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Editorial

THI1s is our fifteenth issue. It is the largest yet 10 appear because
it contains as a supplement a complete subject and author index
covering everything from number one in June 1946 to number
fifteen here and now. It makes a convenient moment to pause
and survey our work.

Most people imagine that an editor’s life consists in sitting in
an armchair wielding a blue pencil, while every post brings a
flood of new contributions to be sorted and rejected ~ a soft,
easy, parasite existence, just reading whatever the seas wash up.
For most pertodicals, and Science News is.no exception, nothing
could be further from the truth. The editors of Horizon and
Penguin New Writing have publicly remarked on the hard work
they do wringing contributions out of authors, and other editors
I have talked with say the same thing: if they had to rely on the
free-lance articles which come in they could close down
tomorrow.

i There are many reasons for this, of course. People wait to
be invited to write because they are too proud or too modest,
too busy or too lazy to offer an article of their own accord.
Some of the coptributions which do come in to us are so badly
written, so muddled and full of jargon, that an editorial attempt
to reduce the chaos and translate into English is just not worth
while. The inability of most British scientists to write even a
proper scientific paper, let alone a popular article, is now causing
such general concern that a number of big firms and scientific
societies are appointing advisers in English literature to help
their inarticulate colleagues to express themselves inteHigibly and
with precision. It will take a long time for this movement to
produce much effect, and it is a question whether the regular
writing of English essays should not become a part of the
university training of every science undergraduate.

.But when all this is said there is one fundamental reason why
free-lance. articles so rarely see print. Every magazine is created
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These facts caused Thomas Young, who has since bee -

called ‘the father of physiological optics’, to propose, &

century and a half ago, the three-colour theory of vision ’

which bears his name. This theory may be stated in various

ways, one of which is as follows : there cannot be an infinite -
number of different kinds of nerve fibre connecting the

retina* with the brain, so let us suppose the number of kinds
to be three, and that the sensations of redness are conveyed
by one variety, the sensations of greenness by another
variety, and the sensations of blueness by a third variety. In
addition there must be three kinds of retinal light receptor

for coloured light rays, namely those for red rays, those for

green rays and those for blue rays. The incidence of red light
on the retina in sufficient amount will act as a stimulus for
the red receptors and will cause nerve impulses to travel up
the optic nerve fibres to the brain, so that a red sensation is
perceived in consequence. The incidence of green rays or of
blue rays will similarly stimulate the green or the blue recep-
tors and will thus arouse green or blue sensations. ‘Let us
suppose further,” said Young, ‘that yellow light stimulates
both the red and the green receptors at the same time, and
that when this happens a red sensation and a green sensation
are aroused, producing as a combined effect a sensation of
yellowness. If then green rays and blue rays together cause a
blue-green sensation, blue rays and red rays together cause a
purple, mauve or violet sensation, and all three together a
white sensation, we have a mechanism which will account for
many of the facts of colour vision.’

This theory did account in a satisfactory manner for all
the facts known in Thomas Young’s time, and it has account-
ed for much which has been discovered since, so that it
would be true to say that this theory has played an extremely
important part in the science of colour vision during the past

century ; for not only has it offered a feasible explanation of -

this important function of the eye; but it had led to such

*The sensitive surface inside : .
camera. the eye, corresponding to the film in a
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valuable practical developments as colour photography and
Technicolor. ‘ _

Recently, however, doubts concerning -the three-colour
theory have arisen, and the idea has been gaining ground
that things are not quite as simple as they appeared at first.
How have these doubts arisen? As far as the writer is con-
cerned they were brought to his notice in the following way.
- One of the most puzzling features as far as the lens system

. of the human eye is concerned has been two apparently con-

tradictory sets of facts. On the one hand there has been the

. knowledge that the lens system of the eye is not corrected for

chromatic aberration. This means that if the retina is situ-

" ated at the focusing point for the yellow rays then the blue

and violet rays will come to a focus infront of it, and the red
and orange rays will.come to a focus behind it. The image of
a point source will then consist of a bright yellow centre sur-
rounded by a reddish blue halo. On the other hand we have
the evidence of our eyes when they are being used for
examining everyday objects, that when we look at a distant
point source of light we do not see a yellow point of light,
neither do we see surrounding it the reddish blue halo. How
is this contradiction to be explained?

Let us begin by examining the evidence a little more
-closely. Measurements of the amount of chromatic aberra-
tion have been made by many workers. They are all agreed
that it is present and they are even agreed as to its amount,
except for very small differences of detail. There are also
many physiological experiments which are designed to show
that this aberration is presenit. Two may be mentioned in this

place. _
(@) On viewing the filaments of an electri¢c lamp through

. a piece of blue or purple glass, which transmits at the same

time some red rays and some blue rays, but cuts out the rays
from the middle of the spectrum, it is found either that the
red rays are in focus, and that the blue rays form a halo
round them, or that the blue rays are in focus and that the
‘red rays form a halo round them, clearly showing that it is
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- impossible to focus both sets of rays simultaneously because

of the differences in the position of their focusing points::

Occasionally a person is found who does not focus either the

red rays or the blue rays sharply, in which case both of them’

form blurs. This condition is due to the fact that the blue
‘rays have come to a focus in front of the retina and are now
separating again, whereas the red rays have not yet come to
a focus.
~ (b) There is a further point to be mentioned, namely
that a careful examination of the refractive media of the
eye (the cornea and the lens) fails altogether to disclose the
presence of a method of correcting this aberration similar
to that which is employed in optical instruments. There
seems, therefore, to be overwhelming evidence that chro-
matic aberration is present. o

Our next step is to examine the effects which chromati
aberration would have, and this may be done by employing

a telescope or a microscope in which the usual objective
- which has been corrected for colour is replaced by one which
does not possess this correction. It is then found that the
images presented to the obscrver’s eye consist of coloured
spots and haloes and fringes. Thus a distant point of white
light appears to be a bright yellow spot surrounded by a
reddish blue halo, and a large black object on a white
ground appears to have at its margin two narrow fringes,
one yellow and the other violet, which surround the black
object on all sides. If a grating consisting of black and white
bars be examined instead, then the white bars are found to
be portrayed in yellow and the black bars in blue or violet.
It is clear that in all these cases chromatic aberration pro-
duces colour effects of an unmistakable kind which cannot
be tolerated in a well-designed optical instrument.

Now, as mentioned above, when the eye is used for norma!
vision' no indication of these coloured fringes can be ob-
served. Mor_eover the use of monochromatic light, for
example sodium light, does not improve the acuity of the
eye to more than a very small extent, neither does the correc-

» -

. HUMAN COLOUR VISION : 13
tion of the eye by means of an external arrangement of

"lenses through which the light passes on its way into the

eye noticeably improve definition. The conclusion to which
we are forced is, therefore, that in some way the chromatic
aberration of the eye is corrected or eliminated, so that the
coloured fringes produced by the lens system of the eye are
removed again. The problem is, therefore, to ascertain how
this is done. . I
Many years ago the writer was engaged in examining this
problem when he made a curious observation. It was found
that short lengths of white thread and short lengths of

" yellow thread, when placed on a black background, could
" readily be distinguished from one another when they were

close to the eye, but that they could no longer be distin- .
guished if the distance between them and the observer's eye
was increased by a suitable amount. It agpeared from this
experiment that there was some mechanism by means of
which the yellowness of the threads had been eliminated,
causing them to resemble the white threads. :
A similar experiment. was performed using blue threads
and black threads. When these were placed on a white back- -
ground it was found that they were readily distinguished
wher they were close to the observer, but that they could no

. longer be distinguished “if they were placed at a sufficient

distance from him. Now the esscntial difference between
yellow and white is that the former reflects all colours of the

spectrum except blue and violet, whereas white reflects all

colours of the spectrum, including blue and violet. If; then,
the sensations of blue and violet were in some way put out
of action it would cause yellow and white to resemble one
another, as experiment shows to be the case.

‘With regard to the blue and black threads, in this case
also the similarity would be accounted for if in some manner
the blue receptors were put out of action. The writer, there-
foré, put forward the suggestion that the confusion, of yellow.
with white and the confusion of blue with black might be
accounted for on Young’s theory by supposing that some
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change took place in the sensitivity of the blue-receiving
mechanism of the eye. Now if this were the only change &
moment’s thought will show that, while accounting for the
change undergone by blue, the hypothesis does not really
account completely for the change undergone by yellow,
because if blue reception be interfered with, white shoul_d
become yellow in appearance. Now the writer’s experi-
ments showed with the greatest clearness that this did not
happen, but that it was yellow which became white in appear-

ance. A somewhat more elaborate hypothesis was therefore .

advanced, namely that there are two changes in the visual
mechanism. The first is the reduction in activity of the blue
receptor mechanism, as previously described, but a second
. change takes place at the same time, namely the introduc-
tion of an inter-connecting link between the green receptors
and the brain centre for the blue sensation. With this new
arrangement both yellow and white will stimulate the red
receptors and the green receptors, and will thus in conse-
* quence of the cross link stimulate all three brain centres for
red, green and blue, the result being that both will appear
white, as is found by experiment to be the case.

This attractive hypothesis appeared to account for the
problem of the chromatic aberration of the eye, as thé fol-
lowing examples will show. Suppose the observer to be look-
ing at a distant point source of white light. Chromatic
aberration will cause the retinal image of this object to
appear to consist of a bright yellow spot surrounded by a
blue violet halo, but since the angle which these subtend at
the eye is small, the visual mechanism is modified as
described above, and the blue receptors cease to function
and the green receptors cause nerve impulses to travel not
ouly to the brain centre for the perception of green but to
that for blue as well, the result being that the bright yellow
centre is perceived as white and the blue violet halo appears
to be replaced by black, and in consequence the observer
sees the original object in a corrected manner.

Let us consider as a second example a grating consisting

-

’

HUMAN COLOUR VISION 15

of alternate black and white bars. Then the chromatic aberra-
tion of the eye causes the retinal image of this to consist of
yellow bars alternating with blue violet ones, but yellow is
replaced by whiteand bluevioletbyblack, sothatwe have gone
back to what we started with, and the observer sees what in
fact is present, namely a grating consisting gf black an_d white
bars. By taking other examples thereader wili find thatin every
case the chromatic aberration of the eye has been corrected.
This hypothesis based on Young’s theory had unfortu-
nately to be abandoned because of the discoveries made by
other workers, Sloan, Wright, and Thomson. S_loap‘ found
that when colourless abjects were examined in dim lights .thc
yellow part of the spectrum suffered a marked red::xcuon
of brightness. Wright discovered that a similar reduction of
brightness in the yellow part of the spectrum occurred when
coloured objects were examined which subtended small
angles at the eye. Lastly, Thomson has shown that not only
is there a reduction of brightness in the ycllo“{, but also‘ one
in the blue as well. Unfortunately these reductions of bright-
ness cannot be accounted for on the hypothesis described
above, the consequence being that an alternative hypothesis
has to be considered. ’ o
Now it is clear that on Young’s theory a reducnon‘m
brightness of the red part of the spectrum w.ou}d alsq in-
volve the orange and yellow parts in a reduction of bright-

ness, and that similarly a reduction of the green would at the

B same time involve the yellow-green and yellow in a similar

change ; but what the three-colour theory cannot account for
is the reduction of brightness of y;llow alone, unaccom-
panied by a reduction irl brightness either of red or of green.

Turning now to the short-wave part of the spectrum and
examining the situation there, Thomson found the reduction
of brightness to be limited to part of the spectrum having a
wavelength* of about 0.451~0.47, and that parts of the
spectrum having longer and shorter wayelengths than ‘tlns
were hardly affected at all. Now here again our observations

*For an explanation of Wavelength and the meaning of u see Glossary.
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do ndt fit in at all well with Young’s theory, because if in
fact the mechanism for blue were reduced in sensitivity
there would be a reduction in brightness of the whole of the
short wave part of the spectrum, and not just a reduction of
a limited part only. It is difficult, therefore, to devise an
explanation on the three-colour theory either for the changes
-which occur in the yellow or for the changes which occur in
the blue, and in order to account for them adequately it is
necessary to suppose that there are present in the human
retina more kinds of receptor than three.

Five types of receptor would suffice for the purpose of
correcting the chromatic aberration of the eye, namely red,
yellow, green, blue and violet ; the yellow and the blue being
affected by a reduction of visual angle, whereas the receptors
for the red, the green and the violet are not affected. Thus
at ordinary visual angles all five types of receptors are in
operation, but at small visual angles three types only, thus
eliminating the yellow and the blue which would largely be
responsible for the perception of the colour fringes which

are produced by chromatic aberration.

1. The Significance of Vitamin A

It is a familiar fact that non-colour sensitive photographic
plates and films darken, either diréctly orafter development,
after they have been exposed to ultra-violet light ; that is, to
rays which come from the part of the spectrum which is
sitnated on the short wavelength side of the visible spectrum.
When a photographic film is exposed in a spectroscope it is
found that its sensitiveness extends into the blue and violet

part of the'visible spectrum. If a non-colour sensitive plate

or film be bathed in a suitable dye before exposure it is
caused to react to other parts of the visible spectrum, so that
it becomes sensitive to visual rays because of the action of the
dye. What happens is this; the dye absorbs the light and
causes a chemical reaction to take place in the photographic

eraulsion. In the absence of the dye the light would not be.

absorbed, and in consequence exposing the plate to it would
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produce no noticeable effect ; thus dyes which absorb green
rays cause the plate to be green sensitive; thos? which ab-
sorb orange and red rays cause it to ‘be sensitive to t!lese T
colours. When by the use of dyes it has been made sensitive
to all visible rays it is known as a panchromatic plate or film.
Examples similar to these show that there is 2 universal rule,
namely that light rays cannot bring about a photo-chemical
change unless they are absorbed. Thus when an attempt was
made to prepare photographic plates which were sensitive to
the infra-red or heat rays, dyes were employed which were
‘'strong absorbers for these rays.

The same principle must apply in the case of the eye;
unless the receptors present in the retina either themselves

_-absorb visible rays or are intimately associated with dyes

which have the property of absorbing them, photochemical
change cannot be brought about and the eye therefore
remains blind. Thus in order that an animal may see, its
retina must contain substances which have the property of
absorbing light ; that is pigments must be present. It has been
suspected for many years that the coloured pigment ‘visual
purple’, found in the retinas of such animals as frogs, is.
associated with twilight vision. This supposition has recently
become a certainty, and it has been found that one of the
chemical precursors of visual purple is vitamin A,. Kiihne
found, when visual purple is acted on by light, that a new
substance is formed which he called visual yellow. The latter
has now been shown to be closely related to, if not identical
with, the aldehyde of vitamin A,, called retinene-1. When
vitamin A, or retinene—1 are treated with strong acids such
as sulphuric or phosphoric acid, Ball, Collins, Morton and
Stubbs (1948) found that a number of coloured pigments

.are produced which have narrow well-marked absorption

bands in the visible spectrum as shown in Table 1. Two
facts about these derived pigments are important in view of .
what follows: (a) their limited absorption in a particular
part of the spectrum and (b) the fact that they resemble
visual purple in being bleached by ordinary white light.
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Table V.
Wave- '
Iepgth Frog* Vit. A Vit. A Retinenc—1 Retinenkl
ing § Colowr § Modulators (H,S0.) (HPO)  (H.SO0J (H;P0J
0.66u Red — — — 0.664u hd
0.60p {Orange | Found 0.62u4  0.60x - —
0.58u | Yellow| Found 059  — - 0.594
054 | gollow] Found - 0.56u 0554
0.5273u) Green { Found  053u  0.52p 0.52p -
B
0.50u G::een Notfound -~ - - 0.50u
045 - 0.44p 0.44u 0.47
u Blue | Found 04654 48,{1 . 046u &
Bt
044 vio\t::{ Notfound - - "'” -

*As found by Granit (1947), see section 3 below.

The significance of this work from the point of view of

human vision lies in the fact that pigments other than visual
purple can be prepared from vitamin A, which is found in
the diet and is also found in various parts of ti}e body,
including the retina. If pigments such as those which hz'xve
been prepared in the laboratory are present in the retina
they will have the property of absorbing light, and the energy
which they thus obtain would under favourable curcum-
stances be available for acting as a stimulus t0 the sensory
receptors. When these are stimulated in a suitable manner
they have the property of sending out impulses to the brain
and thus bring about the function of sight.

111, The Retinal Colour Receptors of Animals

It 'has been known for many years that, when nerve im-
pulses travel along the fibres of a sensory or a motor nerve,
changes of electrical potential take place, which are referred
 to as action currents.* When many nerve impulses are
being transmitted the changes of potential are extremely

*See, for example, Dr Rushton’s atticle in Science News 5.

HUMAN COLOUR VISION 19

rapid and appear on a photographic record as a series of
spikes, rather like the teeth of a very fine saw. In order, there-
fore, to ascertain the events taking place in a nerve in the
body, physiologists place suitable electrodes in contact with
the nerve, so that these tap off a part of the change of elec-
trical potential which is accompanying the transmission of
the nerve impulses. In this way the messages transmitted by
the nerve can be investigated under different conditions, and
a knowledge can be gained of the kinds of messages which
are being seat by the peripheral sense organs to the brain,
or from the brain to the muscles and glands, in order to set
them into activity.

In Granit’s microelectrode method (1947) a fine platinum
wire is placed in contact with one or more of the fibres of the
optic nerve of an anaesthetised, or decerebrate animal, as
they pass across the internal surface of the retina to emerge
at the blind spot.* Monochromatic light of chosen wave-
length, from a spectrometer, is now used in order to stimu--
late the retinal receptors, This light is decreased in intensity
until only a few impulses pass up the nerve fibres on their
way to the brain. When this is the case the changes of elec-
trical potential which accompany the impulses cause poten-

* tial changes in the platinum electrode, which is connected

to a valve amplifier of high gain and a loud speaker. The
latter emits a few clicks per minute when the light intensity
has been correctly adjusted. Various wavelengths are in-
vestigated in turn until the complete response curve of the
most sensitive receptor linked with the particular nerve fibre
or fibres with which the microelectrode is in contact has been
recorded. The electrode is now raised, and is placed in con-
tact with another nerve fibre, whereupon the whole process
is repeated.

The results obtained by Granit and his co-workers, using
this technique, may be summarised as follows. There are
three main types of response to a given light stimulus, ‘on’,

*For a brief account of the eye's structure, including blindspot
fovea, etc., see Glossary.
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off” and ‘on/off’. The ‘on’ response consists of a short

volley of nerve impulses which accompanies the turning o8
of the hg}.lt; the *off” response consists similarly of a short
volley which immediately follows the turning off of the light,;

the “on/off” response consists of a brief volley of nerve im- .

pu!ses \fvhich. oceurs for a short time after either the onset of
retinal illumination, or its cessation.
It was found that the receptor, or receptors, which are

connected to any given optic nerve fibre respond to light -

rays within a certain narrow range of wavelengths. Thus one
“nerve might transmit impulses to the brain when the retina
was stimulated by rays from the orange part of the spectrum,
the maximum effect being produced by rays, for example, of
0.60i. Another might be connected to a receptor with a
Narrow green response, and so on. The important facts about
these responses were (4) that they were found to occur in

many different parts of the spectrum; (6) that the response

" was limited to a narrow region of the spectrum; (c) that
seven or eight different spectral regions were occupied by
receptors, but that usually only a few of these were to l?e
found in any one kind of animal (see Table 2); (d) tl}at in
addition to receptors with a narrow resporse in a particular
region of the spectrum, which Granit called ‘modulators’,
there are also receptors with a wide response, occupying
‘almost the whole visible spectrum, which Granit called
‘dominators’.

Table 2.
The modulators found in different animals (Granit).
Wave- Cat  Guinea- Rat  Snake [Frog

length j pig

060 Found Found Found Found Found
0.58  Found — — — Found
0.54  Found —_ j— — Pound
0.53 — Found — . Found Found
0.50 - Found Found - -
0.48 - — — - —
0.46 Found Found — — Found
042  Found ~— — e —

" points are emp
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The precise relationship between dominators and modu-

_ latorg’is not yet known. It seems likely that the latter are res-

ponsible for performing an important role not only in con- .
nection with the sensation of colour, but also in connection .
with a sensation of brightness as well; thus modulators,
which have a response in the red part of the spectrum, are
not only responsible for the sensation of redness, but are
also required in order to gpntribute the luminosity which is .
a property of this particular part of the spectrum. T_he domi-
nators, on the contrary, which respond to all visible rays
irrespective ‘of their colour, must be n_on-colour—sensiﬁve
receptors. It seems likely that their main contribution, so
far as sensation is concerned, is that of luminosity devoid of

any colour association.
IV. The Retinal Direction Effects
In the field of human research two new facts have recently

_ beéen discovered : (1) that the retina is more sensitive to light

cident on it in a certain direction than it is

rays which are in tain ¢
to rays which reach it from other directions, and that the

optimum direction varies in a complex manner with the
wavelength of the incident light, (2) that various fixation
loyed for rays of varying wavelength, there
e writer, as many as eight points, the

being, according to th
ng of which have ‘been identified in the

approximate positions

fovea.
* In addition, two older fields of research have recently been

re-explored : (3) the subjective colours which are seen when
tiny pencils of white or coloured light are caused to explore
the retina - this method, first used by Holmgren, has been

" .revised and extended by the writer; (4) the colour properties
- of the fovea at small visual angles and at low light intensities.

There are really three different retinal direction effects:
one on luminosity, one on hue and one on saturation; thus
when a light ray which has passed through a peripheral part
of the pupil is compared with one which has passed through
a central part of this aperture, it is found to differ from it in
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brightness, in colour and in the amount of white light which
appears to be mixed with it, So far Stiles (1944) and his co-
- workers, to whom the discovery of these important direction
effects is due, have investigated quantitatively only the effects

on apparent brightness and on colour, and not those on

saturation. The hue effect is shown diagramatically in Fig. 1
and the brightness effect in Fig. 2. It will be observed that
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in both cases the various parts of the spectrum show marked
individual differences so far as the magnitude of the effects
is concerned. Attempts by Stiles to calculate the effects on
the basis of the three-colour theory have led to failure, both
in the case of brightness and in that of cotour. Correspond-
ing attempts by the writer to calculate the effects on the
basis of the many types of receptor which are postulated by
the polychromatic theory were found to be successful. These
retinal effects constitute the first crucial test for the presence
in the human retina of more types of colour receptor than
the three postulated by Young's theory.

. . purpose of
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V. The Evidence of the Fixation Points

The writer, employing a tenuous pencil of coloured light,
obtained by means of a microstimulation apparatus, for_the
exploring the sensitivity of the individual retinal
found that a number of small blind spots, or
re present near the fixation area of the fovea.
These appear to be similar to, if not identical with, thqse
previously describgd both by Franklin (1894) and by Wil-
brand (1896). The cause of thesp_scotomata is not kno\'Vn,
Selecting one, which was insensitive to _red rays, the writer
made use of it for ascertaining the positions in the retina of
the fixation points for rays of varying wavelength. Now it is
r that on Young’s theory three such points would be
expected, since it would be impossit?le for a receptor to be
employed for fixing a ray to which it was itself insensitive.
On these grounds there should, therefore, bz one fixation
point for red rays, another for green rays and a third for
blue rays.

In fact, when the matter was investigated by the writer,
seven different fixation points were discovered, for the fol-
{owing spectral regions: red (with centre at about 0.66u),

receptors,
scotomata, we:

clea
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orange (0.624), yellow (0.58u), green (0.54x), green (0.524),
blue green (0.50x), blue violet (0,46x) and violet (0.42x). The
positions of these fixation points in the visual field are given
in Fig. 3, ' '
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Fig. 3 .
Now it is clcar that this evidence supports 3 polyehro--.

matic arrangement of the retinal receptors more qn'ongl_y
than it does a trichromatic one, but before accepting this
conclusion, one must consider evidence both for and against
it. In the latter category come the recent .rcsearchCS on eye
movements performed by Lord and Wright (1948) at the
Imperial College. .

They appear-to have shown (a) that the eye Is constantly
performing small irregular rotations, so that the gaze is now
- directed upwards and now downwards ; now to one side and
now to the other ; (b) that in addition it performs rapid flicks,
Jasting 0.02-0,03 sec., which consist of momentary angular
movements of amplitude ranging from about 3 to 14 min-
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utes of arc. These flicks recur once or twice every second;
(¢) That after each flick the eye may take up a slightly new
fixation direction, which is displaced some few minutes of
arc from the previous direction. .

With regard to irregular eye rotations, the§q are well
known in medical ophthalmology, in the condition called
nystagmus. A nystagmus may be coarse or fine; may be
fast or slow; may be temporary, or constaptly pr;sent; and
so on. A nystagmus is usually incompatible with a high
degree of visual acuity (such as 6/4 on Snellen’s scale).

Rapid flicks of the eye often occur in all subjects, in some
more frequently than in others. When they take place the
subject is usually fully aware of them. o .

A change in fixation direction is quite possible, particu-
larly when the eye is not fully light—'c_\dapted or wl}ere there
is too large an object for precise fixation. But thereis anqthcr
explanation of the facts observed by Lord and Wright,
namely, that the eye rotates not abqut a fixed point like
a ball within a metal cup which fits it closel)f, but about a
point which varies in position from time to time. Thus the
eye does not form partofa ball-and-socket jOlﬂF, tike the hip .
joint, but resembles a ballin a sling, the-latter in the casc of
the eye being composed of 2 thin sheét of fibrous and smooth
muscle tissue, called T enon’s Capsule. This is itmmersedin a
mass of semi-liquid fat which fills the postetior part of the
bony orbit. Owing to these anatomical arrangements, th}"
eyeball is readily mobile in a sideways direction, s0 that it
can be deflected to one side or another by the slight touch of
the end of a finger. Under these conditions the reflections at
the corneal surface (the front surface of the eye), such as
those recorded by Lord and Wright, may show displace-

* ments which are due solely to these sideways displacements

of the eyeball and not to changes in the position of the point
of fixation on the retina.

In support of the results on thg various fixation points
for the various colours described earlier in this section are
the results of Thomson, who found that differences of wave-
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length occur between two neighbouring fields which match
in hue, and that these vary with the average wavelength of
the two fields. He concluded that the differences in hue
vyhnch h_e observed might be due to the position of the fixa-
tion point being a continuous function of the wavelength.
This conclusion is in agreement with the varying positions
of the fixation points for rays of different wavelength, found
by .the author, which have been described above in this
section.

VI. The Subjective Colours

The two properties of the human eye dealt with in sections
. 4 and § above must be ascribed principally to the receptors
themselves, because both the retinal direction effects and the
many fixation points indicate the existence of many types of
receptor which possess specific colour properties. Two
alternative possibilities remain to be discussed : (@) that all
the receptors responding to long wavelength rays may be
gonnected to one visual centre of the brain; those respond-
ing to medium wavelength rays may be connected to a

second visual brain centre ; while those for short wavelength -

rays when they are stimulated may send nerve impulses to
a short wavelength centre. Thus there may be, as it were,
pplychromatism of the retinal sense organs but trichroma-
tism of the brdin, and therefore of the organ of vision as a
whole. Alternatively, (5) that the polychromatism extends
to the brain itself, so that the organ of vision is wholely
polychromatic. The evidence to be considered in this, and in
the sections which follow, shows clearly that the latter is
the more likely of these two rival views.

Let us suppose for purposes of argument that the visual
centres in the brain are trichromatic ; then if by means of a
very tenuous beam of light single receptors could be stimu-
lated, the sensations aroused by such microstimulation
would be of three varieties only : a long wavelength variety,
a medium wavelength variety and a short wavelength vari-
ety. Thus suppose a beam of white light to fall on a yellow

- beam of lig
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receptor and be connected by a nervous pathway to the long
wavelength part of the visual cortex; if the stimulus be
adequate, the response of this receptor will lead to the sensa-
tion which is normally associated with long wavelength rays.
Now since, ex hypothesi, there are only three brain centres,
no matter what the spectral content of the incident light
stimulus may be, and no matter what the spectral response
of the receptor on which it falls may be, only one of these
three sensations, and no more, can result from such a
stimulus ; it must be a sensation which is normally associated
with the incidence of long wavelength rays, or one associated
with the incidence of medium wavelength rays, or one associ-
ated with short wavelength rays. There is no other possibility.
If on the other hand there is polychromatism of the higher
centres as well as of the retinal receptors then we expect
to find more than three specific sensations. -

Experiments on these lines were performed by Holmgren
(1889) who was the discoverer of the wool test for colour
blindness. In one experiment he used monochromatic yellow
light (0.5893u) which was separated from the light of a
sodium flame by means of a spectroscope. When a narrow
ht from this source was caused to move over the
Holmgren found that it might appear
lourless. When he used monochro-
matic blue light, in a similar way, he found that it might
appear either green, blue, violet or colourless, Thus he dis-
covered four specific colour sensations : red, green, blue and
violet. He says in his paper that experiments were also per-
formed in which white light was used as the stimulus ‘and
that these will be described in the next chapter.” But the
writer has so far been unable to trace any description of
these further tests. _

When the writer employed this method in 1945-6 he was
unaware of Holmgren’s experiments, and he used in turn
not only rays isolated from all parts of the visible spectrum
but white light as well. The specific colours which were
found were pink, orange and pale blue-green. Violet was

surface of the retina,
either red, green or €O
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afver found when this simple technique was employed, so
at the range of colours found by him was less extensive
t}}qn that fpund by Holmgren, If, however, a second (con-
dltlonlr}g) light source was also presented to the fovea, at the
same time as the test light source, then a much éreatcr
range of subjective colours could be obtained, and these
could bc? matched without difficulty by means’ of mono-
c_:hromatlc colour fields of known wavelength. The follow-
1gg results were obtained : red (0.64u), orange (0.61u), yellow
g) l;1,175,_;),] green (0.54), blue green (0.514), blue (0.484) and
S violet (0.45u). A description of the apparatus used by
the writer and additional details about the results will be
_found in a previous communication (1947).

The r_esults of some later confirmatory experiments are to
be published elsewhere. It should be pointed out here, how-
ever, that the colours observed were always of. specific hues
which were easily identified in wavelength. Thus orange of
0.614 and yellow of 0.5754 were observed, but never yellow-
orange or orange-ycllow of 0.59u or 0.60s wavelength, and
similarly for the other colours. Thus seven specific colours
were found in all. Recently when using rays of short wave-
Iengt_h a violet pink or pale crimson response has been
obtained, the maximum effect being produced by rays of
about 0.42: wavelength. This specific colour corresponds

not to any onc wavelength but to some mixture of red rays -

with blue rays in which the former predominate.

VII. Reduced Foveal Vision

The term ‘reduced foveal vision’ has been used by the
writer to designate the type of colour vision which is found
at the fovea when light intensity is low, or the visual angle
is small which the test object subtends at the eye of the
observer. In the writer’s view the types of vision met with
un(}er these two conditions are so nearly alike as to justify
a single description.

