of tolerance, Negative values may be due to unusually
Severe conditions or may be a regular feature; it the latter,
l‘he loss in weight must not be so great as to prevent seed
formation.
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Also unexpected were changes in total nitrogen of the
plants, on which the environment had an even more
marked effect (Fig, 19). This actual loss of nitrogen from
the living plant is an unusual phenomenon, and implies
Some metabolic upset - for the plants showed no signs of
10ss of leaves, It i probubly relevant that in poor habitats
Plant nitrogen existed 10 an abnormal extent in soluble
torm; ie., nitrogen which had been absorhod and appar
ently could not be wijli%d by the plant. . od

Similar nitrogen loss was found in Engish Rye germinate

on the islund. During the five-week stay on the istand thesé
seedlings grew in iskund soil to the height of three inches:
It Was somehow encouraging to sec their green leaves
Waving in the cold Arctic winds,

The living soil

When the activity of sojf bacteria and tungi is depressed
(as in peat bogs, where the acidity inhibits them) breakdown
of dead material is slowed down, and there is C(,nscqucnﬂ)'
& shortage of plant nutrients. It has been suggested that
the Tow uctivity of these organisms in the Arctic is 1M
poriant in limiting plang growth there,

In this country, soils contain bucteria to the order of
10,000,000 gram of soil. At Jun Miayen, numbers Were

; . ‘ol t
much lower: in some cases fewer than fiom any soil ¥¢
recorded, .y,

Desert 3,300
Koenivia bed 16,000
Poor moss area 31,000
Rich moss area 36,000

(Al numbers on the basis of dilution culture courts).

In certain communitics the numbars were much highe?
owing to ohvious causcs, e.g., in the fertile soil of Seven
Hollander Bay (an agglomerate locality) there were 291,
/gram of soil; under the Pillar, where the presence ©
agglomerate is reinforced by munuring from the bird<
above. 1,214,000; and in an arcy of p(mr moss \egetation

-
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which had been artificially fertilised, and consequently bore
a closed grass community, 13,920,000. ' .

Fungi showed a sinular general scarcity coupled with
stimulation in particular places. . ‘

To understand the importance of these riicro-organisms
in humus decomposition, it is more important to kpqw their
physiological activity than their numbers. Activity was
measured in three ways; the respiration rate of the soil,
the rate at which ammonia could be utilised, and the rate
at which nitrate could be produced (by methods outlined by
Quastel in Science News 5). These three measures gave
figuies in very close proporlion. Ho‘we\'cr, 'whcrc thcrq was
a 10,000-fold increasc in numbers of bacteria and fungi, thtf
Increase in activity was only tenfold. In other .\\'ords, the
occurrence of low numbers of fungi zmd .buc'tcrxa does 'not
necessarily mean that physiological activity is very 10\&). ft
was shown also that the bacteria at Jan Mayen ate temperi-
turc-adapted in that they have a lowe.r 'oplmu‘lm lha.nl
equivalent types in this country. The aCtivily of these soi
organisms scemed to be correlated mainly \»_'nh the amount
of unincorporated humus (their substrate) in the sonl.d .

Perhaps the istand’s strangest contrasts were found In
the soil diatoms, N

Firstly, in some soils, despite thq Arctic confiltl(l)lr:s, 'thclac}i'
weic morc frequent than in any soil anywhere (1)3 Ot 5 X?)l;n X
where they have been counted - over 140, ia
'ggl:goz{if;llihe‘re was a close .corrclation of numbers with
nitrogen supply ; but it was an 1nverse correlatnf)n. vtism

Thirdly, feeding experiments s_ugggsted s‘apr.op 1y )j ,
and the diatoins were growing buried in the soil; but they

085Css tosvnthetic pigment.
pogfksx;(:}?l;:h(;itrbgcn mur:mri.ng increased numbcrs“ (.15l
expecied) 1p to 450 per cent in poor soils; but decrease
numbers up to 28 per cent in all rich soils.
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Geology of Jan Mayen

R.C.BOSTROM

To the geologist, Jun Mayen is of interest for the light it

may throw upon the phenomenon of igneous episodes, fof
conacctions it may show between rock types in one part
of a large petrographic province and those in another (25
outlined below) and, in the long run for any informationt
which may be gleaned towards the understanding of such
perplexing incidents as ‘ice ages.” More immediate issues:
- for example the mere history of such an island - are also,
of course, of gredt interest.

This question of the history of the island is perhaps the
basic point to be kept in mind during an investigation suc
as that of the geologists of the 1947 expedition: our
hammcring and mapping may almost be said to have been
done with this us the immediate object. At any rate the

speeinien collecting, the surveying, the glaciology were done.

with the realisation that cach tact deduced therefrom was
a fragment of the island’s story: if once this tale could be
fully told the larger points outtined could be tackled later
and in the light of mature consideration. The unfolding of

such a history, the unravelling of a tangled skein of sea-floor

cruptions, explosive outbursts, piled lava flows upon older
concs, cach new pluse partly at least obliterating thos¢
previous to it, is much more casily suggested than carried
out, but is dependent on compuratively fow factors.

Upon considering the matier. one can systernatise such
a varied pile as Jan Mayen cither by discovering the sequence
of the rock types — which floor lies underneath which -
without knowing the absolute age of any ; or by determining
in separate operations the dates of appearance of each, and
afterwards correlating them. This dating can sometimes be
done in two fairly precise ways. Satistyingly arithmetical
and apparently cxact is the ‘radium clock’® method, by
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which the results of the inexcrably constant radioactive
decay of the uranium content of rocks to known lead
isotopes gives us an idea of th: absolute time which has
elansed since the tock solidified. We were unable to use
this effect as, for one thing, the ‘clock’ measures years only
by the million. whereas the age of our island, so young by
geological stundards, is of the order of tens of thousands
as a first approximation.

The second method of dating. the constant stfmd-by of
the geologist, is, of course, the evidence of fossils. Fossils
are only abnormally associated with igneous rmks bpt
this type of cvidence has frequently proved critical in
igneous districts ; for example in Mull where well preserved
leaves of ancient species of plane, oak and other plants
have long been known, and have comparatively recently, by
their Eocene affinities, dated the massive basalt lava-flows
in which they and their graveily ruatrix have been cntombt:fi.
It is still possible that this type of fossil will turn up in
Jan Mayen, but militating against this chance is thc; very
fact of the islund’s apparent youthfulness: if the period of
its exisience has been confined to the recent chill .phase of
the earth’s history, the present struggling flora 1s hardlv
likely ever (o have becn much more numerous. In Mull,
warm Eocenc climatic conditions probably cx}gured abun‘-
dant vegetation which, by the laws of probabxl'lty, stood a
good chance of being represented later by fossxls. .

Indirect evidence of age, then, must be involved in Jan
Mayen’s casc - a casual uticrance which conveys little idea
of the number of features which it covers. 1.}1350 features
range from the form of a river-valley during its youth and
old age to the cffects of claciation upon topography, with

endless details, A glacier, provided that it has tenanted

its valley for a sufliciently long time, gouges Upon its bed
a serics of unmistakable traces of its existence. Thus we
know that comparatively recently many of the [.J-shuped
valleys of Wales must have contained glacicrs: striac upon
bare rock surfaces, spicads of boulder-clay and a host of
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other details all go to confirm this, and it could be deduced
therefrom, were it necessury, that these valleys must, a
priori, have been in existence during the recent ‘ice-2ge.
The geological section of this year's expedition, then, kept &
constant eye open for traces of sanished glaciers, which
treces would of course indicate by their very presence the
existence of the island a certain jength of time 4g0.
mediately striling to the observer, ajthough such super-
ficial indications are notoriowsly unreliable, was the very
sharply defined and imyressive cone of Beerenberg, the
8,000-ft. volcano dominating the north-castern end of the
istand. This mountain, composed as it is of vulnerable
interbedded layers of ashes and lava, must be most sus®
ceptible 1o the attacks of an Arctic climate of heavy pre-
cipitation, and it is hard to belicve that it could be other
than very young indeed. .
The interlaycring of lavas and ashes is weil displayed 10
the scu-cliffs of the island which provide a rcud)"ﬁ“mde
section showing some of the structure : where erosion is un-
usually rapid and the layering horizontal these crags reach 2
height of 2,000 ft. and their variations provide interesting
insight into the relationship of geological structure to animal
life. Without going into petrological detail, much of
the rock of the Beerenbery region is of an ultra-basic type
known as ankaramite, heavy with ferromagnesian minerals
and shining in the hand-specimen with large green U')’S“_‘ls'
Much time and cnergy were «pent last summer collecting
this and other types of rock on Jun Mayen. Our knowledge
of these has previously been limited and the new information
fortheoming from subsequent Liborutory study by Dr Dollar
of Glusgow will, without doubt, add considerably to what
is known of the distribution of rock-types in the tertiary
igneous province of N.W. Europe - the huge arca which
stretches as far south s Irelund and our Western Jsles
Such a petrographical provinee is characterised by the
presence of certain chemical peculiaritics running through
mony of its rocks - their trade-mark as it were, suggesting

Im-
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that, though occurring in scattered places, they may be
referred to some common origin. A feature alrezdy known
was the relative abundance of petash in the Jan Mayen
rocks: we may expect further such points to be discovered
and deductions drawn therefrom. as o result of last summer’s
work.



Precision Measurement of Time

DR W.VAUGHAN

BECAUSE of the supreme importance of the sun’ role 1n
all human affairs, its apparent motion in the heavens has
been used as a basis for time measurement in practically
all parts of the world since the most primitive times. 50
fong as man was concerned only with agricultural pursuits.
there was little necessity for dividing the day up into smaller
units, but as society became more and more complex, ‘_hc
need for measuring smaller intervals of time became -
creasingly insistent. From about the third century B.C.
until medieval times, water clocks, hour candles, and *i_‘”d
glasses of various forms were devised to meet the require
ments of the Mcditerranean civilisations, but these devices
served, in the muain, to measure arbitrary intervals Ofﬂy
roughly related to the length of the day. The sundial,
which was a product of the interest in astronomy and
mathematics which characterised the Moorish civilisation,
was the first practical attempt to use the carth itself as @
clock.

It was not until the beginning of the 17th century that.
following the investigations of Galileo, the pendulum was
used as a device for accurately dividing the day into hours.
minutes and seconds. Largely us a result of the work of the
Dutch astronomer Huyghens, the development of the
pendulum clock made rapid progress, so that by the be-
ginning of the 18th century, clocks of considerable accuracy
were to be found in most European obscrvatorics. The
. growth of maritime enterprise had by this time created @
new demand for accurate timekeeping for the purposes of
determining longitude at sca, u demand which the best
pendulum clock was fundamentally incapable of satisfying.

38
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The time-period of a pendulum is governed by the gravita-
tional force of the earth, but this varies from place to place,
with the consequence that a pendulum clock adjusted to
give accurate timekeeping in one locality will gain or lose
as it is transported to others. By 1714 this navigational
requirement had become so important that the Board of
Longitude, a body set up by the British Government,
offered the princely prize of £20,000 for any method by
which a ship’s navigator could estimate longitude to within
30 miles at the end of a voyage to the West Indies.

Abandoning the idea of employiqg a pendulum, and
using instead the timekeeping properties qf a coiled spring,
Harrison in 1761 demonstrated a marine clock which
achieved this object with an error su.bstantially less than
that stipulated by the Board of Longltude. Almost at the
same time, Le Roy produced what 1s now generaily rggardcd
a- the prototype of the modcrn 'chronomctcr. Dun_ng 'the
tiext century and a half, the desxgn_ of clocks §tcadlly im-
proved, but although the timekeeping properties of many
other devices were investigated, it is only within the past
twenty years that the accuracy of the observatory pendulum
clock has been surpassed by an entirely new system of time
measurcment employing a quartz crystal oscillator. The
main purposes of this article are to show why accurate
subdivision of time into intervals as smail as one-millionth
part of a second has in recent years become of considerable
practical importance, and to describe how efforts to do
this have placed at the disposal of the astronomer a clock
of better regularity than the rotatron of the earth on its
axis,

Tn our carly schooldays we are taught that the earth
spins on its axis once in twenty-four homjs, and that in the
same way as our motion when trave!lmg in a train is
revealed by the apparent movement of .the landscape, so
the apparent drift of the heavenly bodies across the sky
gives visible evidence of the earth’s rotation. So far as we
are concerned, the sun is by far the most important of the
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“heavenly bodics and it therefore appears natural to use its
daily reappearance for fixing a unit of time. The instant
at which the sun crosses the meridian, that is, a line running
In 2 true north and south direction at the place of observa-
tion, is termed Noon. We may therciore define the Solar
Day as that interval of time which elapses between suc-
cessive appearances of the sun at the meridian, or betweeil
consecutive noons. It is very important, of course, that 4
unit should not vury from time to time, but this is precisely
what does happen to quite a serious extent in the case ol
the interval which we have just specified. Oune reason for
this seasonal variation in the Solar Day is to be found in
II.m fact that the carth’s path around the sun is not quite a
circle, with the result that the carth does not remain at a
constant distance from the sun throughout the year.
According to the second of Kepler's three Laws of I"lanetary
Motion, the radius joining the sun to any pianct will sweep
out equal areas in equal intervals of time, so that only if
the carth 1ollowed a circular orbit would it move at constant
speed along its track. .
This lack of constancy of the Solar Day was recognised
long before the pendulum clock had made its appearance,
and even until the middle of the 17th century it was the
practice to make daily altcrations to mechanical clociks to
bring them into agreement with the sundial. We _[}ccd
only imagine the complications which would cnsue ift we
had to make daily adjustiments Lo ai our clocks, to apprect-
A the total unsuitability of the Solar Day as a unit of time-
The effeets of the irregularitics of the carth's speed along
its annual orbit around the sun mey be averaged out by
obscrving the length of cach Solar Day in the year an
Obluining their mean value, This gives an interval known
as the Mean Solar Day, and this is used as ihe unit of timé
for all commercial and domestic purposes. :
The common clock shows Greenwich Mean Time, and it
will mark midday at the instant at which the sun crosses
the meridian on April 16th. Subsequently, a pertect mechani-
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cal clock at Greenwich, if compared with a sundial, will
appear to lose until by the middle of May it is nearly four
minutes slow. The difference between Mean and Sundial
Time will then gradually decrease until June 15th when
they become the same. Thereafter the mechanical clock will
gain on the sundial and will show a maximum difference
of rather more than 6 minutes on July 26th, after which it
will again show sundial time on Septembor Ist. It will then
start to lose again, reaching a maximum difference of nearly
164 minutes on November 3rd. The clock and sundial will
next show the same time on December 25th, but it will then
appear to gain and will show a maximum difference of just
over 14 minutes on February 12th. If the mechanical clock
has, in fact, been a perfect timekeeper it will once more
show midday at the sundial noon on April 16th. The
corrections which must be added to, or subtracted from
sundial time in order to give Mean Time on any particular
day of the year are known as the Equation of Time and
are to be found in such reference works as Whitaker's
Almanack.