Briefly the facts are as follows : according to Willmer and . . k¥

Wright (1945) all the spectral colours can be matched by

" violet at 0.414. Accordi

_develops in the Juminost

- spectrum, and wi
_ing notch, ‘Wright’s notc
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suitable mixtures of red rays and blue rays; and there are
two neutral points, one in the yellow at 0.578x and one in the
ng to the writer, using his ‘subjec-
tive’ method, the red end of the spectrum is replaced by a
purplish crimson; the yellow by neutral grey; the green by
pale blue-green; the blue-green is unchanged; the blue by
bluish grey ; the blue-violet by neutral grey.

The method of Willmer and Wright shows that there is
dichromatic vision comprising long wavelength and short
wavelength components. The writer’s subjective method
shows the same facts, and also that the long wavelength
component is a purplish crimson; that the short wavelength
component is a blue-green and that these are conplementary
in hue to one another, producing white when mixed in suit-
able proportions.

"It is no simple task to find an adequate explanation of
these colour changes on Young’s three-colour theory. A
tentative explanation advanced by the writer on the basis of
this theory was that (a) the nervous pathway bgtween the
blue receptors and the brain centre for the perception of blue
light is disconnected at one of the synaptic relays, thus
causing the blue-violet end of the spectrum to be replaced
by dark grey or black, (b) the nervous pathways between the
green receptors and the brain centre for the perception of
green is cross-connected to the brain centre for the percep-
tion of blue as well, thus causing green to be replaced by
blue-green, as experiment shows to be the case. Now since
the blue receptors are out of action, yellow and white can no
longer be distinguished from one another, since both now
stimulate the green receptors and the red receptors and thus
lead to sensations of blue, green and red together, that is of
white light. )

But other changes
thus with reduction 0

besides those mentioned above occur;
f light intensity * Sloan’s notch’ (1928)
ity curve in the yellow parts of the
th reduction of visual angle a correspond-
h’ (1942), develops in a similar
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way. Anpther change is found to occur in the shape of the
red response curve in the short wavelength part of the
Spectrum. In order to account for all these changes four
ad hoc hypotheses have to be advanced, namely :

L. The cutting of the ‘blue’ pathway.
2. The linking of the © green’ pathway to the blue centre.

3. The enhancement of the red response at the long wave-
length end of the spectrum, -

4. The enhancement of the sed response at the short
wavelength end of the spectrum,.
These four additional hypotheses not only give one another
no mutual support, but are not supported by any other
evidence ; thus the three-colour theory finds itself faced with
a very serious situation. The polychromatic theory, on the
other hand, finds itself confronted with no such difficulties,
as will be explained in the next section.

(t0 be concluded in the next issue)

Measuring the Universe

WILLIAM H. MARSHALL

IT is the misfortune of the astronomer that the methods by
which he measures the universe are overshadowed by the
sensational results he achieves. It is probably true to say that
for every layman who knows how astronomical distances
are measured, there are at least ten, perhaps even a hundred‘
or more, who know something of the distax?ces t.hf?mse!ves.
And yet the story of how the results are obtained is infinitely
more interesting and instructive than a mere .recn'al of mi}-
lions piled upon millions until understanding is lost in
amazement. -
In the strictest sense, there is only one method of measur-
ing distances, and that is by laying a grfiduatec.i sgale between
the two points whose distance apart is required. All other
operations leading to results which we ca.H d{stanc.es might
more properly be called methods of estimating distances ;
and the results of such operations are valid only so long as
they have a firm and demonstrable connection with the

‘method of the graduated stick. Nevertheless, it is customary

and convenient to speak of measuring ’th.e universe,‘ and
the methods are such that no confusion is likely to arise.
The limitations of the direct method of measuring lengths
seldom concern us in everyday life, becaus:e we rarely }mve
occasion to measure distances whigh are either very big or
very small, and so the ordinary scale is quite accurate enough.
When, however, we begin to measure lengths much bigger or

smaller than ourselves, we soon find our‘se!ves ?n diﬂiculti;s.
‘The methods of overcoming these difficulties are quite

different for the very big and the very small; but it' is worth
while to mention that some methods of measuring great

-
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distances in space depend upon the measurement of small
ones in the laboratory. The technique of measuring these
small distances will have to be taken for granted here.
The first extension of measurement to long distances is the
surveyor’s method of triangulation. There are obstacles

which prevent the direct measurement of the distances AC -

and BC, for example. In the first place, these distances may

[

e

Fig. 4.
be too long for accurate direct measurement; and secondly,
there may'be physical obstructions such as hills, lakes,
towns, and so on. To meet these difficulties the surveyor
makes the most accurate possible measurement of the line
AB, and then measures the angles at A and B, so that he then
knows three elements of the triangle ABC. By the use of
elementary trigonometry, he can then calculate the lengths

of the sides AC and BC. Since angles can be measured with

a high degree of accuracy, and since there are no experimen-
tal errors in the trigonometrical formulae, this method gives
the required distances with an accuracy limited only by that
of the measurement of the base-line AB.

By use of this method, it is possible to cover a whole -

country with a network of triangles which gives the distances
between particular points to an accuracy of as high as an

inch in twenty miles. By combining this process with astro-

' til it subten 7 .
‘ 2: yé’“%h?s l:;oblcm does not usually arise in surveying, be-
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nomical observations, it is possible to measure the diameter
of the earth. =

At two points a considerable distance apart on a meridian
of the earth, the astronomer measures the angle between the
zenith and the pole, as shown, and the difference between

Fig. 5.
these two angles is the difference of latitude of the two
stations (AOB). By triangulation, the distance between A
and B is found, and hence the circumference, which is the
distance corresponding to a latitude difference of 360°.
If the earth is assumed to be a true sphere, the diameter can

immediately be worked out from this. A refinement of the

method. in which the distances corresponding to an angle

of one degree at various parts of the earth is measured,

i t sphere. 1t is, in fact,
shows that the earth is not a perfect sph '
somewhat flattened, measuring 7,900 miles from' pole to

,927 miles across the equator. .
po::l:oi;:\ldF’ilg. 4 it is clear that the farther away C is from A

and B, the smaller will be the angle subtended at C by the

‘base-line AB. If C is taken successively farther and farther

* away, this angle \Yill fina
- tely measurable with the s

1ly become too small to be accura-
cales of a theodolite. If we wish to

i base-line
i then necessary to extend the ‘
measute AC, Lt ds an accurately measurable angle

cause we can fill in an inconvenient space by means of sub-
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sidiary triangles. But when we wish to measure off the earth,

we have no choice but to extend our base-line in any way
we can.

The Moon

For the determination of the distance to the moon, the base-
line taken is the distance between two widely separated
observatories, which for simplicity we shall assume to have
the same longitude. The angle between the moon and the
zenith is measured at the same time at the two observatories.

Fig. 6.
We then know the following elements of the quadrilateral

OAMB: OXM and OBM from the observations ; Ab\B, the"

known latitude-difference of A and B; OA and OB, which
are radii of the earth. These data enable us to solve the
.quadrilateral, and in particular to find the distance OM. In
practice, the procedure as described is modified, so that the
observatories need not be on the same meridian, nor need
the observations be simultaneous. This makes the calcula-
tion of the results more complicated, but the method is still
fundamentally the one described.

It is obvious from what has been said that the relative
distances of a series of objects could be specified by angles

instead of a linear measure. The angle in each case is the -

angle subtended at the object by a particular base-line, and,
s0 long as the same base-line is used for all the objects, this
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angle, called the parallax, is a satisfactory index of distance.
Since in most astronomical work it is the angle which is
measured, it is generally more convenient to speak of the
parallax of an object, rather than its distance. In the case of
the moon, the base-line chosen is the equatorial radius of
the earth, drawn to the point where the moon is on the

horizon (OC in Fig. 6). The angle in question is then OMC.
This is called the moon’s equatorial horizontal parallax, and
its mean value is 57’ 2°.7, corresponding to a mean distance
of 238,857 miles. The distance varies, as the moon moves
around the earth, from 221,463 miles to 252,710 miles.

The Solar System

The possibility of measuring the moon’s distance in this way
depends on two facts: first, the distance is small enough for
the angle AMB to be accurately measurable, and second,
the surface of the moon offers many features on which in-
struments may be sighted with certainty. This is not the
case, however, with the other major members of the solar
system, To obtain accurate parallaxes for them it is neces-
sary to have recourse to a modification of this method,
which depends on the observed motions of the planets.

If we wished to determine the distance of a fixed object P,
we could let the earth’s motion in its orbit from E: to Ez pro-
vide a base-line, by measuring the position of P at times
scparated by a measured period. In the case of the planets,

p

/E;é—\ E,

Fig. 7.
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this simple scheme is upset by two factors. First, we do not
}fnow the distance Eq 12 until we know the carth’s distance
from the sun; and sccond, the plancts are not fixed.
Al}hough we do not know the radins of the carth’s orbit
A tnis stage, we do know its shape trom simple observations.
Al he apparent size of the sun on any given day, as seen from
the earih, clearly depends on its distance from the earth on

Y

/
/

|
i v

Fig. 8.

that day. Taking a point S to represcat the’sun, we draw
from it a set of lincs, so that the angle between any two
represents the time between the corresponding observations
(360° represcnting one year). We then lay off on these lines
distances proportional to the observed apparent sizes of the
sun, and the figure formed by drawing a smooth curve
through the points so obtained will be a plan of the earth’s
path around the sun. In this way, we find that the carth’s
orbit is an ellipse of small eccentricity. Knowing that the
whole circumference of the ellipse is traversed in 365} days,
we can then calculate the arc traversed in any given time, and
aﬂ!so the corresponding chord, i.e., in Fig. 7, the distance
Eka, in terms of the eartil's mean distance from the sun. If we
did this for all the planets, we should be able to find all their
i‘ilStanccs as multiples or fractions of the carth’s distance
from the sun, and so we should be able to draw a map of the
solar system, lacking only the scale of distances. Further-
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more, the determination of any one distance on this map
would enable us to find all the others. 4

The planets, however, are not fixed, and so the method
just described could not be used. In Fig. 9 we see that, while
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Fig. 9.

the earih moves from Ex to Ea, the planet itself moves from
P: to P,, and so the point of intersection of the two lines of
sight is not at the planet but at some other point in space.
All we require, however, is that the planet should be at the
same position at the times of the two observations; it is not
necessary that it should stay there during the intervening
time. If, therefore, we know how long the planet takes to go
round the sun (its Sidereal Period), we can space our obser-
vations at that interval, and the difference between that
period and one year (the earth’s sidereal period) is the time
between the earth’s positions Er and Ea. This will clearly
give us the information we require, and all we need now is a
method of finding the sidereal period of the planet. Since
this is the time required for the planet to return to a given
place among the stars, as seen [from the sun, it is clearly not
possible for us to observe it directly. But we can find it as
follows. '

Although the sidereal pcriod of a planet cannot be
observed, we can observe its Synodic Period, which is the
time it requires to return to the same position relative to the

sun as seen from the earth. Suppose this time is § days, and
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that the siderea} periods of the planet and the earth are P and
B doays respectively. Then the carth traverses an angle of
360° in E days, the planet in P days; and the carth gains of
los§s 360"_ with respect to the planet in S days. Therefore,
?akmg daily motions, we see that the earth moves 360°/E
in one fiay, the planet 360°/P; and the earth gains or loses
360°/S in one day. But the angle gained or lost by the earth
in one day is the difference in the daily motions of earth and
planet. Hence 1/S = 1/E — 1/P or 1/P — 1/E, according a5
earth or planet moves the faster. Since both S and E can be
observed, we can easily calculate P, Thus we can space our
observations of the planets so that they are observed always
at the required parts of their orbits.

As explained above, this enables us to make a map of the
solar system, all of whose distances are known in terms 0
the distance of the earth from the sun, a distance which 18
called the Astronomical Unit. The value of this unit, and s0
of all the other distances on the map, is found by the deter-
mination of the parallax of some member of the system.

.Thc most accurate value will be obtained from the deter-
mination of the smallest possible distance. Nowadays, the
body chosen is the minor planet Eros, which may at umes
approach to little more than thirteen million miles from the
earth. This minor planet has the advantages that its distance
is small enough to be measured accurately by the method
described for the moon, and that the planet presents 8 dise
so small that it is casy to set instruments accurately on it.
It was from observations made by observatories in fou'rteen
countries at the close approach of 1930-31 that Sir H.
Spencer Jones, the Astronomer Royal, derived the BOW
accepted solar parallax of 8°.79, corresponding 10 2 mean
distance of 93,004,000 miles. During the year the distance
varies by about three million miles, béing least in January
and greatest in July. )

. The application of this scale to our map gives the follow-
ing distances for the planets from the sun. The distances are
given first in astronomical units, then in millions of miles.
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Mercury Ventus Earth Mars Jupiter Saturn Uranus Neptune Pluto

387 723 1000 1.524 5203 9.539 19.191 30.071 39.518
3509 67.24 93.00 1417 483.9 887.1 1785.8 2796.6 3675

There are other methods of determining the solar paral-
lax, the best of them being those that depend on gravitation
theory and the velocity of light. Since, however, they serve
mainly to corroborate the results of the trigonometric
method, we need not describe them here.

The Near Stars

When we have found the distance of the earth from the sun,
and so the size of the solar system, we have to take another
step out into space ~ this titne to the stars. And once more
we find our base-line in need of extension. We have just seen
that the earth is moving round the sun in a nearly circular
path of about 186 million miles diameter. It would be
reasonable, therefore, to expect at least the nearest of the
stars to show some change of apparent pasition as we move
from one end of a diameter to the other; and so they do.
But the change is so small that it was only in 1838 that
Bessel first succeeded in measuring it for a star, 61 Cygai.
To use our new base-line, we obviously have to measure
the position of the parallax star (i.e., the star whosa parallax
is being measured) refative to neighbouring stars at intervals
of six months. The carth being then at opposite ends of a
diameter of its orbit, we should observe an apparent change
in the star’s position. The angle which is actually measured
is that subtended by a diameter of the earth’s orbit; and half
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f’f this, i.e., the angle subtended by the radius of the orbit,
18 called the “heliocentric’ or ‘annual’ paraliax of the star.

In Fig. 10, if S, E, and X are the sun, the earth, and the -

star, the stac’s parallax is SXE. Now suppose SX = ¢,
SE=R, and SXE =p. Then d==R/tan p*. Since p is a small
angle, we may replace its tangent by its radian measure, SO
that we have o -= 206,265R /p, where p is measured in seconds
of arc. Since the earth’s orbit is slightly elliptical, R is the
mean radius. (206,265 isthe number of seconds in one radian).

The motion of the star in the sky, however, is rarely if ever
pure}y paraliactic; it is compounded rather of an elliptical
motion which is the reflection of the earth’s orbital motion
seen obliquely from the star, and a straight line motion,
which is the proper motion of the star, i.c., its motion
relative to the sun. Hence we need not two, but at least thod,
and preferably many more, observations. These enable us t0

. Fig. I1.
draw a picture (Fig. 11) of the star’s apparent path. Herze,

the star is really moving along the straight line S, but it
suffers also the apparent displacements caused by the move-
nent of the earth. From the observations we get P, twice the
parallax of the star, and M, its proper motion.
But what of the comparison stars? Suppose th
of them, are themselves moving? Then most of
lost. Fortunately, however, most of the stars in X
too distant to show any appreciable motion due 10 Parallax ’
at the worst, the mean displacement of the comparison stars
has been found to bea few thousandths of asecond of arc,and
in modern work even this can be allowed for fairly accurately.
It was meationed above that stellar paraliaxes are Vvery

*See any elementary textbook of trigonometry for the meaning of
tangents and radians.

ey, or some
the work is
the sky are
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small. The largest of them, in fact, is only three-quarters of a

" second of arc, which means that the angie to be measured is

in most cases smaller than 17,

The modern method of finding trigonometrical parallaxes
is by photography. A part of the sky containing the parailax
star is photographed with a teiescope of long focal length.
The telescope must be carefully guided, so that the smaltest
possible image is obtained ; the nearer the image is to a point,
the more accurately can its position be measured. And if
necessary the light of the star is reduced to give an image of
about the same brightiness as those of the comparison stars.
The position of the parallax star relative to half a dozen or
so others is measured on up to twenty plates taken at various
times, and the parallax and proper motionarecalculated from
these measures. In this way it is possible to find the parallax
of a star down to about a two-hundredth of a second of
arc, though thesmallestof the parallaxes are not veryaccurate.

The applicability of the method is again limited by the
ultimate impossibility of measuring accurately an angle less

‘than a few thousandths of a second of arc. But it enables us

to survey that part of space where parallaxes range from
0.75 down to 07.005. In terms of distance, this means from
about 25 million million miles to about 3,000 million million
miles from the sua.

Units

At this point the question of units becomes serious. Tt witl
be remembered that even in dealing with the solar system,
astronomers found it convenient to use a new unit of dist-
ance, the Astronomical Unit. equal to 93 million miles. One
reason for the adoption of this unit is that it is no more con-
venient to express the distance from, say, the Earth to Nep-
tune, in-miles than it is to express the distance from London
to Glasgow in inches. Now, the lower and upper limits
mentioned for the trigonometrical method are about 250,000
and 30 million astronomical units respectively, so here again
we need new units of distance.
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_ The unit most commonly used in non-technical literature
is the light-year, This is the distance travelled by light in on¢
year at a speed of 186,000 miles per second, and it is equal
to nearly six million million miles. Using this unit, the
dllstzmcc of the nearest star is about 4} light-years, and the
limit of the dircet method is about 650 light-years. This unit
has the incidental advantage of reminding us of the temporal
as well as the spatial aspect of the univesse. Light takes X
years to reach us from a body x light-years away, so that we
are really seeing the past condition of the source. In similar
units the moon is rather less than 14 light-seconds from the
earth, and the sun some eight light-minutes. In more tech-
nical work, the unit commonly used is the parsec, which 1
the dis*ance at which a body would have a parallax of one
second of arc. Cne parsec is cqual to 326 light-years, o
about 19 million million miles. For longer distances still
there are the derived units, the kiloparsec and the megapar
sec, a thousand and a million parsces respectively. In parsecs
the limits of the direct method are about 1.3 and 200 parsees-
By the trigonomeirical method it is possible 10 measure
the distances of a few thousand stars; but it will b remem-
bered that the method deponds on the use of stars oo faro
to be themselves measured in this way. And in fact the few
thousand stars whose distances are measured directly arc a
very small fraction of the many miilions in our owtt galaxy.
The number is slightly i nereased by the dynarnical paral la_)Ees
derived from the study of double stars, and by the statistical
studies of the movements of various Lypes of stars. But for
any significant extension of our ‘measuring rod’ we have.to
turn (o quite other considerations, and to methods which
have very little appearance of dealing with distaaces at a%.

‘ Distant Stars
The physical, as distinct from the trigonometrical, mé}h"ds
of finding stellar parallaxes depend ultimately ot & simple
idea. The apparent brightness of a soutce of light varies

directly as its rcal brightness, and inversely as the square of

MEASURING THE UNIVERSE 43

its distance from the observer. If, therefore, we know the
distance and the apparent brightness of a source of light,
we can calculate how bright it really is; and, conversely, if
we know both its intrinsic and its apparent brightness, we
can find its distance. Now, one of the most readily observed
characteristics of the stars is the difference in brightness
between one and another, These differences have been ob-
served over many centuries, and the stars have long been
catalogued in classes according to their apparent brightness.
For the naked-eye stars, the brightest are said to be of the
first magnitude, the faintest are of the sixth magnitude, and
the intermediate ones are grouped between so that the ratio
of brightness from one class to the next is 2.512. The mag-
nitude scales now in use include zero and negative magni-
tudes for the brightest objects, and the faintest stars photo-
graphed with the 100-inch telescope at Mount Wilson are of
about magnitude 21. .

The brightncsses thus catalogued are, however, only
apparent. Thus, two stars may appear equally bright, either
because they have the same actual luminosity or, as is more
likely, because the brighter is farther away from us than the
fainter. So, in order to compare the light-outputs of the
stars, we introduce the idea of Absolute Magnitude. The ab- -
solute magnitude (M) of a star is defined as the magnitude
it would have if it were situated at a distance of ten parsecs
from the sun. 1t is connected with the apparent magnitude
(m) by the formula M=m+- 5+35.1og p, whkere p is the
.parallax. Thus, whenever we have determined the parallax
of a star, we can calculate its absolute brightness from its
apparent brightness; and conversely, if we can in any way
find the absolute magnitude of a star, we can find its
parallax. Before proceeding farther, it may be interesting to
note the apparent and absolutc magnitudes of some well-
known siars.

Sun Sirius Capella Antares Vega Betelgeuse Castor
m—267 —1.58 021 122 014 092 1.58
M .485 13 —06 40 06 —29 22
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The most striking feature of this list is the comparatively
humble figure for the absolute magnitude of the sun, which
at the standard distance of ten parsecs would be just com-
fortably visible to the naked eye on a clear, dark night. This
emphasises the fact that the sun’s outstanding brilliance is
due eatirely to its nearness.

How, then, do we find the absolute magnitude of a star
whose distance is not already known? The first m:thod is by
examination of its spectrum. When light is passcd through a
prism or grating, it is spread out into a spectrum, a band of
light showing the rainbow colours red, orange, ycllow,
green, blue, indigo and violet, from one end to the other.
This spectrum, in the case of a star, is crossed by dark lines
which convey to the astronomer information about the tem-
perature, composition, and velocity of the star. The spec-
trum of any star can be classified, according to the lines in it,
in one of the groups O, B, A, F, G, K, M, R, N, S, :.md
within the group in one of ten sub-groups. Some typical
spectra are shown in Plate 17,

Stars of the same spectral type are not,
the same size and luminosity; and in 19
Kohlschiitter discovered that there were systema
ences between the spectra of bright stars (giants) and fa
ones (dwarfs) of the same spectral class. Plate 18 shows two
spectra illustrating the differences. The relative intensities
of some lines are quite different in the two spectra; and 10
particular it is found from the study of nearby giants and
dwarfs whose parallaxes are known that the ratio of t.hc
intensity of a line due to ionised strontium to that of a line
of iron provides a sensitive means of estimating absolute
magnitude.

Thus, if we can photograph the spectru
scale big enough to enable us to measure t
these two lines, we can find its absolute ‘magnitude, and
hence its parallax and distance. The method is limited to

however, all of
14 Adams and
iic differ-
int

m of astarond

comparatively nearby stars by the need for large-sca’s .

spectra. But it reaches farther than the direct method, and

he intensities of
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the number of parallaxes obtained by it is far in excess of
the number obtained trigonometrically. Also, for the smaller
parallaxes, the spectroscopic method is more accurate. The
probable error of a single determination is about fifteen per
cent, and it is the sanie for small parallaxes as for large ones.
In the trigonometrical method, on the other hand, the
probable error is about 07 .005 and is the same size for all
parallaxes, so that the percentage error increases as the
parallax decreases. Thus, for parallaxes less than about
0°.05, the spectroscopic method is superior to the trigono-
metric. .

The Universe

So far, the methods described have been applicable only
to stars. The next method is one which enables us not only
to extend our measurements to stars far more distant than
any otherwise attainable, but also to measure the distances
of external stellar systems comparable in all respects to our
own galaxy. This method uses the characteristics peculiar
to the type of stars known as Cepheid variables. These stars,
so called because the first one studied was Delta Cephei, are
of variable brightness, the magnitude of each varying in a
quite definite way, and with a definite period of change. -
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Fig. 12.
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Fig. 12 shows the kind of curve obtained when the bright-
ness of a Cepheid is ploited against the time. The fairly
rapid increase in brightness followed by a comparatively
slow decline, the whole cycle being repeated indefinitely, is
typical of this kind of star. '

The peculiar feature of these stars which enables us to use
them as indicators of distance, was discovered by Miss
Leavitt of Harvard in the early years of this century. While
studying the Cepheids in the Magellanic Clouds (Pl 20),
Miss Leavitt found that in each Cloud separately the mean
apparent magnitudes of the Cepheids were closely related
to their periods of light-variation. Thus if either the mean
brightness or the period were known, the other could be
inferred. Now, if we consider either of the Clouds alone,
we are dealing with a collection of stars at appreciably the
same distance from the sun, since the size of the Cloud is
very much less that its distance. So what is true of the
apparent magnitudes of thesc Cepheids must also be true of
their absolute magnitudes. And so a relation was found
wisich made it possible to derive the absolute magnitude of
a stur of #his type from the period of its variation ... pro-
vided the zcro-point of the scale could be found. This was
dene by investigating Cepheid variables in our own galaxy.
Fortunately there are some whose paraliaxes cad be found
by other methods, and whose absolute magnitudes can
therefore be found and used to calibrate the new relation.

The Cepheid method is used as follows. When a star has
been found to be variable, its magnitude is measured many
times at frequent intervals, so that its light-curve can be
drawz. If the variation proves to be of the Cepheld, type, we
then get from the curve the mean apparent magmmde and
the period. From the period-luminosity relation we then
find the absolute magnitude, and so, knowing both m an
we can find the distance. This method is available up to any
distance at which we can see a Cepheid; and fortunatqu
they are very bright stars. They enable us to measure dis-
tances up to about a million light-years, and that with 2
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percentage error less than in the measurement of a thousand
light-years by the trigonometric method.

The number of Cepheids is not very large, but they have
enabled astronomers to extend their measurements far
beyond the limits of our own stellar system. In 1924 Hubble
at  Mount Wilson discovered several Cepheids in the
Andromeda nebula (P1. 19). When these were studied, they
proved to be at distances of the order of 700,000 light-years.
The nebula was thus proved to be an independent system
similar to our own galaxy. When Cepheids were subse-
quently discovered in other spiral nebulae, the way began to
open for the extension of distance-measurements to their
present limits. |

The way was further cleared by the study of the nebulae
near enough for individual stars to be recognised in them.
In addition to Cepheids, it is possible to recognise two
important types: novae and blue giants. Novae are stars
which suddenly flare up with explosive violence from com-
parative faintness to very great brilliance. Some twenty or
thirty are observed every year in our own and other galaxies
and the study of the nearest of them shows that they reach
on the average an absolute magnitude of about —5; they
can therefore be used as rough indicators of distance. The
brightest giants are found to be about 50,000 times as bright
as the sun, and so they also can furnish a rough but useful
measure of distance.

The distances derived by means of Cepheids, novae, and
blue giants serve to calibrate a new index of distance in the
spectra of the nebulae. The lines in any spectrum have quite
definite positions, and they are displaced from these posi-
tions, in terrestrial experiments at least, only by movement
of the source of light relative to the observer. While the
spectrum of a star is being photographed, that of a light in
the observatory is also photographed on the same plate,
so that the positions of the lines in the star’s spectrum may
be checked. If they are found to be displaced towards the
red end of the spectrum, we believe that the star is moving
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:t\:lv:lyigfmn\] us; 1(4 tbe displacement is towards the blue the
S moving towards us. In each case, the amount of
thc;\' (h‘spl'fxcemcnt is taken to indicate the relative velocity.
Withoglv,fé:vt:f s (?t‘ t(he nebular spectra, it is found that,
lines are dis: “(“f/’\”o“s among our nearest neighbours, the
are displaced towards the red; and the amount of

the displacement is areater the farther the nebula is from us.

l‘)‘ é :;nﬁl')hc gpectra of ncbulac whose distances have already
the di un z a relation is found between the red-shift and

istance. Since, as alrcady mentioned, a displacement of
Fhe spectral fines normally indicates movement, the relation
s called the velocity-distance relation, and the displace-
ments are usually referred to in terms of the corresponding
speeds. Fig. 13 shows some spectra illustrating the red-shift,
z‘md the corresponding direct photographs of the nebulae
. Show the increasing faintness which suggests increasing dis-
tance. From spectra obtained with the 100-inch telescope
;‘; rian estimate distances up to about 250 million light-

This is a very gratifying as well as a very surprising ~

consequence of our spreading a faint white light out into
an even fainter band of colour. It raises, incidentally, one
rather interesting question: we may not be reluctant to
belicve that some galaxies are so far away that the light
reaching us now left them 250 million years ago, but are we
30 ready to believe that they are travelling away from us at

some 25,000 miles per second? May there not be some other .

cause reddening the light in its journey through space?
AS@PO%\{)mers are not agreed on the answer t0 this question,
Wh“’h’,”‘ any case, does not really concern us here. But on
one thing they are agreed : no matter what the cause of the
red-shifts, these displacements of the lines in nebular
spectra provide a reliable scalc for the mecasurement of
distances at which no individual stars can be detected.
Beyond the limit of the velocity-distance relation, the
measurement of distances becomes largely a matter of
wtatistics. It is fair to assume that the average fuminosity of
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Spectra of Extra-Galactic Nebulae.
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Fig. 13.
The arrows above the nebular spectra point to the H and K lines of
calcium and show the amounts these lines are displaced toward the red

-und of the spectra. The comparison spectra are of helium, .

The direct photographs (on the same scale and with approximately
the same exposure times) iliustrate the decrease in size and brightness

‘with increasing velocity or red-shift,

NGC 4473 is a member of the Virgo cluster and NGC 379 ig a

member of a group of nebulae in Pisces,
(Redrawn from Hubble's The Realm of the Nebulae, by courtesy of

the Yale University Press).

the nebulae beyond that limit will be about the same as for
those within it. An estimate of distance follows from
apparent brightness: an estimate which is likely to be very
inaccurate for individual objects, but which, statisticaily,
will give an accurate picivre of the distribution in space of
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m;ﬁ‘;‘rlllll?é‘gt?feiili)(les out to the present limit of about 500
th:Vl?sltm%f the future? The 200-inch telescope will extend
light-yearsaryhStlll farther ~ to about a thousand million
be found }’3“; Iere we may expect some intcresting things to
of the ve.l l}t 1td\ylll also extepd the scope, and the accuracy,
dloser angcx y-distance relation; aund it will make posmb'le
individual TO{C extended study of individual stars 1B
the very t B ? xies. Thus, while it will place new stories 00
h ry top of this edifice, it will at the same time strengthen

i\l parts of the structure which support them.
ora f}::rer hom.e, new‘tclcsc‘o'pcs and improvements in photo-
= (};urcoemulsnons will facilitate deeper study of single stars
nature ovan galaxy; and deeper theorelical insight into _the
absolut stars may well provide new means of estimating
to de ; ?agm.t“de- But the whole structure will continué
Whichpcen . gltnmatcly on the ‘old-fashioned® astronomy
and arries the SUYVG}'Or’s chain of triangles out into space,
50 links the galaxics with the measuring rod.

“Aspects of Crystal Chemistry

PETER R. ROWLAND

What is a crystal?

Most people imagine a crystal as an object with a highly
defined geometrical shape such as a cube or an octahedron
or a hexagonal prism, €tc. The external shape is not a
fundamental property of a crystal, however, but a secondary
manifestation of the fact that the atoms or molecules of
which it is composed are arranged in a regular geometrical
pattern in space. Figure 14 shows a layer, A, of spheres,
representing atoms in closest contact, with another layer, B

Fig. 14.
in closest contact. Lower layer, A (unshaded).

Next layer, B theavily shaded). '

each of the top ones fitting in the dimple
petween three of the lower ones. A third layer, C, can go on
in either of two ways. Its atoms can be over either the atoms
or the dimples of the first layer A. In the case of copper
crystals, for jastance, they are over the dimples and the
layers repeat ABC, ABC, etc,, throughout the crystal. A

Layers of spheres

(shaded) on top,
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model can therefore be made by adding layers according
to this scheme until we have formed a lzr.“ge piic.

‘Now suppose we take a knifc and cut through this pite of
spheres with it paralicl to any given plane. Remember that
we cannot et ihrough atoms but must simply split them
apart ir\om one another. 1t will be found that the atoms in
the surfaces exposed are arranged in a geometrical pattern
and ’:hm. the puttern is always the same, no matter where
the cut is made, provided it is made parallef to the same
plane all the time. For instance, if our cut is parallel to the
layers (\BC, ete., it will expose one of those layers and the
atoms in the surface will be arranged in rows parallel to the
sides of an equilateral triangle. For cuts in certain other direct-
jons tl}e atoms will be arranged like the top layer of eggsina
cra'te. 1.e.In rows, intersecting at right angles. In whatever dir-
ection we make our cut, the atoms in the exposed surface
will be arranged in a definite pattern depending on the dir-
ectlpnal' refation of the cut to the layers ABC, etc. .

Consider building up a crystal model from table tenns
balls stuck together in layers as described, till they form 2
mass about 10 feet high. Now supposc we shape this mass
mtg a sphere about 10 feet in-diameter by gently removing
bulis from the outside. The surface of the sphere may
regarded as made up of un infinite number of small planes
which will cut the mass twice, parallcl to every possible
direction, i.e. one plane at each end of cvery possible sphere
diumeter, In other words, over any small area the surface
of the sphere will be'to all intents and purposes 2 plane
wat?x the atoms in it regularly arranged.

Suppose we now examine the surface and compare the
patterns fourd in various parts, We shall find six_places

with the epg crate pattern and they will be arranged at the-

ends of three diameters which are mutually pcrpendicular,
he. at the points wlere the sphere would touch if it weré
put sito a huge cubic box that just fitted, with the diameters
sonceriied parallel to the edges of the box. In other words,
the amangement is found to have *cubic symmetry .
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This is explained in Fig. 15a. The regions such as X, B,
’C, etc. on the sphere expose the egg crate pattern, and the
planes which contain this pattern are parallel to the sides
JKLM, LMNO and OPKL of the cube. :

sents a section through the sphere and
box in the plane of B and C. The.lines represent the layers
of atoms.with the egg-crate formation, parallel to two planes
at right angles, i.e. to two sides of the box. There 18 another
set intersecting these, and parallel to the plane of the paper,
i.e. the top of the box. Such an arrangement is called a
lattice. At the points of contact with the box such as ABCD
it is seen that these planes actually form part of the surface,

Figure 15b repre
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Of course real atoms are so small that in any crystal large
enough to handle there would be millions of layers.

To Sum up, a crystal is a regular arrangement in space of
repeating units. If we cut it in any plane we shall expose &
surface containing atoms arranged in a geometrical pattern.
Such' surfaces are called crystal planes. In a simple sym-
metrical crystal any given pattern may occur in several sets
of planes, each parallel to one of the faces of a simple
polyhedl:on, e.g. in the ‘cubic close packed’ arrangement of
spheres just described, the egg crate pattern occurs in three
sets of: planes parallel to the faces of a cube (cubic planes),
the‘ triangular pattern occurs parallel to the four planes
which would cut off the corners of the cube (octahedral or

cube corner’ planes), there are six identical sets of planes
parallel to the cuts which would bevel off the edges of
:?o;ube at 45° (dodecahedral o ‘cube edge’ planes), and

Wher.e a particular plane forms part of the surface ofa
crystal it is called a crystal face. For instance, in Figure 13
the spherically-shaped crystal exposes cubic faces at A, By G,
and D, dodecahedral faces at E, F, G and H, and 50 0.
Plate 8 shows this arrangement of close packing of atoms,
Cut 50 as to expose cubic faces. It is in fact in the shape of 3
cube, though it could cqually well have been in the shape ofa
rectangular brick. All that matters is that the surfaces
exposed shall be paralle] to the appropriate planes. Plate 10
shows a further cut made to expose an octahedral face an
Plate 9 a cut made to expose a dodecahedral face. Note the
egg-crate pattern with atoms in diagonal rows on the cubic
faces, the triangular pattern on the octahedral face and the
f"’a?cy open pattern of horizonal rows in the dodecahedral

The direction perpendicular to a cubic plane is called 2
9ubxc direction, that at right angles to an octahedral plane
1s called an octahedral direction, etc.

The crystal described above is a particularly simplc one.
Where the units are not simple spheres all of one size, the
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possible number of patterns becomes enormous. However,
the principles involved remain the same.

We are now in a position to consider why the crystals of
salt, sugar, native copper, etc., display such definite shapes.
Suppose we start with our spherical crystal and grow it into
a larger crystal by depositing more atoms on it. In practical
cases it is found that the rate of deposition is not the same
at all faces, but that some grow faster than others. If the
dodecahedral (‘cube edge’) faces EFGH grow faster than
the cubic faces the shape will become like that in Figure 15¢,
i.e. the crystal tends to acquire a cubic shape. Rapidly
growing faces tend to obliterate themselves and the slowest
remain to give the crystal its shape. The particular shape
exhibited by a substance growing under given circumstances
is called its crystal habit. When crystals are growing from
solution, it is found that the presence of traces of other
substances will profoundly influence the relative rates of
growth of the various faces, so that a substance may have
its crystal habit modified by an impurity. The final shape is
usually just a result of the mode of growth. A crystal can
in fact have any external shape. What determines that it is
a crystal, is the fact that all the atomic or molecular units
of which it is composed are arranged in a regular and con-
tinuous three-dimensional pattern.

Methods of Growing Crystals
There are four principal ways of growing large single

crystals:
(@) By depositing fresh material on to a small seed
crystal from the vapour.
(b) By doing the same from solution.
(c) By allowing the molten material to solidify slowly.
(d) By annealing solids at high temperatures.

The first two methods are not very convenient since one
has little control over the shape of the final crystal and it is
difficult to prepare large crystals free from flaws. Method (c)
is the most useful. A typical example of its use is shown
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diagramatically in Figure 16 for the growth of metal
crystals. The crucible has a conical bottom to its cavity and,
when the furnace is raised slowly, the tip of the cone cools
first and the first crystal forms hiere, As the furnace con-
tinues to rise, this crystal grows upwards until the whole
melt has been converted. into a single crystal ingot with an
external shape fitting the crucible cavity.
Fumnuace Moves Stowly Upwards

’ Fig. 16.

An alternative is to fix a suitable ‘seed’ crystal in the surface
of the melt with its crystal planes orientated the way You
want them in the final crystal (c.g. you may want one set o
cubic planes perpendicular to the length of the ingot an
the other two parallel to it), The furnace is then lowered
gradually and the crystal grows from the top down.
course there are plenty of complications. Metals must be
protected from oxidation by enclosing the whole apparatus
In a vacuum or an atmosphere of inert gas. Furnace tem-
perature control must be good and the rate of cooling
adjusted very carefully by making the furnace travel very
slowly (about 1 cm. per hour or less). By methods such as
this, it is possible to prepare synthetic crystals of rock salt
end similar minerals of the highest optical quality and about
as big as a man’s head. This is now a regular industry.
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The idea behind the fourth method is to grow one of the
minute crystallites of which a piece of m:tal (or other solid)
is made up at the expense of its neighbours until it ‘oc-
cupies’ the whole piece. This can be done by straining the
metal (e.g. stretching it one per cent in length), then keeping
it at a temperature near its malting point for several hours.
The strain will warp the lattice in most of the crystals and
this makes them unstabie. At the high teraperature the
atoms vibrate about their mean pesitions with large
amplitudes. Where a relatively unstrained lattice shares a
boundary with a strained onc, atoms wiil jump right out of
the latter into the former more stable lattice and so this
crystal grows at the expense of its neighbours. Very often
one crystal will engulf all the rest, giving a single crystal
specimen. Professor E. N. da C. Andrade has developed an
ingenious method for growing single crystal iron wires. The
wire is heated by passing a current through it. It is put into
a subsidiary furnace which maintains a temperature gradient
from one end to the other and allowed to cool by decreasing
the current. Iron changes its crystal structure at 900°C so
that a single crystal of the low temperature form grows

along the wire from the cool end.
Unfortunately, annealing methods do not work for all

metals.

What holds a Crystal together?

There are two principal kinds of bond between atoms. In
one, an electron hops out of one of the two linked atoms
into the other, leaving the first with an electron deficiency
(positive charge) and giving the second a negative charge.
The atoms are then attracted to each other because they
carry opposite charges. It may be asked why the positive
charge on the first atom (or rather ion, as a charged atom or
molecule is called) does not pull the electron back into itself.
The answer is that when we work it out we find that it
would require more energy to do this than is required for the
separation of charge to remain. For example, when the
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meta: sodium reacts with the gas chlorine this energy is
gven out as heat and radiation and so lost from the system.
When the product is cooled it is found to be crystallineand
made up of positive sodium and negative chlorine ions
packed together in the three-dimensional chessboard pattern
shown in Ficure 17,
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Tt will be noticed that one cannot talk of a sodium Chlofi‘de
molecule, NaCl. In the crystal cach Nat ion is surropnae
by six C1~ ions and cach C1-- is surrounded by S Y
lons (except those in the surfuce, of which more jater). The
whole thing is held together by the fact that it is made up ©
mutaally attracting particles. :

So much for the ionic or electrovalent link, as it 18 cqlled'
The other way in which atoms can be held together 18 by
sharing electrons. In F igure 18a we sce two scparale hydro-
gen atoms. Each consists of a positively charged nuclevs
with an electron moving round it. The electron spends ost
of its time in the shaded area which represents a diffuse
sphere surrounding the nucleus. :

This spherc may be regarded as a cloud of probability, for
the probability of finding an electron at any point at any
instant is given by the density of shading there. The prob-
ability js highest ncar the nucleus and tails off rapidly as W€
move away from it. We will rcgard the sphere as denoting
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the region in which this probability is of more than neg-
ligible magnitude.

Fig. 18a. : . Fig. 18b.

When two hydrogen atoms come together, their electron
probability clouds merge, as shown in Figure 18b. We
cannot then distinguish between the two electrons, a_n_d the
density of the cloud at any point gives the probability of
(inding either of them there. It turns out that the energy of
the system is much Iowg‘.r in this state and' therefore the
arrangement is stable. It is called a covalent link.

In diamond, which is a crystalline form of carbon, each
carbon atom may be regard.ed as at t}}e centre of a tetra-
hedron with ene covalent link exiending to each of four
other carbon atoms situated at the corners. In the case of
covalent links, the e]cctrqns_ are more or 1955 confined
between the pair of atoms ‘W‘hICh .they_ are binding together,
They are very strong and highly directional. Hence the hard-
ness of diamond and the rigidity of its crystal.

fn metallic crystals, however, the electrons' are not con-
fincd between individual pairs of atoms,. but tnt? ;)rgbab.;hty
clouds merge into one another so that, in certain directions
at any rate, an electron can travel from one end gf the crystal
to the other, That is why metals _conduct electricity so well.
As a crude analogy, it may l?e said that the system is rather
like a fine powder (the particles of which represent atoms)
which has been allowed to soak up a liquid (representing
the electron probability cloud) so that it sticks together in a
compact mass like putty. If' we put the mass of putty, say,
into a cylinder and apply oil under pressure to one end, it
will allow: the ail to seep through. This is analogous to the

_conduction of electrons through a metal.
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Until now w

atoms, h_'l many substances the atoms are tightly bound
together in groups. i.e. molecules. This means that the units

of which the crystals are buill are not simple spheres, but

more complicated in shape. For instance, in benzene the
carbon atoms are grouped together in rings of six which

may be imagined as bangles, cach made up of six large beads.

At low enough temperatures these bangles will stick to-

gether because, aithough the electrons spend most of their

time in the individual molecules, there are projecting
electron probability clouds that can interact weakly to hold
the molecules together in a crystal. Most organic crystals
are of this type. Because the bonding is weak so are the
crystals. A familiar example is naphthalene (or moth balls),
whole molecules are made up of double benzene rings fus
tt_)get}?er like a figure of eight. The weak attractions which
BIve rise to it are called van der Waals forces.

erstals can therefore be classitied not only according t0
their geometry, but also by the type of bonds which boi¢:
them together. We may have ionic, covalent, metall
Van der Waals bonding, or even hybrid types of link inter”
mediate between two of these.

The Physical Properties of Single Crystals

The physical properties will depend very largely on the
chemical bonding in a crystal. lonic crystals are usually
Aransparent to visible light, and are brittle. When broken,
they tend to cleave along certain preferred crystal planes.
Rock salt, which has the structure shown in Figure 17,
cleaves along the faces with the chessboard pattern and
hence it is easy to cleave it into a cube. Not all ionic crystals
are brittle, Some can be bent without breaking, though this,
of course, destroys the crystal structure. Covalent cf)f“?ls
are hard and brittle, while those with van der Waals bondxpg
are soft and greasy because the separate molecular units
can glide past each other easily.

Metal crystals (surprisingly) are soft, but coherent. The

¢ have discussed crystals made up of separaté -
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ressure is to cause ators to flow over ?aCh other
ngi?; (r)ingaining in tightly boux?d contact. This is the way
in which our putty in the previous analogy would behave
if we squeezed it. This flow is not randqm, but.ccrtham_
crystal planes tend to slide over each other more eas:ly than
others. The use of rafts made up of bubbles to represent
two-dimensional crystals has been de_scrlbed in _Sc;;nce
News 1. These bubble rafts were usqd to illustrate this e hqct.
Many investigations have been carried out on the strct(ci u(]:g
of single crystal wirles, prmcl:pally by Professor E. N. da C.
i ow-workers. ;
Alﬁ:::s:ntcll): lse‘:lf:ecltrons in a metal are rglatively free to
move, they can interact wi.th electromagnetic (;vavgs 1tn sucl;
a way as to reflect them, Le. metals are good reflectors gz
light. At high temperatures the electrons car(xi . Jum;‘) rig
out of the metal (this effect is used in the ra Lo valve) foxi
they can be dragged out at room temperaturcdy p}?wer u
clectric fields. The ease with which they c(zim fo this gliag
depend on the particular crystal face or edge from whic
theyjumpi)e asked why, if the crystals of whic.h a piece of
m:tta;n:x)‘,e composed are soft, hard metal ob)ects“ can ble
The answer is that when we talk of metal single
made?l e mean those in which the structure is as perfect
cryst? . v;‘rom strain as possible. But an ordinary piece of
e s de up of a three-dimensional mosaic of crystals,
e ma:)f thgse. are under strain because the lattices are
E?oﬁzgyto enable them to fit tqgether at the boundangs.
Distorted lattice planes will not slide over one another easily

-

- and hence polycrystalline metals are often hard.

The Importance of C rystal Surfaces

Almost all solids are made‘ up of crystals', hoycver
minute. Provided we mean by crystal a threc-dnnensxonz;;
pattern of atoms or molecules, even wood fibres, mlésc
fibres and other biological prodpcts can be. regardc as
crystalline. Most reactions involving solids will either take
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place at crystal surfaces or be controlled by processes so
occurring. They include many technologically important
processes, such as crystallisation itself, corrosion, and cata-
lysis, The principles involved in these are also important
from a fundamental point of view, especially in the case
~ of catalysis, because the atoms in a crystal surface lie in
known positions and so we have a good chance of finding
out the spatial relationships necessary for the chemical
reactions to take place. The value of this can be realised
when we consider biochemical catalysts (enzymes). These
arc very ‘choosy” and cach will usually catalyse only one
reaction. The rcason for this specificity is attributed to t'he
fact that each enzyme has a definite electron probability
cloud shape (or configuration as it is called), which will
interact with only onc pair of substances to promote re-
action between them. Their structures are S0 comp}icated
that at present we cannot hope to study them in any
dotail. Metal surfaces are about the simplest catalysts
known,

The Surfuaces of Crystals

When we were discussing, the atomic bonding in crystals,
we did not consider conditions at a surface. Suppose We
take a diamond and cleave it so as to cxposc fresh surfaces.
What has happened to the bonds which previously held
the two picees together? Do the electron probability clouds
retain their well-defined nature and project from the surface
like rows of cabbages, or are the bonds near the surface
rather different from those in the interior? How do they
behave when other atoms carrying electron PfObablhty
clouds arc brought near? If such atoms become bound to
the surface, how strong are the bonds? We would expect
the chemical nature of the surface to depend markedly on
the crystal planc exposed, for this will decide not only the
pattern of the atoms in the surface, but also the angle at
which we might expect ‘residual valencies’ (as they are
sometimes called) to emerge.

A
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Ionic crystals can present surfaces containing both
positive and negative charges, FG (Figure 19), or only one
kind, HI. Again we may expect marked differences in the
chemical properties of different crystal faces.

e
-
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Fig. 19.

Metallic crystals are particularly interesting, since the
precise nature of the metallic bond is still under discussion,
and also because many metals show marked catalytic
properties at their surfaces. Of the substances showing
catalytic activity, metals are the most easily made into single
crystals of convenient shape and size. For these reasons,
most of the rest of this article will be concerned with metal

crystals.

The Chemical Reactiviiy of Crystals

About twenty years ago, Tamman and his collaborators in
Germany began growing large single crystals from the mel,
and’ examining their properties. One metal which they
studied was copper. Spheres were very carefully turned from
single crystal rods and their surfaces freed from ‘bruised’
crystal material by etching and gentle abrasion until they
had a polished appearance. The spheres were then subjected
to etching by various acids. These attacked to produce pits
and furrows in the surfaces, with their sides parallel to cer-
tain crystal planes. Various acids exposed various planes,
and even with the same acid the result depended on its con-
centration. Fig. 20 illustrates the effect for an acid which
reveals cubic micro-facets, as they are called. It shows a cross
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section taken parallel to one of the cubic planes. The sides
of the etch pits are seen in section as steps with sides paraliel
to the other two cubic planes. The little facets act as mirrors
S0 that in the six directions, OA, OB, OC, OD, and the two
perpendicular to the plane of the page, an incident light beam
will bes reflected back along its own path, This work was ©
great value in enabling later investigators to find out how
the crystal plancs lay in any particular specimen of single

ctystal. The principle of a mcthod which the author has

[

!
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Fig. 20. .
found convenient will be outlined. The crystal is etched with
an acid which exposes cubic planes and mounted at tl}e
centre ¢f a glass sphere (in Fig. 20, the size of the crystal is
shown exaggerated). It is illuminated with a Pa"anel. beam
of light SP and rotated until one set of micro-facets i8 per-
pendicular to the heam as shown, so that the reflected beam
passes buck along the path of the incident beam. The point
A at which the light strikes the glass sphere is then marke
Similar marks BCD etc. are made for the other cubic reflec-
tions and the directions of the principal crystal planes arc
thus clearly recorded. : :

, The crystal is then removed, repolished and a reaction

carvied out on its surface, When it is replaced in its old post-

tion in the sphere, the faces affected by the reaction are.
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easily identified by their positions relative to the spots on the

glass sphere. . . ‘
Tamman’s work was followed up by other investigators

who studied the oxidation of metal crystals. In particular

" A. T. Gwathmey and hkis collaboratars in America, work-

ing with spherical copper crystals, showed that the behaviour
of the faces when the crystal was heated in oxygen gas varied
widely. Some were rapidly covered with a thick layer of oxide,
while others were hardly attacked at all, so that the surface of
the sphere was mapped out in a striking geometrical pattern

{Plate 11). _ .
The resuits are uot easy to interpret, for metal oxides are

themselves crystalline, and electron diffraction experiments
(see later) have showa that the oxide tends to lie so that the
grystal lattice fits that of the underlying metal, This in itself
may govern rates of oxidation. Furthermore, once a layer of
oxide has formed, subsequent reaction must take place by the
reactants (pasticularly the metal) diffusing through it. This

’ process too may be goveraed by the orientation of the oxide.

Meanwhile much research had been carried out on hetere-
geneous catalysts, that is, catalysts at whose surfaces re-
actions between gases are brought about. This led to the
view that they coasisted of minute crystallites containing
only a few thousand atoms cach and that during reaction
the reagents became attached to their surfaces, probably by
the ‘residual valencies’ mentioned earlier. Theorics were
also put forward that for a given crystallite certain {aces and
especially certain edges and corners were more active than
others. It was therefore rather surprising that no one thought
of trying to carry out catalysis on single crystal surfaces until
Gwathmey, in 1940, showed that the reaction between hydro-
gen and oxygen proceeded catalytically on certain faces
of a copper single crystal.

He used an electrolytically polished sphere and passed
the hydrogen/oxygeu mixture over it at temperatures be-
tween 360°C. and 444°C. After about |5 minutes it was {ound
that micro-facets were belag formed, i.e. that as the hydro-

.
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gen combined with the oxygen on the surface, its atoms were
being rearranged to form crystal planes so that reflections
could be obtained from them as from a crystal etched in acid.
The experiments were repeated using slices of crystal, expos-
ing only one face at a time, and it was shown that the re-
action proceeded more than twice as fast on an octahedral
(‘cube corner’) face as on a cubic face. These experiments
are extremely interesting and valuable, for they show not
only that reactions can be catalysed by massive crystal faces,
but that even at moderate temperatures (compared Wifh the
melting point of copper, 1080°C) copper atoms can migrate
distances which, relative to their own sizc, are enormous
when a surface is involved in catalysis. They show also thata
catalytic reaction of this sort is continually creating its own
catalytic surface as it procecds, and may cause an entirely
new outlook on the theory of catalysis in favour of a more

dynamic view of the surface atoms.

Gwathmey has similarly shown that only certain surfgce
planes of a nickel crystal will decompose carbon .monomde
at high temperatures, that a copper crystal heated in contact
with mercury absorbs the latter more on some planes than
on others, that when more copper is slowly deposited by
electrolysis on a single crystal sphere of copper some faces

build up more quickly than others, and so on.

The author has extended the spherical crystal technique

to reactions in which no product is built up at the surface.

Copper spheres with clectrolytically polished s
heated in the vapours of chlorine, bromine an

urfaces were
d iodine (of

the halogen group of elements) to form copper chioride,
copper bromide and copper iodide respectively. These sub-
-stances are volatile and under the conditions of the expert-
ment sublime away s fast as they form. The result is that the
reaction removes copper from the surface which becomes
etched, i.e. etch pits and furrows are formed with thetr mdcT
parallel to certain crystal planes (just as when a metal crysta

is etched by acid). ,
Which planes are exposed depends on the vapour U

sed

FRPIITE- Sy

ROCKETS

Plate 6. Inner shell of 100 Ib. thrust
cxperimental rocket motor, showing
the helical cooling passage. (p. 81)

Plate 7. Vickers transonic research
aircraft. This model acroplane, pow-
cred by a liquid-fuel rocket and
launched from a Mosquito, was
designed to investigate the forces
acting on an aircraft reaching sonic
speed. (p. 83)
(By courtesy of Flight)

Plate 5. Exhaust from experimental rocket motor. The segmented appearance
of the flame is due to the shock wave which is formed in the jet as it leaves the
nozzle and which is reflected to and fro within the jet. The abrupt rise of
pressure in the shock waves causes the exhaust gases to glow more brightly and
thus renders the waves visible. (An explanation of shock waves was given in

Science News 1) (p. 75)
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Plate 8. Cubic close packing of
to planes
crate’

(p. 54)

opheres cut parallel
which  show  the  “egg
pattern.,

Plate 9. Previous maodel with edge
cul away at 457 oo expose i
dodecahedral face.  Note the
different structure with horizon-
tal rows of atoms running Tone
high (X N) one Jow (Y = Y)
rather tike ribbed knitting.

Plate 10, The model of Plate 8
with o corner cut away to expose
an octahedral plane. Note (hat
these are the planes of densest
packing with (he atoms arranget
in rows parallel 1o the jdes of an
equilateral — triangle. Similar
planes  would be  revealed by
cutting awiy dny of the other
corners of the cube, Any one sel
of these could have been the
original close-packed  layers of
Plate 8. (p. 5

2], &) I T N "

! [fllk, . Sph.ulul single erystal of copper oxidised in air at 200 C for te

nn'm'llcx by (ln\\;\1111110)‘ and Benton. Different surface crystal planes l'h'”

oxidised to different extents. The black spotis at the centre of a ‘L‘uhc t‘mu'

area. ' o
(p. 65

Plate 12, Micrograph of octi
2, o octahedral cube corner” ) i
Plitte 1 { wer’) ared of spherieal ¢
ate . hofocta al Ceul rical >
ery ;101)1 \\Tl;mhilms been etched with iodine vapour at 570 ('l (m‘lgniﬁml:PLr
) > dark arcas are n N ) : o
b he dark arcas are the bottoms of pits, the sides of which l‘i::(?:
h Se
(p. 67)

a series of terraces.



‘ SOME TECHNIQUES OF
METALLURGICAL INVESTIGATION

Plate 3. The pattern of low in
model Bessemer converter with side
blast, showing the flow of gases”
above the “steel” surface in given
plane of the model. Air bubbles arc
ake the flow of water
visible ; water is used to simulate the
air blast of the real conver(er. (p. 14D
lron and Steel Institute.)

used here tom

(By courtesy of the

]

side ruled on Austenitic
with which the
20, 10 and

l’I;l_lc 14, Squares of 0.02 mm.
§l;|l|llcs§ steel (o indicate the precision
impression can be made. The loads were 50, 40,
5 gm. (- 475).

Plate 15. Tin foil, 0.05 mm. thick, between plates of brass
and of gun-metal. Load 5 gm. (< 475). . IS())

(p. 150)

after exposure to 50 thermal

Plate 16. Slip-lines in pure zine
(p. 15D

cycles between 30 °C and 150°C (.2 500).

(Plates 14 to 16 by courtesy of the Institute of Metals).
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Plate 19. The Nebula in Andromeda.
(By courtesy of the Yerkes Observatory, Williams Bav, U.S A)
(page 47)

Plate 20. Small Magellanic Cloud.
d College Observatory, US.A)

(By courtesy of the Harvar

(page 46)
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BLOOD GrOUPS ’ . .
S and on the temperature at which reaction takes place, but a
r — . L e 21, A s  given set of conditions always exposes the same sct of micro-

hiood - grouping tcS: facets. For instance, iodine at 570°C always reacts to expose
. . The anti-A serum octahedral planes. Plate 12 shows part of the octahedral face
L w . the left has had f]‘w of such a sphere magnified 80 times. The etch pits are seen
* L. ateet on a drop of t to go d i ies of terraces like Dante’s Inferno. The
'M«g . ) le_ul O.ly Hlood. The o go down 1n a serl [ no. ¢
LRWe) 4 patient’s POTC - ihe upper surfaces of the terraces are octahedral micro-facets
'ﬁ-& ¢'"1'.' N \‘ ’ ;mn—Bl ::‘ l:,r;glutinﬂwd and the sides also are probably made up of such facets paral-

N -'-b' J' r;g‘h‘ hll(‘»bd, an Lc" el to others of the four octahedral (‘cube corner’) planes.
Y " Lo 1 “,me thereforé: “p This type of reaction has many advantages. There is no
' Rvn o 1o GrowP o) layer of solid at the surface to complicate the reaction. The
watsize) (P micro-facets produced can be identified accurately by light

ol s
(Nature )
reflection as indicated. Once the early stages of the reaction

have destroyed the original polished surface, the fucets re-
vealed are those at which reaction takes place. The layers of
atoms must be stripped off them one after another so as
continually to reveal fresh layers with the same atomic pat-
tern. The geometry of these patterns is known in detail and
we have therefore a comparatively simple system to study,
i.e. Teaction between a vapour and metal atoms in a fixed
pattern. The bearing of this on problems of residual valency
etc. is fairly obvious. .

Another way in which surfaces may be studied is by elec-
tron diffraction. Crudely speaking, a beam of elecirons is
“bounced off” the surface (in a vacuum) and collected on a
photographic plate. Such beams are simply scattered by non-
crystalline material, but, because they have wave properties,
they are reflected like light in 2 regular way from crystals, -

giving a pattern of spots on the plate. These patterns are

related to those of the atoms in the surface and can beinter-

preted mathematically, giving the orientation of the crystal
surface and the spacing of its atoms. The electrons do not
penétrate very deeply, so if a film of another substance is
formed on the surface we obtain the pattern belonging to

-~

CWai™% e o n L
RN

ar
.23 T ated that substance. Thus we may take a cr)(stal sprface ang,“ ‘
P'"-L‘or’a'ls!"“"%er the having determined its nature by electron dxtfraguon,‘ deposit
;:l’::m 1Is ",t aan & aipother substance onitasa thin film from the vapour, or by
" . a - . ‘
micr(?-“o the cells o
- Jars
seon 1t o in I
M o logﬂl . wuoﬂ
:Iltnr::m-" M ugﬂl({;' 109

v 75



68 SCIENCE NEWS 15

oxidising the surface, or by clectrolysis etc., and then &
examine it. The film itself may be crystalline, and if so it 15
often found that it will be built up in such a way that the
two atomic patterns, that of the film and that of the _uﬂder‘
lying crystal, fit into cach other at the boundary. This may
require some stretching or compression of valency bonds s0
that the boundary between the two is under strain.
By this means a lot of information has been ©
about films on surfaces which is of very great importance 11
problems of corrosion (and its reverse, protection), resist:
ance to wear, light reflectivity, electron emissivity ctC an
again in the problem of the residual valencies. Much of thli
work has been done by Professor Sir G. P. Thomson, Pro
fessor G. 1. Finch, and their colleagues in Britain. tis
What happens at a surfacc may be determined by wha ot
going on under it as well as over it. Consider what hapP;as
when a clean surface, ¢.g. of metal, is exposed to @ gas. t ol-
been shown that even a liquid mercury surface rapidly ¢ g
lects a film one molccule thick, a so-called adsorbfd lay;s-
In some cases adsorption is very marked, even wit hgaex-
which are not very reactive at the temperatures of t eous
periment. Fincly-divided palladium will adsorb enormthe
quantities of hydrogen and theorics differ as to wheth;r the
latter is truly adsorbed on the large surface presente oy
crystallites or whether it actually passes into SOh{“"n n e
metal. Some light may be thrown on the situation lb {,awd
{act that a thin membranc of palladium metal at an & cmore
temperature will allow hydrogen to diffuse through 5. H.
readily than will other metals. W. R. Ham an® =/ oo
Simonds in America have developed a theory th.a; gwm,
diffuse casily through metals only when they react Wi ms can
i.e. when the electron probability clouds of the 825 ato
merge with those of the metal. A hydrogen atom owd’
loose its electron which becomes just ‘one O _the c:;cleus
holding the crystal together, while the postivé n
diffuses into the chinks between the metal atoms. the
The question as to whether diffusion takes place along

btainf_zd
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boundaries between the crystal grain in a polycrystalline
metal or through the crystal lattices themselves has been
answered by Smithells and Ransley in England. They pre-
pared a thin tube of pure iron with a closed end and an-
nealed it until it consisted of only two large crystals. At high
temperatures this tube would permit hydrogen to diffuse
out at a rate well above that which could be accounted for
by diffusion through the single grain boundary. It must have
gone slap through the crystal lattices.