It is unfortunate that the interval represented by one
Mecan Solar Day canrot be directly determined, and it
would be a serious mntter if obs:rvatories were able to
obtain dircct checks for standard clocks on only four
occasions during the year. If instead of concentrating our
attention on the sun’'s apparent motion, we observe the
passage of any other of the heavenly bodies across the
meridian, we have at our disposal an alternative method
of determining a standard time interval. Because they are
also moving in orbits around the sun, the plancts have
apparent paths which appear very complicatzd, so that
their reappearances arc quite unsuitable for fixing a unit
of time. On the other hand, th: fixed stars offer unique
advantages for observing the rotation of the earth on its
axis. The interval between successive reappearances of any
star at the meridian is in fuct the period taken by the carth
tomake onccomplete rotation andis termadthe Sidereal Day.
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Since the carth does not follow an orbit around the
body Weare now observing, it is not surprising to find that
the Sxd(jreal Day is remarkably constant and that it shows
none of the daily variations which characterise the Solar
D:’1y. It Wemeasure the interval separating the reappearances
Q' 4 particular star at the meridian by means of a clock
?howlng Mean Time, we find that the Sidercal Day is about
four minutes shorter than the Mean Solar Day. The ex-
plar_mmm_ of‘lhis discrepancy lies in the number of rotations
'(1)“?1;[:}““ which the carth makes in the course (_’f a ycal'.':
mttl'On of the carth's travel along its orbit is such as
to delay slightly the appearance of the fun at the meridian.
In the course of vear, the sun has reappearcd 365 times,
but bcez'msc the carth has completed one circuit of the sum
‘[‘)u\;ilr‘;lg‘?h’f-m—‘t/»h'mvc rol;nid 306 timcs' on its own a"fi?.
observing \l:'lll);}ilf)(}i the fixed star which we have b':tg
Fimering vl therfors ave sppared at the meridin 36
than the Solar L\r“] \'Cllf"thl‘clorc contains ane MoK (-l‘l')
are equivs 1,‘ cir, and it follows that 366} Sidereal Days
A -]1 Vi ent to 365; Mcan Solar Days.
fre qU(Cr;)tkﬁ] :Chr(:\\]mg ’Sidcrc;d. Time muay be checked at vc'ri}’
1an of cc]cwad[; ; Oh\-cl'hng the transit across the m,cn(“
Stars, ch‘u/l: fﬂ( s which the astronomer terms (lmk‘_
the ecase ;\'it}: t)vhli}-llc camitiey of the Sidcmll-l)dy ‘t;ld"")‘l
Time may be \'Cr'lA‘L l ]m.k!!'d“.“:,!l “‘h‘"‘jl‘:* -“h‘)\\il.lg Sl. ug.d—
ified, the Sidereal Day is used as the funda
mC\l\lll:ll standard unit of time, .
almost to an inst;mt‘r(;:t:tu«:t“! (.)t.”.w.“?m (\” dily" .n"(llmliﬂ‘;'u:
consciousness of the ’ e cout < %I(A\.\d_\’ lCl.lts t’¢ )
Clocke e of I ¢ ;\1“1 L position, This demands that ou
renith, o on€ 1)m}« ;;\x‘n‘..\ddny when the sun is nc;\‘r >
Time for " n:):.:nt, Icrclnrc cmnp‘%-l.'cd to use Mean Solar
quite unacceptable 11 'Slu‘r;“‘w& _.\K‘.CYCH‘ T”}‘f “““lf,i bz
the sidereal clock (“'m‘ - )l lu"rni!lx\.c to MC‘.‘" Umc badu?‘
one instant o s n vu incide \\-{th §L11\Li_\;tl time at L‘“),
vear and thereafter it gains cnn““”"u’b
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day after day. In practice, the world’s observatories provide
us with our time signals and it falls to the astronomer to
combine the advantages of both time scales. This he does
by employing a clock which will divide the Sidcreal Day
into 86,164 parts — these will then each be equal to 1 second
of Mean Time, and a clock so constructed will in fact show
Mean Time if its noon ceincides with the sundial nodn on
April 16th. We shall presently sce that the quartz crystal
oscillator is capable of marking an interval of time cven
more constant than that provided by the rotation of the
carth, and it might be asked if this cught not to replace the
Sidereal Day as the unit of time. The difficulties which
would arise as a result of using a standard not related to
the earth’s rotation can now bz appreciated, and we are
led to the conclusicn that the Meun Solur Day must
remain the most praciicable unit for all normal timekeeping
purposes.

Scientific progress in the lutter half of the nineteenth
century gave rise to demands tor the accurate subdivision
of the sccond into a thousund equal parts (milliseconds).
A variety of ingenious methods based on the distance
covered by a falling body were developed for doing this,
but these have all been superscded by clectrical methods
and are now mainly of interest for the degrec of originality
which they displayed. If an electrical alternator is governcd
so that it runs at constant speed, it will produce an alter-
nating voltage of constant frequency, that is, the voltage
will reverse its direction exactly the same number of times
in each second. If such a supply is connected to a simple
clectromagnet, between the polepieces of which a pivoted
magnetic needle is placed, once the latter is sct into motion
it will continue to rotate at a constant speed which depends
only on the supply frequency.

If instead of using a mugnetic needle we cmploy a
toothed wheel we have a device known as a phonic
wheel which will run at a definite fraction of the suppiy
frequency depending on the number of tecth. A vhonic
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wheel driving a train of gears will function as a clock
which, in effect, counts the number of alternations of
voltage in any specified interval of time. This arrangement
is. of course, the famijiar tvpe of A.C. mains clock. It s
NOW a simple matter to compure the readings of a counter
such as this with a standard pendulum clock or with obser-
vatody time signals and ~o determine the frequency of the
alternator. Under normal conditions, th: frequency of A-C.
systems in this country i, maintained at 50 cycles per Secondf"
that is, the regulating mechanism controlling the SpeCd‘o
the turbo-alternator used for generation is adjusted to 8V
50 reversals of vollage per second. -

By using a phonic wheel clock and checking its readings
against Mean Time, even quite small driits in frequency arc
soon recognised. Thus if the frequency is 0.01 per cent 100
high, the A.C. clock will be 3.6 seconds fast after an hour.
Periodic fine adjustments arc made to the alternator speed.
so that the electric clock is continuously brought bagk t
Mean Time, Although in any one second it is most unlikely
that there will be 50 reversals of voltage, great carc is taken
to ensure that over a period of hours the average number of
alternations is exactly 50 per second. We may therefore »ay
that whilst the long-term accuracy of the A.C. clock s Of..th-e
same high order as the time signals against which it is
cheeked, the short-term accuracy ray be very poor indesd.
Stated more simply, the electric clock will show correct
time to within a few seconds for weeks on end, yet the min-
utes which it measures may vary by a few seconds either way.
It is clearly of the greatest importance that we should dis-
tinguish between these types of accuracy when we attempt
to assess the merits of any particular timekecping system
for a specific measurement, )

- .. ]
The facilities which an A.C. supply provides for driving

domestic clocks are only incidental to the electri’cal
engincer's primary concern in synchronising the generating
installations in different power stations when these have to
supply common networks. As can be well imagined, the
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practical problems of maintaining constant the speed of
rotation of large alternators under continuously varying
foads are very great indeed. Small alternators with refine-
ments for close control of the frequency may be used for
giving better short-term accuracy, but substantial improve-
ments can be achieved by cmploying entirely different
methods of gencrating the aliernating voltage. If electrical
energy is supplied in an appropriate manner to a circuit
consisting of a coil and a condenser, electrical oscillations
will occur and will persist so long as we continue to supply
energy. The frequency of these alternations depends upon
the physical dimensions of the coil and condenser, such as
the numbcer of turns and shape of the former, and the size
and number of plates which make up the latter. This
system is, of course, the familiar tuned circuit used in all
radio transmitters and receivers. By choosing suitable sizes
for these components, it is quite a simple matter to generate
oscillations which have frequencies ranging from a few
hundred cycies up to twenty or thirty million cycles per
second,

It might be thought, therefore, that providing we take
care to ensure that no variations can occur in the dimen-
sions of these two comparatively simple components,
we have at our disposal a convenicnt source of alternating
voitage whose constant fiequency makes it suitable for
ame measurement, Unfortunately, although reasonable
constancy can be obtained without much complication, the
high degree of stability over very long periods, which is so
indispensable for accurate timekeeping, cannot be achieved,
The effects of temperature changes on the circuit dimensions
can be almost eliminated by the choice of suitable materials
and by placing the assembly in a thermostatically controlled
enclosure, but this is far from solving the problem. The
method of supplying the energy from the batteries to the
tuncd circuit involves the use of a valve, and because thjs
is rcally a small part of the tuned circuit, it has a limited
but by no means neglgible effect on the frequency of
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oscillation. This effect is, however, vEry susceptible to
changes in the voltages of the batteries which supply thi
arrangement, and an additional complication is that gradua
c.hang% take place in the valve jtself with the passage °
time, s
Thus it soon became evident that long-term stablh?y
could not be cxpected with any type of arrangement 11
which the valve plays any part in controlling the _f"eq,“e.mcy,'
In 1919, Eccles devised an arrangement for maintaining &
tuning fork in continuous vibration by means of a valve,
and in this system the valve and battery voltage can have
very little effect on the frequency which the fork generates-
If placed in a thermostatically controtled enclosure, the long-
term stability of a valve-maintained fork is cnormously
greater than that of the tuned-circuit tvpe of oscillator. BY
1924, valve-driven tuning forks of a special steel alloy known
as Elinvar and vibrating at frequencies in the range IOQ to
1,000 cycles per second were in widespread use as devices
for controlling the transmission frequency of radio stations.
With satisfactory temperature control, the frequency of the
fork is constant to at least 100 parts in a million over lOnf%
periods, so that if’ the output of such an arrangzment 15
used 1o drive a phonic wheel type of electric clock, this
would gain or lose something of the order of one minut®
per duy. Clearly this type of clectronic clock could not
compete in accuracy with the ordinary pendulum clock.
As long ago as 1881, the Curic brothers had discovere
that certain crystals such as quartz and tourmaline !
subjected to pressure showed quite substantial electri
charges on their faces. They later observed the inversé
effect, namely that if such crystals were subjected to an
electric stress, they would undergo slight changes in their
shapes just as though they were being compressed. These
phenomena, known as piezo-electric effects, were turne'd
to practical account in 1922 by Cady who, taking a thin
slab cut from a quartz crystal and placing it between a paif
of flat plates, was able to maintain it in continuous oscilla-
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tion by supplying it with energy from a battery by means of
a valve,

This type of oscillator was soon found to have remark-
able properties so far as the constancy of its frequency
was concerned. The actual frequency generated depends
on the thickness of the crystal and is singularly free
from variations due to the valve and to $mall changes
in battery voltage. By 1928, quartz crystal oscillators
operating at a frequency of fifty thousand cycles per second
and remaining constant to about one part in a million were
being produced, and in 1935 one such oscillator, operating
in a carefully controlled constant-temperature enclosure,
ran at the National Physical Laboratory for a period of
eight months with a degree of frequency stability of 2 parts
in 100 million. Such a device might be used as the controlling
clement of a phonic wheel type of clock, and with the
constancy quoted, this would gain or lose less than 0.2
seconds in 100 days. The clectronic clock was now beginning
to come into its own.

Painstaking researches into the properties of quartz
crystals and into the design of the associated circuits for
maintaining them in oscillation, led to improvements in
even this remarkable degree of stability. At the present
time, the best performance has been achieved with crystals
having frequencies of about 100,000 cycles per second, and
these have a short period constancy of one part in a
thousand miilion and a long period constancy of better
than two parts in ten million. Thesc crystals are mounted
in evacuated glass envelopes and to secure these stabilities
thcy must be operated in enclosures fitted with thermostats
to keep the temperature constant to within one-thousandth
part of a degree Centigrade. Some heat is, of course,
produced within the crystal itself as a result of its vibrations,
so that it is necessary to keep the amplitude of oscillation
strictly constant. Special circuits have been designed to do
this despite slight changes in the supply voltages and
gradual ageing of thc valve. New crystals have to be



98 SCIENCE NEWS IX

operated for periods of about a year before their fre-
quencics settle down to the order of stability quoted ?b""e’
but subsequently they will operate indefinitely without
obscrvable deterioration. If we assume a day to day
constancy of about one part in a thousand million for on¢
of these oscillators, we have an clement capable gf driving
an electronic clock which would show a daily gain or loss
of a fraction of a thousandth of a sccond (1 .mllhscconcx.
Clocks of this type in use in this country and in Ehe U:SI :
revealed in 1945 a slowing down of the carth’s m(‘m.o?l
of about 4% milliseconds per day, a phenomenon \th’
would otherwise have become apparent to the 'worl IS
observatories only after the passage of a considerable
period of time,

The quartz crystals from which the plates fpr these
piczo-clectric oscillators are cut are found Pfi""‘pa!ly in
Brazil. Madugascar and Japan. Natural crystals surtab}c
for this purposc are often as much as six or cight mg‘heS_ m
length and are in the form of six-sided prisms terminating
in i pyramid. The direction in which the plate is cut i
relation to the various facets of the crystal is of particular
importance since it influences the susceptibility of the
frequency of oscillation to changes in temperature. Blanks
from \\'h.ich tire final plates are ground are cut from the
natural crystal in the required direction by means of a
rotating disc of copper charged wiih carborundum paste
or a plastic wheel impregnated with diamond dust.

Before work is allowed to proceed beyond this'inmal
stage, the slab so prepared is examined in polarised Jight t0
ensure that the crystal is, in fact, a perfect specimen as
regards its structure.

The next operation involves the grinding of the plate
to the appropriate thickness, and this is invariably 2
tedious business involving a high degree of skill in the
final stages. The relation between thickness and frequency
of oscillation depends on the direction of cut, but as a
rough indication it may be stated that a plate of thickness
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one millimetre will have a frequency of approximately
2,750,000 cycles per sccond. Since the frequency of oscilla-
tion is inversely proportional to the thickness of the plate,
it follows that a 100,000 cycle per second crystal will, in
fact, be a bar approximately 2.7 cm. thick. In the earlier
stages of the final grinding, micrometers are used for
checking the thickness of the plate, but neither these nor
optical methods of measurement are suitable for ensuring
the required degree of accuracy in the finished product.

The final stages of lapping to the appropriate thickness are
carried out by hand, and at frequent intervals the frequency
of oscillaticn of the plate must be checked against a suitable
standard. Fortunately, means are available for doing this
to a very high degree of uccuracy, but for ebvious reasons,
this alternating process of lapping and checking must
necessarily be a slow business. Particular care must be
exercised in the design of the mounting of the crystal since
this must neither influence its frequency nor restrict its
activity,

It is not possible to use the high frequency output of the
crystal oscillator for the direct control of a phonic wheel,
s0 that arrangements must be made for subdividing the
frequency until a more suitable fraction is reached. A
frequency divider is, in effect, a form of valve oscillator
having a frequency of operation which is lower than that
of the crystal output. The latter controls the operation of
the divider in such a way that its output is always a definite
fraction of the input frequency. Providing that this fraction
is not less than about one-fifth, by careful design and with
reasonably constant supply voltages, reliable subdivision
may be maintained over very long periods. In corder to
subdivide a crystal frequency of 100,000 cycles per second
to give an output of the order of 100 cycles per sccond, a
chain of some five or six frequency dividers will be required.
Quite apart from the risk of interruption, the normal
voltage fluctuations of the ordinary supply mains make
them quite unsuitable for driving the crysia! oscillator and
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its assoctated circuits, so that banks of accumulators a'll

used for this purpose. Mechanically the quartz Crystil
elock is an extremely simple device, but the complication
of its electrical circuits, which employ nuny valves, 15 Very
considerable. ) b
From the point of view of time measurement, tt would ?
most unsatisfactory to place complete reliance on the pcrt
formance of any one crystal, and it is usual to employ‘"?‘
less than three in the electronic clock. Only one of tl;c}secslz
used to drive the phonic wheel, but the frequencies Ofﬂ'l “ Ny
crystals are continuously compared and are :!llIOmdt'lLdb}‘
recorded so that unexpected deviations in any on¢ m‘lyf :
detected. This is a fairly simple matter, sinc if one ? :‘l
pair of crystals has a frequency say, five cycles per secon
higher than that of the other, their outputs will come ”fl‘u;
step five times in every seccond. Circuits can be dcwsed_ 0
counting the number of times the two sources come nto
step in any given period of time. Records of these counts
are made on a moving tape, so that any erratic behaviour
of one crystal, or a slow drift in its frequency over & long
period of time, will be revealed. Similar means may also bg
employed for checking that a new crystal plate hu.s; sell'lc
down to its final frequency after the initial ‘ageing’ perio
to which we referred carlier. .
In the first part of this article we saw how increasing
practical demands pressed for more and more cxalctmg
methods of timekeeping and the reader may now enquir
whether recent advances have not, in fact, outstripped ouf
immediate requirements. The clectronic clock is a very
complex electrical equipment and is very expensive to con
struct and to maintain, so that it might well be uskcq 1
it is able to serve any more useful purpose than cnabling
the astronomer to study small variations in the pcriqd o
the carth’s rotation. The determination of frequency 1s, 0
course, a particular form of time measurement, and is on¢
which is of very great importance in modern radio engifr
eering. All types of radio transmission involve energising
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an aerial system by means of a high-frequency alternating
current, that is, a current which changes its direction
upwards of a hundred thousand times per second. The
tuning arrangements at the receiver enable signals of a
particuiar frequency to be selected and others excluded so
that interference between stations is avoided.

The first demand for a rcasonably constant transmitter fre-

" quency arose from the undesirability of having to make

troublesome adjustments to the receiver in order to maintain
communication, but as more and more radio transmitters
came into use, a new problem had to be faced. In order to
transmit speech or music, a narrow band of frequencies
must be used, and the broadcast receiver must be capable
of responding to the whole of this band if reasonable
quality is to be maintained. Thus, when the receiver is
tuned to one station, it may in fact pick up part of the
transmission of another station operating on a slightly
different frequency. Suppose, for example, we set our
receiver to pick up a programme being radiated on a
frequency of 1,000,000 cycles per second and there happens
to be another station transmitting on a frequency of
1,001,000 cycles at the same time, then part of the second
transmission will also be received. Apart from hearing a
troublesome background of the programme from the second
station, we shall also hear an audible whistle of 1,000 cycles
per second — the difference between the carrier frequencies ’
of the two stations. The only way of avoiding such inter-
ference is to raisc the pitch of the whistle to such a fre-
quency that the receiver is incapable of responding to it.
This can be done only by adopting a frequency plan for
all stations located in the same part of the world, and
arranging that their frequencics are separated by not less
than 9,000 cycles per second. The success of such a plan
calls for international cooperation and, from a technical
point of view, necessitates means for maintaining trans-

missions on precisely their allotted frequencics. It wa.g,gth«%gi.vﬂ.m
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frequency first by tuning fork oscillators and later by
means of quartz crystals. The temperature controlled
crystal oscillator has been found completely satisfactory
for maintaining constunt the frequency of radip.tmns-
mitters of all types under the most exacting conditions 0
operation,

The development, during the 1939-43 war, of radfif
methods for determining the range of an aireraft or 8 shlP
gave rise to unprecedented demands for the determination
of extremely shoit inirials of time with a high degreé ©
accuracy. The principle involved in practically all these
systems is the measurcraent of the time taken for @ pulse
of encrgy to complete the journey from the radio trans-
mitter to the target and back vgain after reflection. The
speed of the clectromagnetic wave which carries the encrgy
of the pulse is 186,000 miles per «econd, so that 3 pulse
reflected from an wircraft flving @t 100 miles from the.
transmitter will return after roughly one-thousandti P.art
of a second (one millisccond). The accuracy with Whic
we are able to measure this interval will determing the
exactitude with which the range of the target can be giver-

Radar systems have been devised for an immense variety
of purposes, but we need consider only two typical cxamples
to gain some idea of the precision required in the measure:
ment of these short time intervals. For the purposes ©
" naval gunnery, ships at ranges up to about 40,000 yards
must be located with an error not exceeding 40 yards. Thc
time interval between the transmission of a pulse and 18
return from a target at this range will be about twO
ten-thousandths of a second (200 microseconds), and t0
achieve the required accuracy, this period must be deter-
mined with an error of less than 0.1 per cent, that is, within
two ten-millionths of a second (0.2 microseconds). The sec-
ond example we might consider is the case of the *Oboc’ sys”
tem of dirccting an aircraft to a specified target up to a rangeé
of about 200 miles, with a location accuracy of about 100
yards. The problem in this in-tance is the measurement of
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an interval of about 2 milliseconds with an error of less
than a microsecond.

For purposes such as these, we require a method of
subdividing the second accurately into several million
parts and here again the properties of the quartz crystal
oscillator may be turned to good account. A crystal plate
having a frequency of 5 million cycles per second completes
five cycles of oscillations in one-millionth part of a second,
50 that each of its cycles occupies an interval of 0.2 micro-
seconds. It may therefore be empioyed to give a time scale
against which the period between the transmission and the
return of the pulse may be compared. The practical details
of the methods by which such a timing standard may be
used are outside the scope of this urticle, A cathode ray
tube is emploved to display. in what we may regard as a
stroboscopic form. a comparison between the continuous
oscillations of ihe crystal and the repeated pulsing of the
transmitter and the reception of the reflections.

The great versatility of the quartz crvstal oscillator as a
means of measuring time is, s we have seen, duc to its
remarkable frequency stability over both long and short
intervals. The former enables us to employ it as a timing
device for an extremely accurate clock. The high degree of
short term stability which it shows, permits us to use it for
subdividing time into intervals shorter than one-millionth
of a second. The foregoing account shows the quariz
crystal oscillutor to be a device which now places the
determination of time intervals in the realm of the most
accurate measurements which the modern scientist is able
to accomplish.



Tuste and Flavou,

K. W, MONCRILLY

‘Ol for a draught of vintee that path beea

((s(){cd a Jong age in the deep-dehvéd canh

Tasting of flora and the country green,

Punce, and Provengal song, and susburnt mirth)
Keats, Oude i a Nightingatt

. The Sense of Taste and « liride abowr Smell)

Sight, touch, hearing, taste and smell are the five commonly
recognised* senses with which we are endowed, and most
of us would probubly sgree that the first three of these 45€
much more important than the last two. Blindness is the
aﬂh_c(mp pethaps most dreaded ; the sense of touch is #0t
ordinarily lost, but deafness is a sevece handicap, and yet
many people have deficiencies in their seases of taste ant

smell and go through life unaware of them. Total inability
;0 taste or 10 smell is rare, but partial loss of these senses
is by no meuns so, and often the people concerned arc 10t
greatly inconvenicnced, nor indeed aware that they are if
any way abnormal. One or two cases that have been
mvestigated will ilustrate the point. In 1918 A. J. Blakesle€
published a paper on. *Unlike Reactions of Different
h{di\/idﬂ:sls to Frageance in Verbena Plowers.,” Two kinds
qf verbena were used for the test, o pale pink which smicH
like arbutus to Blakeslee but had no pronoutced smell for
his assistant and a red flower which Blakeslee could not
smell at all, although it reminded his assistant of the
perfume of a carnation. A group of 42 people were asked
to give their reactions 1o these flowers. There was an
amusing uniformity in their first reaction when asked 10
do so, for the subject would generally <ay he feared he was

* There ate others.— ), ’ ’

-
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not smelling well that day, would then blow his nose and
almost at once pick out either the pink or the red and
wonder how anyone could think the other fragrant.
Seventeen men and nine women picked out the pink flower,
nine men and four women the red flower, and two women
thought both fragrant. Clearly there must have been con-
siderable differences in the olfactory powers of the people
who comprised this group.

Similar differences arc o be found in the case of taste.
There is a substance known as p-ethoxyphenyl thiourea
and most people find it bitrer, but some cannot taste it at
all. L. H. Snyder in 1921 carricd out tests on a large number
of individuals and found that of the people he tested 68.5
per cent thought it bitter but 31.5 per cent could not taste
it at all. This “taste-blindness” as it is called runs in tamilies ;

- it is a hereditary characteristic, and there is some evidence

that itis partly atlcast a racial characteristic : it is much more
common amongst whites than an.ongst the American Indians.

Although the senses of taste and smell seem nowadays
SO unimportant that gross deficiencics or abniormalities in
them may never be noticed, it was not always so. To
primitive man, smell and taste may well have been the
most useful and highly-developed of the senses. These .
senses were largely responsible for the finding of food, for
the rejection of dangerous berrics, for the detection and
evasion of dapgerous encmies, and possibly alse they
assisted in the reproduction of the species. Certainly in
animals to-day we see the supreme importance of taste and
smell, the chemical senses as they are called. The cat
searches by smell for food although it is well within its
range of vision. and it has been proved repeatedly that
fishes will not feed, even though starved and well able 1o
see food, unless also they can smell or taste it. Olfaction
initintes feeding, and taste, the final arbiter, decides whether
the food shail be swallowed or rejected. In the cuse of repro-
duction too, animals clearly depend largely on the sense of
smell, At their zenith, ages ago, taste and smell were the
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supre - ‘
Premc senses in man, and they made such a powerful

LTU‘;T:J"ZS; ‘:gchylshfcn‘tml nervous system, that even badly
cxlmm_din‘m“,) {\g»bccn‘ by c¢ivilization they are still
Mavour will t)a;fnsnnc. \\g all know how a smell or a
incident. how ¢ us back in a flash o some previous
. OW it will recall with startling vividness an
motion or a nostalgia.
dc:})?i\ }tt;:éilticspug .lh_ci.!. one-time impgrumcc to our race,
Jtitute (wo Of:}:”\"“““.\' despite the fact that they coni
life and cons ? st‘n‘».c» wilich cu‘mnhulc to all our menta
TCCCIVe |y me-.LyK\L-IMU\ the “tudy lhf‘u these two senses
are cutckcd t ,ER ,m the extreme. Consider how other senses
sound. but (; r,‘d.l school we are taught heat, light, an
and taste - lhcwu s no teaching of the sciences of smel
with 4 fou l-mglébt thc student will pick up is a familiarity
the gap : l'tll ratory .Sllnl\'h-. Perhaps we may try 10 fil
P afittle »o far as taste is concerned. We shall have t0

leave the ot 3
. question of smell: it i 1 arhiee
discussed now, mell it is oo wide a subject 10

W . Where we taste

oui ;Lotd'wflhv:'hc\ YO we can feel more or less all over
tonat rll?s here <.10 we taste? Easv, you say: with the
tasti :ot hgnil!m\\'c_‘r Is truc, but not quite complete, for we
palate, the cy'v]“”h the tongue, but also with the soft
when we e P}:g} ;)ffm and the beginning of the gullct,‘and
of the ch::ck: ]lt(-[,‘“ W taste even with the interior surfaces
in humans and i ;r\uc that taste is confined to the n\puth
in the evolutio e ced in all animals higher than tishes
of their bodi onary scale. Fishes can taste over wide areas

es, particularly with their flanks.

TH Bhat swe rasie

\Oucrru ;1er four muin Kinds of taste, and these are salt,
sour. sweet and bitter. They ure well-defined and 0
separate that they may almost i 5

coparate Y may almost be considered Tas scparaté
' - Any taste (note that 1 do not write flavour’) can be
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copied by mixing two or more of these tastes. For example
if we take salt, dilute acetic acid which is the main con-
stituent of vinegar, sugar and quinine, ie., one salty
substance, one sour, one sweet and one bitter, we can
reproduce the tasic of any other substance by mixing the
salt, acid, sugar and quinine in suitable proportions. This
does not apply to flavours, for the sense of smell plays an
important role in the perception of flavours, but for true
tastes it holds well. In 1922 E. von Skramlik showed that
tastes could be imitated by mixtures of salt, tartaric acid,
glucose and quinine, and in 1926 E. P. Baryscheva claimed
that the taste of any substance may be imitated by using
mixtures of solutions of salt, oxalic acid, sucrose and
quinine hydrochloride. If the reader wishes to try this he
should of course use tartaric acid or vinegar as the acid
component and on no account use oxalic acid which is
extremely poisonous. But so far as the reproducibility of
tastes is concerned, various research workers have shown
that all that is necessary is one salty substance, one sour,
one sweet and one bitter.

Perhaps it should be noied that some workers consider
that other tastes such as an alkaline taste, a metallic taste
and a ‘meaty’ taste, should be added to the four tastes
usually accepted. The subject is debatable but in the writer’s
view these are not true tastes, the first two at least being
simply manifestations of the common chemical (irritant)
sense, and thc meaty taste being duc mostly to odour.
We will now consider the four wastes in a little more detail.

Saltiness

Because we are descended from sea-inhabiting inverte-
brates we should expect the salt taste to bc the most
primitive. Very lowly organisms, which are so rudimentary
that they can hardly experience sensation as we know it,
but whose behaviour is determined by involuntary reflex
action - as automatic as the way we blink our eyes involun-
tarily if something approachzes close to them - are sensitive
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to the saltiness of water in which they live and will mov®
to or from patches of water containing more or 1ess sult
than their normal habitat. The salty taste and also the
sour taste were originally concerned with cavironment &0t

with the safety of the animal.

[n man the salt taste is experienced when m
salt are taken into the mouth. Common salt is sodium
chloride and has a ‘typical salt taste, and 50 pave nany
similar compounds such as the chlorides of p"“.lssxum‘
ammonium, lithium, and rubidium, and the bromides ©
sodium, ammonium and lithium, as well as the iodides ©
sodinm and lithitm. All these substances are vVery S'mlw
chemically and all are characterised by the posSEISION OF,;
typical salty taste. Salts that are otherwise similar but “'h“
are composed of heavier molecules such as potassium
bromide have a taste that is not only salty, butalso intensely
bitter, and in the case of potassium iodide the batter mitle
is so pronounced that it overpowers and almost compicu}'
hides the salty taste. Potassium bromide, which has 2 mole-

any kinds of

. . . . , (4
cular weight intermediate between the chloride and Te
iodide, has both salty and bitter tastes well-defined- It ‘e
reader will look at the short table that follows, he will s
clearly what is mcant:

Substance Molecular weight Taste

Ammonium chloride 53.5 Salty

Sodium chloride SB.5 Salty

Potassium chloride 74.5 Salty .
Patassium bromide 1Y Salty and bitter
Ammonium iodide 145 Saity and bitter
Potassium jodide 166 Bitter
Rubidium fodide 2125 Bitter

Thus although the salty taste is typical of the salts. &
well-defined class of chemical compounds, some sults miY
also have other tastes. Perhaps if he has ever taken a dose
of Epsom Salts, which is another name for mugnesum:
sulphate (molecular weight 1203, the reader will already b¢
cognizant of this state of affairs, for Epsom Salts ar¢ both
salty and bitter to the taste,
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We are extremely sensitive to the taste of salt. Experi-
ments were made in 1939 by C. P. Richter and A. MacLean
on the response of fifty-three adult individuals to the taste
of salt solutions. In general it was found that solutions
containing only 0.016 per cent salt, which corresponds 1o
about one-twenticth part of an ounce of salt dissolved in a
bucketful of water, could be distinguished by the taste from
pure water. The taste threshold, as 1t is called, varies from
one indjvidual to another: some people are more sensitive
than others, and some could detect the difference in taste
between water and a 0.007 per cent solution of salt,

Cold salt solutions taste saftier than warm ones.