The importance of this to the science of catalysis may be
seen if we consider a reaction in which a compound has
hydrogen removed from its molecules. Such dehydrogena-
tion reactions frequently occur at catalytic surfaces. In the
example shown, ethyl alcohol (1) is converted to acetalde-
hyde (II) by the loss of two hydrogen atoms. If the hydrogen

H H H H

0 e

H_#.—I — H_(If—c\
H H H o

I I

atoms can travel through and under the catalyst surface as
well as over it, the number of possible explanations of the
mechanisms of such a reaction is greatly increased. One view
may be that the surface acts as a sort of cabbage strainer,
holding back the larger atoms and molecules, but permittirig’
those hydrogen atoms which are not too tightly bound to the
parent molecule to migrate away. It is a fact that metals
which allow hydrogen to diffuse fairly easily are also good
catalysts for this type of reaction.

There is ample evidence that at elevated temperatures the
atoms in crystals are by no mearns fixed in position. A two-
dimensional analogy may be made by considering a draught
board on which each draught must always sit on a square
but not necessarily on the same square all the time. The
draughts can hop from square to square. An experimental
example of this self-diffusion (as it is called) may be cited in
the work of Banks, Day and Miller in America. They elec-
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troplated the end surfaces of single crystal zinc rods with a
thin layer of radio-active zinc, heated the rods to just below
the melting point of zinc for several hours, then took samples
at varying depths from the end surface. By measuring the
radio-activity of the samples, it was possible to estimate the
rate at which the radio-active zinc had diffused. They
showed that the way in which the shuffling of the zinc atoms
took place betwecn one lattice layer and the next was quite
definitely dependent on which particular set of lattice planes
was concerned.

If the draught board is completely filled with draughts
(i.e. there are 64), it is difficult to see how the draughts can
shuffle unless they change places by all jumping at once, and
this is not very probable.

But if there are vacant sites this difficulty is obviated 1
draughts from adjacent sites can jump on to them, leavin
their sites vacant, and so on. Now theory indicates that even
a perfect crystal will contain a certain number of vacant lat-
tice positions.The proportion of such sites depends only tgn
the tempcerature and not on the degree of pe{feqtton of T
crystal, and it is belicved that sclf-diffusion within 2 cr)éstg
is due to the shuffling which such gaps make pqSSlble- u v'
stances may be able to diffuse through a crystal in two ways,
cither through the chinks between atoms, of by replaf:&ﬂg
atoms and taking part in the shuffling. Experiments on diffu-
sion enable us to measure these effects and possibly 10 relate
them to sutface phenomena.

To sum up, a crystal can be classified accord
sets of considerations : "

(@) The type of bond which holds it together (electro
valent, covalent, van der Waals, metailic).

() The three- dimensional geometrical pa
. the units (atoms or molecules) of which it‘lS c

Consideration of the chemical reactivity
obviously be focussed primarily on the surfa
same crystal the surfaces may vary enormous
chemical propertics. Investigation of these P

, for

ing to two

ttern into which
ompOS€d, fit.

of crystals wil!
ces. Even in the
ly in physico-
ropertlcs 15
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important to the whole study of chemical reactivity. Re-
activity may also be influenced by diffusion within the

crystal,

This article does not pretend to have covered the whole
field. It is intended simply to indicate that a new branch of
science is developing to explore and exploit the possibilities
outlined above. It is the study of crystal reactivity.

My thanks are due to Mr K. J. Fereday for the diagrams.

Original papers in which further references will be fouud are :

(a) A.T.Gwathmey and A. F. Benton, Journal of Physical Chemi-
stry, 44, page 33, (1940).

(b) and 46, p. 869 (1942).

(c) A.T.Gwathmey and H. Leidhciser, Journal of the American
Chem. Seciety, 70, p. 1200 (1948).

(d) G. Tamman and F. Sartorius, Zeitschrift fiir anorganische
Chemie, 175, p. 97 (1928).

(¢) Some Problems in Adsoiption by J. K. Roberts, Cambridge
Univ, Press.

(N Theliterature on electron diffraction studics is rather large, but
A start may be made by looking up the work of G. I. Finch in the latest
Jocennial index of the Chemical Abstrarts of the American Chemical

rociety.



Rockets

D. HURDEN

A ROCKET is a jet propulsion device which burns a fuel of
some sort and expels the gascous combustion products
rapidly backwards. So far the definition applies equally to
the aircraft jet engine which is by now familiar to most
people, but there is one important difference. In order to
burn any fuel a supply of oxygen must be available. The
ordinary jet engine uscs oxygen from the air, but the rocket
carries its own oxygen supply with it in some form. Itis thus
completely self-sufficient and would work just as well outs“.ie
the Earth’s atmosphere where there is no free oxysen as1n
it, .
This immediately raiscs a point which is a §tumblxr;1g~
block to a lot of people, not excluding some engineers v :
ought to know better. Since news of Whittle's jet eng'.';egv ?e
released there has been a popular misconception thflt y t1 ere
is no atmosphere for the exhaust gases to push against the a
will be no thrust; that, although a rocket may burx:;.ﬂ y
vacuum, it will not be able to push itself along. But 113
not true. A rocket is another demonstration of a famous law
first stated by Isaac Newton in 1687 which says that ?gt‘gg
and reaction are equal and opposite’, meaning that 1 'yket
exert a force on somc object, for instance throw a cric
ball, the cricket ball will exert an cqual for gh
opposite direction, and if you throw the ball hard enm:hcr,
this force will make you overbalance backwards. AnO ho
familiar example is provided by a fire brigade. Those W le
have watched fire-fighters in action will know that the nozzo_
is by no means easy to hold, that, in fact, the reaction P ran
duced by the jet of water is often as much as two m;n ih c
stand. Neither of these ways of producing thrust needs

ce on you 1n the -
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surrounding air to do it, nor does a rocket, which produces
its thrust by squirting out large quantities of gases in the
form of a high speed jet. I have dwelt on this point because
the fallacy seems to be very deep-rooted, but if some people
are still unconvinced, I will add that the theory was con-
firmed in America by Dr Robert H. Goddard who, by 1919,
had fired small rockets inside an evacuated tank and mea-
sured the thrust exerted by them on their anchorages.

From the fact that rockets in a vacuum not only burn but
will continue to exert a thrust, it follows that some sort of
rocket is the only practicable means of propulsion for travel-
ling to other planets,

The rocket is not a new-fangled idea. The Chinese are
alleged to have had rockets as long ago as the [3th century,
but it is not until the end of the 18th century, when they
were used by the British Army in India, that we have positive
historical evidence of their use. When their spell of useful-
ness as weapons was temporarily over they remained a
valuable asset to coastguard services, and line-carrying
rockets fired to wrecks have saved hundreds of lives. The
design of these had not changed much by the beginning of
this century, when Goddard’s name crops up once more in
the story. He measured the efficiency of an ordinary ship
rocket and found it to be only 2 per cent, a surprisingly low
figure when you consider that the corresponding efficiency
of an aircraft jet engine is about 25 per cent. By simple
alterations he succeeded in raising the efficiency of his
rockets to 30 or 40 per cent, but before we can appreciate
his achievement fully we must examine a little more closely
the behaviour of the gases leaving a rocket.
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Fig. 21 represents a rocket in which soine kind of fuel or,

more exactly, propellant is burnt. The gases produced escape.

from a small hole in one end which acts as a vent; the
smaller the hole, the greater will be the restriction and the
higher will be thic pressure gencrated inside the casing.
Now when a gas under pressure escapes from a plain hole
like this, it can be shown that its pressure falls until it
reaches about half its original value as the gas actually flows
through the hole. When it leaves the hole at this pressure it

undergocs a sudden expansion down to the pressure reign- .

ing outside. Thus the gases moving away from the .rocket
along its axis (which arc uscfully employed in propelling the

missiie) contain only part of the energy initially possessed
by the combustion gases, in the form of velocity
they expand down to half their original pressure,
extra velocity that they might have acq )
allowed to expand gradually down to atmospheric
is lost by this sudden random cxpansion.

Suppose that we shape the entrance to the hole and follow

acquired as
while the
uired if they had been
pressure

it by a passage of gradually increasing diamster as shown 11t
Fig. 22. Then the gascs escaping through the hole will not
be abie to expand immediately, but because the passage 13'
creases in arca will expand gradually as they travel towards
the end, so that by the time they have reached the outlet they
will be moving ata considerable speed away from the rocket.
This device transfers the cnergy in the high-pressure gases
to a fast-moving gas stream leaving the rocket, and if tI:e
passage is properly designed the gases will [eave the nozzie
at the same pressure as the surrounding atmosphere.
Returning for a moment to the cricket-ball analogy, W¢
know that the faster we throw a ball the more likely %o aré
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to fali over; so in the same way a rocket burning fuel at a
given rate will give more thrust the fasier the gases leave it.
Of course, it will also give more thrust if it burns fuel at a
greater rate, but we will igrore this complication. We have
already seen that we can increase the speed of a jet of gases
leaving a rocket of a given sizc by adding a divergent passage
to it. This was first realized by Goddard in 1316, although
it was common practice in steam-turbine work by 1890, and
it was this simple addition, together with a considerable
increase in working pressure, made possible by the use of a
high tensile stecl casing, that increased the efficiency of
Goddard’s rockets from 2% to over 40, and revealed fresh
possibilities in this means of propulsion.

So far we have not said much about the fuels we can use.
First of all, therc is no restriction on state; a rocket will
burn gases, liquids, or solids. Gaseous fuel rockets are not
much use in practice, since to carry the necessary weights of
fuel and oxygen in the form of gases would need far more
space than usually exists in an aircraft or missile. However,
they are commonly used for.research work, since the neces- -
sary quantitics of gas can be stored on the ground, and
rockets burning hydrogen and oxygen or methane and oxy-
gen have been used for hundreds of tests (Plate 5).

Solid fuel rockets are the oldest varicty. In China the
propellant was gunpowder, while Goddard’s experiments
were done with vartous smokeless powders. To-day solid
fuel rockets are used mostly as medium-range military or
anti-aircraft weapons or else to give extra thrust for a few
seconds to a heavily-loaded aircraft taking off. During
wWorld War II the British developed 27, 3" and 5" calibre
rockets which burned cordite and supplemented very effec-
tively our orthodox .artillery. In America JATO (‘jet-
assisted take-off”) rockets fitted to aircraft have been made
to burn all sorts of things, not usually thought of as pro-
pellants, such as asphalt.

Most work, however, is being done in the field of liquid
propellants, which is also probably the most recent develop-
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ment, dating as it does from the early 1920’s. The more
obvious liquid fuels such as petrol were tried first, and the
oxygen needed to burn them was supplied by feeding liquid
oxygen into the rocket at the same time. Liquid oxygen boils
at —-183°C at atmospheric pressure and will soon evaporate
if left to itself in an open vessel, so it has obvious disadvan-
tages as a rocket propellant; nevertheless it always has been
and still is very popular. Since the early days literally
hundreds of possible fuels and oxygen-carriers have been
tried, but before amplifying this bold statement let us see
what conditions rocket propellants must satisfy.

There are two main requirements: first, the combination
must be theoretically suitable, and, second, it must not be
too difficult to handle. We have seen already that the faster
) the jet of gases leaves the rocket the greater will be the

resulting thrust, and it is not very difficult to prove that the
velocity of a jet of gascs expanding through a divergent
nozzle from a given initial pressure varics as the square root
of their absolute temperature, and inversely as the square
root of their molecular weigiit. We can write this as

v o« /T
vV M .
Now the most useful measure of the efficiency of _rock(.:t is
called “specific impulse’, a most misleading term since it 1s
not an impulsc at all but the thrust produced by burning one
pound of propellant per second. Thus
__Total thrust
s_ " Total mass flow
and by using another of Newton's laws of motion We c;_an
relate this to the jet velocity. A force is the product 0 la
mass and an acceleration, so iff W pounds of gas ar¢ accel-
erated to a velocity of v fect per second in one second, they

will exert a force of Wy poundals, or —Vyg—v pounds. The thrust

of a rocket burning W pounds of propellants per secor}d and
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expelling the gases at v feet per second will therefore be Wy
g

pounds, and the specific impulse will simply be equal to Yy
g

Hence the specific impulse will also vary as ‘/ T It is poss
M .

ible to work out the temperature attained in a chemical react-
ion between two propellants, also what products will be
formed and hence their average molecular weight, so that
we can predict beforehand what specific impulse we can
expect from a rocket using them. A few typical figures are
given in the table below.,

Table 1
Propellants Specific Fmpulse
Aluminium -+ oxygen 560
Magnesium - oxygen 560
Hydrogen + oxygen 350
Petrol + oxygen 240
Ethyl alcohol 4 oxygen 240
Aniline + Nitric Acid 220
‘C - stoff’ +°T - stoff** ~ 210

Besides these theoretical considerations there are many
practical points that decide the value of propellants. For
instance liquid oxygen and liquid hydrogen have a good
specific impulse, but, as they are both liquids with very low
boeiling-points, they create troublesome storage problems.
Nitric acid and hydrogen peroxide are both rich in oxygen
and are both liquids at normal temperatures, but they are
also extremely corrosive and unpleasant to handle.

The choice may also depend on the way in which the
propellants behave when they are mixed. Propellants can be
divided into several classes according to their reactions with

*German code names; C - stoff was a mixture of 579 methyl

alcohol, 30% hydrazine hydrate, and 13% water, while T - stoff was
simply hydrogen peroxide of 879, concentration.



78 SCIENCE NEWS 15

each other. One class, called hypergols, react as soon as they’
come together, a property which eliminates the need for an
igniter of some sort but which calls for great care in hand-
ling the propellants. Such pairs are aniline and nitric acid or
hydrazine hydratc and hydrogen peroxide. A variation of the

second system was used in the Me 103, employed as an .

interceptor fighter in World War IUin which the hydrazine
hydrate was mixed with methyl alcohol and water. The
group possessing opposite properties 1o the hypergols,
called simpiy nonhypergols, includes the pairs such as
petrol or alcohiol with liquid oxygen which do not ignite on
mixing. A third group, which is becoming of increasing
importance, is the monergols, which contain the oxygen
needed for their own combustion. Members of this group,
such as nitromethane (CH;NOy), tend 1o be unstable, ?“d
research is now being intensively carried out with the object
of making them safe to handle, as they undoubtedly simplify
matters by climinating the separate oxidiser. .

Waork on fuels is onc of the fundamental lines of research
now being carricd out. Hundreds of possibilities have t0 be
explored. Fucls such as (urfaryl alcohol and orthotoluiding,
which have been little known outside the faboratorys may be
just what the rocket cngincer wants. Table | shows the
possibilitics of the light metals aluminium and magnesium
as fuels, but research into the best way of burning them 15
nceded. One way that has been suggested is to propare fino
suspension of them in oil, which can be injected in the ordin-
ary way. Again, theory suggests that liquid fluorine could b'e
used as an ‘oxidiser” with suitable fuels, but great care 15
needed when handling this liquid, as it is very reactive,
especially with organic materials. Yet agal
suggested that liquid ozone should be used
since it contains even more oxygen in a give o
liquid oxygen itself, but although ozone can be liquefied 1t 15
very unstable and tends to decompose explosively. Here,
then, are three of the problems facing rocket scientists, g
there are many more in the field of fuels alone.

as an oxidiser,
n volume than

in, it has been .
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Now that we have seen a little of what can be done it is
very natural to ask how it is done. How are all these prin-
ciples applied? :

A liquid rocket motor is the most difficult example, so let
us confine our attention to that. Obviously we must have
tanks in which to store the propellants and some kind of
‘ combustion-chamber’ in which they can be burnt. Also we
must have some means of transferring the fluids from their
tanks to the combustion chamber, and we shall probably
want valves to control their flow. We will follow through
the system and niention a few of the problems to be faced at
each stage. :

The tanks are relatively easy, but various propellants
have their own special requirements. Liquid oxygen tanks
can be made of almost any metal, but they have to be lagged
to reduce the loss of oxygen by boiling. On the other hand
hydrogen peroxide is decomposed into steam and oxygen by
almost every metal except very pure aluminium, but remains
liquid at normal temperatures. :

There are two main methods of feeding the propellants
into the combustion chamber and these are shown diagram-
matically in Figs. 23 and 24.

fot
E—/ T : Y o
G — L‘T? ]
)

b -]
oniMSERY
Fig. 23.

In the pressurised tank system shown in Fig. 23 the liquids
are displaced from the tanks by an inert gas. Nitrogen,
stored under a high pressure and fed to the tanks through
pressure-rcducing valves, 1s commonly vscd for this purpose.

If a rocket has to Tun for longer than 30 seconds or so,
a prohibitive amount of nitrogen would have to be carried to
displace all the fuel, and in such a case pumps would be used.
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Fig. 24.

The V2 rocket, shown diagrammatically in Fig. 24 (and
in real life in Plates 1-3, Science News 12), ran for about 2
minute, and alcohol and liquid oxygen were fed into the
combustion chamber by pumps which were driven by a
simple steam turbine, the stcam being obtained by the
chemical decomposition of hydrogen peroxide. The design
of rocket pumps again demands careful choice of materlalsi
while pumps for low-temperature liquids require a great dce:i
of research before bearings and sealing glands can be foun
that are still effective under conditions of extreme €0:¢. . h

The third major item is the combustion chambef, whlcd
may include some means of lighting the propellants aﬁ
certainly some mean. of injecting them ; this chamber 1s the
limiting factor in rocket design at the moment.

Before the propellants can be burnt, they mus -
into the chamber in a suitablc form. Usually a finc m1s
sisting of a mixture of the two is aimed at, since, it genefia‘
the finer the droplets and the better they are ml{“’d' ] e.
faster they will burn. There are scores of ways of doing this;
the choice will depend principally on the propellants them-
selves and the shape of the combustion chamber. d

The propellants being mixed, they have to be lighted, at
again there arc scveral ways of doing it. Some propellants
ignite themselves when they mix, otherwise a flame fro;n
some kind of cartridge or (as in the case of the V2) fireworks
will do. Another way which has been suggested is to inject &
shot of some fluid such as zinc diethyl which ignites SPOT

t be injected
t con-
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taneously as soon as it meets the air, so that when ‘the
fuel and oxidiser arrive there is already a flame to ignite
them.

The combustion chamber itself has the hard task of
containing gases at a temperature of more than 2,000°C,
and usually at a pressure some 20 or 30 times that of the
atmosphere. The pressure decides that the chamber must be
made of metal for reasons of strength, but all the common
metals and most of the uncommon ones melt at tempera-
tures far below 2,000°C, so that if it is to last for more than a
few seconds the chamber must be cooled somshow. The
cylinders in a motor-car engine present a similar but not
such an extreme problem, which is solved by surrounding
them with water which absorbs and carries' away the heat.
Rocket motors that run for more than a few seconds can be
cooled in much the same way by enclosing them in a jacket
through which a cooling fluid flows. In research motors this
may be water, but a much neater way which avoids the use of
another liquid is shown diagrammatically in Fig. 24. You
will see that in this system the fuel flows through the cooling
jacket before being fed into the chamber. This is called
regenerative cooling, and it has the added theoretical advan-
tage that some of the heat lost to the cooling fluid is re-
turned to the combustion chamber to do useful work, so
increasing the efficiency of the motor.

It may be found that the rocket overheats in spite of this
cooling, especially at the throat where the temperature and
velocity of the gases are both high, but matters can be im-
proved by speeding up the fuel as it flows through the jacket,
since, broadly speaking, the faster it scrubs the surface of the
chamber the more heat it will pick up. A simple way of doing
this is to make the liquid travel further in the same time by
forcing it to take a corkscrew path. The inner shell of such a
combustion chamber is shown in Plate 6; this is normally
surrounded by a closely-fitting jacket.

We have seen that the efficiency of a rocket varies as 4/ T,
so efforts are continually being made to run at higher



82 SCIENCE NEWS 15

temperatures. Additional cooling is needed if chambers are

to stand these increases, and two possible methods can be -

mentioned. One of these. known as film cooling, is illu-
strated in Fig, 25.

CULERLLTE e RS GO AMT
P N T 7 ,
Y 7 /772 WALL

= YAPOUR
GASES

Fig. 25.

Small holes are drilled through the wall of the combustion
chamber so that fuel can leak through from the jacket.
Before it has a chance to mix with the hot gases it boils and
forms a protective film of comparatively cool vapour be-
tween these gases and the metal wall. The other method is an
extension of this idca. It is called sweat cooling and has been

made possible by the development of porous metals. The
combustion chamber is made of spongy material t.hro'ugh
which the cooling fluid seeps. On its way through it picks
up some of the heat flowing outwards, thus reducing the net
heat flow through the wall, and as in film cooling it evap-
orates when it rcaches the inner surface and forms a cool
film of vapour.

No mention has been made of the im
shape of the combustion chamber, but enough has
to show that there is plenty of scope for researc
alone.

Now what is the use of all this research? The obvious Use
of a rocket is as a weapon, cither offensive or defenstve-
Attempts have also been made in the past to use rocke’s for
carrying mail, and although none of these met thh.aﬂ)’
arcat success, modern methods of control make this quite a
feasible proposition. Letters from Europe could T_Ca,cb;
America in an hour. Another commercial use is the assisting
of heavily-loaded aircraft to take off. This is not new; rocket

assisted take-offs by heavy bombers arc quite commoi, but

been said
h on this

portance of the .
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a less familiar application would be the reduction of the take-
off run needed by a large flying boat.

In addition to their possible commercial and strategic
value, rockets ars powerful research tools both in acrodyna-
mics, with which they may be closely concerned, and in
physics. Their value in aerodynamics lies in their ability to
propel full-sized or model aircraft (perhaps remotely con-
trolled) at supersonic speeds in order that the unkaown
aerodynamic forces in play at these speeds can be measured.
An example is the Vickers transonic research model (Plate 7)
which was launched in 1947 from a Mosquito and which was
intended to transmit to the ground details of the forces
acting on its structure as the rocket unit accelerated it up to
sonic speed. Similar information was obtained in America
by Northrops who mounted wing sections on trucks which
were accelerated along a 2,000 foot length of railway track
up to a speed of 1,000 m.p.h. ‘

Physicists in the United States have lately collected many
fresh data. Until the Americans built a rocket of their own
design, most of the captured V2’s launched in New Mexico
were packed with instruments designed to tell scientists
more about our upper atmosphere. The information collec-
ted by these instruments was cither transmitted to the
ground automatically or the instruments themselves were
fitted with little parachutes and then thrown out when the
rocket beganits downward career. In this waywe have learned
a great deal about the pressures and temperatures about 100
miles above the Earth’s surface, and the strength of the
Earth’s magnetic field, and also added to our store of facts
about cosmic radiation. In addition to the sending up of
Geiger counters, the effect of cosmic radiation on living
creatures was investigated by including a box of fruit flies in
the cargo of one rocket. The flies landed by parachute,
apparently none the worse!

The measurements of cosmic radiation and magnetic field
may be very important in one as-yet-untried application of
rockets - interplanetary flight, It is essential to know what
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happens to living creatures exposed to these rays, while the
Earth’s magnetic field may effect the navigation of future
space-pilots.

This_ idea is not as fantastic as it sounds, Many engineers
and scientists are seriously considering the ways and means
of realizing it before this century ends. The difficulties are
great — the first one being to leave the Earth at all, Everybody
knows that a cricket batl thrown vertically upwards wil
come down sooner or later under the influence of gravity.
In order to lcave the Earth completely, a rocket must do
work against gravity, and it can do this in two ways. It can
produce & contintious thrust that will keep it moving verti-
cally upwards at a speed of say 500 m.p.h., and in due course
can reach the Moon or wherever it has to go, having cof
sumed an amount of fuel that stuns the imagination. The
initial size of such a rocket would be fantastically great. 9”
the other hand, if an object leaves the Earth with a high
enough speed it will nover come back; it will keep moving
away _with ever decreasing speed. The it
for this to happen is about 7 miles a second,
could be accelerated to this speed in 8 I¢ 1
time, it would then coast thc rest of the way to its
destination. '
] This idea has provoked much argumen
ic jet velocitics obtainable from prese
fuels are of the order of 1 mile a second,
velocity theoretically obtainable is only of the
miles 2 sccond. However, without going into
planctary flight is possible though comp
chemical fuels are used.®

A neatcr way of reaching the ‘escap
nuck.:ar power, and no doubt research
be directed towards this end. Even this solytio
gether straightforward, however. Although atomic nu

already in motion
locity. A two-steP

¢ and discussion.
nt-day chemical
while the best
order of three
details, inter-
ficated when

e velocity’ is to USe
will sooner of later
n is not alto-
i clei

*By launching small rockets from larger oncs
until finally a rocket is launched at the escape ve
_ rocket has already reached an altitude of 250 miles.
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are ejected from their source at very high velocities, perhaps
5,000 miles a second, they leave in all directions and would
somehow have to be directed to form a jet. But besides this,
an enormous amount of energy would have to be dissipated

in forming a propulsive jet of atomic nuclei.

A more promising method uses the principle adopted now
for producing industrial power from atomic energy by using
it to beat up some working fluid which is then used in an
orthodox way. In the case of a rocket, the nuclear reaction
would heat up the working fluid (probably liquid hydrogen)
to any desired temperature, and the fluid would then be
expanded through a nozzle in the usual way. Nuclear energy
allows a working fluid with a conveniently low molecular
weight to be used and heats it to a higher temperature than
any chemical reaction could produce.

Although there will be scope for research on chemical
rockets for several years yet,. it seems likely that atomic
energy will play an increasingly large part in rocket develop-

ment of the future.



The Blood of Water Fleas

PROFESSOR H. MUNRO FOX, F.R.S.

THE title of this article suggests a subject both trivial and
specialized. I shall show, as I go along, that it is neither. Its
scope is in reality very wide, and we shall see how researches
that are apparently narrow may have the broadest implica-
tions. Recent studics of the blood of water fleas have turned
out to be linked closely to the physiology of ourselves and of
other animals. ’

First of all: what are wates fleas, and do they really have
blood? Water fleas are not fleas, but they do live in water.
Enlarged colour photographs of them are shown in Plates
I to 3. Their size is about that of a flea, but they are crusta-
ceans, not insccts like the flea. That is, they are relations of
the lobster, crab and shrimp. Their scientific name is quh-
nia and they live in ponds and lakes. They swim continu-
ously by oar-like movements of the big limbs (antenn®) soen
in the photographs, and their jumping gait has given them
the name of water fleus. By this name they have been known
for centuries.

Most of the Crustacea, including lobsters, crabs and
shrimps, have a heart. In the transparent water flea 1t can
easily te seen with a microscope, beating rapidly, at a raf ¢
between once and twice a second. The heart propels 2 fluid
which has cells floating in it, and these corpuscles can be seen
moving round the body. This moving fluid is the blood .Of
_Daplmia. It is not confined to blood vessels as our blood 18;

1t moves through spaces betwecn muscles, nerves and gut,
but it is none the less blood, .

We arc used to blood that is colourcd red. This colour 35
due to a pigment named hamoglobin, which from t
chemical point of view is a protein. It colours the so-cal
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red cerpuscles of our blood. Hemoglobin is galled a respira-
tory blood pigment. This is8 beqause' 9f its capacity of
attaching oxygen to itself .and easily giving up yhe oxygen
again where there is little oxygen in the surroundings. When
oxygen is attached to the pigment we call it oxyhzmoglobin.
In the laboratory a solution of oxyh@moglobin gives up its
oxygen to a vacuum. Thanks to the hemoglobin in them,
the red blood corpuscles of our blood carry oxygen from
lungs to muscles and brain, which all t!le time use it up. The
considerable amount of hzmoglobin in our blood enables
it to carry about forty times as much oxygen as th.e blood
could ferry without its red corpuscles, and sometimes we

need all this oxygen. ) .
We are used to blood that is red, but some lower animals

have green blood, others blue, and yet others have colourless
blood. The blood of water fleas can be red or colourless, and
this is the main theme of the present arti‘cle. But before
coming on to it, I want to speak of a blue pigment found in
the blood of other crustaceans, namely the lobsters and the
crabs. These animals have in their blood a respiratory pig-
ment which is much less familiar than red h®moglobin.
Indeed its existence is unknown to most people. It is a blue
protein called hemocyanin. This pigment carries oxygen
from the gills of the crustaceans to the various parts of their
bodies, doing the same duty as hzmoglobin does for us.
The only other animals with the blue hemocyanin in their
blood are scorpions, some spiders and certain molluscs. In
the last-mentioned group of animals, the octopus has blue
blood and so has the snail.

The blood of the octopus, of the snail and that of some
prawns is blue, but that of crabs, although it contains hemo-
cyanin, cannot be called blue blood, because the colour here
is masked by a yellowish pigment also present in the blood.
Chemically this is a carotenoid-protein. It is so called as it
consists of a protein united to a pigment which is nearly
related to the colouring matter of carrots. Chloroform,
shaken with crab’s blood in a test tube, breaks the chemical
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link between the two components of the pigment and' the’n
dissolves the yellow carotenoid. Therefore, shaking crab’s
blood with chloroform reveals its blue h&mocyanin; this
blue pigment is untouched by the chloroform, which settles
out in a separate layer in the test tube, taking the ¥ eliow
carotenoid with it,
I will say very little more about hamocyanin, partly Ec'
cause relatively little is known about it, and not much ai
been discovered recently, but mainly because I‘want toﬂgﬁs
on to talk of new discoveries about hemoglobin in water e
and other crustaceans. Before leaving blue hwf_nwyanmi
however , it is worth mentioning two interesting points abo¥
its molecule. One is that this molecule is the largest of atz
known substance, having a molecular weight O,f sevcrer
millions. The other is that it contains coppef- This Ciggin
corresponds to iron which is present in the hzmog
molecule. '
One is perhaps surprised that a snail or an 0ctopus Shor“:g
be able to find enough copper in the food or 1n 5¢2 wate.Sh.
build up the blood pigment. But animals have an as'tortllll e
ing capacity for accumulating elements that are rare in oot
surroundings. Some marine animals, for examplé, €€ tor
vanadium, an clement that is not detectable in 563 Wi; in'
One is also a little surprised to find a copper compoun i
an animal, when copper salts, such as the sulphat areh3
toxic. But it is the free copper ion that is harmful. Conced o
within an organic molccule, as in hemocyanin, the copz s
atom is innocuous. And lately copper-protein corI}PO‘l‘S to
have been found also in mammals, the group of anlmi} or
which we belong. There is one such compound in the “;iI;
another in human blood. These, too, are blue, but tl.my ar e
such small quantities in the body that the colouI: is '1nv1sx ta:
Now I want to go on to speak of hazmoglobin 1 Cfusny
ceans. It is found in the blood of water fleas and of mihe
others of the small and more primitive mem_bers of o
group. But no animal - crustacean or other — IS knowﬂme
have both hemoglobin and hezmocyanin in its blood. SO
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crustaceans have one of these pigments, some the other,
some neither, but none have both. It is not impossible, how-
ever, that a crustacean or a mollusc with both these pigments
in its blood may some day be found. For until quite lately
no case was known of any animal with two respiratory pig-
ments in its blood. But now we know that the blood of a
beautiful marine animal called Serpula contains both hemo-
globin and also a green respiratory protein known as chloro-
cruorin. The result is a brown blood, but the spectroscope
has given the secret away. Oxyh@moglobin and oxychloro-
cruorin have each their characteristic absorption spectrum
and the blood of Serpula shows both.