Sourness

The sour substances with which we are familiar_ a_ll
contain acids. There is acetic acid in vinegar, citric acid in
oranges, lemons and grape-fruit, malic acid in apples and
fatty acids in sour milk. The stimulus for the sour taste is
an acid ; strong acids are intensely sour, weak acids are less
sour, but usually still very sour, and sourness is a property
common to practically all acids. Just as some salts have a
taste additional to the salty taste, so some acids also have
other tastes; e.g., picric acid is extremely bitter. Now the
feature common to all acids is that when dissolved they
break down into two or rore parts, one or more of these
parts being the hydrogen ion, and the higher the con-
centration of hydrogen ions in a solution the more acidic
it is and the more sour is its taste. There is a very marked
parallelism between hydrogen ion concentration and sour-
ness, almost a lincar proportionality, and practically the
only importani exception to this proportionality is that
fatty acids, which dissolve readily in the fatty tissues, taste
more sour than would be expected from a simple con-
sideration of their content of hydrogen ions.

it may be because the presence of acid in water is
extremely dangerous to water-inhabiting forms of life that
we are very sensitive to the taste of acid, but it is a fact
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that we can detect by sourness the presence of acid in
water in such high dilutions that it has no irritant effect:
In fact, four parts of hydrochloric acid in 100.000 parts O
water give a detectably sour taste: if we were to add one
fluid ounce of ordinary concentrated hydrochboric act

(26 per cent hydrogen chioride) to a 40-gallon drum ©
vater, the mixture would be perceptibly sour. Acid solutions
taste more sour when they are warmed.

Sweetness

Although saltiness is a characteristic of salts, and sOUl”
ness one of acids, sweetness is not confined to any onc
chemical class. The sugars are the best known of sweet
substances, but there are other substances as sweet as the
sugars, and often sweeter, which are in no way related 10
them chemically. The sweet taste has developed later thaft
the %a_lt and sour tastes, and is concerned exclusively with
nutrition. But the senses were not developed to deal wit
synthetic materials that do not occur in Nature, and ther®
are some sweet synthetics that are poisonous. Lead acetaté
also known as ‘sugar of lead”, is one of these. Taste may

a reliable sufety guide for natural products, but is upnreliable
for synthetics., '

~‘Sugar’ as we use it in the home is sucrose, and is obtained
either from the sugar-cane which vields 13‘131:1" cent on the
average. or from sugar-beet which averages 16 per cent.
There are many other sugars but they are not all cqually
sweet. Sume of the best known have sweetness (related 0 8
sweetness of 100 arbitrarily assigned tocane sugar) as follows:

l:mcmnc foccurs i many fruits) 173
Sucrose (cane SURLr) ’

Glucose B
Maltose (maht sugar) n
Lactose (milk sugar) 16

sug::z ;{wa} method of comparing the sweetaess of different
SOlulion:CS \; to determine the minimum concentrations @
S of the substances which will just produce @

%
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perceptibly sweet taste. The sweetness is the inverse of this
concentration, and for convenience figures are usually
adjusted to sucrose == 100. This is known as the ‘threshold’
method of determining swectness.

Another method, due to R. Pauli, has the advantage of
enabling the obscrver to compare concentrated solutions.
A two per cent solution of sugar is usually used as a standard,
and then two solutions of the substance which is being
tested are found by trial and error, such that one of them
is sweeter than the standard solution of sugar, and the
other is less sweet. Then about seven intermediate solutions
of known conceniration are made up and the obscrver
determines which of these are sweeter and which less sweet
than the standard solution. By a process of bracketing the
sweetness of any substance relative to that of sugar can be
determined quite accurately.

Perhaps honey is our most natural sweetening agent and
historians assure us that in the time of Henry VI it was
customary to smother joints of meat in honey and raisins.
Sugar is a more modern addition to our diet and when first
introduced into this country sugar was known as “honey of
teeds’. In times of plenty it serves satisfactorily, although
it may be that in the preparation of the highly refined pure
whitc crystals there is a loss of nutritive value just as there
is in the preparation of white flour. In times of shortage
such as we have experienced for the last nine years, synthetic
sweeteners like saccharin are widely used, and at all times
used by diabetics to whom sugar is dangerous.

Saccharin was discovered us long ugo as 1879 by L
Rcmsen and C. Fahlberg, and like very many discoverics

"it was due to a chance observation which the observer was

not too lazy to follow up. The work on which these two
people were engaged was an investigation of the oxidation
products of some derivatives of benzene: one cvening
Fahlberg, when cating his supper. noticed that his bread
tasted sweet, and he traced the source of the sweetness to
his own hands and arms, and concluded that it must have
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come frqm something with which he had been working
that day in the laboratory. He returned to the laboratory
and identified the sweet substance as an oxidation product
of a substance known us orrho-toluene sulphonamide. The
.chcmlcul name of the sweet substance which we call saccharin
ts ortho-sulphobenzimide, and its structural formula is:

o
S\L
NH

co

Fig. 20
Judged by the threshold test, saccharin is about 675 times
as sweet as cane sugar. In addition to its sweet taste, it has
a E)\lttcr after-taste which some people dislike.
chcr::i(:ﬁcr. of ‘h}‘ synthetic sweetening agents is dulcin; its
: atname is para-ethoxyphenyl urea and it first aroused
mlCrc.st mn Germany in the 1914-18 War. Dulcin is harmless
to ammals and man and it is free from the defect of the
bitter after-taste which is associated with saccharin. It i3
about 200 times as sweet iy cane-sugar (o as beet-sugar,
for sucrose is always the same \\.hcll;cr it comes from the
sugar-canc or the sugar-beet).
Sy,l,llht\t’z-‘f O,nl‘}i ,‘0. b“ expected that, having found two
synthetics, saccharin and dulcin, so greatly superior to sugar
l‘n sweetness, the scientists would make a lot more synthetic
;on)pound\ on similar lines, in the hope that they would
nd some materials even sweeter than those already known.
This they dfd. adopting all kinds of devices, making homo-
:ﬁgllcs and isomers of sacchurin, COmbining‘in one r;m]cculc
tth I;:glllz:ii;:l} E:;l.u{,r% \M. saccharin and dulein, doubling
bo TCSpOnsibié ﬂ;r:ils\n.g the number of groups thought t0
1 sweetness, and so on. But although

many ‘_\f ) e - .
.c \ these new synthetics were sweet none of them was
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appreciably sweeter than saccharin, nearly all of them were
markedly inferior in sweetness, and some were bitter and
others tasteless.

However there now are new synthetics that are much
sweeter than saccharin, but their discovery was more or
less accidental in the sense that when they were made there
was no reason to anticipate that they would be excessively
sweet, and even now that we know they are so, it is still
difficult to give any reasonable explanation of the sweetness.

Onc substance known as hexyl chiormalonamide was
reported by A. W. Dox and B. Houston in 1924 to be 300
times as sweet as sugar: a 0.02 per cent solution of this
substance was ds sweet as i 6 per cent solution of sugar,
whilst in 1928 A. W. Dox and E. G. Jones found that a
very closely related compound culled amyl chlormalonamidé
was 400 times as sweet as sugar. To jltustrate how a very
slight change in the molecular architecturc of » substance
may profoundly modify its taste, it may be mentioned that
isoamy! chlormatlonamide which has exactly the same
number and kinds of atoms in its molecule as the very
sweet amyl chlormalonamide, but has them arranged a little
more compactly, is not sweet at all, but bitter.

Within the last few years more compounds have been dis-
covered with excessively sweet tastes. J. J. Blanksma and his
collaborators at Leyden University have madec and described
the following synthetic derivatives of nitroaniline, which is
an intermediate used in the manufacture of dyestuffs:

cl Br
NH, NH,
400 times 200 times
as sweet as sweet
as as SUCrose.
SUCTOSE.
NO, NO,



114 SCIENCE NEWS IX
Br | CH,
NO, NH, NH,
NH ! I
, NO, NO,
Ias%cfcss. Thi* Histrates 1290 times as sweet 330 times o8 sweet
ow very slight rearrange- RESEN (L VLN ds SULTOSC-

ment of the molecule will
profoundly alier the taste.

P. E. Verkade and collaborators at Delft have prcparﬁd
the following :

OCH, O.CH,
NH,
NH, '
NO, NO,
20t . :
‘.-0. tfrlles as sweet 4100 times 2§ sweet 48 SUCTO>E.
as sUCTose. This substance 1 called 2-gnino-

The i A-nitro-propozybenzene.
bitlbt‘:a;:;&r(?tf-lﬂtlcic cmflpgund_s is ;slxrcl)" sweet, tllgrg is no
only thoue rc":d? as llh:.rc s with .\ucc‘hurm; l‘;lm atraid tvhzll
e ‘\igniﬁcu‘x "Lr»\‘_\\ 10 are also chemists ml! fully appreciate
o nen (l;c L% ;) t'hc formulic, but all will be intereste
synthetics colossal sweetness of some of these new
. es and to see Row it i dependent on very slight
changes in structure, T
0{?::’;:’:)6:? is dclc%‘mblc in a one-halt per cent solutiofn
in about a one-thousandth per cent of saccharin.
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Thz sweetest of the syathetics, substances like 2-amino-4-
nitro-propoxybenzene will still be detectably sweet if dis-

. solved in half a million times their own weight of water.

Like sourness, sweetness is enhanced by warming.

Bitterness

Like swectness, bitterncss is found in a variety of com-
pounds. The alkaloids are outstandingly bitter and quinine
is said to be detectable if present to the extert of one part
in a mitlion of water. Brucine and strychnine are even more
bitter. Bitterness, like saltiness, is diminished by a rise in
temperature.

Taste-buds
It is fairly generally known that sensation is expericnced
when various spots on the body are stimulated ; there are
spots sensitive to heat, others to cold, and so on. In the
same way therc arc spots, known as taste-buds, on the
tongue and some of the other surfaces of the mouth, which
are sensitive to saltiness, others to sourncss, others again to
sweetness, and still others to bitterness. These spots are not

Fig. 21.—The tongue, tip downwards.
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equally distribute .

sensitive bu:ilsb 3::(}11 e 11,“" tongue ; there are more sweet:
LAStE SWCLthons me n}p‘o( the tongue, and consequently wé
lie to the back W,l the ip, % hilst the bitter-sensitive buds
at the tip and b.illcrk':{hl?\ a substance like bittersweet, swest
The sour taste i s“ t: bugk of the tongue simultaneously-
and  saltiness h;\l\lm.suA chiefly at the edge of the tongu¢
illustrates this dist ']h at the tip and the cdge. Fig. 21
is insensi[i\'(b s V‘m’mn. ln. ;xQxxlxs the centre of the tongut

¢ but in children it i sensitive 1o sWeCtness.

- Flavour
If there « ,
enjoy Su:]-r,cuo;:(l)) tfol‘nr tastes vou may well ask how do w¢e
tWo main comp:)x (\)l ﬂ‘""_’Urs. The answer is that there ar€
smell, and smell 1;11'[5 of flavour. and these are taste and
hold our nose wg’;&a by no means the inferior part. If we
grated turnip all 1-m that grated apple, grated onion and
head has mOré or ]d;l? alike - slightly sweet. A cold in the
flavourless. Most tf.\,s the same cﬂ'cct_ and mukes food seem
smell and only -'1 :> ‘01:” food sensations are in fact duc 10
touch. Occusim‘l'\lumd. part 1o taste; some abso are due 10
results in dama c“y ldb the result of an accident wh:gh
their sense of gqn f)u‘ b olfactory nerve, people lose cauire:y
they say they H;Jc 1 and because food secms flavourless
fact their PCFCC;wliOn 0;‘ their sense of taste, although 1n
person who as a res 10 true taste is unimpaired. One such
of smell through :}.1 Lof u fall from a horse lost his sensc
distinguish oncvmc"“lrfm‘:y his lfactory nerves, could not
boiled turnips ’lngtl rom another, or boiled onions from
aroma of wines ‘An)]}h palate could not distinguish the
sugar ‘and clar‘c‘t lik(ct ‘f‘f‘pcrmn thought port scemed ik
remains and true tas "'.m\ﬂur..ln other cases where smell
regurdless of his th te \dl(mc is lost the patient is almost
question of flavou ~lngu.1 condition. Touch enters into the
porridge or a griu-r, ‘.?(,‘ | one recalls with distaste lumpy
affect flavour; pe J < rocolite. Hotness and coldness also
ginger have hot ppermint hus @ cooling taste, pepper and
ot tastes. Apart from the wsthetic enjoyment
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hen we cat food, the flavour performs
ction in stimulating the flow of
s. The mouth waters when we
smell a delicacy, the appetite sharpens if we smell bacon
for breakfast. In these €ases the teaction to flavour is one
of pleasure, but in other cases disgust may ensuc; an €gg
may be stale, cheese 100 ripe. As hc grows older man
develops a taste for recherché flavours, for example a *high’
bird. Savages are said to share with civilized humanity the
liking for partly decomposed food. But the balance between
apprcciatioﬁ and disgust is finely balanced on a knife-edge.
A slight tilt and the pleasurable becomes disgusting. Some
with hypcrscnsitivc olfaction find the pineapple disgusting,
although to most of us it is delicious.

There is a good deal too in association of flavour with
specific foods, and it has been well said that a flavour which
might be appetising in cheese would definitely condema an
ege.

. Generally, flavour becomes more pronounced when food
is warmed, because the odoriferous cOmMpONCNiS become
more volatile. Meats and vegetables have more flavour
when hot than cold. Several times the normal quantity of
flavouring essences must be added to iced food. Iced coffce

has but a fraction of the flavour of hot coffee.

derived from flavour w
a useful biological fun
salivary and digestive juice
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Health of Bees

?ﬂlz i::’ﬁ; 1;12 ':jccls gm bc‘ classified into two stages, 8S
emerging fro‘ ll}t‘ ¢e, or ity larval and pupal forms _befOI:C
Known a ’r\n the cell. Of the latter the most serious 15
doon 3 merican Foul Brood'. This is a bacterial
1sease. Spores of a microscopic organism known a5
Bacillus larvae get into the food given to the larvae by the
nurse bees, germinate within their bodies and multiply-
Th;y feed at the expense of the tissue of the larvae,
which collapse and dic soon afier being scaled over for
Pupation. The hacteria, then without food, transform
themselves back into spores and arc in time distributed
through the hive by house-cleaning becs, to start the whole
cyele over again, but raore iniensively. AR increasingly
lﬁf’ge proportion; of the brood is destroyed until the colony
fails to reproduce itself and dics out.

The sympton of an affected cell iy @ moisi and d;xrkcnefi
Cupping, which from being wonsex becomes Concave as it
shrinks buck into the ccll mouth with the collapse of the
lar\;’t. The bees nibble holes in it and eventually remove it
leaving only the remains of the dead larva. A healthy larva is
pearly-white, but an infected one gradually turns avery dark
bfown, while it dries up through the stages of a rope-like,
slimy mass soon after collapse to a rough scale. The brood
cotabs of a sick colony, variously suhjc::l to these changss,
‘OU‘k patchy. The becs have great difticulty in removing the
tacky scales and the queen will not lay, in cells containing
them. Attempting to get them out, the bees only succeed in
distributing the spures of B. lurvae through the hive. As the
colony gets weaker, it will he robbed out by a strongef

13
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colony and its stores of honey taken away to their hive.
This honey is of course contamigated and so the disease
spreads from hive to hive and apiary to apiary, aided very
often by the carclessness of the beekeeper in leaving con-
taminated honcy exposed or in using infected appliances.

The history of this discase is documented and it has been
a permanent feature of bee life. Aristotic refers to a disease

- causing a bad smell in the hive, which is a characteristic of

the decomposition stage of American Foul Brood. The
name Foul Brood, gencric 1o & number of decompositions
whether or no caused by B. iarvae. appears 0 have been
originated by Schirach in 1769. During the 15th century
these troubles were usually attributed to fungi. but in 1874
Cohn detected a rod-shaped bacterium which he thought
to be the cause. In 1885 Cheshire and Cheyne, supposing
that there was only one type of brood discase, announced
the discovery of B. alvei as the agent. There are in fact two
major, as well as some minor, brood diseases, known as
American Foul Brood, and the less important European
Foul Brood, and attributable to B. larvae, discovered in
1904, and B. pluton, discovered in 1912 respectively. White,
who made these discoverics, stated that B. alvei was not
pathogenic, but it is an elusive germ and there seems to be
some doubt whether it is not the same as B. pluton. American
Foul Brood has been more important in America than here,
largely because they have a honey industry, whereas we
have a lot of retired gentlemen in straw hats. The destruction
of a large commercial apiary is a scrious matter, In this
country the disease has beenreported from ail parts, butis par-

" ticularly prevalentin Devon, Somerset, Surrey and Wiltshire.

The spores of B. larvac arc very resistunt. They remain
active after boiling in water for 10 minutes, and up to 40
minutes in honey. In honey they can survive exposure to
sunlight up to 40 days and up to 41 hours in the dry
condition. Strong caustic solutions of sedium hypochlorite
and ?lcoholic solutions of formaidehvde huve been used
to kill the ¢pores. but evervduy amuseptics are no usc.
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There is no practical method of disinfecting discased combs

and the only thing to doy as Della Rocca said in 1790, is 0
burn them, together with all quilts and other mter{lal
fitments of the hive, which must itself be scorched out \\(lth
a4 blow-lamp. As for the bees. there is a method of saving
them by shaking them. stupefied with saltpetre, from their
diseased combs on 10 new foundation in a ciean hive - 2

R ori b;
g:;‘i‘,:,i:;:;'mlaized (1864). Such diseased honey as ic

& may carTy with them will be used up comb-building
and will not be given to the lanvae. 101 avery dangerous
procedurc in bad hands and the public authorities both
here and in America discourage it and cnforce a policy of
purning all discased stocks, bees and all. and burving the
remnants. The Minister of Agriculture, guided by the Bee
Disc;tscs AQvisory Committee, gave (o .&gricultur;nl Execu-
tive Committees, by the Foul Brood Discases of Bees Order,
1942, the duty of inspecting and destroying colonies infected
with f‘?“‘ Brood and securing the decontamination of the
hive. Under this order eradication of the disease has made
progress. as the foilowing published figures show.

o YT TCR TR Y|
Apiaries visited T LT TTRRDT .00 IO 12300
Apumc‘s in which Foul Brood

was found 1.015 941 1Y X%

Colonies evamined 7777 T265007 383007 452000 “33.000

Colonics  in  which Foul

__Brood was found... 1,845 632 1.409 1.506
Percentage of afeaed e
_Aphnes L 154 10.1 T3 7.2
Percentage of  infected e o e

colonies ... sy 4.6 1 29

— e

Wh‘llc, stnce the introduction of the Order, t—hé n‘umbcr of
colonies examined has stcadily risen until, in 1947, it repre-
sented over one-tenth of the estimated tm:il for En ;I'mJPmd
Wales, th_c incidence of Foul Brood went dm\<nbf;0n ‘69
per cent in 1944 to 2.9 per cent in 1946, (The mnjoritlv i.’f

Moses Quinby in his Mysteries of -
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these cases were American Foul Brood, though European
is included in the Order and the figures). All infected
colonies were totally destroyed and the hives decontami-
nated under supervision. In America there is 'apparently
no Federal Jegislation on the topic and control is therefore
better in some States than mn others. The statc legislation
is usually similar to our own. and where it has been rigidly
enforced similarly encouraging results, amounting in some
cases to a high degree of control, have been achieved. It 1s
apparent that a policy of destruction does answer, but of
course it must keep the goodwill of beekeepers. _

Against this background, in 1943 certain private experi-
ments with sulphonamides in the treatment of American
Foul Brood were brought to the notice of Rothamsted
bee department. The infected colonies, which had been
treated with sulphonamides, were later examined under the
Order and showed no sign of Foul Brood. In 1945 the
results of experiments in the same line with sulphathiazole
at the University of Columbia, Missouri, were also pub-
lished. After initial trials, Rothamsted in 1946 put into
effect a scheme whose interim results were published by
P. S. Milne in the Ministry's qurnal for May, 1947.
Sutphapyridine as well as sulphz.nhmzole were u§ed in these
experiments. To test their curative value, colonies were fed
with a suspension of B. larve in sugar syrup. Symptoms
of infection would follow, whereupon syrup containng
sulphonamides would be fed as treatment, while control
colonies were fed with plain syrup. To test the prophylactic
value for colonies exposed to infection, 2 suspension of
B. larve in sugar syrup was divided into four equal parts
and fed to four colonies. Sulphonamides were added to
three of the parts but omitted from the fourth as a control.
A few days later syrup containing sulphonamides was given
to the colonies which had received the drug in the initial
dose, while the control colony was fed with plam syrup.
Thirty-two colonies in Devon, Somerset. Surrey, Bucks,
Dorset, Essex, Hampshire, Warwickshire and Wiltshire
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were included in the experiment. In all but two, visible
evnder}cc of disease disappeared during the course of treat-
ment in f_rom 33 to 148 days. In one coleny the diseasc re-
CU"CQ within six weeks of the cessation of treatment.-In two
colonies response was unsatistactory and symptoms persisted
lllf(“lghoul. There was no obvious difference in the results
ol treatment with sulphapyridine and sulphathiazole. It
may be concluded that the drues are capable of elimin“?”s
Ot suppressing symptoms of the discase at least temporarilY,
by contrast to a diet of plain sugar syrup as fed to the
controls, which does not have this effect. It was also shown
that they had a certain prophylactic value for coloni€s first
exposed to infection from other hives. On the other hang,
t,he discase can recur after the cessation of trcatment.
Secondly, some colonies did not react successfully to the
treatment as applicd. though it was extended to the limit
of what is reasonable. Thirdly, at six of the centres included
in the trials it wus observed that the disease appeared
during treatmeny in combs which. at the beginning of
treatment, -were clear. Fourthly, free sulphonamide, in
guar}titics up to 40.8 mg. per 100 gm. of honey was fO\l{\d
I nine out of ten samples of honey ivom treated cofonics
submitted for anulysis. Apparently, however, such quantities
are harmless to the consumer.

As a result of this work and of American research, it was
necessary to review the Foul Brood Order, and a full report
was therefore submitted to the Bee Discases Advisory
Commitice. Obviously there is nothing conclusive about
lhg present stuge of information on this type of treatment.
l[.H not, for instance, yet understood how the suiphona-
nysics produce the etfects observed. They are not, certainly,
disinfectants : that is, they cannot destroy spores of B. lurve
present when a case of American Foul Brood is discovered.
The spores remain dormant and potentially dangerous and
control of the discase is really a matter of chance. It is true
that a further outbreak could possibly be suppressed by
turther doses, but this might well be more expensive than
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burnipg in the first place. Nor do we want highly susceptible
colonies of bees perpetuated all over the place. Weak
colonies under treatment would always be liable to be
robbed out and the disease would be likely to spread.
An American instance is reported, where reliance on
sulphathiazole resuited in the spread of the discase from a
commercial apiary to the surt rounding area. The Committee
therefore concluded that a gencrat recommendation of the
use of suiphonamides would put in Jeopaidy all the control
of Foul Brood achicved under the Order, at a time when
the Order was beginning to have encouragingresults ;and they
therefore refused to recommend its modification to the Min-
ister. The policy of total destruction is thus to be continued.

As has becn said, sulphonamides apparently have a
prophylactic cffect when fed to bees in contact with -
fection. Further research into this quesiion may be able to
discover some reliable gencral technique, whereby the
method of shaking the bees on to a clean foundation in a
clean hive and destroying the old frames, and thus destroy-
ing the spores. could be worked in with the drug in its
prophylactic aspect 1o give a satisfactory control. Mean-
while, in America, State and Federal authorities are studying
strains of bees which exhibit a high degree of ‘resistance’ to
American Foul Brood. This is not resistance properly so
termed ; it is merely a matter of better house-cleaning on
the part of thesc strains; sanitation. However these clean
bees turn out to be poor honey-producers and bad tempered.
They are also highly susceptibie to European Foul Brood,
which is capable, with proper mismanagement, of becom_ing
a really serious diseasc. The house-cleaning propensity is 4
hereditary character and no doubt will be bred into the
honey-producing strains sooner or later. Artificial insemina-
tion for queen bees is now practicable and line-breeding
can therefore be made usc of.

Culrivations
In order that piants may grow w,ih™the aruficial density
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and reliabil; :
Withrc{l;@bx}!’:lo); twl;:.;f:.) ;\rc g‘lzl]l a crop, they must be prov@cé{
must constitute o ‘uil‘xb‘{, : ‘?‘_‘Sstblc conditions. The _sOl_
tion of seeds and the ; ¢ physical medium for the germina
instance, be S(‘ 1 N ‘”}‘homgc of roots. It must not, for
nor so S’m()o‘lh) ¢ ‘gidy that the plants cannot grow evenly,
must not be and set that they cannot break through. 1t
have sufficie (1)'0 acid nor too atkaline. The plants must
to hold gtl,lgl‘“ and air. Further, the soil must be able
elcmemslmd, anced supply of nutrients, 1'ncludmg trace
other hand ;n adequate soil solution, without, on the
pm“m‘tbr't})u?g waterlogged. Finalty, unpﬂxcml com-
places - m ‘[II)C\M' assets from weeds - plamts m '1hc wrong
o muint-zius A ¢ eliminated. Thps the farmer, in his ;mcmpis
plant gzr(;“r.1 an ecology artificially favourable to a single
irrigates n n OVCF\\‘h'Clmmg numbers, Manures, {imes,
v%‘?t.e”' drains and cultivates.

that :;}lg all {hgsc factors hu‘vc to be utt;ndcd to, it
one Whicglf““on of water is the most important and .

seem r- lq the event gets the most attention. This mg
rather surprising in this country, which is without the
spectacular disasters of, for instance, flooding in China or
sail er95i0“ in the United States : or the equally impressive
remedies applied to counteract them in the way of irngation
and drainage schemes und crosion controls. The Fen
'L‘Otlin‘try, however, which in spring, 1947, was washing away
::1&(;(1 :pn[ng 1948, was blowing away, gives a casc on 2
was c,m‘;c‘(‘i“' Again, it has been statcd‘that potato r;ttnor}lng,
an ilc‘tu'ﬂ hl9 much by the drought. ot. summer, 1947. as by
impOrlu‘ncg ofrt acreage planted. Similarly pointing to the
paid on dm'() ' Wfltcr is thc's\‘ﬂ;\stumml government spbsxdy
‘he other hL::(‘;gb ?Ch_c’]]ts initiated b\ furm'crs': \\:llllc, on
:<)mmitmcx{( ’cm‘,"‘kc‘ Silrdcncrs,‘ with their hfgh tmzmcud_
sroduction 'm?i T a;rc, have n‘chxcvcd_grcut increases of
f iﬂ'igalim; m,ﬁ;\‘,’ it from the installation and eflicient use

Now it is senerall, )
olution to ‘pa%:nf;;a“y truc that nutricats must be 10
rough the plant root-membranc and

secms
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in practice plants cannot live and develop without a soil
solution. If it is 100 concentrated, intake of nutrients is
inhibited, while if the soil is too wet the roots are ‘drowned’.
All special measures concerned with water, such as irriga-
tion, come down to this one matter of achieving a suitable
soil solution, which in turn reduces itseif to the capacity
of soils to retain moisture, and to the way in which moisture
moves in soils generally and in particular soils.

Part of the water which falls on the ground drains away
under the pull of gravity. Part is hygroscopically absorbed
by the sail particles, does not move in the soil and is not
available for plant nutrition. A third part may be pictured
in and around the soil particles, adhering to them or in
cohesion with other water molecules and thus resisting the
pull of gravity. This is the “soif solution” and the reservoir
for plant growth. Originally the farmer was instructed to
imagine tlc spaces between the particles, in which this
water was, as a mass of fine tubes, capillary tubes, and to
call this water capillary water. In the laboratory, water can
be demonstrated to rise to considerable heights under the
influence of capillarity, and it was explained that water rose
to the top of soils from underneath in a similar way. The
movement of the soil solytion was a capillary niovement.
Latterly these idcas have been revised, principally as a
result of work at Rothamsted. The pore space in soils is
now to be visualised as having a cell-like structure. The
movement of the soil solution through it is discontinuous

and, after drainage ceases, very slow and over short dis-

tances. That is, water is not appreciably ‘drawn up’ through

the soil. . .
Such a conception is contrary to usual ideas. If the reader

asks himself, he will probably find that he has been sup-
posing that water evaporates from the surface of the ground,
which is true, and is replaccd by a fairly steady gentle oozing
from underncath, which is false, untl the whole ground is
dried through. Probably most farmers think ofhrctained
water as moving fairly freely in soil. But suppose a farmer
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has to change his theory, it does not follow he will change
his practiee. It is true that virtuaily all cultivations, except
tho:w specifically to kill weeds. are undertaken to obtain 8
desired so}l structure, and also that both the quality and
the behaviour of the soil solution will be determined by
that structure when obtained. Indeed in any particular soih

with o given humus content and manurial history and .

umf““d by a particular sub-soil and moisture table, the
only ordinary practical way of affecting the soil solution
Is by cultivations.
, Bazt, while moisture s a real consideration in utlage,
it s not an immediate one and correspondingly any
idea of the movement of water a farmer may have i
likely to be, except in special cases, more like an illustration,
a rationalisation, of what he has wlready done. On his way
to his soil structure, his seedbed. he ploughs to bury manuré
and. vubbish, and from then on what the weather will not
do ln.thc preparition of a physical medium in which sceds,
especially fine seeds, will perminate and grow, he must do
himself. If asked why seeds sometimes grow and sometimes
d‘? not, he will have a variety of answers, but the deter-
minng factor is his personal ‘C\D:ricncc of that particular
ground. This is one of the meanings of the statement ofien
made by experts that “Ullage is not a suienee but an art’:
the practice of tillage is largely intuitionaf. Inany cuse the
farmq arrives, more or less, at his ‘season’, his crumb’.
That is, he has the soil in & mass of little aggregates. Such
a SCC.dth_iS.iﬂ fact best from the point of view of the soil
solutmn‘: it is permeable without being saturated.
h;ThC i;\r.mcr' also wunts his seedbad firm. He has found
:vh!éng ;r&m:);:]imn s more uniform from a firm seedbed and.
be shake ;’\ to ride on the binder, he does not want 10
have ";!\t::vx’u:“s'_j{c’mil)‘}ﬂm know ihat numerical counts
of sugar-beet xc‘c\:ﬂ-”"b"' improsement in the germination
higher POpu‘uiion mcgs 'o‘n‘ﬁrm seedbeds, with a rcsuh;zr}f
eedbed d'f) T acee after singling. So he "“’”" his
ays of the capillarity theory. scientists

1S
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could have given him an additional reason. The soil is a
mass of capiffary tubes. The finer the tubes the higher the
water will rise. Seedbeds must be rolled to make the tubes
fincr and bring the water higher. ‘Rolling brings up the
water’. Experiments have shown that rolling does no such
thing and the capillarity theory is abandoned. Yet the roll
remains a uscful tool. .