- 'What is an absorption spectrum? Well, the reason why
oxyhemoglobin appears red is that when ordinary white
light falls on it, the pigment reflects or transmits only the
red end of the spectrum, The blue part of the spectrum is
absorbed and stopped. Together with the red, the yellow and
some of the green also reach our eye from haemoglobin, and
the effect is the well-known colour of spilt blood. Now,
oxyhzmoglobin not only absorbs the blue end of the spec-
trum, but also blots out two narrow regions in the yellow
part. These missing parts of the spectrum are called absorp-
tion bands. When the red colour of oxyhamoglobin is
viewed through a spectroscope, the spectral colours are seen,

‘minus the blue and violet, and also minus two narrow parts

of the yellow, the so-called absorption bands. These absorp-
tion bands are characteristic of oxyhemoglobin. Other red
liquids or solids do not show them. They are situated in the
spectrum at very definite wave lengths. This is a fortunate
chance for our researches; it is fortunate because these
absorption bands enable us to identify hemoglobin when
very little of it is present, for instance in Serpula, or in a
single water flea. Oxychlorocruorin has its own absorption
bands, and those of both pigments are seen in the blood of
Serpula. ‘

Daphnia is the generic name of water fleas. Several species
of the genus Daphnia are found swarming in certain ponds,
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,“'j/" iere they are sought by aquarium keepers to feed their fish.
ihese aquarists know that Daphnia may be red or almost
colourless (Plates 1, 2), and some think, quite unjustifiably,
that red ones are better fish food than pale. Red Daghnia

may be so numerous as actually to colour the waterof a

pond Swammerdam, a Dutch naturalist of the seventeenth.
century, described this phenomenon, saying that ‘ the water
dppeared as if changed into blood, which indeed, terrified
me at first’. The famous Swedish naturalist Linnacus wrote
n the cighteenth century of Daphnia: ‘Habitat ubique in
“quis dulcibus, tanta s@pe in copia, ut appareat sanguinea’.
It was the great English zoologist Sir Ray Lankester who
discovered, in 1871, that the red colour of Daphnia is due
to h"?m")globin. He found this by using a microspectroscope,
that is, a spectroscopic eyepicee on a microscope. With this
nstrument Lankester identified the pigment of Daphnia. The
hamoglobin is dissolved in thc blood liquid; it is not within
corpuscles.

The vast number of Daphnia in a single pond may all be
ted, or pink, or colourless. Only quitc lately has it been dis-
rovered that these various tints are not due to different
vaneties or races of Daphnia. Onc and the same individual
water flea can become red or pale in the course of its short
life of several wecks or months. Whole populations of
Daphuia change colour in a few days. They do this by syn-

thesizing blood hamoglobin, or by losing it. Their blood -

becomes richer or poorer in hemoglobin. This is quite
remarkable, for no other animal is known to gain and lose 2
respiratory blood pigment at this rapid rate and to_this
:l’§l.on1s11ing extent, One asks at once two questions. What
difference does the gain and loss make to the life processes
of Daphnia? And what factors in the pond, or within the
body of the animal, causo the synthesis or loss of hemo-
globin? The second query is one with the widest implication;
it touches on the causes of hazmoglobin synthesis in our-
selves, and of anemia.

- Experimental work in the laboratory has shown that one
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all-important factor controlling the redness of Daphnia is
the quantity of oxygen from the air that is dissolved in the
pond water. Living in water saturated, or nearly so, with air,
water fleas are colourless. In water with very little oxygen
dissolved in it they are red. If red water fleas get into well
aerated water, they soon lose hemoglobin, and in the course
of a week become pale pink, and eventually colourless.
Looking at this surprising phenomenon from the point of
view of utility to the animal, it is perhaps not astonishing
that Daphnia makes more hemoglobin for itself in condi-
tions of oxygen scarcity. One is used to marvellous adapta-
tions in living beings. The extra hemoglobin, with its great
affinity for oxygen, should be able to pick up, like a sponge,
what little oxygen there is dissolved in poorly aerated water.
In this way.it should enable the animal to go on living. But -
this is just a supposition. Some aquatic animals, such, for
cxample, as certain kinds of midge larve and pea mussels,
are able to live a long time in lake water almost completely
devoid of oxygen. These animals have no respiratory pig-
ment ~ their blood is colourless ~ so perhaps Daphnia, too,

could live without its hemoglobin.
This question has been answered as follows. Pale water

" feas were cultured for a week, well fed on single-celled

alga, in water poor in oxygen, until the animals had become
red. Then some of them were put into water deficient in oxy-
gen, while other pale ones from the original stock were put
into similar water. It was found, each time that this experi-
ment was made, that the red water fleas lived longer than
the pale ones. This proves that the hemoglobin manu-
factured by Daphnia in response to oxygen deficiency is in-
deed of use to the animal ; the extra blood pigment enables
it to survive longer when oxygen is scarce.

Not only Daphnia behaves like this. Another kind of small
crustacean has been found to react to deficiency of oxygen
in the same way. This is the brine shrimp, Artemia. The brine
shrimp, as its name indicates, lives in brine, even in satura-
ted brine, and is found in certain desert pools and in salt
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.Worlfs. It is‘about two-thirds of an inch long and swims all
its hf; on its back. It is a primitive crustacean, that 1s,
it retains certain anatomical characters of extinct crustacean
ancestors. Moreover, it is a defenceless creature that
manages to survive only by inhabiting brine, where fishes
and insect cnemies cannot live. Experiments (B. M. Gil-
Ch“?‘) have shown that Arremia, just like Daphnia, Syn-
thesizes blood hzmoglobin when oxygen is scarce in its
surroundings, and it loses hemoglobin in acrated brine.
And, as in the casc of Daphnia, the respiratory pigment
enables Artemia to live in conditions of oxygen scarcity
which would kilt colourless individuals. There are yet other
primitive crustaccans which have recently been found to
increase the hemoglobin content of their blood when dis-
solved oxygen is scarce. Plate 4 is a photograph of one of
these, alive. Its name is Apus and it is a rare inhabitant of
temporary pools of water in this country. .

To return, however, to Daphnia; it has been found that
hzmoglobin is present not only in the blood of the water
fleas but also inside their cggs. This is very Strange for there
s no other known casc of hemoglobin in the eggs of an
animal, with a single exception. This is the 10us®, whose €8BS
may become coloured pink by hemoglobin sucked in with
the blood of the host. Plate 3 shows Daphnia with 4 red eggs:
Often the colour of the h@moglobin in the €388 is conceale
by a green pigment, but then the microspectroscope reveals
its presence by the characteristic absorption bands.

We have as yet no idea where hamoglobin is
tured in the body of Daphnia. Indeed the site of s
as yet an unsolved problem for all invertebrate animals that
have the blood pigment; we do not know in what tissu¢
any of them makes it. In ourselves the hemoglobin of blood
corpuscles is made in the marrow of certain bones. In the
invertcbrate animals, for all we know, the respiratory pig-
ment may be synthesized in the blood itsclf, not in cells.
In Daphnia we do not as yet know where the blood pigment
is formed, but we do know the origin of the hemoglobin

manufac-
ynthesis 18

-

. found in eggs. One

-That is, she casts
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would naturally have expected it to be
synthesized in the ovaries, where the eggs are produced. But
this is not the case. The ovaries can be seen clearly in the
transparent animals viewed with the microscope, and by
watching them carefully it has been discovered (E. I. B.
Dresel) that as the cells in the ovaries gradually grow and
turn into eggs, they slowly become pink. The spectroscope
shows that this colour is due to hzmoglobin. But, strange
to say, the origin of the pigment is not in the cells of the
ovaries themselves; the hemoglobin passes over from the

blood into the ovaries. -
The eggs of Daphnia are laid into a brood pouch on the

back of the animal. In Plate 3 they can be seen within the
brood pouch. In the pouch their development into young
Daphnia takes about two days; at the end of that time the
young swim out and away. Soon after these young are born
in this way, within 6 hours of the event, the mother moults.
her old skin and acquires a new and bigger
one. Immediately afterwards she lays another clutch of eggs
in her brood pouch. It is during the few hours before the
moult, in preparation for the laying of eggs, that the cells in
the ovaries become pink. And at the same time the blood
colour becomes visibly paler. Hzmoglobin has passed from
blood into future eggs. This in itself is unexpected ; it is also
surprising when one remembers that the hemoglobin mole-
cule is a very large one. One is struck by the fact that such a
big molecule can pass through a cell membrane. But other
such cases are known, for instance the secretion out of cells
into our ‘body fluids of hormones and enzymes, whiclf are
proteins, and the penetration of virus proteins into cells.
After the eggs of Daphnia have been laid in the brood
pouch, the blood of the mother gradually regains its previous
full hemoglobin content. These changes in the concentration
of blood pigment, a loss before egg laying and a gain after-
wards, have been studied quantitatively by a simple method.
This enables a numerical value to be given to the amount of -
hamoglobin in the blood of a single Daphnia. The same
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animals with both ‘kidneys’ red; no doubt such blackage

would soon kill them.*

Water fleas make hemoglobin when they n :
when oxygen is scarce. This is true of the several species of
Daphnia that live in ponds. The oxygen content of pond
water often becomes very low owing to the respiration of
bacteria and other microbes swarming in the water..Tl{en
the water fleas turn red. But other species of Daphnia live
at the surface of lakes. Here the water is always walI. aerated,
and the water fleas of these species are colourless in nature.
But these lake-dwelling Daphnia, if deprived of ‘ abundalnt
oxygen in the laboratory, also become pink with newg-
formed hzmoglobin in their blood. Thus they have t;
capacity of hamoglobin synthesis when sti'mul'ate_d by lac
of oxygen, although they do not profit by this gift 10 uaturei‘

Brine shrimps, as we have seen, have the same (aculty_ of
haemoglobin production in response to oxygen paucity,
and so do other crustaceans, as for instance Apus. Man,
too, increases the hemoglobin in his blood, and the number
of red corpuscles, under like circumstances. The atmOSPhe_re
has a constant proportion of oxygen, but the amount of alfi‘
and so of oxygen, diminishes on mountains. As 2 result 0
this, mountain dwellers have redder blood. They respond 10
the stimulus of oxygen lack by synthesizing extra hamo-
globin. The same effect can be produced cxpcrim.ent_al")’ 1n
rabbits, by keeping them in a chamber under diminishe
atmospheric pressure, as if they were living on a mountatn.
Their blood gets redder. On return to a free life at normal
air pressure their blood pales again to its original h®mo-
globin content.

The lowered oxygen p
the blood which circulates in the fungs of
But the extra hamoglobin is formed, not in
stream, but in the marrow of bones, far away
What is the chemical link between the two? Does the p
of oxygen in the blood cause contracting muscles, or another

*Compare also page 108 in Bleod Groups

1

ressure of mountain air acts _on
men or rabbits.

Jungs or blood-
from the lungs.
aucity

eed it, that is,

\
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tissue, to produce some by-product which in its turn, circulat-
ing with the blood, induces bone marrow to make hzmo-
globin? Or does oxygen deficiency in blood directly stimulate
bone marrow? One would like to think that the second and
simpler suggestion was right, for science advances by accep-
ting the simplest explanations which fit the facts. One would
like to think more than this. Is it not possible that the normal
‘h@moglobin production in bone marrow, not only the extra
production on mountains, is a result of oxygen scarcity?
After all, bone marrow Is a strange, out-of-the-way place
in the body for such an important manufacture as that of
the respiratory blood pigment. Why in bone marrow? Could
it perhaps be because here the bloodstream is slow, cir-

. culating in a backwater, and therefore its oxygen is ex-

hausted? As an automatic consequence, hemoglobin would
inevitably be formed. This would be a pretty generalization.

But apparently we are on the wrong track. Various
recent researches point to this. ‘Firstly, blood taken from
the supposed backwater in bone marrow is not particularly
deficient in oxygen. Secondly, bone marrow cells, grown
outside the animal body by the method of tissue culture
which keeps them alive for a long time, continue to producé
red cells and hemoglobin, and such bone marrow cells do
not form more hzmoglobin if they are partially deprived
of oxygen. And, thirdly, when rabbits are kept in an atmos-
phere with an extra amount of oxygen, that is to say in
artificial air with more than the normal 21 of oxygen, they
do not have pale blood. They do not produce less hamo-
globin than usual. They do not respond like red Daphnia
put into well aerated water.,

So, although human beings synthesize extra hzmoglobin
in the rarified atmosphere of mountains, just as water fleas
do in ponds, and men lose the extra hemoglobin on return
to sea-level, just as Daphnia does in aerated water, yet the
normal, everyday production of h@moglobin in our bone
marrow is not the result of a paucity of oxygen there
Indeed, man and Daphnia are probably similar in this res-.
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pect. For even when pale or apparently colourless, the water
fleas always have a minimal amount of hemoglobin in
their blood, a basic hemoglobin level. This is true even of
the most hyaline, coloutless, Daphnia species living in the
surface waters of lakes. If a large quantity of these watet
fleas is caught in a silk nct, and then crushed, and the juiee
squeezed through muslin, the resuiting liquid is pale pink
with traces of hemoglobin which the spectroscope reveals.
These lacustrine water fleas have formed some hzmoglobin
without any scarcity of oxygen in the water, or presumably
in their blood.

Yet Daphnia and other crustaceans, just like a human
mountaincer, do manufacture additional hzmoglobin n
response to a Jack of oxygen. It is at first sight curious that
the absence of something, namely oxygea, should produce
a positive effect, the synthesis of hemoglobin. This may,
however, mean that when oxygen is prescnt, something that
is essential to the synthesis of hamoglobin is oxidised and
s0 put out of court, What substance could this be? We do
not yet know enough about the chemical steps in hzmo-
globin synthesis to give cven a speculative answer to ths
question, although in the near future we may be in a bet.ter
ppsition, since steps in the synthietic process are now being
ghscovcrcd with tlie help of radioactive isotopes. But there
is another possibility regarding the action of lack of oxygen-

Our own bodies are all the time manufacturing hemo-
globin and all the time destroying it: ten million red blood
cells are formed and ten million others destroyed each hour.
Yet, unless we climb a mountain or become anzmic, the
h&moglobin content of our blood is remarkably constant.
What keeps it steady? A hormone, that is a chemical sub-
stance circulating in the blood, has long been suspected.
Forty years ago, scrum from anzmic rabbits was injected
into normal oncs, which responded by augmenting their
hemoglobin. ‘Anxmia called forth the hormone. But the
f}ormone had no cffect on the aniemic rab
for their hamoglobin factory was out of order. Later on

" not be taken from a

bits themselves, -
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ea pigs, in a rafified atmosphere as
if on a mountain, produce the hormone. A human foetus,

in the womb, also lives as if on 2 mountain, for its oxygen

supply is precarious and often insufficient. Now blood can-
foetus for experimentation, but it is

from a human navel siring at birth.
has a substance in it that stimulates
his was proved by injecting it into

it was shown that guin

easy to get foetal blood
Such navel blood, too,
hzmoglobin synthesis; t

rats. .
Yet these various experiments did not always succeed.

A likely reason for this has com? to light quite lately. ]t has
been discovered that oxygen destroys the hormone. Serum
from the umbilical cord can be guaranteed to increase
hzmoglobin production in rats only if collected under para-
ffin oil, that is, when protected from the oxygen of the air.
If such serum is saturated with oxygen, it has no effect.
What does all this suggest? It suggests that the hormone ix
being produced continuously, but that normally most of it
is destroyed by oxygen in the blood. Only when oxygen is
deficient docs much of the hormone persist and stimulate
more hzmoglobin synthesis in the bone marrow. In the
foetus, or in Daphnia swimming in a foul and oxygen-
deficient pond, the hormoné would be effective. But in our
everyday life only just enough of the hormone would survive
oxidation to maintain the normal constant h®moglobin
level of the blood.

But there is a fundamentally different possibility. The
offect of oxygen deficiency on Daphnia may not be on
chemical synthetic processes in the cells, or perhaps in the
blood, at the place where hemoglobin is being made, It
may be that the fack of oxygen is acting in the water flea’s
intestine. We know that when dissolved oxygen is scarce in
the water in which the animals swim, then in the liquid
within their intestine certain oxidised compounds are
reduced : ferric iron is reduced to the ferrous state. We know
this by a lucky chance. There happens to be present, dis-
solved in the intestinal fluid of Daphnia, an iron-containing
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pigment called a hemochromogen, The microspectroscope
shows the characteristic absorption bands of this pigment.
We do not yet know how it comes about that this hem pig-
ment is present in the intestine, but the important point for
the moment is that its absorption bands are visible only
when the iron which is in its molecule is in the reduced or

ferrous state. When it is oxidised to ferric iron, the bands

vanish. Well, when we examine our Daphnia under the
microspectroscope in water poor in dissolved oxygen, we sec
the hemochromogen bands within the intestine. As soon as
we supply the animal with aerated water the bands vanish,
to reappear at once in water poor in oxygen. This shows that
in oxygen-deficient pond water, iron becomes reduced from
ftlhe ferric to the ferrous state within the gut of the water
lea.

It is possible that iron compounds in pond water, swal-
lowed by Daphnia, can be absorbed freely through the gut
wall into the blood only when the iron is in the reduced,
that is, ferrous, state. We know, thanks to the hemochromo-
gen, that a low oxygen content of the pond water does

result in ferric being changed to ferrous iron in the intestine, -

[t may be, then, that when pond water is aerated, Daphnia
is starved of the necessary iron to make its hamoglobin,
Further work must test these various possibilities, which are
fundamental to our conception of hemoglobin synthesis in
any animal, :

So far we have spoken of the heemoglobin of water fleas,
of brine shrimps and of our own blood as if it were one single
chemical substance. But this is not accurate. The hemo-
globin of each kind of animal is chemically different from
that of other kinds. In the case of some hemoglobins ~ we

must now use the word in the plural -~ this has been known -

for a very long time. It was the spectroscope that gave away
the secret. The existence of the two characteristic absorption
bands in the spectrum of oxyh@moglobin was discovered in

1862. Soon after this it was noticed that these absorption

bands have not got precisely the same wave-lengths in the
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blood of man and in that of the ramshorn pond snail. The
difference is very small, but it was measurable. Evidently the
two hemoglobins are not precisely alike chemically. Since
that time many other cases have been found of differences
between the red blood pigments of various animals. They
are found to crystallize in different forms, they have different
molecular weights, and they differ in oxygen affinity, which
means the precise low oxygen pressure at which they attach
oxygen to themselves.

Thus it came to be known that the ha@moglobins of
various kinds of animal differ slightly from one another;
the blood pigment of man, horse, dog, rabbit and pond
snail could be distinguished. It was further discovered that
in one and the same individual there can be more than
one kind of hemoglobin; that the respiratory pigment of
blood is not identical with the h@moglobin in muscle cells
that makes meat red. A spectroscope shows the difference,
and the two hzmoglobins have different oxygen affinities. -
Here the difference has an interesting functional significance.
Muscle hzmoglobin in ourselves has a greater oxygen
affinity than that of the red blood corpuscles of the blood;
this assists the transfer of oxygen from blood to working
muscle. And the hemoglobin in the blood of a foetus is
different from that after birth. Here again a useful end is
served. The higher oxygen affinity of the blood hemoglobin
of the embryo in the womb, compared with that of the
mother’s blood, helps the transfer of oxygen from mother
to foetus. )

Since there are different hemoglobins in different parts
of the body, at different times of life and in different kinds
of animals, one wants next to know how closely animals

" may be related to one and yet prove to possess different

hemoglobins in their blood. This is where water fleas have

* supplied the answer. Daphnia constitutes what zoologists

call a genus. A genus is a group of nearly-related kinds of
apimal, Within the genus Daphnia there i3 offEe
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named Daphnia pulex, Daphnia magna, and various others.
Now, the microspectroscope has shown that the absorption
bands of the hzmoglobin in the blood of these various
species of Daphnia have slightly different wave-lengths.
The deduction from this is that they are chemically differcnt.
The spectral variations are much less than that between the
blood pigments of man and the ramshorn snail, discovered
long ago. But they are real and measurable. Daphnia is so
far the only genus of animals in which this chemical differ-
ence between species has been sought and recorded. Such a
difference was to be expected, since the differences between
species must in the last resort be chemical. But up to now
it is only water fleas that have been studied from this point
of view.

An interesting side line to the study of differences bet-
ween hezmoglobins concerns blood-sucking parasites. We
know of some of these to our cost, such as mosquitoes
and fleas. These insects feed on the blood of a host animal,
but their own blood is coloutless. There are, however, just
a few blood-sucking parasites whose own blood contains
hemoglobin. Such are leeches. In addition to leeches,
the only other parasites that feed on red blood and them-
selves have red blood are certain small crustaceans known
to the zoologist as copepods. They are not very distantly
related to water fleas. When young they swim freely in the
water and later they become permanently attached to the
gills of sea fish. There is no English name for them. Their
scientific name is Lernaeocera. 1t used to be thought that
the hemoglobin in the blood of these parasites was simply
the host’s blood pigment sucked into the parasitc’s stomach
and then passed into its blood. But such is not the case.
The spectroscope shows that the absorption bands of host
and parasite are measurably quite distinct. This means that
hamoglobins of fish and parasite are chemically different
from one another. The parasite indeed sucks in hemoglobin
with its blood meal, but it manufactures its own blood pig-
ment.
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Since the red bload pigments of different kinds of animal
are spectroscopically, and therefore chemically, different
from one another, and since this applies not only to different
genera, but also to species within a genus, one naturally
wants to go a step further than species. One wants to know
whether individvals within a species can be shown to have
different hemoglobins. In the end, the differences between
you and me must be mainly chemical differences. You and
[ are composed largely of proteins. And proteins are by
far the most complex chemical compounds in our bodies,

_ The small chemical differences between us must be differ-

ences mostly of detail in the make-up of our proteins. Can
such differences be detected? Hemoglobin is a likely protein
to give an answer to this question. For hazmoglobin is
unusual among proteins in having a coloured part of its
molecule, a coloured part with characteristic absorption
bands in its spectrutn which can be measured. So, having
established the spectral differences betweén species of
Daphnia, the next step was to look for differences between
individuals. Water fleas are too small for this research; an
individual water flea does not supply enough blood. But
rabbits were available and it was found that indeed there
were individual hemoglobins in rabbits. The spectroscope
reveals them. In this way individual proteins bhave been
demonstrated.

At the beginning of this article I said that animals might
have red, green or blue bloods. The colours are due to
respiratory pigments, carrying oxygen in the blood for
the animal’s respiration. Only four respiratoty pigments are
known to exist. All are proteins and three of them contain
iron. The red pigment is usually hemoglobin, found in many

‘apimals ; the green one is chlorocruorin, chemically near to

hemoglobin but only found in the blood of a few marine
worms, such as Sabella and Serpula. A second and rare red
respiratory pigment is hemerythrin possessed by certain
marine animals, as Sipunculus and Lingula; chemically it is
not allied to hemoglobin. The blue pigment is the copper-
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containing hzmocyanin in the blood of some mollugcs
and crustaceans. One naturally asks“. the question whether
such respiratory substances must nécessarily be coloured.
Why should there not be colourless ones in the blood of
some animals? There is, indeed, no reason why respirat-
ory proteins should not exist in the colourless bloods of
numerous worms, molluscs and insects. All that can be
said is that no such substances have yet been discovered.
It is true that they would not advertise their pres-
ence as hemoglobin, chlorocruorin, hemerythrin and hem-
ocyanin do. The only way to seek them is to find out
whether a vacuum pump can extract more oxygen from a
colourless blood than could be accounted for by simple
solution in the watery part of the blood. Such researches
have not yet unmasked any colourless oxygen carriers.
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Blood Groups
DR G. FULTO,ﬁ ROBERTS

It may seem strange that it is dangerous to introduce the
blood of one individual into the circulation of another. It
is not so surprising that some of the early efforts to save
life by transfusing blood from domestic animals into human
beings were unsuccessful (see “The History of Blood Trans-
fusion’, Science News 3, page 25), With the transference of
blood from one human being to another, the results, in
the early days, were very varied. On some occdsions the
patient appeared to benefit from the transfusion, but at
other times alarming symptoms and even death . would
follows-

It soon became evident that all human blood was not the
same and that only under certain circumstances was it
possible to transfuse human blood into patients safely.
The original observations were made by Dr Landsteiner in
1901. He withdrew blood froth a number of his laboratory
staff and allowed each sample to clot in a separate tube.
Under these circumstances the clot sinks to the bottom of
the tube, leaving a clear straw-coloured fluid (the serum)
lying above. He withdrew the serum from each sample and .
preserved it, and then added salt solution to the clots so as
to form weak suspensions of the red blood corpuscles
(which constitute the greater part of the clot). In this way
he was able to mix a small volume of each serum sample
with an equal quantity of each red cell suspension in all
possible combinations. In a number of the mixtures no
detectable change resulted, but in others thered cells were
found to have stuck together in firm compact clumps which
could not be disintegrated easily. This phenomenon is

‘termed agglutination (see Plate 23). As might have been
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expected, in no case did the serum agglutinate the red cells
which came from the same blood sample, and only in some
cases did agglutination occur with other red cell samples.

_ By analysing these, and subsequent similar investigations,
it appeared that agglutination resulted from the interaction
of substances in the serum (called antibodies) and substances
in the red cells(called antigens). It seems that there are two
distinct antigen substances which may be present, together
or singly, or may be absent from a person’s red cells. Soa
man may have the A antigen, or the B antigen, in his red
cells; or both, or ncither.

Similarly, the antibodies occur in such a way that the
antibody to A (called anti-A) is never present in the serum
of a person who has the A antigen in his red cells, but 15
always present in thosc who have not..A similar reciprocal
arrangement exists between B and anti-B. Thus there are
four main blood groups which, with their incidence 1n the
British white population, are summarised in Table I:

Table 1
Red cells Group Approximate
contain Serum contains called mcndcnce“w
Antigen A Antibody anti-B | Group A 44 per cent.
o B » anti-A , B 8 , »
» A&B »  absent . AB 3 .o
No antigen o, antiFA & . O 45 ,, o
} anti-y3 .

It should be said at this slage that the tcrm anfibody
usually refers to protective substances produced in the
circulation as a result of an invasion of the body by a germ
or foreign substance. Antibodies are produced regularly
in infectious diseases such as pncumonia, and they can be
shown to react in scveral ways with the infecting organism
(in this case, the pneumococcus). Such reactions may t@_lkc
the form of agglutination or they may behave otherwise,
butin any case the antibodies will react only with the species
of organism responsible for the disease, and with none other.

BLOOD GROUPS 107

The blood group antibodies, however, occur naturally in
healthy people and are not the Tesult of infectious disease,
but their properties are parallel in so many respects with the
immune antibodies of discase that the terms antigen and
antibody have been applied to the blood group phenomena.

There are, thus, four main blood groups, to one of which
each human being must belong. From the teleological point
of view, it is very interesting to speculate upon the origin
and purpose of these groups. It is not easy to seec why
Nature deems it ill-advised for human beings to mix their
blood and covtrives to prevent it in this way. It is very
remarkable that every person who does not possess the
A antigen in his red cells invariably possesses the anti-A
antibody in his serum. Biood transfusion is safe between
two people of the same group, but it may be fatal to the
recipient of blood from a group different from his own. It
appears to be an unaccountable facet of the economy of

Nature.

Incompatible Transfusion

It is interesting that in considering the compatibility of
blood for transfusion, one is concerned only with the anti-
gen. If blood containing a certain antigen is introduced into
an individual who carries an antibody to that antigen,
severe symptoms of distress will follow. On the other hand,
transfusion of blood containing an antibody into a patient
whose cells have the corresponding antigen is harmless.

To take examples: transfusing group AB blood (which
has no antibodies) into a group A person is dangerous,
because the Iatter has anti-B in the circulation which attacks
the donor’s cells. However, it is quite safe to give group O
blood (which contains anti-A and anti-B) to a group A
patient, for the O cells cont’ain no antigen and the donor’s
anti-A antibodies do not affect the recipient patient’s A
cells,

One explanation of this phenomenon is that the donor’s
antibodies are so diluted in the patient’s circulation that
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they are no longer powerful enough to affect many of his
red cells. When he receives an incompatible antigen, how-
ever, he is capable of manufacturing as much antibody as
may be nccessary to attack and destroy all the foreign cells
which he has received, with serious conscquences. It is the
destruction of incompatible cells in the body which causes
the symptoms of a severe transfusion reaction.

Another possible explanation of the harmlessness of -

transfused antibodies is that the tissue cells, as well as the
red cells, all contain small quantities of the A and B sub-
stances and so the antibody may be ncutralised by com-
bining with tissue cells before it can affect the blood cells.

The rules for transfusion are, therefore, that the blood

groups of donor and recipient should be the same, but that
in emergency group O blood, having no antigens, may be
given to anybody irrespective of group (hence the term
‘universal donor’ applied to this group); while persons
belonging to group AB, having no antibodies, may fecetve
blood of any group (‘universal recipient’).
. The symptoms of the transfusion reaction are due to the
inability of the kidneys to excrete the destroyed cells and
their products. The patient experiences chills, fever and
pain in the loins. Usually the urine is discoloured by haemo-
globin, the pigment which is Iiberated from the cells when
they are destroyed. In severe cases the kidneys themselves
may be damaged by red cell debris and if the general
efficiency of the kidneys is seriously affected the patient’s
life is in danger. Fortunately transfusion reactions are usually
mild and transient.