The farmer refers to his individual memory, whereas the
ccicntist tatks from records. Memory, ‘experience’, can
make subtle immediate judgments or grotesque errors and
there is no means of ascertaining, at the time, which is in
fact occurring. Scientific judgments. on the other hand, are
relatively laborious bul more reliable. Further, they are
comparative, whereas experience is individual: that is, the
farmer may achicve his end. but he needs the scientist 1o
tell him whether he has achieved it in the most economical
possible manner. He dogs not know. but the scientist can
tell him, what techniques are used in the next continent
or the next parish. He can find out whether those techniques
are appiicable to his condition by trving them, or he can
ask the scientist for a prediction based on the records of
past technical experimentation and past theorctical ad-
vances. But the farmer who tries to improve his practice of
cultivation by incorporating the soil-structure ‘record finds

it incompletc. What he gets is first another of thc meanings
of the statement “tillage is an art and not a science’ — namely
a rite d'entrée to a mystery; followed by an apologia about
the undeveloped state of this branch. The ideal, whereby a
scientist could apply himself t0 a field, which is after all a
perfectly objective and material affair, and statc the most
economical method of growing on it named crops under
alternative conditions, is not here yet. Old notions about
cultivations are discredited but the new line is not yet
fixed. -

For instance, how much cultivation is really necessary?
Here we go solemnly inverting the soil every year with
ploughs, which is a long job. We could often get a seedbed
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in half the time, with disc or other harrows. One school of
thought would limit cultivations to the minimum. According
to thgm the plough is not only an uneconomic but a danger
ous implement. Ploughed soil. over-aerated, is subject 0
too intense bacterial action and is exposed o the weather.
It Toses its humus and its structure is irreparably damagcd-
They point to the Dust Bow! as a warning and idealise @
forest or prairic type of soil, in which organic matter =
twigs, stems and leaves, augmented under cultivation by
composts — is continually deposited on the surface an
dragged in by insects and worms, while the soil beneath 18
fuu of humus in the various stages of decay of rootlets.
Itis certain that the humus content of British soils has been
greatly depleted during recent years.

An opposite school is exemplitied in various market-
gardening practices, where ploughing is frequent z.md as
deep as possible. Here the object is avowedly to liberate
nutrients by ‘burning-up’ humus quickly, but 10 replenish
the supply by manuring so that the soil suffers no net l0ss.
Obviously, however, the manure itself has to come, origin-
ally, from some other soil somewhere, and it may be
significant that the price of dung is continually nsing..

A related, but not identical, question is: To \}'h;lt Eicp\h 1S
it advisable to cultivate in ordinary farm prncuc.c'.’ l»« armers
equally successful on apparently cimilar soils will sing dia-
metrically opposite songs on this topic. Thcrc.hus always
been much opinion in favour of deep cultivations, \.\thh
have become more frequent in recent years since the intro-
duction of modern power units capable of doing the work
without 100 much labour. Yet in Germany - where horses
are far more used than here  the latest trend is apparently
towards shallower cultivations.

Until 1944 Jittle experimental knowledge was available,

but in that year the Agricultural Improvement Council,
blessed by the Agricultural Rescarch Council, initiated
a number of trials based on Rothamsted to test the effects
of decp cultivations (which includes deep ploughing
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and stirring the subsoil without inverting it). It has not
yet been possible to ascertain the relation to exira yields
of the increased depth of worked soil given by deep plough-
ing and it is therefore not yet possibie to discuss it as an
ceonomic practice. That it gives a good control of weeds,
by bringing up soil which has not been exposed to the
deposition of seeds, is confirmed. Also confirmed is the
necessity for a free-draining subsoil or a good drainage
system in any field to be subjected to deep tillage. Decp
tillage loosens the soil and increases the numbsr and size
of the pockets of air in it. Such pockets will fill with water
and, without drainage, the field will become a marsh until
everything has settled down. The most dztermined oppo-
nents of decp tillage arc amongYarmers who have had this
expericnce. Otherwise it does not appear to b2 a dangerous
operation, provided thut the poor subsoil brought up into
the secedbed is properly fertiiszd.

One old controversy, however, does seem to have been
settled, again principally as a result of Rothamsted \gprk
on soil moisture. Between-ihe-row cultivation, typically
hoeing in its hand or mech:inised forms, used to be con-
sidered to have two objecis — to kiil weeds, which competed
with the crop for light, air, water and nutrients, and to
make a ‘mulch’ of loose, dry carth to stop loss ‘?f water
from the soil. In terms of capillarity, by muiching you
broke the tops of the little tubes, the water did not come

up them and so escaped evaporation. L
" g ed that cultivating 0 get a

But some people maintain ' ¢
mulch, where thcf'c were no weeds to kill, was} wgsteozt‘; ::Ir:xst
The contention appears to be correct. The upwar mov:

ary slight. It 1s indeed

of water in soils is now shown to be v=1
much less rapid than the rate of evaporation from the surface

of the ground and hence a layer of iry soil (consl;i'i/uttlircw)%1 Sa
i qthout any cuitiva .
mulch) is developed incvitably, w1 ) ‘
There)is no greatgr loss of otal moisture 4urmg the fonpa-
tion of this natural mulch than there is during the formation
of a tillage mulch and, when formed, the one seems aseffective
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:(S)ilﬂlllzsoézz;‘ if dmher are. Morcover, before the su_rfat-‘c
mulch, most m? ry enough to cultivate down into a tillage
done o So‘;) 'the water which will evaporate has alrcady
soil d‘ - Sotls are self-mulching and cultivation of clean
> oes little 10 conserve moisture, except in the spttclﬁl
case of heavy soil which has cracked, where the cracks are
bcttcr. broken up. These conclusions have been tested in
practice by the John Innes Horticultural Institution. In
plot trials on carrots, lettuces and caulifiowers no significant
benefit accrued from hoeing to secure a muich. On the
other hand, cultivation 10 kill weeds should never be
neglecth, The competitive effect on crops of even 8 few
weeds is much greater than is usually realised.

The Bergship Plan

DR M.F,PERUTZ

Introduction

IN the autumn of 1942, when the German army had ad-
vanced almost to the gates of Alexandria and the U-boat
war had reached one of its most critical phases, it was
thought that many of the Allies’ difficulties were due to their
lack of air power in the distant battieficlds. The reason for
this lay not only in a shortage of aircraft, but also in the diffi-
culty of bringing them into operation where they were most
needed, and in their limited range. It had been a common
experience that the carrier-based aircraft of the Allies were
inferior in armament and speed to the land-based planes of
the enemy and it was feared, therefore, that in an invasion
of a distant shore the Allied armies would be handicapped
by lack of air support until they had actually succeeded in
establishing air-fields on the invaded territory.

Thus it was only natural that a proposal for the apparcently
cheap construction of gigantic aircraft carriers, capable of
operating land-based aircraft thousands of miies from their
base, was seriously considered by those responsible for the
strategic planning of the war. In October, 1942, Mr Geoffrey
Pyke, the originator of the plan, submitted a memorandum
to the Chief of Combined Operations, in which he ptoposed
that an iceberg, either natural or artificial, should be
hollowed out to shelter aircraft and levelled to provide an
adequate runway. It should have a mobility of at least a
few knots and be guaranteed against meltifg, if not in-
definitely, at least until it had fulfilled its strategic purpose.
Mr Pyke pointed out that all strategic materials, such as
metals, wood and concrete, were already being used to the
full for the war effort and that ice, requiring for its manu-

131
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factpre only one per cent of the energy needed to make 8.
equivalent weight of steel, would be ideal as a basic mater

w Ral

for the construction of large carriers. Ice, he considertjd, '

posaes§cd the advantage of being difficult to break up Wi
explosives, as shown by the tenacious resistance of icebers
to shellfire, and of meliing only very slowly when insulated.

The greatest attruction of a floating airbase made of ice 18, .

of course, the fact that it cannot be sunk.

In December, 1942, Mr Charchill issued a directive that
rescarch on the project should be pressed forward at the
highest priority, but expressed the opinion that it would .be
essential *“to let Nature do the job” of making the Bergship,
as otherwise the technical difliculties would prove insuper-
able. He also suggested that ice-floes might be towed intd
the Atlantic from the Arctic Seas and used as airlields unti
they were broken up by melting.

It soon became apparent, however, th
icebergs nor ice-flocs are suitable as air-bases, the former
because their surface above the water is 100 small and t-hef
latter because they are too thin to withstand the wavesdo
the Atlantic - the Russian North Pole Expedition under
Papanin, for instance, had shown the
ice even at the North 'P};lc to be less than 12 feet. Mm.covef;
the experts of the Flcet Air Arm considered a frcebo.ard ©
at feast 50 feet essential for the continuous operation Of
aircraft from the deck of a carricr. The minimum length 0
runway required for bombers at that time amounted 10
2,000 feet, and 200 feet was considered the most desirable
width. Thus the enginecrs and physicists
task of building a raft or vessel of those gigan
made basically of ice and satisfving a numbe
requircments: the vessel must be sufficient
withstand the waves of the Atlantic and Pacific Occans,

at neither natural

tic dimensionss
¢ of essential

it

were given the

thickness of the pack- -

ly seaworthy 10 .

must be self-propelled, have a speed at least sufficient 0.
prevent its drifting in the wind, and it must be difticult to sink.

In order to design such a Bergship, as it was ded.d ed to
call it, the naval enginecrs needed accurate information of

LS
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the mechanical strength of ice. A search of i '
Tevealed a mass of conflicting data which mh;cfrag;l::
assistance to them, and it soon became clear that most of
the physical constants which were needed would have to be
redetermined. A variety of mechanical strength tests were
done both in this country and in Canada, but their resulis
were very disappointing. The average modulus of rupture
of ice beams in bending, for instance, was found to be
about 320 ib./sq. in., but individual beams sometimes failed
at stresses as low as 70 1b./sq. in.  (Soft wood fails at about
100 1b./sq. in.). As a structural material ice was found to
be too unreliable and its resistance to explosives quitc
unpredictable.

In February, 1943, the state of the Bergship project was
1t very hopeful, when the outlook was suddenly trans-
formed by the discovery that the inclusion of a smali
percentage of wood-pulp improved the mechanical proper-
ties of ice beyond recognition. In view of its similarity with
concrete and in honour of the originator of the Bergship
project the frozen woodpulp was given the copde-name
pykrete (Pyke’s concrete).

Pykrete
Wood-pulp consists of mechanically ground spruce or pine-
wood and is the raw material used for the manufacture of
newsprint. A mixture of 10-15 per cent wood-pulp with
water is a spongy mush, while a 5 per cent suspension has a
consistency rather like porridge. If such wet pulp is frozen,
its mechanical properties are vastly superior to those of ice.
Lumps of the material do not disintegrate on being hit witha
hammer and the impact of small arms’ projectiles does not
crack them. Preliminary resuits with the new material were
in fact so hopeful that a small research unit was immediately
established in one of the refrigerating rooms of a London
meat store and charged with the production of large blocks
of pykrete. With these a variety of tests were carried out
by different teams in this country and in Canada ; some of the
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more strikin
below.

in g::lielf;‘{)is ! S‘Cncsl"_f values for the modulus of rupturé
ments were m,‘:jn}" of ditferent pulp content. These measure-
ends, say and‘f - b«‘f supporting a beam of pykrete at both
beunyl is t,’cm bdpplymg a load at the centre. In practice, the
down by ; Y the movement of a piston which is driven

0¥ @ hydraulic pump at a constant rate of, say, 1 i
per minute, and the maximum load which precedes rupturé
ts recorded on 4 djy).

M TanLE 1
Modulus of rupture of beams in flexure at —17° C. (Mean values).

Pulp content Modulus of rupture

in per cent in Ib./sq. in. -

0 320

1 325

2 455

4 710

6 725

7 765

. 8 875
14 950

Wood alone (spruce) 100

It is seen that the strength increases rapidly up to a pulp

content of 4 per cent, after which the incrcase is compara-

tively small. Table IT shows a comparison of some of the
mCCh“mC,a' properties of pykrete containing 14 per cent
Scotc!, pine wood pulp with the corresponding values for
pure ice,

Tamr 1l

Mechanical strength of pykrete and ice at —15°C.
(Mean values in Ib.'sq. in.)

. Pykrete HRY
Ultimate strength
N compression
Ultimate strength

M . In tension 700 165

Ore important even than the increase in the mean

values which these tables represcnt was the comparatively

1,100 620

g results obtained in these tests are quoted ~
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_nall scattering of the individual test results in pykrete, as
opposed to ice. Beams of pure ice, for instance, might break
at any stress between 70 and 500 Ib./sq. in., while ice
containing wood pulp gave results which were reproducible
to within about -+25 per cent. Pykrete, in fact, was ductile
and could even be machined ona lathe. Its resistance to
projectiles and explosives was weight for weight as good
as that of concrete. Measurements of the penetration of a
.303 rifle bullet show the resistance of pykrete compared to

some other materials (Table II).

Tasie TII

Penctration of .303 rifle bullet.

Material Penetration in inches
Soft wood 25
Pure ice (—7°C) 14
14 per cent pykrete (—7° C.) 6.5
Brickwork 6
Concrete 2.75

From the results of small-scale underwater explosive
tests it was calculated that a torpedo hit would produce a
crater 2 feet deep and about 15 feet in diameter. Neverthe-
less it was considered that a minimum wall thickness of
30 feet would be required for the Bergship to be safe against
the blast effects of underwater attack.

These results were most encouraging, bug 00N a new
difficulty emerged which imperill.ed the realisation of the
project. It was noticed that the ultimate strength of pykrete
in compression depended on the rate of loading, i.e., if a

draulic pump, was lowered on to a

piston, driven by a hy \ :
cylinder of pykrete at a constant velocity, the load at which
ater the slower the movement

fracture occurred became gre .
of the piston. Ultimately, at a very slow.rate of compression,
fracture never occurred at all, but the cylinder of pykrete

underwent plastic deformation until jt l}ad assumed.the
shape of a flat disc, Behaviour of_this type is a characteristic
property of materials which are liable to undergo permanent
deformation undcr the continuous action of small stresses,
a phenomenon technically known as creep. If pykrete was
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subject to creep, the possibility had to be faced that ‘3
Bergship built of this material would sag under its ow8d;
weight. It was essential, therefore, to test the creep propef->
ties of pykrete as a function of all the possible variables, *
such as load, time, temperature and pulp content, For this’:
purpose batteries of creep test machines were installed in
cold rooms at different temperatures. Their principle 01
construction is illustrated in figure 22. E

By means of the piston p the lever L exerts a pressure’
on the pykrete block P. Weights are applicd in the scale .

Fig. 22.—Machine for testing creep in compression- :

pan S and the movemant of the lever can be read on the
dial of the gauge . When an experiment & started the dial
is read every few hours; later, readings 4r¢ continued dzuly;
until the rate of compression assumes a constant value.
The type of curve obtained in such an experiment is dlll?’%
trated in figure 23 where total compression 1in inches 18 ©
plotted against time for a scrics of diferent loads. The
figure shows that with loads of the order of 100-200 'b/i
sq. in., a rapid initial compression (which is partly clastic) ¢
is followed by a gradual slowing down until, after a fcwfj
days, the rate of compression becomes constant. . "j
On the basis of the crecp curves it was possible o Pfedng
that in a Bergship made of 4 per cent Canadian spruc¢ ¥ P4
plastic deformation of the ship would ceasc after an initt %
period of sagging lasting several wecks. The curves also 3
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showed that —15° C. was the highest permissible working
temperature if deformation of the ship through creep was
to be avoided. By the summer of 1943 the mechanical
properties of pykrete had been well enough established, at
least in small scale tests, to proceed with the ship's design.

Plans for Desigh and Construction of the Bergship

© With a runway of 2,000 200 feet. a freeboard of 50 feet

and an all-round wall thickness of 30 feet, it was found that
the Bergship would have to have a draught of 150 feet and
a displacement of 2,200,000 tons. To build a ship 26 times
heavier than the Queen Elizabeth from a material which
had never becn used before was a formidable proposition ;
many expericnced engineers, in fact, regarded the diffi-
culties as insuperable, particularly so as our directives
required that at least a prototype of this monster should
be built in the short span of one winter, and that an entire
fleet of Bergships should be ready in time for the projected
invasion of Japan. Nevertheless considerable progress was
made on the design and many ingenious plans were
developed for the construction of these floating islands.
For the sake of simplicity of construction it was decided
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to give t ;
bevgelled l;zgs;][:om? dSh\ape of a hollow square beam, with
The outside “‘"\llqr; uce the drag under water (Figurc 24).
insulating skint'uid (ﬁr‘c to be surrounded by a waterproo
temperature of‘——ls t('jpyk.rctc was to be keptat a constant
tion. U-shaped ducts - with the hv:-lp of f\rtiﬁciul refrigera-
to be built into “: S ‘I‘ ‘hc type shown in figure 24A were
about 4 feet aw; ¢ walls. These ducts were 10 be pla
and cooled “«'m.xy.lmm the outer irface of the pykret®
geraing o o pre e C. Sixteen T&-
were 1o Sup\iv ”‘} cach with ity own circulating system
flooding to 1[:],' the cold ar. To (c&!tlcc the danger ©
{0 he b;“()]'cr‘, dl m‘m_mm, cach cqcul.nmg system Wis in u_xm
1o these s\ub e oo '.'““ subscctions, with the air distribution
worst po‘%-ﬂ;lc”‘m"“,‘{“rilflgf-‘d albmc water level. Under the
power requi 'C‘-(mdllmnj‘ e, 1n tr_opxca_l waters, the total
estimated ('llt [‘ g‘(;}m;( of the refrigerating system were

. @ 3.900 B.H.P.

The Bergship was to be propelled by over 20 scparalé

e

falle ]
. \l\,,‘_‘ /Blj '
- \ N d *

Fig. 24,
LJENSGINE NACELLE

“RYARETE WALL
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Fig. 248.
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1,100 H.P. electric motors housed in pressure hulls. These
engine nacelies were to be distributed along the side of the
ship, so that the putting out of action of one of them would
have little effect on the speed of the ship as a whole. The
power for the motors was 10 be supplied by a central
turbo-electric generating plant.

Since the power needed to propel 2 ship increases about
as the cube of the speed, the size of the generating plant

needed to propel the Bergship at @ velocity comparable 10
that of the ficet would hive peen astronomical, and even
at seven knots, which was considered the absolute minimum
necessary Lo prevent the ship’s drifting in the wind, turbo-
electric generators totalling 32 B.H.P. would have been
required. In terms of effective h.p.'s the power requirements
for different speeds were determined in small scale tan};

trials to be as follows:

Speed in knots Effective horse power
5 000

5 9,500
7 14,500
10 90,000
350,000

20

Thus if power losses are taken into account, a speed of
20 knots could only have been achieved with turbo-electric
generators totalling about 200,000 B.H.P., which is more
tl_man twice the capacity of Battersea Power Station and three
times that of the largest battleships (King George V class).
.The steering of the Bergship presented a particularly
difficult problem to the naval engineers. At first it had been
proposed to change course merely by altering the relative
speed of the propelling units on each side of the vessel, but
the experts took the view that this by itseif would not
cnable it to maintain a steady course, for which a fin and
a rudder would be cssential. The design and fixing of a
rudder which would bave had a weight of several hundred
tons was a problem which was never satisfactorily solved.
Another serious problem was presented by the void 2,900 X
140 % 140 feet in the centre of the ship. If this void were
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iefte ,
resultnc‘:it)‘?\:eet:hcawgns would be liable to bend inwards as
torpedo hits,p sanv anf;nslel"mck in the wall, dut? to repeate
The Bergship W(;l;ld & t._cﬂd to the void being flooded
made of buoyva not sink, of course, since it was {0 b
the freeboard t‘“ material, but flooding would have reduce
of action ‘ln Oda few fect and thus put the flight-deck ou
one Stagc'm f?{ ;r to prevent flooding. it was proposed &
made of kl the void \'vnh 4 kind thoneycombs(rucwﬂ
at the cxl")"r“"ﬂl&f but this could only have been achievex
ment. Imr;em';c, ‘_’ a fllr}hcr increase in the total displace
of steel or lin‘];) Supporting structures and partitions made
»f tons of cr would have involved the use of thousands
promise sol":‘amml? in short supply. No doubt a com-
there wm:c ullon r'm‘ght Fvcntquliy have been found, but
Theee . 3£ 1er’ ditticulties which upsct the project.
struction \;}: partly gonnectcd with the problems of con-
books wers < fn Admiralty charts and m;tcoqolqgical hand-
realised th, :mmned 1or.n suitable building site it was soolt
enough t)“ll‘no accessible place on this ‘carth was cold
The lochl'( et Nature do the job® of freezing the pykeete.
buildin ¢ lryhcw:mually sclccth as most suitable for the
West ngd? the prototype Bergship was Corner Brook on the
Peratl;r-t f’f N‘;:w‘foundhmd, where an gvcrggc dull_\f tem-
about ;‘081 d‘5 C. could be reckonad with for a period of
150 feet d ays, and whcrg protected '\th.‘l'n more than
. Ordcecp (the draught ot the Bergship) could be !ound.
proposed tro tlo avoid having to launch the ship, it was
together W'thd{) the keel on a Jarge number of barges fixed
tected W"ucl TOl(s and connectors and.anclmrcd in pro-
Prccoolczj t:S' h? Q}'krctc was to be laid down in blocks
mortar ‘\S‘ t'h«»-m C. and cemented together with pykret€
Sraduaily‘ sink, pykrete was laid down the keel we
be instailed at o lfmz the refrigerating machinery had to
to keep the ;:“ carly stage in the construction in ordef
the pykrete itlzzlfre,[,c sufliciently cold. The manufaciug @
problems. O waLs, of course, onc of the most formidable
- One Bergship required 1,700,000 tons of it, and

\ THE BERGSHIP PLAN 141
to produce this quantity within the short span of one wintér

" would have needed a plant covering some 100 acres.

These difficulties were in part respoasible for the abandon-
ment of the project early in 1944. There were other reasons,
not connected with the technical difficulties themselves,
which played their part. Since 1942 the range of aircraft

d increased so much that it had become possible to
provide air-cover over most of the Atlantic with land-
based planes. The island-hopping campaign of the American
forces in the Pacific had been successful beyond expectations
and made an eventual invasion of Japan appear feasible

even without large floating air-bases. Finally, the length
of runway needed for the new types of aircraft bad increased
and by 1944 a flight-deck

far beyond the 1943 estimates, at ]
2,0QD feet long had become insufficient fortheheavy machines

for which the Bergship had originally been intended.

From the point of view of the war effort the research and
planning spent on the Bergship project proved to have been
wasted. Yet, lodking back, it is easy to lxndergtand how this
daring venture came (o fascinate men’s minds and was
welcomed as a possible solution for one of the most fhfﬁcult
military problems facing the Allies. When judging the
Bergship plan now, it must be rcgrtxjnleb:g::egx?;gl% ev:;?: g::‘y

tly imposstoie -
one of several apparer’¥ S ¢ bomb) and that the

ceived during the war (e.g., the atomi d tt
question was not so much one of absolute feasibility but

rather of whether the ultimate strategic advantages to be
gained by the Bergships were in proportion to the expendi-
ture of man-power and materials involved. 1n fact, I think
that had not the course of the war and the state of our
armaments changed, the Bergship could have been made,

though at prodigious cost.

(This article is 2 modified version of a mo
of the Bergship plan which appeared in The Jo

No. 3, April, 1948.)
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What are Wave Guides?

L. F. H. BOVEY

It is ; .
rapidly becoming clear that the advances made B

science duri

fundamg:tr::?grﬁs‘c “'fxr were mainly technical and based o7
atomic bomb escarch  previously carried out. Thus the
cums of monx(?ci; was really the result of applying large
originally put .fdﬂ’ a vast army of scientists 10 theorics
The advance in Of ‘l‘f”'d by .Ruthcrford, Bohs and othc?s-
mainly accumul-r(d-tl io techniques - radar - used knowledge
Vention of mew ;l ed in the past fifty years although the in-
by the Varian b ypes of valves - e.g. the ‘Klystron® in 1_939
of rescarch e ’\"Olhnrs, may be said to have been new lines
properties " :}: n though these werc based on knowd
developments ‘}9 ‘c\ccifon. One of the tost interesting
radio sas thé which assisted the advance Qf high frequency
intended to use of wave guides, and this short article 1S
which 1i give a general introduction to the principles

ic behind their use.

For mosm: Reason for Wave Guides
Workin;m;l:\ C?tl‘;\mercia) radio working (down 1o stations
satisfactory a SC Or(§ waves’) an ‘ordmary wire 1s just as
it s for eorve ?n uctor or carrier for the radio signal as
ceifing from mgxpg the clectricity to the light bulb in the
are necossary fo nf\a;lns §upp\y , ar?d no special prec_autions
below. As the w’r dl~ ouscllxold aerial n the sense discuss
Crom stations inavc ength ix decreased (1.6, signals generat
this mcthmf im{cv}cn shorter s!yort-wavc regions), howevel,
being high lass (ft)hvcs‘muny disadvantages, the main two
distortion (the < e signal foses much of its strength) an
from one end signal is altered so that what is obtail
of the carricr bears littte resemblance o

{42
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wha is put in at the other). An arrangement known as
transmission lines’ is necessary 1 this region and although

ROrmaj broadcasting does not extend to these wavelengths,

they are important because of the use made of radio waves
of this wavelength for navigational purposes. In this method,
the signal is carricd by ‘free space’ (@ physical term to
describe what 1s pormally the atmosphere) between the
wires, which serve to guide it, and hence both the wire and
the free spacc must be considered as conveyors, and not the
metal itself as is the casé in domestic electricity. They can
take two main forms ~ (win, where there are two_wires
running paraliel 1o on¢ another, and coaxial, in which case

oth cases the relevant ‘free

one wire js within the other; inb ! 4
space’ is that existing beiweent the two Wircs. This means

W *
j =t ¢

)
: -

Pl = S e

TWIN CABLE
Re RECEWER

CROSS SECTION

G- GRENERATOR
SUPPQRY

-

¥
]
i
1
'
3

R
representation of the two types of transmission
he fact that 10 convey power from the generator (G)
_ usually an aerial — the power may either be
ansmitted by tWo simitar paraticl wires ot by a cable in which one
wire is within the other. T he size of the cables has been mggmﬁed
out of alt proportion to the generatat and receiver, Since their usual

‘e about half an inch. Special methods are available

cross section is 2 i _
for putting it and abstracting the pewer {rom the lines at each end.