It is quite easy to determine a person’s blood group.
Blood taken from a group A person is allowed to clot
and the serum is withdrawn; it will contain the anti-B
antibody. Similarly from a group B person the serum con-

taining anti-A can be prepared. These sera will keep for -

several years if stored frozen. One drop of the blood sample
of unknown group is mixed on a white tile with each of the
sera. If the blood is agglutinated by the anti-A serum only,
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then the unknown group is A, for only red cells containing
the A substance will be affected by the anti-A antibody.
The coarse clumps of agglutinated red cells are very easily
seen, and will appear in 1-3 minutes (see Plate 21). If the cells
are agglutinated by both sera, the unknown group is AB,
and if the cells remain unaltered by either serum, then the
cells belong to group O (see Table 1I)

Table 1T
Anti-A | Auli-B
scrum | serum -
Group A + —
Group B — +
Group AB + +
Group O — —

+ = agglutination.
Inheritance

The blood groups are inherited in accordance with Mendel-
jan law, and once fixed, a person’s group remains un-
altered and unalterable throughout life. When the method
of inhetitance of these groups is considered, the system
appears more complicated than the simple four types so far
described. Every inherited characteristic is derived in two
parts, one from the mother and the other from the father,
and often one part is dominant over the other: so with the
blood groups. The child who inherited group A from its
father and group O from its mother would have the con-
stitution AO in the red cells, which would appear in tests’
as group A, since A is dominant over O. If both parents
handed on the group A, however, the child’s red cells
would contain AA, which is also recognised as group A.
So that all people who belong to group A (that is, whose
cells are agglutinated by the anti-A antibody, from the
serum of all group B individuals) are really a mixture of
those who.are AA and ttiose who are really AO.

Where the two components are the same, the cells are
said to be homozygous, but where they differ, one often

1
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being dominant over the other, the term heterozygous fs
employed. The distinction is an academic one and not of
practical importance, since both types of cells behave as
group A. Nevertheless it is interesting to consider how
the distinction could be made if required. One way would
~ be to determine the blood groups of the parents or chijdren
and see if the doubtful group could be deduced; Figure
26 is a hypothetical and extremely unlikely family tree

Wh?h inustrates the type Of deductions Whlch cou]d be
made.

A = B (grandparents)

! |
(parents) AB = AB é) A = AB (parents)
{ | | | | !
AA BB AlB AIO AlA BO AB
(children) (children)
Fig.26. :

. The grandparents could be AA or AO and BB or BO respec-
tively. Since one of their offspring is O they must have been AO and
BO, for the other combinations (AA % BO, AAxBB, AOXBB)
could not give rise to Q. The group A parent must also be AO and
not AA. If this person subsequently married a person of group AB,
the group A offspring could be homozygous or heterozygous, but the

8roup B offspring could be onl as shown in the possible
children on the right. nly heterozygous, s

If the AB parent, however, werc to marry an AB person thén the
group A and B offspring must be homozygous {the children on the
left of the diagram). It is usually easier to prove a heterozygous group
than a homozygous one; any person of group A or B who has a child
of group O must be heterozygous.

) Another way, theoretical rather than practicalat the pr_cseﬂt
time, would be to test group A cells with an anti-O antibody
if this existed. Such an antibody would agglutinate the AO
cells (by virtue of the O component) but would not, of
course, affect a sample of AA cells. These considerations
apply equally to BB and BO cells. Group O cells always
hav; the constitution QO, and group AB is self-explanatory.
Which of the two components is handed on by a parent
toa c:hxl_d depends on chance and follows Mendelian law.

This simple division into four blood groups, while practi-

4
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cal and safe, is not the whole story. It has been found that
A is divided into subgroups, A1, A; and A,. Similarly of

"course, group AB may be AB, A;B or A;B. Four-fifths of

group A individuals belong to A,, but A, is extremely rare.
No subgroups of B have beerdiscovered.

Recent work has also shown that-group O does not
represent merely the absence of antigens but that there is,
in fact, an O antigen which is usually too weak to form
antibodies.

Another interesting discovery is that most people secrete
the appropriate blood group substances (antigens) in bodily
secretions such as saliva and tears. About one-seventh of
the population, however, do not do this, and are called
‘non-secretors’. In some disorders, the natural outlet of
certain bodily secretions may be obstructed so that a cyst
may form. Some cysts, in ‘secretors’, contain the A and B
substances in very high concentration, and it has been poss-
ible to prepare the blood group substances, chemically pure,
from cyst fluid of this kind.

Additional Blood Groups

The ABO system and its sub-types is not the only example
.of individual differences in human blood ; additional blood
groups have been discovered. If red cells from a group O
person are regularly injected into rabbits or other labora-
tory animals, antibodies against thesg cells are prod-
uced. The rabbit’s serum would be expected to contain an
antibody against human O cells. Suppose that this were
removed (and this can be done as explained on p. 125) and
the serum then tested against a large number of cell samples.
If all or none of these samples are agglutinated then no

" valuable conclusions may be drawn, but it may be that some

samples are regularly agglutinated while others are not. If
the same proportion of samples is agglutinated every time
the test is repeated with a new batch of blood specimens,
then it can be confidently deduced that the rabbit serum
«conteins an antibody (in addition to the anti-O one ‘which
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was removed) which constantly reacts with the blood of a
certain proportion of unselected people. Therefore this
antibody is recognising an additional blood group which
occurs regularly and is independent of the other blood
groups. ,

It was in this way that the MN system of blood groups
was discovered. The population in Britain is divided into
M (30%), N (21%) and MN (49%). It has recently been
found that another antigen, called S, may be associated
with these groups. A person may have in. the red cells M or
MS; N or NS; MSN or MNS, or any of the combinations
of these antigens.

_ Another and simpler group discovered in this way is P,
in which only the alternative forms P and p (i.c. absence of
P) are generally recognised.

The MNS and P systems differ in two important ways
from the ABO groups. First, there are no naturally occurring
antibodies in the serum against MNS or P and thus nothing
corresponding to anti-A or anti-B. Therefore no danger
ensues from transfusing blood of the wrong MNS or P
groups. The second difference is that these antigens are not
very powerful, so that transfusions in which these groups
are incompatible do not provoke the formation of anti-
bodies. As far as transfusion is concerned, therefore, these
groups may be ignored.

The Rhesus Blood Groups
Ten years ago another system of blood groups was dis-

. covered which was called the Rhesus factor (see Science

News, 6, p. 98). In this group also there are no naturally
occurring antibodies, but unfortunately the antigen is a
powerful one and consequently the rhesus groups occupy a
position of importance in the causation of disease.

The discovery was made, as with the previous groups,
during the course of animal experiments. Blood from the
Macacus rhesus monkey was injected into rabbits, and the
serum from the latter was expected to agglutinate the
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monkey’s cells. So it did, but also, surprisingly, agglutinated
about 85% of a number of samples of human blood. It
seemed that 85% of humans possessed the monkey’s antigen
in their red cells (and were called ‘rhesus positive’) but the
remainder lacked the antigen (‘rhesus negative’).

The transfusion of rhesus positive blood into a rhesus
negative patient is likely to provoke the formation of anti-

- thesus antibodies in the recipient’s serum, because the

rhesus. antigen is a powerful one. This, per se, may cause
no symptoms, and one transfusion of this kind may not be
dangerous, but if a second transfusion were given to this
patient, the donor’s positive cells would be affected by the

" antibody previously produced, with serious symptoms in

consequence. .
Here, theri, is an important difference between the Rhesus

groups (Rh for short) and the ABO groups. In the latter
the antibody is present naturally throughout life and so
the first incompatible transfusion is dangerous. With the
Rhesus groups, on the other hand, the first incompatible
transfusion serves merely to provoke the formation of the
antibodies (which do not occur naturally) and it is the
second or subsequent transfusions which cause symptoms.
A patient with anti-Rh antibodies may, of course, be trans-

fused safely with rhesus negative blood, for the antibody -

has been formed only against Rh positive cells.

The harmful effects of the Rh blood groups, however,
are not confined to transfusion. It must be remembered that
during pregnancy the circulation of the infant in the womb
is separated from that of the mother only by a very thin
membrane, across which various substances needed or
discarded by the infant will diffuse. Normally the blood
cells of the infant and the mother remain quite distinct and
confined to their respective circulations, so that no difficulty
arises when the child’s group differs from that of its mother.

‘Nevertheless in some cases when a rhesus negative woman

gives birth to a rhesus positive infant, which has inherited
the Rh antigen from his father
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Mother ‘negative’ Father ‘positive’
(rh | th) (Rh | Rb)

!
(Rh rh)
Infant ‘positive’
small amounts of the infant’s blood may gain access to the
maternal cxhrculat‘ion and, being incompatible, may provoke
:ih; ff)rmatlo.n of an anti-Rh antibody. This antibody will
‘1uuse l?ack into the infant’s circulation and destroy his red
0§ s, with }hf: consequence either that he is born dead or
that he exhibits signs of anaemia at birth (haemolytic disease
of the newborn), which may be fatal.
i It shoulc} be emphasised, however, that this does not
ways, or indeed commonly, happen when rhesus negative
women are married to rhesus positive men. In fact, such
matings are quite common (about one in ten), but only
about one in forty of these marriages Is affected. As with
transfusion, several stimuli are necded before the disease
develops. '1_"he first or second infants serve only to provoke
the formation of the antibody and are born healthy; the
succeedmg_mfants may suffer from the disease.
y gsae;plz&ncd‘ earlier, the ir'xhcri.tancc of the blooq groups
ey e c:(l:c e n.dtur-e, so that in this system three basic forms
rhay be e hqgm;ed, homozygous rhesus positive (expressed
thus, RhRb), heterozygous rhesus positive (Rhrh), and rhe-
s;llshnegzltgve _(w_hwt.l being recessive must be homozygeus,
irn; ). This dlstlncylon‘is of some importance in fathers of
ants with haemolytic disease, in assessing the probablc
?vl:)t;(;me ?f any futuye pregnancies. A rhesiis negative
shownninmt;y cl;e married to a homozygous husband, as
ne i Z lagram at the top of the page, in which case,
e (c ,‘the fam}ly must expect all future children
be u!)le to the disease, for they will all be rhesus
positive since the father can hand on only a rhesus posi-
uve group. In the case of a heterozygous husband, how-

cver, half the children can b
five and so escape, e expected to be rhesus nega-
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Mother Father
rhrh Rhrh
| {

| |
Rhrh or rhrh
children

Therefore in an affected family it is important to investi-
gate the father’s group in detail so that the future prospects
may be assessed.

It is obvious.that the inter-relationship of transfusion and
pregnancy must be recognised, for the incompatible trans-
fusion of a young female may affect her powers of bearing
healthly offspring, and, conversely, those who have given
birth to infants suffering, from haemolytic disease of the
newborn must be carefully treated with compatible blood
should they require transfusion at any time. It must be
remembered that once anti-Rh antibodies have begn prod-
uced, they are effective for the remainder of the patient’s
life. : ‘ o

Lest it be thought from this account that receiving trans-
fusion or bearing babies has now become a hazardous
occupation, particularly for rhesus negative people, it should
be emphasised that all these troubles are rare. Furthermore,
our recent knowledge of these blood groups bas almost
climinated any transfusion risks and has materially reduced
the mortality of infants from hacmolytic disease of the
newborn.

Fisher’s Genetic Synthesis |

So far we have described the rhesus group as divided
solely into rhesus positive and rhesus negative. It has been
found, however, that a large number of sub-groups exist.
Though these have no very great practical importance, it is
interesting to consider briefly the story of their discovery,
not only to give an idea of the complexity of the blood
groups, but also as an example of scientific reasoning.

The first hint of the multiplicity of the Rh groups was
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:lﬁe dxscovcry. of a patient’s serum which agglutinated all
esus negative cells and only some samples of rhesus
azzlt;\éi ones. ¥t was clear from this finding that rh negativity
of hmerc'dbsence of'thc Rhesus antigen but possession

ant er kmd of antigen (for the ncgative cells must
gﬁ;ﬁss *”'1 ‘]‘"“gcﬂ if they are agglutinated by an antibody).
agglutcil:jilctdy dt’v;o more atypi.cal sera were found which
e e ’If crent proportions of rhesus positive and
three af %d i\c CE‘EHS. Prcsumgb}y these four sera (i.e. the
celly w)gr) cal ones, and the original one made by monkey’s
antieen the rC]Cf)nglng smaller components in the rhesus
typeg ofs 2:{1 ,Id(-j been suspected at first. Eventually cight
blood ce"II] 'élbl_llc behaviour were observed among human
H ils which were thought to be sub-groups of the

esus antigens, and were labelled with symbols such as
Rh): Rbg, Rh,, etc.
. If a gable were drawn up to demonstrate the varying
'YP?S Of.bchavxour of these cells with the four known rhesus
antibodies (or antisera) it would look like this:

Table 111

. S Rhesus sub-groups
Rhesus antibodies Rh, Rh, Rh, Rh’ Rh* Rh, Rh, rh

Antibody No. 1 4.

*Antibody No. 2. | 1. T &
! Ant!body No. 3. — _
_ Antibody No. 4, |

R .|< i —

!
— —_— - -1

— i

.- - agglutination, - - - no agglutinati
*T , x ' no agglutination.
h—-‘,1e original Rh antibody which divided humans into Rh+ and

re:zt;’;lrllls be seen that each cell type has a special group of
observat. Wl:«h the four antisera, but the most intetesting
He not‘icl:; hrom the tab!e was made by Professor Fisher.
the d that the reactions of the first and the fourth of
. ggie antisera were exactly opposite; wherever No. 1
e dlg:i?late; a cell type, No. 4 fails to do so, and vice versa.
be mat C?l that tht_a antigens recognised by these sera must
contai ually exclusive and that a given cell sample must
: in one or the other but not both. This led him to
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suppose that thé two antigens in question were allelomorphs,
that is to say alternative inherited characteristics which
compete. If a man might inherit blue eyes or black eyes
from his parents, he would have one or the other, but not
both. So with these two antigens, it was thought that either
one (labelled C) or the other (labelled c) would be inherited,
but not both.

Antisera Nos. 2 and 3, however, did not have opposite
reactions, and so Professor Fisher deduced that they could
not be recognising alternative allelomorphs, but that there
must, nevertheless, exist two allelomorphs, as yet unrecog-
nised, which would pair up with the two already noticed.
He predicted, thercfore, that two further antisera would be
discovered, in course of time, one of which would have
reactions directly opposite to No. 2 (thus recognising anti-
gens which he called D and d) and the other would react
opposite to No. 3 (recognising E and e). “ :

This brilliant hypothesis was substantiated by the dis-
covery of the two missing antibodies (in patients having
symptoms of incompatible blood transfusion) within a
very few years. So the completed table of reactions has a

neat and logical appearance:
» Table IV

Rh sub-groups

Rh, Rhy Rh, Rh* Rh" Rh, Rh - rh
Anti- Respective combination of basic antigens
bodics | CDe ¢DE ¢De Cde olE CdE CDE cds
Anti-C + — + - + + -
AntiD} 4+ -+ - - + -
Anti-E| — + - b -+ t -
Antic| — + + — A= =+
Atid| — — T o
Anti-¢ -+ — i o T = +

It can be seen from the table that the eight different forms
of behaviour of the cells with the various anti-Rh sera were
really the eight different combinations of the six basic anti-
gens, C, ¢, D, d, E, e. In their inheritance either C or ¢ is
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passed on, but not both, and so with D, d,and E, e. It is not
necessary to pursue further the relationship of these com-
plex sub-groups with the original concept of Rhesus positive
and negative, The latter concept still remains the most impor-
\t:i?ktl atsl?ect of the‘subject, rhesus positivity being synonymous
th € possession of the antigen D, and negativity with
¢ possession of its alternative d. Antibodies to the C or E
Zlilb-groups are rare and unimportant as causative factors of
sease.
torl:e;]t:lntly 1t has been found that more than two qompeﬁ-
and )’df(ai)gl§t in some of these sub-groups, In addition to C
e lfc’-,da ¢ itional allelomorphs have been found which are
———— c, (13“, and C*. In addition to D and d there are a
g I(;l"t ;ast twelve) of extra competitors collectgvely
pabelled D he Rh system of blood groups, i fact, is of
ewildering complexity. The possible competitors for the
'threc. Sites on the chromosome which carry Rh characters
;{ehlll}lsugt?d below. We shall deal further only with
inlsd:rrkst(;ggl:nal three pairs of allelomorphs, which are given

Past of chromosome

v, . .
o CorcorCeorCrorc

° D or d or Dv (at least 12 types)
L\" E or e
Fig. 27.

Further Genetical Aspects of the Rh Blood Groups

Another interesting though academic aspect of inheritance

of the Rh system was described by Professor Fisher. Study-
ing the frequency of the sub-groups in the English popula-
;rgn (Table V) he noticed that there were three orders, one of
rm}:&'ﬂ' cent or more, one of about 1-3 per cent, and one very

Normally the antigenic combinations, CDE etc., are in-
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Table V

CDe " ... ... 43.6 per cent.
cde s [ 37v9 » EY)
cDE ... . 128,
cDe ... 30,
cdE ... .7 ,,
Cde ... 08 ,, ,
CDE ... . o1,
CdE ... 00, .,

herited as one unit, so that, if the father’s group is CDe/

.CDe and the mother’s cde/cde, then the children will all be

CDe/cde. Presumably the chromosome, the strip of nuclear
material which carries inherited characteristics, has the three
sites for the Rh antigens situated very close together.

However, in the early stages of the egg’s development the
chromosomes sometimes become twisted and even broken,
so that the fractured ends may possibly unite with fragments
of chromosome with which they were not previously con-
nected. If the C, D and E sites were situated closely together
on the chromosome then it is unlikely that a fracture would
so occur as to separate them. This doubtless explains why
the Rh antigens are inherited as a unit in their original com-

bination. N

However, Professor Fisher argued that on rare occasions
a break might occur between the Rh sites and that, after
rejoining, the combinations might be altered. He assumed
that the three common combinations were occasionally
affected in this way so that the combinations of the second. .

order of frequency would result.

¢ C Cl c c
) D
D d D ‘
€ c el € e ¢
Fig. 28.
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In the example illustrated, the cross-over occurs above
the level of the D site.

The recombining of the three common groups in this way

would result in the four groups of the second order of inci-
dence (Table VI).

Table VI

Crossing over * Result

CDe with cde Cde and cDe
‘CDe withcDE | CDE and cDe
cde witheDE cdiZ and cDe

It will be noticed that cDe occurs as a result of each com-
bination and would therefore be expected to occur approxi-
mately three times as commonly as the other groups of the
second order. Reference back to Table V shows this to be the
case. CdE, it will be seen, does not result from any of the
recombinations but could occur only if one of the groups of
the second order were involved. This must be an extremely
unusual occurrence and no doubt accounts for the rarity of

this group, only one family possessing it having been so far
discovered.

The Incomplete Antibody

So far, blood group antibodics have been described 83
having the property of reacting by agglutination with
eells which contain the specific antigen, and with no others,
on fhe lock-and-key principle. Sometimes, however, aB 1
antibody is encountered which ‘reacts’ specifically With
thesus positive cells but does not agglutinate them. [tappears
that this form of antibody, called the incomp]ete antibod)’:
réacts merely by becoming attached to the cells, but does not
bind them together. In fact, once rhesus positive cells have

reacted with this incomplete antibody they are no longet

agglutinable by the ordina inati ibody. It
seems likely that the oo gglutinating antiocy

he incomplete antibody occupies the area
:;1 dthti red cell which is congerned with the rhesus antiges,
US prevents the agglutinating rhesus antibody from
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effecting agglutination. A hypothetical and simplified dia-
gram illustrates this point: '

g
(@) " B .

Fig. 29. (©

(a) On the left is part of the surface of the red cell bearing a
configuration which is_responsible for the specificity of the rhesus
antigen. The agglutinating antibody, shown on the right, fits this con-

* figuration at both ends, so that two cells could be drawn together, i.e.

lutinated. - . . .
ag%bl)l The incomplete antibody on the right will react with the cell, but

having done so, blocks the cell against the action of the agglutinating

tibody. . .
an(<l:) Ayhypothetical shape for Dr Coombs’ antibody, which would

agglutinate cells which have reacted with the incomplete antibody
(see text). .

However, it should not be thought that the diagram
accurately represents the difference of mode of action of
these two types of antibody. In fact, the physico-chemical
environment plays an important. part and in seme circum-
stances, particularly in the presence of a high concentration
of protein, the incomplete antibody can bring about aggluti-
nation. The differences are principally a matter of laboratory
observation, for in disease the two types of antibody arise
in the same way, and produce the same cffects; they often
co-exist in the same serum,

Dr Coombs has devised an ingenious test to detect

~
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cells which are affected by the incomplete antibody and
are unagglutinated. He prepared in rabbits an antibddy
against tl}e rhesus antibody. The rabbit’s antibody, when
brought into contact with the affected red cells, will
agg.lutmate them, by virtue of the action of the rabbit’s
antibody against the rhesus antibody attached to the cells
(see Fig. 29),

Treatment

Before leaving the Rh blood groups, a word must be said
about the treatment of haemolytic discase of the newborn,
the rare consequence of rhesus incompatibility in pregnancy.
By means of ante-natal blood tests showing the presence of
the rhe;us antibodies in the mother’s serum, the possibility
o_f the infant being affectcd can often be prophesied befare
birth. Sometimes it is possible {o cause the infant to be born

a few weeks earlier than usual, and thus liberate it from the -

harmful environment of the maternal an’ibody. After birth,
;Ffmay be necessary to tide the infant over the first weeks of
ife Wlﬂ,l bloqd transfusion. The sick child has some of the
mother’s antibodies in his blood; they will soon be des-

troyed, but in the meantime they are affecting his Rh posi-.

e C?”s' Until the antibodics are destroyed by natural
E;gcasscs, it may bq wi§e {o withdraw some of the infant’s
: 0d, qnd replace it with rhesus negative blood which, of
Louryse, 1s not affected by the antibod y. These measures have
prf(? ved of great value except on the rare occasions when the
mfant was born dead or moribund: many cases, however,
recover without requiring treatment. -

L]

S Rare Blood Groups
;;:Z}?r?of(;l:qm:-bk’Od groups are rare in the sense that, being
bodies onl dgxtgens, they provoke the formation of antl-
sible for dbi/se' remely seldom, and are hardly ever respon-
of such an~r;3<3_C0nsequenuy only one or two specimens
antigen itself b oo have been found. In some cases the
1gen itself is uncommon ; only about 8 per cent of in-

. groups i
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dividuals, for example, are Lutheran positive, and about
7 per cent are Kell positive.

In two groups (Levay and Graydon) the antigen is so rare
that it has been found only among members of the family of
the patient in whom it was originally discovered, though
several hundred other specimens have been tested.

The Lewis group may prove to be interesting, for not only
may it have a number of sub-types, but also it is bound up
with the ABO ‘secretor’ capacity mentioned earlier on
p. H1. 1tseems that all Lewis positive individuals are non-
secretors, and all Lewis negative people are secretors, a
curious link with the ABO system.

The Uses of Blood Groups
The most important and practical significance of blood
s for transfusion and pregnancy, and these poiats
have already been fully discussed. It is interesting that the
principles of blood group incompatibility in pregnancy have
been applied to domestic animals, so that it has been pos-
sible to understand more fully a disease called ‘icterus’ in
newborn foals, Here it has been found that the maternal
antibody does not gain acccss to the offspring in the womb,
but is transferred in the milk during the first few days
after birth. This does not seem to be so important a mode of
teansmission in humans. These advances in knowledge have
resulted in a substantial reduction in the mortality of foals

from icterus, an important matter in pedigree stock.

Dr Race whimsically points out that if the claim of Mary
Tofts in the early 18th century to have given birth to
rabbits had been substantiated, the offspring would have
peen expected to suffer from icterus due to species anti-
bodies.

Both in research and in other practical fields, an applica-
tion of the knowledge of blood groups may prove of value.
Io genetics, for example, the research worker may find blood
group inheritance 2 convenient field for study. The advan-
tages ‘of the blood characteristics are that they are inherited
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purely and simply, and are quite uninfluenced by environ-

ment, i
nt. Furthermore, recessive characters, even in the pres- .

;:s:rgf dortmnant ones, are quite easily recognised, for the

by usizyg:)hes can be. d;stmgylshe_d from the homozygotes

examplf the tappfopr:ate antibodies. It may be found, for

together)wita;l other &}haractcrnstics are regularly inherited

groups can b a certam‘blood group, and in this way the

havi e used as markers’ to follow the genetic be-
tour of characters otherwise not easily studied.

L ‘ Identification by Blood Groups
; ra:\ist;nqer observed that blood group constitutions would
pro bs individual as finger prints, and that prophecy will
n be realised. Taking seven of the commoner blood
group systems mentioned, it can be calculated that 972,000
E&Sjlblji c(;)mbmations could occur, of which 23,616 can be
saysgtl;lls: tlW1th the antisera available at present. Dr Race
i 2; he commonest combination in England is found
binatign ;:fr cle(:lnt of the population, whcrpas the rarest com-
occom ould be so infrequent that it may never have
rred m the blood of an Englishman. Miss Sanger tested

the blood of 250 whi 3
found that white people for six of these groups and

133 blood group combinations occurred only once.

f(g) ” » ” ,, twice. ‘
6 " ”» » ,,  three times.
1 > ” n ,, four times.
» »» » five times.

k24

un?hs qalculaged that_ 53 per cent of those tested were
wer?»; :nim their combination of groups, and 76 per cent
the 250 ?tue or would be confused with only one other from
plete id.enti(f:iacl‘t‘, © seen that it may not be long before com-
groups, ton of people may be achieved by b]oqd
idelzietr; t:f;ttsh thebnmited. antisera available at present,

may be used in medico-legal work. In the rare
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instance, for example, of unlabelled babies being returned
to the wrong cots after feeding, their identity could be
established by testing the blood of the mothers and infants
concerned, and so the infant could be restored to the correct
mother. W. S. Gilbert might have reconsidered the plot of
*“The Gondoliers’ had he been writing now.

In legal disputes arising over the paternity of infants, the
same methods may be employed, in view of the strict in-
heritance of the blood group characteristics. It is now pos-
sible to exonerate a high proportion of men wrongfully
accused: of paternity.

In certain criminal fields it can be seen that the examina-
tion of blood stains will show whether the blood is of animal
or human origin and to what blood groups it belongs;
it may be possible to assign the origin of the blood un-
equivocally to the victim or murderer.

The ‘secretor’ characteristic mentioned earlier makes it
possible in some cases {0 identify the blood group of a per-
son responsible for stains of saliva or (in cases of indecent
assault, for example) of semen. Such investigations may
play an important part in exonerating or incriminating
the suspected person. Of course, in testing stains aggluti-
nation is not seen, but the stain will react with the appro-

. priate antisera (and no others) so that they are ‘exhausted’

of their capacity to agglutinate red cells, when tested sub-
sequently. This process is called ‘absorbing out’ antibodies,
by saturating them with the specific antigen with which they

react.
Blood Groups and Ethnology

One of the most interesting aspects of the blood groups is
the light they throw on the races of mankind. All the inci-
dences of the various groups which have been mentioned
hitherto refer to the population of England, but the relative
proportions of the various groups are very different from
these in other parts of the world. Group B, for example, is
very common in Central Asia, and it may be that the
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mmd.ence of this group in Europe is due partly to its intro-
duction by traders and invaders from the East.

It is sometimes possible to draw conclusions from blood
group studies of isolated communities which do not inter-
marry with other local tribes. For example, it is known that
Gypsies migrated from India to Hungary about the 15th
century ; this is supported by their blood group distribution,
ulllk:ch accords with that of the pure Indians more nearly
i! o with that of the Hungarians with whom they are settled.

y studying the incidence of the A and O groups it can be
shown that Ieeland, colonised and influenced by the Scandi-
g?g:rl:s; };as in fact to-day blood group distributions very
o V‘n_ rom those of the Scandinavians, It seems that

e Viking invaders were not the most important ancestors
of the modern Scandinavians. Jceland, in fact, has a dis-
tribution similar to that of Scotland, North Ireland and
North Wales, but differing from that of Southern England
and Cornwall. It may be possible in time to work out the
successive invaders of the British Isles by blood group
studies. It seems likely that the carly Paleolithic invaders
were de'nvegl from the same origin as the present Basque
.cwghsatlon in the Pyrenees. These people have the highest
incidente of rhesus negative groups and may represent the
original rhesus negative stock. In support of this, Dr
Mourant points out that they are the only western Euro-
S;::tnskwlho do not speak an Indo-European language, and
. :he etally tl1§2y have amn_mes with Cro-Magnon Man.
s Ea:zus negative characteristic is almost unknown in the

The other groups of invaders are less well demarcated,

but it seems that the Iron Age [folk and Celts had a high"

xgc@enee of group O, and the Anglo-Saxons (from North
E:sxtopc) é\ad a high group A incidence. The Goths from
1 Lern burope appear to be responsible for the group B

element. Dr Darlington has related blood group distribution
and certain speech characteristics in some national groups.
It is only an extension which leads to the testing of mum-
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mies from Egypt and America to learn something of
blood groups in earlier times. So far the results have been
much as historical studies would lead one to expect. It will
also prove of interest to determine the relationship of human
blood groups to those of the higher primates in an endea-
vour to fit Homo sapiens into his zoological position. This
work is only in its infancy, but it appears that the higher
apes (chimpanzee, gorilla, orang-utan, and gibbon) have
some blood group characteristics in common with man, but
that the lower monkeys (except the Macacus rhesus) are
quite distinct.

It can be seen from this account that a wide field for
further investigation remains open. The war-time need for
transfusion on a large scale gave an impetus to blood group
studies which has resulted in outstanding advances now
engaging much attention. It is likely that many more
groups will be discovered and that many more interesting

results will be obtained.

Those who have mastered the technicalities introduced
into this article will-have no difficulty in reading further in

.the following:
*Human Blood Groups’: a symposium. The Advancement of Science,

Vol. 5, No. 20, p. 305, (1949). :
“Blood Groups’, H. F. Brewer. Chapter 1V in Blood Transfusion,
edited by G. Keyrnes. (John Wright).
The Rhesus Factor.G. Fulton Roberts. (Heinemann Medical Books).



Some Thoughts on
Compound E o

PERH itisi .
APS it is just a matter of viewpoint, but some scientific

discoveri . .
eries seem to the writer to come as the culmination of -

al i
ong series of small steps, during which the final aim is

ol NG .
" ;iﬁlg' hlr:1 vtlew. The stcovery of salvarsan, for example, was
ype. Ehrlich and Hata patiently tried 606 com-.

0 . .
?hel;'msi:;ugcrl?dsu?"y getting nearer and nearer the mark until
other hand Sea varsan. Some scientific discoveries, on the
covery of the 5 nl1 to come as a bolt from the blue. The dis-
matic conditio alue of Compoupd E, or Cortisone, in rheu-
a few, there Sens Segmed to be like this. Yesterday, to all but
mones of the agme no obvious reason to expect that hor-
treatment is estarf,?al cortex would heal arthritis ; to-day the
this discove ished. Yet enquiry shows that, after all,

Immediat?; was not entirely unexpected.
heartsearchiny af;er a discovery is announced an active
Wi searching and questioning begins in scientific circles.
the conditions e € In such and such an institute? What were
-operative line ssential to its consummation? What were the
covery £ s of thought? What implications has the dis-

Thriy or fu_turg development?
and sosmqt‘,uie:tt:r)mqg has been going on over Compound E,
at a recent m:s:} ng things have come to light. For example,
Londonit transe-mg of the Royal Society of Medicine in
ary gland whi tl1) ired that the hormone by the anterior pituit-
(that is thec dstunulate's secretion of the adrenal cortex*
had been used adrenocorticotrophic hormone or ACTH)

sed for treating a case of arthritis in England in

*Further explained on page 132 and 133

_certain amoun
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ting the patient, now recovered,
who had received it along with other treatment, was asked
to trot up on to the platform and demonstrate the ease with
which he moved. This ACTH was the very hormone which
Hench, Kendall and their colleagues had successfully given
to two cases at the Mayo Clinic in 1949. Why had the anti-
arthritic activity of ACTH failed to make itself known in
this country in 1946 and succeeded in the United States in
19497 The answer given at the meeting was that the dose was
too small, the activity of the preparation a little doubtful,
and that the supply ran out before full trial could be made.
From this we learn, once again, as we found during the war
while trying to develop biological knowledge of penicillin
in this country, that the factor of supply may well determine
the time and place at which discoveries are made. In short,
science, like an army, marches on its stomach.

How were the supplies of Compound E and ACTH
made sufficient for the crucial experiment at the Mayo
Clinic? The supply problem was certainly a teaser. In 1942
Kendall was able to report that he could obtain 340 milli-
grams of Compound E from 1,000 1b. of adrenal gland.
Since about three beef adrenal glands weigh one ounce, we
can calculate that 340 milligrams, or 3% days’ treatment for
one arthritic patient, demands 24,000 head of cattle if it is to
be obtained from adrenal glands.

Clearly the cortisone required for the Mayo Clinic trials
would have to come from a source other than the adrenal
gland. In 1946 D1 Sarett, in Merck’s laboratory, prepared a
t of Compound E, but the yield was very, very
of that year, in a conference held in New
York, it was decided to try to develop a new method of
synthesis, instead of attempting to boost Sarett’s original
method. By May 1948 the new method had been worked out
and was operating, and production has been going ahead
ever since.

It is.of course well known'that this method is not a total
synthesis, but a process by which desoxycholic acid, ob-

1946. In fact at this mee

small, In October
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11 - Desoxycorticosterone

{Acetate of this=D.0.C.A.)

Carticos ; ; i
articostercae 17 - Hydroxy - corticosterane

(Compound B) (Compound F)

11 - Dehydrocorticosterone

17 - Hydroxy - 11 - dehydrocorticosterane
(Compound A) (Compound E)

Fig. 30. Chemi i ; :
“Wl gland?mmal stmct‘ures of six active steroids isolated from the
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tained from ox bile, is converted in about 36 steps to Com-
pound E. While more than 6,000 head of cattle would be
required to supply the 100 milligrams of cortisone required
by one patient for one day if it were extracted from the
adrenal glands, a mere forty cattle are sufficient to supply
enough desoxycholic acid for the synthesis of 100 milligrams
of Compound E.

"It was Kendall who, at the Mayo Clinic in the mid 1930’s,
had isolated compounds A, B, C, D, E and F (see Fig. 30)
from the adrenal cortex, and it was he who naturally played
an important part in stimulating and developing the subse-
quent synthesis of Compounds A and E. The synthesis was
worked out at Merck’s laboratory in association with Ken-
dall, and consequently we can roughly guess that it was
Kendall’s isolation of Compound E at the Mayo Clinic in
1935, and his subsequent efforts to arrange its large-scale
synthesis, which largely determined that the pioneer work
on the treatment of arthritis with this compound would be
done at the Mayo Clinic.

There is some possibility of synthesising ACTH, since
it is known to be a fairly simple peptide. However, the
difficulties of obtaining ACTH from natural sources are
somewhat less than those of obtaining Compound E itself.
Armours of Chicago estimate that approximately 1,360 hogs
are required to produce 10 grams of ACTH. This and other
estimates suggest that from 50 to 200 hogs would be
required to produce a single daily dose of ACTH. It is easy
to see why in the present world position of pig breeding the
American continent is likely to be the main producer of
ACTH until a satisfactory method of extraction from
cattle pituitaries can be employed. N

We naturally ask whether the supply of both Compound
E and ACTH can be improved. Various plant materials, of
which the best known is the seed of Strophanthus sarmen-
tosus, a tropical vine, have been suggested as possible
sources. It is reported that Sarmentocymarin can be con-
verted into Compound E in about 21 stages. It is also
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repo'rted that the yam Dioscorea mexicana, which grows in
Mexico, New Mexico, Arizona and Texas, produces sub-
stances, such as botogenin, which might be used as a starting
point for the synthesis of Compound E.

W_e have seen how the presence of Dr Kendall at the Mayo
Clinic was perhaps a determining factor in deciding that the
therapeutic possibilities of Compound E should primarily
be dem(_)nstrated at this Institute. We have seen moreover
that until supply difficulties had been overcome the discovery
‘c}:vcztrl(lad not l}?ve b‘ecn made, and further that these difficulties
ere %spccully likely to be solved at the present time in the

nited States, where raw materials of animal origin, a

powerful chemical industry, and abundant scientific person- -

3;:] were a\{ailable. I.,ct us turn to the third question listed at
o f‘i;sf‘g'}‘::;ng of this article. What were the operative lines
Before attempting to describe them, it may be useful
lti(c): Sszg",‘éy briefly the biological facts. The adrenal gland
o Its name suggests, adjacent to the kidney. It is readily
1stinguishable into two parts, the rind or cortex, and the
cgre or medulla.. The adrenal medulla produces adrenalin,
: ¢ hormqne whxyh brings about changes in the body of a
h};}?}% associated with fear.or anger. The cortex, on the other
disoen produces the cortical steroids. While the body can
canelotsed'wnh the .adrenal medulla and its adrenalin., it
sterou] ;)Speqse with the adrenal cortex and its cortical
brines 5(-) rogressive atyophy of t'hg adrenal cortex in man
endsgin dn 31 characteristic cor}d’mon of weakness which
dofin eath. The symptoms arising in this process are very
efinite and characterise the famous Addison’s discase. The
progress of Addison’s disease can be checked by administer-
m% su1table‘ext1.'acts of the adrenal glands of animals.
" n t]f}e gally life of the body the anterior lobe of the pitui-
an?(’) En‘gl . W(Ij“Ch lies at the base of the brain, regulates the
blood. T li) a tr enal cortieal homz.ones which circulate in the
of the adroral hoge lobe of the pituitary controls the cortex
. ¢ adrenal body by means of a special hormone which
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it despatches to the adrenal through the blood-stream. This
chemical messenger is the ACTH. In turn, the brain influ-
ences the pituitary to liberate ACTH. In response to con-
ditions of stress and strain, or to the adrenalin which is
liberated by the medulla of the adrenal gland in states of
excitement, the brain induces the pituitary gland to liberate
more ACTH. And thus in emergencies the body is aided by
the protective qualities of the adrenal cortical secretions.
This fairly complex circle of relations is perhaps made

clearer in Fig. 31.

o
RS

FITUITARY BODY

ADRENALIN

CORTICAL STEROIDS
'Y

/

. AORENAL GLAND

Fig.31. Diagram of the refations between adrenal gland and pituitary
body (after Thorn and Bayles).

The fact that Greene had attempted to treat rheumatoid
arthritis with ACTH in this country in 1946, while the Mayo
Clinic workers were engaged in developing the supply of
Compound E for clinical trial in the United States, suggests
that medical opinion in general was moving towards the
view that the adrenal cortex might be connected with rheu-

matic conditions.
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How did the mental connection between the adrenal cor-
tex and rheumatic conditions arise? The evidence from ani-
mal experiments was suggestive. We have already seen that
extracts of the cortex protect men and animals against cold
and stress. Selye has studied what happens if experimental
animals are subjected to continued stress. At first the pitui-
tary reacts and produces ACTH, which in turn stimulates
the adrenal cortex. If the stress js maintained longer, the
adaptive mechanism becomes overworked and resistance
breaks down. Selye was able to produce experimentally in
animals various changes similar to rheumatic conditions in
man. He concluded that ‘the adrenal cortex may play an
important role in the pathogenesis of rheumatic and rheu-
matoid conditions in man’, '

It is an interesting point, in the light of Selye's experi-
ments, that in human beings gout and some forms of arth-
ritis are liable to be precipitated or worsened by bodily
stress, exposure to cold and so on.

Another line of argument regarding the cause of rheu-
matoid arthritis has been advanced by Hench. He has point-
ed out that a patient suffering from arthritis sometimes gets
much better during pregnancy or during an attack of jaun-
dice. The beneficial effect of pregnancy in arthritis suggests
that the disease might be due to some deficiency in the
hormone system. This deficiency might be made good either
by secretions of the glands of the fqetus, or by stimulation
of some secretion of the mother’s ductless glands. This
observation certainly seems to narrow the field, so that it
can be said that rheumatoid arthritis is related to the hor-
mone balance of the body. ‘

_ The improvement of arthritis during jaundice is highly
Interesting. Possibly bile may provide some raw material
for the body to make the hormone whose shortage leads to
arthritis. If this is so, then it seems that the body and the
synthetic chemist might use the same starting point for the
manufacture of Compound E. On the other hand, it might
be that the jaundiced body excretes steroids less easily than

-
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the normal body, and thus the naturally-produced steroids
of the adrenal cortex are conserved. )

Experiments and observations such as those mentioned
above seemed to point to the idea that the steroids of the
adrenal cortex and the cortex-stimulatiqg hormone of the
pituitary gland should be tried clinically in intractable cases
of arthritis. . _ .

Let us now turn to our final question. What are the impli-
cations for further development of the discovery that corti-
sone heals rheumatic conditions? First let us be quite ¢clear
that our understanding of the chemistry of the products of
cortex of the adrenal gland is far from complete. Wé have
already seen that Kendall isolated the six steroids he called
A,B,C,D,Eand F from the adrenal cortex. A total of 28
compounds has been isolated from this qortex by bio-
chemists all over the world. Of these, six compounds
alone are active as substitutes for the gland when examined
by the usual biological tests in anim?lls whose adrenal glands
have been removed. These six active compounds are illu-
strated in Fig. 30. Itis interesting to note the.pattern of their
chemical relationship. Even after the chemist has removed
these compounds from the glands there remains an ‘amor-
phous fraction’ which possesses strong activity of the same
ty?l?he six active compounds mentioned above differ in the
degree to which they affect various organs and systems in
the body. What would be the eﬁ"e:ct of the pompounds other
than Compound E on rheumatoid arthfms? We know that
Compound A is inactive at the doses tped, but we have no
information on other compounds. Again, would a balanced
mixture of steroids be more active than Compound E alone?
As yet we do not know. .

We have asked what would be the effect of other cortical
steroids in rheumatic conditions. We may also ask what
would be the effect of Compound E on other ailments
which are associated with stress — psoriasis is perhaps an

example. .
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It is of course well known that treatment of arthritis with
cortisone must be maintained or the disease recurs. The
* question naturally arises as to whether it is possible to give

the human body 100 milligrams of Compound E daily for ':

an indefinite period without severe injuries resulting. So far
the side-effects have not been severe enough to require the
stopping of the treatment. But this question can be answered
fully only in the course of time.

It has been estimated that it costs £1,500 to treat a single
arthritis patient with Compound E for one week. Is there

any material cheaper than compound E which might be used -

instead? Several lines of enquiry suggest themselves. For
example, do any of the substances prepared as stages in the
synthesis of Compound E possess any activity against
arthritis? Again, will combinations, such as that of vitamin
C and DOCA, prove successful?

There is space to consider one final possibility of great
interest. It is a fact that administering Compound E causes
the number of white cells circulating in the blood to be re-
‘duced. It slows down the production of white cells in various
glands of the body, such as the lymph glands. Is there then
any possibility that Compound E would be beneficial in’
these cancer-like diseases of the white blood-cells and of the
lymph glands - some forms of leukaemia, Hodgkin’s
disease and lympho-sarcoma? )

There is one piece of evidence which bears closely on the
above question. In 1944 Heilman and Kendall published a
remarkable paper. They described how in 1942 they had
successfully transmitted a cancerous tumour from one mouse
to another over many generations. They had then dosed
some of the tumour-bearing mice with Compound E. The
tumours in the dosed animals, instead of growing larger, as
they normally did, decreased in size to a remarkable degree.
Heilman and Kendall did not publish this work until 1944,
because they wished to confirm it and they did not wish to
create false hopes. When they did eventually publish, they
pointed out that the regression of tumours caused by Com-
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pound E did not generally last 'indeﬁnitely. The tumours
usually recurred, and when they d_ld so, they were refractory
to treatment with cortisone. This work certalqu suggests
that the relation of the adrenal cortex to certain forms of
cancer might well repay thorough investigation.
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Some Techniques of
Metallurgical Investigation

r F. A. FOX

IN the days of our forefathers the term ‘metallurgy’ if it was
used at all meant something very old and simple; it was the

. art of extracting metals from their ores, and might occasion-
ally be extended to take in their forging and working. To-day
the word is almost as general a one as ‘engineering’, with
which it is indeed sometimes combined, in ‘metallurgical
engineering’, Modern metallurgy borders also on physics
and chemistry, mining and mineral dressing, applied
mechanics and physical chemistry.

Two very broad divisions may, however, be made, corres-
ponding to the pure and to the appiied parts of the subject ;
these are metallurgical science, and metallurgical engineer-
ing. Metallurgical engineering has grown from arts among
the oldest known to man, but metallurgical science is still in
its infancy, being almost entirely a product of this century.
For example, we have been making steel for very many
hundreds of years; the provision of a complete scientific
account of its properties and behaviour is, however, still far
beyond us, and the more it is studied the more complex
ordinary mild steel seems to be,

At the beginning of this century the standard tools of the
metallurgist included little more than the equipment of the
analytical laboratory, the ordinary metallurgical microscope,
pyrometers (thermometers), and of course tensile, hardness,

and fatigue machines. Since that time, especially with the .

rise of metallurgical science, many altogether new techniques
have been evolved, some of which have already been widely

.
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described, since they are fundamental and general in their
ap.lf)\lrltcl?)tr:gnihese are the techniques of X-ray di-tfractioq,
which have contributed so much to the gndcrstgndnng of the
inner structure of metals and alloys. Microradiography is a
much more recent technique wherpby pictures, s1m11ar.to
those obtained from an ordinary light microscope applied
to an etched metal specimen, may be produced by trans-+
mission of X-rays through a thin section of the alloy tp be
examined. This method is particularly successtul where
there are large opacity differences .between alloy phases, and
sometimes yields more information about the alloy than
could be optained by ordinary 11.1etallograph1c methods. .

Electron diffraction is a relative new-comer too, but is

“already well known as a metallurgical tool for the examina-

i y e films and conditions; neutron diffraction
:‘e?:rl:n(i)ci;‘uz‘;rkflzc\/e also recently bcen_announced. In the ﬁel_d
of what might be called mechanical metallurgy, elect_nc
strain gauges have been of gr.eat use in helping to estabhs.h
with precision what local strains appear when a metal part is
m;;s:?h'at follows I propose to gi.ve a few qxamples of less
well-known metallurgical fechmgues ‘which have been
developed in recently published investigations, or which

provide new tools of general application.

Metallurgical Engineering

ion of steel, two very important types of fur-
ﬁa:}: 33:?:11 l1110520 the open-hearth furnace, and th.e Bessemer
converter. Essentially both of these hapdle pig-iron, ths
product of the blast furnace, and convert it by oxidation an
other processes into mild st.eel. In both these furnaces gas
reactions. are of the utmost importance. In the open-hearth
furnace, air/gas mixtures fed in provide the great heat neces&
sary for the maintenancq of the furnace temperatur.e, an
also provide the appropriate atmosphere for the oxidation
of the impurities in the molten bath. In the Bessemer con-

~
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(‘;f:;str’oili‘;ils blown directly through the molten charge, and

oo ation of the impurities results,
ing ‘:: f(i‘)il;:i;:;é; Zc,:]lgeeve the best designs and the highest operat-
movements s 1 economy a detailed kno.wledge of the gas
work on €. § desirable. This has led to interesting recent
o le study of gas flows in these furnaces by means
' model§. (This and subsequent index numbers refer to
JO\Jrr'lals listed on page 151 .) The use of models for the study
of aircraft and ships is well known; the application to
furnaces is however complicated, because the effects of large
changes in temperature and composition of the gases must
be taken into account, )

In the construction of a transparent plastic model open-
heart_h steel furnace, it was necessary to choose operating
conditions for the model corresponding as nearly as possible
to those of full-scale working. Such a requirement does not
necessarily depend upon mere geometric similarity. Water

was used as the fluid to represent both air and gas, and a.

‘tracer’ technique showed up the flow, using either alumin-
ium powder injected into the water stream, or compressed
air, which appeared as a stream of small bubbles along the
lines of flow. The flow pattern cannot conveniently be ob-
served by illumination (and photography) of the whole
model, since a very confused picture would result from the
fact that the flow at different parts may have different direc-
tion and velocity. Selected vertical or horizontal planes in
the model were therefore illuminated with ‘sheets’ of light

provided by a special optical system.
Similarity of flow in model and in full-scale furnace was

achieved by correctly relating the inertia and viscosities ;

this was done by arranging that the Reynolds number*
should be the same for model as for real furnace, both for
the fluid travelling along the furnace, and at the ‘gas’ and
‘air’ ports. The results show that the gas flow pattern in an

open

-been thought, and that it is likely to be strongly affected by

* See Glossary.

-hearth furnace is very much more complex than had:
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quite small changes in furnace design. Furnace wear and
tear from hot gas impingement may, therefore, be seriously
affected by what could be regarded as an inconsiderable
change in the design.

In the work on the Bessemer converter, air was used for
producing the blasts in the model, and water or mercury
used to represent the steel. Plate 13 shows a typical photo-
graph of the flow pattern in one of the planes of the model -
side-blown converter, showing particularly the flow_of
‘gases’ above the ‘steel’ surface.

This model work has shown up such interesting and un-
expected effects that work on full-scale furnaces is now going
on.

In the fabrication of tubes of copper and brass, the first
working operation which is usually put upon the cast piece
(the ‘billet’), is that of extrusion. In this process a hot cylin-
drically-shaped casting is put into the container of a
hydraulic extrusion press ; the central part of the ram of the
press (the ‘mandrel’) pushes downwards and forces a hole
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Fig. 32. Successive stages in tube extrusion (Courtesy of the Institute
of Metals). ‘

right through the billet: the outer parts of the ram then also
move downwards and force the rest of the billet out through
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the annular space between the die and the still jecti
mandrel, thus producing a tube (Fig. 32). The ﬂg\r: Jgf(': tgllg
metal through this annular orifice is obviously somewhat
compl.ex; the detail of the flow sequence is, however, impor-
tant, since for the most economic production of good quality
tube it is essential to avoid as far as possible the drawing
into the tgbe pf oxide scale from the surface of the billet, an
effect which is always liable to take place. The billets are
extruded at temperatures of about 675°C. to 1,000°C.,
depending on the alloy; surface oxidation is, therefore,
always to be expected.

In ord§r to follow the flow effects in extruding a billet into
a tube: 1t is obviously necessary to have some form of
tracer” within the body of the billet, which can be followed
?hrough to the tube material, and which can also be observed
in th; unextruded part of the billet, or ‘discard’. In recently
- published work? on this subject the best form of tracer was
found tq consist of the insertion of metal pins in shallow
holes finl]ed down the side of the billet and in its tap face.
The pins were made of an alloy resembling the billet alloy
(§o as not to cause complication of the flow process), but
dlﬁbrmg in a minor constituent that affected the etching
propgrtles of a polished specimen prepared for microscopic
examigation. For example in experiments with arsenical
b_ra§s, the pins were made of arsenic-frec material, and
similarly for deoxidised copper billets the pins " were
. of oxygen-containing copper. The billets were also varie-

gated by making them composife as well as

pins; for example, the upper and 1 ca“}]ing
were made of one kind ower  portions
kind. ind of brass, and the middle of another

A technique of this kind i
practical conditions of the ﬂow%i‘r?}:g:'ea(iiotgs cts)tudy lilnder
and showed up the i{nportant fact that the type cr;tP ;rogv (‘)3’:;
tgl?:e;ﬁleg alnaost eatirely by the friction between the skin of
the bill and the press container; other factors were of
or importance. If flow of a lubricated type occurs, then
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oxide from the surface is not drawn into the billet to nearly
the same extent as happens if non-lubricated flow occurs. It
was found that the extrusion problem for the coppers was
much easier than for some of the alloys of copper, since the
copper-rich oxide layer on them acted as a lubricant between
billet and container and led to a lubricated type of flow. This
particular type of oxide layer seems to favour slip or slide
of the metal under it; the oxide layers formed on copper
alloys do not seem to have this property, and the alloys re-
quire the aid of external lubricants to give the best results.
The pin-insert technique means that from an examination
of the structure of the ‘skull’ left in the container at the end
of extrusion, the manner in which the whole billet has flowed
during extrusion can be deduced.

Metallurgical Science

It is very well known not only that gases dissolve in metals
and alloys when molten, but that they can remain in the solid
metal also. The gas in a solid metal may be present merely
filling cavities within it; this, however, is not usually so
when gas in solid metal is under consideration. What is im-
portant, and quite common, is that the gas is truly dissolved
in the solid metal or alloy, and consequently no cavities are
observable even if the metal is put under the microscope.

The gas is usually regarded as being accommodated on
ihe lattice of the metal by occupying positions in its inter-
stices, rather than replacing metal atoms at some of the
lattice.points ; it is said to be in ‘interstitial solution’ (com-
pare page 69 in Aspects of Crystal Chemistry). Alter-
natively the gas may enter info combination with the metal -
or with one of the alloying elements which may be present,
forming an oxide, for example, and this compound may then
be soluble in the metal.

The point about solid metal containing dissolved gas is
that if this metal is heated for any reason, it is very probable
that some unpleasant effects will follow from the presence of
the gas, which may, for example, tend to come out of solution
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and produce cavities at such a pressure as to cause breakdown
of the metal at the grain boundaries, or severe blisters.

T_hese general remarks apply to aluminium and its alloys
for instance. 'I:he gas in aluminium alloys is almost entirely

- hydrogen, which is often present in amounts markedly in
excess of the equilibrium solid-solubility value at room
‘temperature. This hydrogen content of wrought aluminium
alloys may be of considerable technical importance if they
are to be Vyelded. When a material is welded, there are zones
on each side of the line of fusion which are raised to all
temperatures intermediate between room and the fusion
temperaturq. In certain aluminium alloys, particularly
thosg containing magnesium as the chief alloying constitu-
ent, 1t is found that if the part being welded has a high
dls§olved gas content, blisters form near the weld in those
regions which have been partly melted. The presence of
these blisters is a serious drawback, since they are both
weakening and unsightly. Their formation is attributed to
tpe diffusion of dissolved atomic hydrogen and its associa-
tion at appropriate surfaces or discontinuities within the
metal to give molecular hydrogen which may initially, before
the blowing up of the blister takes place, be at pressures as
high as several hundred atmospheres. :

As this effect is a function of the hydrogen content of the
solid alloy, the determination of the hydrogen concentration
is a matter of technical importance. The hydrogen content
is determined by melting in a vacuum, when the hydrogen
present in a weighed quantity of the alloy is evolved, drawn
off and measured in any convenient manner. This méthod is
accurate and very well established; it requires, however
well-trained operators and rather special appara’tus and 1;
consequently not readily performed in any routine ’labor
tory. There was, therefore, a demand for a simple and ui:1;
method of determining the hydrogen content of a)umgﬂ

alloys with sufficient accuracy for technological control .

It was evident that if specimens of assy m .
heated to a temper: i-fusi gassy metal were
perature of semi-fusion, then blisters would
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form ; further, that if this heating could be done under con-
ditions in which there would be no absorption of hydrogen
from outside, and no loss at the surface, then the amount of
blistering would be a direct measure of the hydrogen content
of the metal. How could such conditions be obtaingd?

The problem was solved® by the discovery that heating the
metal in a bath of molten potassium dichromate prevented
any loss of hydrogen from the specimen or any gain from
outside. This appears to be due to the formation of a heavy
brownish-coloured surface film, which seems to be imper-
vious to hydrogen over the experimental temperature range.

After careful checking against vacuum fusion results, it
was found that a direct relation existed between the voids
formed on a suitable’specimen of the test alloy after immer-
sion in molten potassium dichromate at 580°C. for 10
minutes, and its hydrogen content. This relation was estab-
lished as a calibration curve, from which it was possible to
read off for the observed result, which was the ratio of
volume of cavities to volume of sound metal, the true hydro-
gen content. After this work, a relatively difficult vacuum
fusion determination became a simple routine control job
involving only a determination of the density of the sample
before and after heating, the heating being only a matter of
immersion in a bath of molten potassium dichromate main-
tained at 580 + 5°C. The dichromate adhering to the sample
is naturally removed (by boiling water) before the second

density determination. .

Preferred Orientation

We must turn now from chemical to physical metallurgy.
In worked metals, a phenomenon known as ‘preferred
orientation’ is often of considerable technical importance.
This effect really derives fundamentaily from the fact that
the single crystal of a metal is not uniform in its properties
in all directions ; it is not isotropic. If a single crystal of zinc,
for example, is tested mechanically, it is found that there is
great ductility if it is pulled in one direction, but brittleness
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if it is pulled in a direction at right angles thereto, Even the
modulus of elasticity varies very greatly: in zinc the maxi-
mum value is more than three times greater than the
minimum, tl}e relevant directions being about 70° apart.
In the ordinary pieces of metal of which everyday articles
are made the effects of this lack of isotropy of the single
crystal vanish, since the enormous numbers of crystals com-
posing them are randomly arranged; no particular crystal
directions predominate, and the properties of the piece as a
whole are controlled by the average properties of the com-
ponent crystals. However, preferred orientation arises when
a piece, though consisting as usual of a large number of
crystals, has in some way lost or partly lost its randomness
of crystal arrangement. When this happens the piece as a
whole begins to revert to the behaviour typical of the single

crystal, and to exhibit markedly different properties in -

different directions.

The principal way in which preferred orientation can
appear in ordinary commercial metal products is as a result
of inappropriately controlled hot working, and more
usually, hot rolling. It leads to unexpected weakness or non-
uniformity under stress applied in certain directions. Never-
theless its avoidance is not always easy, and in particular,
its recognition by standard methods is not simple. Samples
of the material can of course readily be prepared for micro-
scopic examination ; however, an ordinarily prepared metal-
lographic sample will give no indication of the grain orienta-
tion, which is a function of the inner symmetry of each
crystal.

The usual method of detectin

g preferred orientation is by
means of X-rays, when unusually hea ion i it
. ’ refl
are obtained from those cr o pon tatensities

predominate*. This method ystallographic planes which

red well-known- though it is, is
distinctly slower, more complex and more expegnsive tt;an

that of microscopic examination. which ;
» Which is usually needed
anyway as a check on the alloy structure and grain size. This
*See Aspects of Crystal Chemisiry, page 51.
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problem of preferred orientation arises with many wrought
materials, among them aluminium and its al]pys, and the
problem of its rapid detection and determination .has been
neatly solved* for these materials by t.he evolution of a
special technique. Grain orientation might be capixble of
observation under the microscope if a surface layer of the
metal could be transformed into an optically active film -
for example by anodic oxidation of the alumiqium, and if
the bi-refringence of the film on the various grains could l_)e
shown up. (Anodic oxidation, or anodising, is a process in
which the natural oxide film on the surface of alumium is
greatly thickened by making the piece the anode in an
oxidising electrolyte; oxygen disengaged at the anode
reacts with the metal and builds an oxide film).

For such a method to work it is necessary for several con-
ditions to be met; firstly the film formed must be optically
active ; there must be a fixed structural relationship between
a grain of metal and the film formed on it; the film must be
reproducible; it must be possible to determ}ne tl}e optical
characteristics of the films and-their relationship to the
orientation of the underlying metal glfa.ins. As a result of
research it was found that these cox}dltlons‘ cox_lld be met,
and the technique was perfected in its application to both
aluminjum and its alloys. . .

The suspected specimen is first polished and then ano-
dised under controlled conditions in a bath of phosphonc.
acid with organic and other additions. The anodic film thus
formed is found to be uniform over thc;: surface of any one
grain or crystal of the metal ; however, 1t cl_mnges s.harply ?t
the grain boundary and the film on a ne.lghbourmg' grain
has other chdracteristics. The microscopic opservatan is
carried out in polarised light with crossed nicols, with a
magenta tint retardation platein thesystem, )

The bi-refringence observed on the ﬁlm varies from grain
to grain, and is dependent on the orientation of the film.
The effect is that each grain appea'rs_wnh its own colour,
which changes through a characteristic colour cycle as the
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specimen is rotated. In a specimen which is isotropic — of
random orientation - the colours of the grains are also
yandomly distributed. Where preferred orientation exists,
groups.of grains of the same orientation are shown up by
appeaying similarly coloured. Thus the existence of bands
or zones of similarly oriented crystals can be detected at a
glance under the microscope, withaut the need for X-ray
examination. The method is even capable of extension to
give at least semi-quantitative determinations of the orienta-
tion of individual grains of the specimen. Aluminium is
probably an especially favourable material for a technique
of this type, since constancy of relation between the orienta-
tion of the metal and the anodic film is a direct outcome of
the special volumetric relation existing between the alu-
minium and its oxide; that is, the oxide occupies about the
same space as the metal it replaces. Such a favourable
relationship does not always exist; when magnesium is

oxidised, for example, an adherent film of magnesia is not

formed - it is loose and fluffy.

Hardness i
The term ‘hardness’ is a very familiar one, and the idea of a
scale of hardness based on a sequence of standard materials
from very soft (talc) to very hard (diamond), each of which
will scratch any of the others which come earlier in the list,
is also well known. In testing the hardness of metals the
method of scratching is not very ¢onvenient, and the
machines usually employed depend on the measurement of
small impressions formed in the surface of the material by
an indentor subjected to a known load. Naturally, the harder
the material the less deeply will the indentor penetrate, and
the smaller will be the measured dimensions of the impres-
sion. Of the standard machines in current usé, one employs
a hardened steel ball as an indentor and the other a pointed
diamond ; the loads usually range from 1 to 100 kg.

The results are satisfactory for all ordinary routine pur-
- poses; however, the hardness figures so obtained (which are
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calculated by dividing the load applied by the area of the
impression formed), are only average values. Many metallic
materials which are of great scientific and technical interest
are far from being homogeneous, however, and often con-
tain different constituents which are of a particle sjze far
below that of the indentations made under the loads usually
applied. The question may often arise ~ what is the con-
tribution to the average or gross hardness which is made by
each metallographic constituent in a given alloy? Some
allogs have hardening or strengthening constituents; how
hard are these individually? ,

It is frequently not possible to measure the hardness of
such constituents by obtaining them in massive form and
then testing them, since very often they cannot be obtained
in the massive state, or even if they could there would be
reason to suppose that the material in the massive state
would not be truly equivalent to that in the dispersed state
in the alloy concerned. The problem really resolves itself
into that of producing an extremely fine diamond indentor
mounted in such a way as to be highly sensitive under very
low loads, which can in some way be brought accurately into
contact with selected constituents of the micro-structure of
the piece under test. The construction of a micro-hardness
testing machine is obviously not an easy matter; a success-
ful answer to the problem consisting of a testing instrument
which is to be used it conjunction with a metallographic
microscope has, however, recently been described.”