, T COAXIAL CABLE

Fig. 25. Dia
lines, illustrating t
to the receiver {R)

mmatic
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made portable, e.g t}:lces are possible, which can alsql: capacity are used, Of from the more physical pasis of

0 get narrower b, r use in aircraft. It 1s also possibl electromagnetic OPLcs. .

purposes is advamatagrggu(s)f Ctti‘\ctgadm,on, - h'd.l fo.r “Fg: The path of an ordinary radio wave can be considgmd as
a bilb and the beam from a t ‘&gcnera! 1}lu{n{natxo{x iy i 2 succession of clectric ficlds of different strengths ~ just a8
impossible to 'm" ) om a torchlight. Since it1s pracuica ) the sea-wave can be considered as 2 sugcessxon‘of different
longer wavele r? \lb these signals using methods suitable fo! heights of water. Associated with this electric field is a
method of co Et' sihese gl g develop a new magnetic onc whose Sreng 'h alters in the same way but
acrial. In Othemc?(mg power from the gcncrator to fha which is pointing at right angles 1o the elcclr.u: ﬁegd (see
oo -clcdro 'r M{rds, a way must he found of guiding -Fig. 26). The presence of an electric field owes ns‘e)ustence
tioned abovcmdgncgc‘oscnllauom without the losses men 10 the fact that no clectric current can flow ; this can be
used to oo ,\anq it is found that tubces such as might be visualiscd by considering the ficld as a measure gf ie height
25 core nvey liquid can under certain conditions, such of water and electric curent as o flow of water, in ¢ water-
rrect size and cross-section, transmit the power. wave analogy. If water ¢4 flow from on¢ position to
e ur until there is the same level in

‘ Simplified Theory another then this will 0¢¢ lectric ficld along
Wave-guides can be considered as a form of coaxial both positions. Hence the

cable i i - L
blc in which the inner conductor is climinated and hence e

re can be no ¢

the s , § 3 o
\Blihb U}x:ports are nro longer necessary. To enginecrs familiar e S
guid} € concepts of transmission lines. the theory of these e e e ST o
e es offers no great difficulty, since many of the concepts € f ‘ |
i similar and many of the technical terms are carrie Siaunans
trom one branch to another. in general, the theory of . 4 L
\Y:l.lc*:owavcs can be approached cither from this analogy o T /
/ : : e ¢ 2 e
ith transmission lincs, where such terms ds inductance and F)‘ELDS BEYW_E.E.VV\»5',,—;}(-5;’;:((:1&‘:&:NDUL=<"”>
N } i . -~
t PPN
C AN . .
o bt 7 >, ST )
// // o t K ’, P _./”,, E—\\\.,’/ .
-/ P 4 4 ot ,m‘*
. ! [ i ¥ e T e T )
;T \ A ! PN K
\ N ’»/\.,.//' ‘.“y,—'
l 5 t N ;\:_—“ o GMETIC
- - CROS Fie Ar oy AR — el PR A
WAVE TRAVELS v SECTION IELDS BETWEEN Wit CARID
FTRAVELS W RGO ‘hin @ transmission
Fig. 26. Electri ’ Fi P netic fietds within 2
- <O blectric “tic fi : . . i _Fig. 27, (a) The ciectric and magnceir
It can be seen ih‘\? ng magnetic ficlds in a radio wave I froe space- line are Iimitid by the boundary of the plane Conduc}jorzntrolled by
representing the st Jhe curve jaining the ends of the arrowed 106 (b) The fields in a twin cable line are cents on ant < hem whilst
%2 wave. (H, ma “'\.S‘th. of the fickls, gives an outline similar 0 ‘;. the wires - the electric ficlds beginning and ending on
» magnetic field; E, clectric, throughout: V. velocity @ the magnetic fields are in circular 10OPS round about.

light for free space )
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the length of a conductor, and it can only be at right ang
to th; surface. Just as in a dynamo the field of the magt
(altermg'becausc of rotation) produces a current, SO dc
the varying field in this casc produce current and so the
can be a magnetic ficld along the conductor ; it can ak
be shown that the magnetic field cannot be perpendicul
to the surface. There are thus three main conditions to |
satisfied,

(8) The electric and magnetic fields must be perpendiculi
toone another.,

(b) The electric ficld must always be pecpendicular to th
surface,

Fig. 28. These diagrams show how more detailed are the ticld con-
figurations in wave guides: only thiee-dimensionsl madels can show
the real relation of the tields, but it should be noted how there are
loops of magnetic lines along the guide, whilst the clectric field across
18 most intense in the middie and diminishes towards the edges ~
showp b) a lesser numbes of Jines. The second diagram illustrases
:he significance of the two in the suffix H,, - there now being w0
00ps and two sets of clectric ficld systems across the guide.

" R e i : Ty
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to show how, from the E,, unit, the other
4 modes are built up.

¢ always be parallel to the

Fig. 29. This is intended

higher and more complicate

(c) The magnetic ficld mus

surface. ceting i mission lines
existing in trans

The type of fied PRE ¢-guides in Figs. 28 and 29.

i i i i Va" . . N
is shown in Fig. 27 and in W G haps easier oo visualise

tic lines of force are
Sinziwt;x?gnc x;:ra the pattern that \yould be takegl upTll)y
Y cular part of the guide. The

iron filings if scattered at a p:it;) alar e from a considera-
conditions outlined above ma i;x Fig. 28a the Tagnetic

i diagrams: €.8 ) o
;:)%r;)‘;o(fd‘:ﬁi;c) a;e‘gparaucl to the side, whereas from the

tric field

con i seen that the elec )

tr 3 ction it can be ‘he

Wﬁlilslrc{:cqscm-aximum at the centre d(\;:ptrﬁslnted by ti

« « ; n . O .

closcness of lines) is zero at the top an -de have, in addition
The waves which exist in a WélV’»‘-glg‘recﬁon' of motion,

to the ficlds perpendicuiat ml the di

fields pointing in the linc of travel.
Analysis of the problem shows that tw

waves can be transmitted.

o distinct types of
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_ (& T.E. (Transverse Electric) or H waves in which there
1s a magnetic ficld component along the direction of motion
and (b) T.M. (Transverse Magnetic) or E waves where the
component along the line of travel is the electric ficld.

Group and Wave Velocity
In addition to the wavelength discussed above, waves
have two other important quantiues characterising them ~
velocity and frequency. These are related by the well-
known expression
velocity == frequency o wavelength.

In free space the velocity of clectro-magnetic waves is

that of light (3 < 107 ¢m. see. - usually denoted by ). In
the wave-guides the wanclength is alered because of the
presence of the walls, and since the frequency remains
unchanged, the wave velocity aliers, and is in fact greuter
than ¢,

This velocity is known as the phase velocity and is the
speed by which the patterns portrayed in Fig. 28 move. This
is analogous to the speed at which ripples from a dis-
turbance in water sct out ; there is, however, another velocity
to be considered, and that is the rate at which the group of
npples as a whole, move; appropriately cnougl} this s
termed ‘Group’ velocity, and since any signal In r_adno
must consist of several waves (cf. ripples) it 1S transmitted
with this velocity which in this case is nof equal to the phase
velocity but is given by

V.V, = !

where \Y phase velocity
v, group velocity.
The dimensions of the wave-guide depend on tie waves
length of the signal it is desired to pass, and in the case of
rectangular guides with dimensions ‘a’ and ‘b’ where
4" 1s greater than ‘B, then no signal with a wavelength
greater than 2a can be transmitted. Any signal of greatey
wavelength than this is rapidly fost. This maxtmum wave-

» B
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1gth is called critical and is denoted by A,. It can be
anown that if

Ar == free space wavelength
A, = guide wave-length

and where o

(3) () - =

qn this that as the wavelength is ficcrez}sed
equal onc another. The dimensions
been chosen so that the wavelength
along it is near the critical value
ately equal to twice the bigger
s explains why the use of such
ble now that these very short
their otherwise bulky size
as too clumsy when

It folfows fror
A, and A approximately
of the wave-guide have
of the sigpal that will pass
and is thercforc approxim
dimension of the guide. Thi
devices only becomes practica
wavelengths are possible;
rendered them too expensive as well
other means of transmitting power existed.

Type of Fields

The m)ménclaturc of the various types Of waves 15 b:.ised
on a mathematical analysis of the types of waves %osmbtle.
etc.

Thus the suffixes in the designations H,,, Hy, E,,
really arisc from solutions of equations, pech'ng fhc sets of
integers 0O,1; 0,2; 3,2; but a more physical s_ngmﬁ;anw of
say a H,, wave can be obtained from studying Fig. 28(b)
where it is seen that the suffix : nb
magnetic loops placed across the wave-guide. Similarly
an E.-wave can be regarded as a number m times n ;)f‘
E,, wave patterns (shown in Fig. 29) fitted into a single
tube and joined into a continuous pattern.

2 denotes the number of

4
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For most Practical Aspect
st applications, the : .
For st oo, (1 v s w5 s e
size of the wave-guide (}: S it Js possible 'to choose the
fergth considerations me earing in mind the critical wave-
of wares are meclzlzlu‘u‘u;nlcd ;x‘bovc) so that other ypes
a field COnﬁm:rmm' | and hones the power is carried in
means that it i-‘ ! none M“.)“" o property which
into the acrial i:l : 0\71_[?‘}‘ to fudivic from the \‘\'a\'c-guidc
know.n Lypc‘ of ‘:11[::\3‘15".;1})10 f%l\lll(\{\. !n ;:.ddmon, with a
various weehnigues "d’;ihu;]u:“ l_t lf\‘ pm”b‘k! t?.‘::;
mission lines) more casily. The t y ala ngy wit 1 ira
Wares it the oy asily, TLe means of introducing the
produccd : this ?”‘d‘ abso ‘E'-”vans the mode vhich can
position ﬂ;]d*:nh* “tUill.l,\' done by means of a probe whose
field. , 10 a certain extent, shape, control the requircd
Ot,tgrgzﬁff_‘s’c‘;?mT}g“l:\f wave-guides are used, since, whilst
power, it is nm‘“”‘-“(,c.g., cireular, elliptical) will transmit
(ic.. the directi possible to keep the state of polarx..sauon
high mech: cction of the clectric ﬁcld)'constant without
echanical limits in their construction.

gy REQUENCY (OSCILLATIONS PER SECOND)
J07wrhe e qorr 10t 10° w10t 1 1

o7 7

Y. Avy ;
X-Ravys U .
ULIRA Liohr Inera Micin BROADUANTING A C. Powir

’
i \',0“" Rin  Wave Television Long Wive
T v I | .
) R (VR UL TR ANCECEE

Bie, 30 A repce \\""\\r'l-.l‘.lz\'(i'lﬂ (ens J

trumn mcnltm;mlk(l‘ lkt\"_‘““-‘mn‘x of the parts of the Clev Tiamnanhichis ST

not possible 1 \l'\t'- faxt the vanee of \.\;\\-clenglh 1y s reat tiwatl .ll 15
o mare the spacing between the vanous radiatinngs

pmponion-vl to ¢
[es [ ~ RN . P - |
v the true separction. The way ol wnitiny the wavelength

and [reguency | d
dCScrligi:iZLZ:nyul‘;la'x\)!“g” of ten is the most convepicai manidr ol
10" a hundred thou"%. l{”gc numbers: ey, 108 means @ thenesnd,
ete. The actual f Sand, €ie., whilst 107 denotes the flaction 1/ TNE,

al frequencies are three times the values given in the figare.

2 4

WHAT ARE WAVE GUIDES? ’ 153
Microwave Techniques

These clectromagnetic oscillations are not the only ones
known, since such phenomena as X-rays, light and radiant
heat are similar in their character; one of the major
achievements of physics is that it has been found possible
to classify them in one table (Fig. 30), known as the electro-
Magnetic spectrum, since their position int it is determined
by the wavelength. A glance at this table will show that
whereas with other tools of science (X-rays on the one hand
and low frequency power supplies on the other) the wave-
lengths are much less than Of much greater than the si12¢ of
objects convenient to handlc, microwaves, having a wave-

f a penny — aré comt-

length of say, 3 cm. — the diameter 0
truments. Hence

parable with the actual size of laboratory ing .
ides have arisen the various
haracter,

with the method of wave-gll ' _
techniques which, while perhaps not unique in ¢
have interesting modifications for us€ in this regton.

The means of producing the clectromagrietic waves are
differcnt from ordinary radiovalves and circuits. Normal
valves, which basically involve 3 source of electrons (the
cathode), a means for controlling the stream of electrons
(the grid), and an anodc to which the electrons are attract
by the action of the strong electric field in the valve, cannot
be used becausc the time that the clectrons take to cross
the valve between cathode and anode becomes an ap-
preciable factor. Oscillations inside a valve depend on the
same sort of conditions applying when the electron 1€aves
the cathode as when it arrives at the anode, but if, as 1
microwaves, the frequency is high (frequency is the number
of oscillations occurring per second and is greater the
smaller the wavelength) a large number of oscillations can
occur whilst the electron traverses the valve and this alters

the condition referred to above. . .
nuous working ‘Klystron® 18

For low power, 2 conti
used, and for very high powers a *Magnetron’, Where,
because of the large amount of heat produced, the valve
is only allowed to operate for a fraction of a second,
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thus giving pulses of radiation. The former depends on
sorting out the clectrons into ‘bunches’ of fast-moving
and slow-moving types which then form the equivalent
of the pcaks and troughs in a wave; the latter depends
on the spiral motion of an clectron under the influence of
a magnetic field.

Because of the low wave-lengths, it is not possible at the
moment to use valve circuits of any form directly to detect
and amplify the signals, and hence the old ‘crystal and
whisker’ technique has been revived for the former purpose,
and plays an essential part in all radar work. The wave
guides themselves are made in sections and have coupling
joints to make continuous lengths ; these must be well made
to close measurements, since any lack of alignment entails
loss of energy as well as possible distortion. Provided that
the change is made smoothly, it is possible to transmit signals
through curved wave guides - a very big advantage. The
wavelength is actually measured with a ‘wavemeter’ which
IS an instrument involving a micrometer screw (SUCh. as
enginecrs use to measure diameters of wires, etc.) which,
when associated with a device for indicating maxima and
minima of power, measures the distance between two peaks
or troughs. This reversion to fundamentals which is charac-
teristic of this region is also followed in the measurement
of power, the normal method being to note the heating
effect which occurs when the radiation is passed into water
whaose temperature and weight can be found cxperimentaily,
from which the heat gain can then be deduced.

Uses
The main usc of microwaves and the cssential wave
guides has been, and is, in conncction with the transmission
of short wave signals in purcly electronic applications, but
a more academic use has begun to be important - the
determination of some absorption bands of gases and
liquids. Thus in some liquids, the molecules, owing to the
out-of-balance electric forces between the electrons of the

constituent atoms, possess 2

(‘&?‘ P -
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resultant charge which means
that the molecule as a whole will be affected by an electric

i is not steady but altemqling with a c?crtain
?gdl.l:f lhlsﬂt;l::xdt'}iencharged molecule will tend to vibrate,
J'Us? asngyéork on the sea will bob up and down t:;:;der the
effect of the waves, and hence absorb energy for the move-

aves 1 d, then so
of the waves IS altgre s
will the St wavc!engthk to keep in step with the waves

Wi ility of the cor )
g o o, n e s Tl 19 77
rapidly, the cork will be unable 1o 0' the molecule can
o waier at all. In anl m(lsl;ofgxgl:lss :;);’o a certain limiting
ati ec X
;?e"(ix:r:hrc 22;:;m§cr;go§d is it will notﬁ t;z glfgficstit:it?;ci
he;?ce \\(/?ll not take any pover (T ;1:‘;6 fnoiccule and by
frequency depends on the structure @ et power falls
aoting the frequency where (he absor]:u'rangement of the
off, valuable information abou the AT on where
atoms can be obtained. For many hqulle ot and hence
this occurs lies in the centimetric wave 1 B ation about
this radiation has Ilaeen _usca Lo O gases where
the liquid state. There 15 mijar en encrgy
h}:)wlel\?cl:-ldrmhcr different condmomv illpnpglt}’}-1 i\rtlhthe region
(of electromagnetic origin and waw; e B orption can
of the infra-red) falls in a gas molecu Cj e o onstituent
cause two main changes - it can ma ¢ a spring given
atoms in the molecule vibrate quicker (C~ O e faster,
a knock) or it can make the wholz mo(l;uu o cics states
like a top. The basic concept of mo ;rnm;: ¥t be in
that this energy, taken up in these two or m,w vod half-
discrete units in m‘uch medsz:;:iiq“:fyaa;e ‘r)xen ; Y o halt-
ey SmmgtiTeal():/htlgesstal:elhc wheel rolling; fO!:lr farﬁurr:g:
‘?Vc(:Hcyi r;:pjsclcss in either case, as would an :gc‘l;;t 1? tlgxc

in the coins. Thesc energy units (E) are connect
frequency by the general relat_non
E=Y i t known as

where h is a proportional conversion constan
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metricalty arrang ;‘ up of three :}lnms of !1)'drogcn sym-
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very “C“-»iivi\c e f‘A"g lengths of waveguids together with,

Clectors are necesedry.
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sfer of cnergy must
be found. It has how2 dispensable 10 the
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tieal physws 1o d pr;xctical problem.
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