One of the critical parts consists of a diamond pyramid-
shaped indentor, with the faces worked to an angle of 136°
(an angle chosen to agree witht that of the indentors of
ordinary large-scale instruments), mounted on the front lens
of a microscope objective. The specimen can bq observed
through the objective and the exact part of thﬁ: micro-struc-
ture on which a test is to be made selected, in spite of the
mounting of the diamond on the front'lens. Thg mounting
is naturally very critical, s}nqe the load is transmxt_ted to-the
specimen through the objective lenses. The load is applied
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e i i
mﬂfg:;c;y fas d(;:ad-loadmg; the specimen under test is
objective leicsemo(izvg: ‘;'/rz:)rr?as b:e)lrl . ;ti;age up o which the
L 2 ow. The weight of the speci-
;e(;l tll;:elé' is coqnterbalgnced by a ho]derg and lever—grm,
e ee§1red mdentat_non. load is added directly on top
specime]; ft:illrlnsgﬁtzhs objective lens is advanced up to the
incientation o :hellj ;r:.lde and the specimen lifted; the
ﬁono:;‘ls ;ﬁ::gmg from 5-500 grammes can be applied. Loca-
W] mas:ul ement of the impression is helped by cross-
this apper te.elsvurlr}g scales {nounted in the eye-piece. With
et espi z;] us, diamond indentations to explore local
oy g : :1 ardness can be placed on a metal surface with
oA f;‘ ;e acmlxracy. ‘Plate 14 shows an example : the inden-
o oo Y rfelp aced in the centre of the ruled Squares with
an ~of less t!lan 5/{. Plate 15 shows the varying sized
entations obtan_ned with a constant load (5 grammes) on
materials of varying hardness. With special apparatus of
i'glrsl (l)(:lrsld 1closc:r study l:Jvill be possible of the parts played by

elements in icro-s i

g the micro-structure of many engineer-

Thermal Fatigue

As we saw earlier, lack of isotropy in i

metal can under suitable condi]t)i)c,)ns g;s:ﬁglea(;r)f:tals o
magnified, so that the whole poly-crystalline pie’ce s ffwere,
and material like rolled sheet may have dj eoncted
mechanical weakness or non-uniformity whj llrectxons' of
undesirable for good service performance l(;vl[ o other
properties besides the purely mechanica] aré al an]}’ other
anisotropy in this way. Among these is th $0 xgble to
tl}ermal expansion, which may e coefficient of
direction, at least in those met

_ cubic in lattice structure. Qne e crystals which are not

be markedly dependent on

A
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in a direction different from those of its immediate neigh-
bours. The grain boundary areas will consequently be the
sites of conflicting expansions, and local plastic deformation
of the metal may occur.

This effect was actually found* to occur in some, non-
cubic metals when they were heated and cooled over even
quite small temperature ranges. It was proved to be a
consequence of anisotropy of thermal expansion, since the
application of similar heat cycles produced no deformation
of cubic metals like lead and aluminjum (which have no
anisotropy of thermal expansion), nor of magnesium which,
though non-cubic, shows only a small anisotropic effect.

The extent of the deformation (which is shown up under
the microscope by the appearance of striations, the so-called
‘slip-lines’ — see Plate 16) increases with the number of ther-
mal cycles, and with the temperature range of the cycle. The
deformation occurs when the heat cycle involves cooling
the piece from room to low temperatures, as well as heating
from low to high temperatures. The deformation is absent
in single crystals, or in specimens consisting of crystals with
a strongly preferred orientation. The grain-boundaries and

* the general deformation are shown up by careful metallo-

graphic work, and slip-lines of the type shown in Plate 16
appear and accumulate in samples submitted to heat cycles.
This general phenomenon is likely to influence the per-
_formance of many metal parts; in particular it may effect
bearing metals based on the non-cubic metal tin. The
behaviour of bearing metals is very complex and difficult of
analysis; this hitherto unsuspected effect of ‘thermal fati-
gue’, as it has been called, may help to a better understand-
ing of their peculiarities.

( References overleaf).
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l}){e described briefly and usefully memorized by students.
p ather, as Professor Nagel of Columbia put it, examples
rom the history of science can be used to illustrate the
variety of methods which have been used in formulating
SCICHI‘I!;[C problems, in formulating concepts to deal with,
them, in making statements of scientific knowledge, and in
evaluating scientific theories or solutions to problems.

Professor Schwab, of the University of Chicago, distri-
buted a paper in which he discusses the diversity of these
methods and describes four classifications: taxonomic, such
asin the clgssiﬁcation of stellar spectra ; measurement, such
as 1o atomic or molecular spectroscopy ; causal, such as in
physiology, and analogical, such as in wave mechanics.
Presumably, a well designed course should include examples
of as many of these types of methads as possible.

These examples, or ‘blocks’, or ‘case histories’ as President
Conant calls them, are more successful in teaching students
just how science progresses if they can include controversies,
Or opposing points of view, or theories which bave been
dlscard§d. Examples mentioned were the Piolemaic v. the
Copernican view of the solar system, caloric v. the kinetic
molecular theory, catastrophic v. uniformitarian theories of
geology, Newton’s particles v. Huygens’ wave theory of
light. There was some feeling that modern developments
would make good case histories, particularly in the recently
developed sciences of astrophysics, geophysics, and geo-
chemistry.

After this first session there could be little doubt but that
the history of science, discussed in the second session, is a

- valuable adjunct in the teaching of science. It shows the
development of scientific understanding, and lends human-
istic value to increase the interest of the non-scientists
Unfortunately there are few teachers trained in the history
of science, and almost no textbooks. Three recent books o)t"
value were mentioned: Sarton’s The Life of Science
Stimson’s History of the Royal Society, and F. Sh &
Taylor's The Alchemists. Y + SHerwoo
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Further discussion of suitable source material was carried
on in the session on teaching methods, Selections from
original papers by such men as Archimedes, Ptolemy,
Copernicus, Newton, Huygens, Leibniz, Dalton, Avogadro,
Mendeleyev, Young, Fresnel, J. J. Thomson, Rutherford,
Einstein, Shapley and Hubble were reported successfully
used. There was no general endorsement of one teaching
technique ; as Professor Rogers of Princeton put it, the job
is to get students to like science by using any or all of the
teaching devices available, subject only to the condition
that the teaching is sincere.

The posing of broad problems which challenge a student’s
ingenuity and judgment rather than his mere memorization
of fact or a formula for solution, was agreed to be an
effective pedagogical device. In fact, some extravagant
claims were made for so-called ‘discovery experiments’, in
which the student is encouraged to discover for himself
such scientific generalizations as the law of the pendulum,
or Ohm’s law, or the object-image relationship for a simple
lens. It is questionable whether a freshman or sophomore
can ‘discover’ such laws in the same sense that they were
first derived; the more cautious attitude at the conference
was that such experiments can augment the reading of
original papers or other material showing the historical
development of the laws and all the difficulties therein.

The kind of broad problem which departs from con-
ventional, ‘cook-book’ laboratory work, was illustrated by
Professor G. E. Owen at Antioch College. His students are
asked to consider the advantages and disadvantages of
painting a roof with aluminium paint as against some dark
colour. In their independent thinking on this problem they
can learn a good deal of thermodynamics and radiation
theory as well as the experimental methods of testing
theoretical conclusions.

A number of social scientists addressed the conference in
the fourth session. Skirting the question of whether sociology
is properly termed a science, they suggested that introduc-
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tory courses in the natural sciences should take pains to
eliminate the naive ideas of some elementary students that
natural science can provide answers to all questions.
Although many concepts of the natural sciences are not
applicable to the social sciences, they felt that training in
the natural sciences could develop valuable skills in obser-
vation and an appreciation of a stientist’s relationship to
his data. The latter includes both the process of selecting
data for a problem and an'awareness of the possible effect

of measurement on the data themselves. :

Earl J. McGrath, U.S. Commissioner of Education, led
off the final session with an appeal for more teachers of
science, teachers with better training. There is, of course, a
certain difficulty in attracting able men into a low-paid, if
_ stable, profession. More serious, probably, is the schism
which is developing between teaching and the modern,
specialized, high-pressure research in science. These two
activities, teaching and research, which had long been
‘considered necessary concomitants in academic tradition,
have recently been separated to such an extent that graduate
students now feel they bave to make a choice between an
academic career of research and one of teaching. In several
large physics departments, it was reported, only two or
three per cent of the graduate students have any interest in
teaching. In contrast to this diminishing supply of teachers,
Professor Lark-Horowitz of Purdue reported an increase
from ten thousand students in College general-education
science courses, to thirty-nine thousand in the United States
over the years 1944 to 1947. It is painfully apparent that
more interest must be aroused if this teaching of science is
to be done adequately.

If there is any popular misconception that the teaching
of natural science to non-scienitist undergraduates is easy,
Professor Philipp Frank of Harvard gave evidence to

remove it. In the first place, the general-education cousse in _

science generally draws from several fields - usually physics
and chemjstry, sometimes also astronomy, geology, and

s
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biology. Secondly, the ideal course goes deeply into the
methodology, philosophy and history of the scientific prob-
lems dealt with. And thirdly, the majority of students in such
courses are concentrating on other disciplines. To keep their
respect and their interest, the instructor cannot be com-
pletely ignorant of his stud‘ents’_ fields of specialization. In
short, the teachers needed for this effort must have a broad
background and a thorough grasp of several ficlds of
science. Graduate students and young Ph.D.s, on whom
much of the conventional elementary tqaching has been
unloaded in the past, are not normally equipped for teaching
these courses. However, where a staff of several experienced
teachers has organized. such a course, some graduate
students are reportedly learning as they teaqh with the
group, and gaining a great deal frorp the experience.

The conference left most of us with the conviction that
there is room for considerable improvement in the teaching
of science, probably in elementary courses fqr specialists as
well as courses for non-scientists. The growing importance
of the natural sciences in our civilization has made it more
important than ever before to insure that both the budding
scientists and the mass of the population have a balanced
idea of what science really is.



A UNIQUE CLUB

Just behind Burlington House (Piccadilly, London) wh
Academy and a number of scientific societies, incl)ud?:;e tg? ggya}
Society, have their rooms 1s a unique scientific club. The Socjer %a
Visiting Scientists (S.V.S., for short) was created by the British Co{m oi’l'
in 1944 as a place where scientists visiting London from abroad co ‘l:d .
get information about British Science and scientists meet thlfa'
c9!leagues sociglly and informally, and even ge\ a chear,: bed for t]Xr
night. It was hoped that when the war ended other countries woullc‘i3
start similar clubs in their capital cities, so that wherever he went
ﬁientis’; woulc} ﬁntg anhorganisation waiting to welcome him ang hel;

m ~ but so far this bas not happened, and 8.V.S. i
D o 0 et _happi d 8.V.S. remains the only

The club has a dining room in the basement where an i i
lunch is served on weekdays, and dinner on special e:‘e;?sge \?1:1]:;
there are meetings. A tiny bar and a large lounge with newspapers
and magazines occupy the first floor, while the library and offices are
on the second, and the third contains the housekéeper’é flat, and
additiona) bedrooms for the use of members. Over 200 scier'ntists

- representing 20 different countries, have stayed here in a recent
twelve month period. .

__ In addition to providing hospitality, and giving occasional parties
for special occasions, the club runs a free information service. The
Assistant Secretary keeps an enormous card-index “Who's W)zo in

. Science” which ,is kept up-to-date and lists most scientists, - their
present whereabouts, their interests, their chief publications’ With -

. its aid the visitor can be put into touch with the people and labor’atories
he is most anxious to learn about. About once a month, during the
winter, an evening discussion meeting is held, usually on the kind of

.borderline subject which is avoided by the formal scientific societies
The Scientific Study of Painting, Science and Precognition, The Scientiﬁo:
Approach to Huran Problems in Industry, Science in the U.S.S.R

. The Qutlook_in the History of Science - these are some of the subect;

which have been hdiscussed. ’

T The status of the club is assured by its two patrons i
of the Royal Society and the Chairman of the gritish bct)}:;lglr 53s\:vdht”itlle:

" -the Astronomer Royal, Sir Harold Spencer Jones, F.R.S., is its c’urrent
' president, and Professor F. J. M. Sufatton, F.R.S., its pres,ent secratary,
from whom details of the different classes of membership - fo;ei .
British, and junior - can be obtained. =



BOOKS RECEIVED

Bmlsxgcl)n tf;l ]g”f‘nce gblecuves Sub-committee. Overall Report
. 15: THE FERROUS METAL
1939-45 (H.M.S.0. 1949) 4s. 6 d'INDUSTRY IN GERMANY

Ibid. No. 26: ABRASIVES ;: THEIR M CTURE
: ANUI
IN GERMANY 193945 (H.M.S.O. 1949) ;3, Ao TS

sumx::;sei ‘(‘)‘;_Oasl;eecr}:ilsg? (t;;}emlcal reports are themselves
r

appeal, and intended as some g:g;ort;s tc;xfe ex:xrtﬁ;aerrgwel:
which went on in Germany. It is to be hoped that the will
prove useful to scientists and industrialists specialisiill i

these particular manufacturing fields. Glancing th ~gh
them with our layman’s eye we had the im reg . mt“}llgh
compilation and editing had not been ruthlesz ess:ongh z;t
seems to us that a valuable fact in a report of thisnoout oy
only too easily get lost if it is surrounded by tl‘iViali: : maz
surely the _prec_ise source of bauxite (page 5) and tl'::sf—']a i

to synthesise diamonds (p. 6) of report No. 26 are twoal urlei
unnecessary pieces of information. However, the ex;::ts

may think otherwise, and these publications are for their

good.

THE SOIL AND THE SEA, edited by Tr illi
(Saturn Press 1949) 10/6. y Hrevor 1. Williams
This is a collection ‘of eighteen arti i

previously appeared in Discovery, Endeavoii'esN‘:El Cgl }l o,

and other periodicals. They deal mostly with L;pplied bl'o ;) e

and recent trends under titles such as ‘Chemical Stimlol oA

for Crops’, ‘Seeds and Civilisation’, Whales and Wh'u l.ant,s

- *Moulds apd Tropical Warfare’, but include one e

essays which though interesting in themselves P

irrelevant to the scope of this book: ‘The § . P

for example. enses of Bats’
The photographic illustrations a

typograpby is unpleasing, the textredzgfi(:i fi?)tull;e' The

General judgment: a lucky dip miscellany, wi chold.

teresting catches. . ¥, with some in-

‘collaborators,
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THE STORY OF AToMIC ENERGY by Frederick Soddy,

F.R.S. (published by New Atlantis, 1949) 20/-,

The author, one of Rutherford’s most distinguished
broadly traces the history of physical science
(and tilts at a number of his pet aversions) in an account
which is comprehensible to anyone with a slight scientific
background. He is most successful when dealing with the
great period of atomic development around the beginning of
this century, In these chapters he vividly conveys the excite-
ment of scientific thought at that time.

The sections on recent atomic energy developments are,
however, disappointing. The manuscript was originally pre-
pared in 1947; since then a great deal of information has
been published. By now the informed reader expects more
than the Smythe report, but the author makes no attempt to
bring his work up to date.

This criticism extends to other fields: the references to
cyclotrons and to cosmic rays, for instance. These objections
will probably be more important to the physicist than to the
lay reader, who, if he does not mind the rather angular
quality of the writing, should find here a useful and well-

illustrated introduction to modern physics.
P.

THE THEORY OF INBREEDING, by Professor R. A. Fisher

(Oliver and Boyd Ltd.), 10/6. .

One of the most spectacular successes in the application
of science to agriculture has been the use of hybrid maize in
the United States where the hybrid stocks have now almost
completely replaced the older varieties. The hybrid maize is

- produced by the crossing together of inbred lines ~ strains

made genetically pure by several generations of self-fertilisa-
tion. Many workers are now investigating the possibilities of
similar breeding methods in animals. There the lines are
made pure by the matings of close relatives. Professor Fisher
deals with the rate at which genetic purity or, as it is usually
termed, homozygosity, is achieved. The treatment is mathe-
matically rather advanced and the book is quite certainly
likely to be very hard going except for those with a mathe-
matical training. The more general question of the ‘possnble
value of such a breeding method is only briefly dlscusseq‘
possibly without sufficient reference to the existing experl-

mental evidence on the subject.

Alan Robertson.



GLOSSARY

ALDEHYDE: Any organic chemical compound containing the group-

ing of atoms - HC=0, whicn has a number. of characteristic
chemical reactions enabling it to be identified. (See page 69 for an
example).

BIREFRINGENCE : or double refraction. Light travels at different velo-

cities through different materials, and when passing from one
medium to another, e.g., from air into water, is slowed or speeded,
a process technically known as refracrion. If the medium is not
isotropic but has different properties in different directions as
happens with some crystals, a light beam passing through it is
split up into rays proceeding at different velocities in different
directions, and furthermore polarised - that is to say with their
vibrational energy confined to certain directions in space, instead
of being free in all directions as is the case with an ordinary light
ray. If these polarised rays of different velocity cross one another’s
path they may interfere with each other and produce patches of
darkness or different colours. Further, polarised light may be
accurately recognised by its inability to pass through an apparently
transparent substance such as a calcite crystal (usually mounted
in a rotatable metal tube and called a Nicol) except when the
crystal has a certain orientation to the direction of the ray of light.
Rotation of the Nicol selects light rays of different polarisation,
and so the appearance of a birefringent substance viewed through
one changes. A substance which changes the direction of polarisa-
tion of a polarised ray passing through it is termed optically active.

BLIND SPOT: Nerve fibres are insensitive to light rays, and only

spe_cia]ised cells in the retina of the eye are affected by light, The
retina is connected to the brain by the optic nerve fibres, which
" come into the eyeball in one mass and splay out over the retinal
surface to make contact with the receptors, Clearly there must be
a ‘hole’ m'the retina to let these optic nerves through, and where
there is this hole thpre are no receptors and consequently a blind
spot, as you can discover for yourself if you fix your eye on a
distant object and move a tiny bit of paper held at arm’s length in
front of your eye at the same time: there is one position where it
suddenly vanishes.
Since light entering the eye has to pass through splayed-out nerve
fibres before it can reach the retinal receptors, and these fibres
are quite thick, there is one very sensitive region of the retina,

GLOSSARY . 163

about half a millimetre across, called the fovea, where the fibre
layer is thinned down to a minimum. When both eyes are used
together, they are moved so that the object to be observed is.
focussed on the fovea of each eye: this movement is called a
fixation, and the point in space where the axis of one eyeball®
would meet the other if prolonged is called the fixation posnt,

CHROMATIC ABERRATION : Light rays of different colour or wqve-

length (q.v.) suffer refraction (see above) to slightly differing ex-
tents in different media. Thus an ordinary glass lens brings the
blue rays and the red rays both contained in white light to a
slightly different focus, so that a colourless object seen through
the lens appears coloured, i.e., suffers chromatic aberration. In
optical instruments, the lenses are made of several different mate-
rials so that the short-focus of the blue by one is compensated
exactly by the long-focus of the other; and the final focus is exact
and achromatic.

ORrsIT (bony): the hollow in the skull, which contains the eyeball.
ReyNoLDS NUMBER : is a quotient expressing the relation which the

important variables (fluid velocity, density, viscosity) bear to each
other in any system of fluid flow. .

WAVELENGTH (A for short) is a way of describing accurately (quan-

titatively) the precise colour of a light ~ the bluer the light the
shorter the wavelength, which is measured in g, thousandths of a
millimetre. It is a length because light energy travels discon-
tinuously, in little packets, and the wavelength is actually the
distance between one packet and the next. The different wave-
lengths present in a light beam can be studied by passing the beam
through a prism which bends (refracts) the rays of different wave-
length to a different extent and so spreads them out on a screen as
a spectrum, like a rainbow. This apparatus is called a spectroscope
or if it is equipped to measure the actual wavelengths, a spectro-
meter. (For examples of spectra, see Plate 17; and for some of the
uses of spectroscopy, read pages 44, 89 and 100).
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SUBJECT INDEX
Numbers 1-15

The numbers in brackets indicate the number of the volume.

ABSENTEEISM, 55(11) -~ 57(11)

Absoluteemagnitude (stars), 43(15)

Absolute time scales (geology), 25(8)

Absolute zero, 72(10) ff.

Absorbers of nuclear particles, 155(2),
156(2)

Absorption bands of miero-waves, 154(9)
ff.

Absorption curve of radiation, 135(2)

Accelerator, Linear wmultiple, 149(2),
151(2), 36(7)

Accidents and occupation, 41(11)

Accidents, Causes of, 42(11), 43(11)

——, Frequency of, 42(11), 43(11)

— —, Proneness to, 44({1)

Accumulator  (calculating - machines)
118(N :

A.C. mains clock, 94(9)

ACTH, 128(15) ff.

Actin, 155(13)

Actinomycetes, 93(5), 66(11), 121(13)

Action currents 18(15)

Activation energy, 100(1), 103(1)

—— ——, Calculation of, 105(1)

Addisonian pernicious anaemia, 57(9),
133(8)

Addison’s disease, 132(15)

Adenosine triphasphate, Réle of, in the
cell, 66(10) ff.

Adjustable parameters (meaning), 75(3)

" Administration and population statistics,

46(8)

Admiralty wave recording station,
Perranporth, 96(4), 124(10)

Adrenal cortex and rheumatoid con-
ditions 133(15), 134(15)-

Adrenal cortex, Importance of to man,
132(15)

Adrenal glands, 85(1)

Adrenalin, 9(1)

Adsorption, 66(4), 14(13) ff.

Acrial mapping, 77(7)ff., 118(8), 119(8),
9(9) ff.

Aerial photographs, Interpretation of,
75(7), 76(T)

Acrial prospecting, 67(5), 9(9) fI.

Aerofoil, 24(T)

Aerolites, 83(8) .

Aero Reversal Kodacolor, 84(7)

Affective mental disorders, 10(5), 18(5)

Afferent nerves, 107(10)

Agene (nitrogen trichloride), 65(12)

Agglomerate (geology), 77(9)

Agglutination, 127(3), 52(1), 105(18)

Aggregation, Fourth statc of, of matter,
90(10), 91(10) ,

Agricultural Improvement Council, 128
[&)]

Agricultural Research Council, 164(3),
176(3), 128(9)

Agriculture, Aim of, 49(3)

Air, Components of the upper, 138(6),
19(11) . )

—— Methods of disinfecting the, 54(1),
55(1) ,

Air Photography, Colour filter tech-
niques in, 81(7) - 83(7)

—— ~——, Uses of, 74(7) - 88(7)

Algin, 143(1), 144(1) :

Alkali disease, 54(3)

Allantoin, 88(1)

Allergy, Phenomenon of, 158(1)

All-or-None relation (nerve), 126(5),
131(5), 136(5)

Alloy research, 133(6) f1., 135(8) €.

Alloying, Mcchanisms of, 139(8) - 141(8)

Alloys, 154(1)

—=—, Ageshardening of, 141(8) - 143(8)

——, Counteractant additions, 145(8) -
148(8)

——, Grain growth restriction, 150(8)
~ 152(8)

Alpha particle tracks, 133(2), 142(2)

Alpha particles, 4(2), 26(2), 1\7(2)_,

144(2)
Alpha rhythm of brain (see also Berger
rhythm), 122(14)
Alpine glaciers, 108(6), 117(6), 118(6)
Aluminium, 152(1), 145(8) ’
——, Cold welding of, 60(11) - 65(11)
Aluminium oxide (see also Corundrum),
22(3)
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American television, 14(14), 28(14), 30(14)
- Amino acids, 91(1), 131(11) ff., 13(13)
21(13), 23(13)
p-aminobenzoic acid, 111(1)
p-aminosalicylic acid, 73(11)
Ammonia formation in the soil, 81(5) f.
 Amphidromic point (tides), 92(4), 94(4)
.. Amplifiers for E.E.G., 125(14), 136(14)
. Amplitude modulation, 20(7), 10(14)
Amyl chlormalonamide, 113(9)
Anaemia, Causes of, 98(6)
Anaesthesia, 81(3)
" Analogue machines, 113(7)
" Androgens, 21(1), 22(1), 33(13)
" Andromedids, 34(5) 23(10)
- ographs, 108(10)
. 2:::.1:: :mmemum, Meading of, 76(14)
 Angular momentum theory of magnet-
ism, 140(6), 141(6), 64(12) .
Animal Genetics, Institute of (Edin-
burgh), 137(10)
Animal Physiology, Unit of (Cambridge),
164(3), 17503) o200
Animal Sociology, .
Animal virus, Structure of, 46(9), 47(9),
88(12) f., see also 60(14) ff.
; ‘Anisotropy  of . thermal expansion
< (metals), 150(15), 151(15)
* s Ankaramite, 86(9)
-~ Annealing, 57(15)
‘A.nnealinz' and crystal growth, 118(6),
. 119(6) . .
. Anodic oxidation for testing grain
" orientation (metals), 147(15)
Aptarctic biology, 29(6)
. =, bottom current, 87(4), 88(4)
) 4w, Convergence, 24(6)
—— expeditions, 9(6) - 14(6), 97(11)
% - ——, Scientific results of, 22(6) -
. ;Z(?gography and geology, 24(6) -
28(6), 97(11) 296
s 6),
S e ate current, 874, 850
- Aniarctica, Aviation in, 112(11)
" ———, Clothing in, 18(6), 19(6)
;" ——, Food in, 19(6), 20(6)
* ~w—, Navigation in, 109(11)
* e, Political divistons of, 9(6) f.
% s, Usefulaess of dog-transport in, 20

(6),102(11)

Antarctica Weather conditions in, 15(6),
111(11) .

Antibiotics, 92(3), 38(6), 66(11), 121(13)

Antibodies, 113(1), 114(1), 162(1), 127(3)
., 56(7) ff., 95(13) :

Antibodies, Blood group, 106([%, 107
(15) )

Anticyclones, 172(1)

Antigens, 56(7), 96(13)

Antigens, Blood group, 106(15), 107(15)

Anti-knock, 149(1)

Anti-vitamin as insecticide, 68(7)

Anti-vitamins, 56(7) ff.

——, Bacterial, 69(7) ff.

Antrax bacillus, 104(6)

Antrycide, Use of, 124(11)

Aphelion distance of comets, 18(10)

Aphides, Destruction of, 59(6) — 61(6)

~~—, Natural enemies of, 60(6)

Apples, Storage of, 55(3), 56(3)

Appleton layer, 55(4) ’

Approval of the outside world, Im-
portaace of, to Japanese, 48(1)

Apus, 92(15)

Aquarids (meteors), 26(10)

Archaeological deposits, Dating of, 24(8)

~— ~——, Distribution of, 19(8)

—w= ——, Inferences from, 20(8) ff.

Archaeological digs, Principles of, 14(8)
ff.

Archaeological finds, Recording of, 16(8)

Archaeology, Air photography in, 79(7),
80(7), 14(8)

——, Carbon-14 in, 28(10)

——, Phosphate-determinations in, 14(8)

~~—, Resistivity-surveying in, 14(8)

Argon (discovery of), 157(5)

Argonne Laboratory, 78(2), 92(2)

Art of primitive man, 45(5), S0(5)

Artemia (Brine Shrimp), 91(15)

Arteriosclerosis, 125(2)

Arthritis and ACTH, 128(15), 133(15)

-~ and Compound §, 133(15)

——— and Jaundice, 134(15)

——— and Pregnancy, 134(15)

Artificial antibodies, 113(1)

Attificial insemination (human), 83(3) ff.

Artificial pneumothorax, 104(4), 72(11)

Artificial vitamin deficiency, 66(7)

Artificially radioactive nuclei (history),
32Q2), 33(2)
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Ascorbic acid, 66(7)
Astheno-spbere, 81(8)
Astronomical Unit, 38(15)
Atwmosphere, Water vapour in the, 107
(5), 108(5)
Atmospheric eddies, 172(1), 173(1), 77
(N f. .
Awmospheric radiation balance, Prin-
ciples of, 169(1)
Atmospheric radiation chart, 170(1) _
Aumospheric turbulence, 174(1), 74(11),
77(11)
Atom, Bohr's theory of, 24(2), 122(4),
73(6)
——, Mass defect of, 63(6)
——, Splitting of, 1(2)
Atomic association, 67(1) ff.
—— bomb, 70(2)
—— energy comparisons, 128(6) ff.
——— gun, 96(2)
—— nucleus, 1(2) ., 23(2), 37(2), 121(4),
62(6)
~— ———, Disintegration of, 4(2)
~— number, 38(2)
—— pile, see Pile, Chain-reacting
—— theory, 66(1), 93(1), 94(1), 144(%)
—— weight, 20(2) ff., 27(2), 37(2), 144(5
Atoms, Radioactive, 189(1), 4(2), 25(2
114(2) 1.
——, Structure of, 66(1), 94(1), 189(1)
19(2), 37(2)
——, Tagged, 114(2), 127(2), see also
Tracers.
Avureomycin, 123(13)
Aurora Australis, 9(11
Aurora Borealis, 137(6), 9(11) - 31(11)
- —— Description of, 11(11) ff,
—— ———, Frequency of, 14(11}
—-— ~—— Fritz chart of, 13(11), 14(11)
——— ——, Height of, 15(11)
——w ~—, Radar applied to, 139(6)
e ——, Spectrum of, 21(11)
o —-, Theories of, 27(11) - 31(11)
Automatic Computing Engine, 64(5)
Autotrophs, 93(5)
Autoxidation, 155(3)
Auxin A, Chemical formula of, 17(1)
Auxins, Application of, to produce seed-
less fruits, 15(1)
—-—, Controlling bud development, 12(1)
——, Controlling growth, 12(1) .

Auxins, Controlling root formation,
13(1), 14D

——, Inhibiting growth of formed roots,
14Q1)

——, Meaning of term, 12(1)

——, Prevention of fruit-drop by, 14(1), *~

15(1)
——, Treatment of seeds with, 14(1)
~—— Weed contro} and, 58(3)
Aviation in Antarctica, 112(11)
Aviation medicine, 116(1) - 120(1)
Avidin, 72(7)
Avogadro, Hypothesis of, 98(1), 78(3)
Azo dye» and cancer, 30(13)
Azotobacter, 79(5)ff.

BaABIES, Training of, in Japan, 31(1) =
34(1)

Background (of G. M. counter), 140(2)

Bacteria, Size of average, 109(1)

——, Usefulness of, in sewage fermenta- )

tion 91(11), 94(11), 96(11)
—~—-, Vitamin-producing, 91(3), 69(7)
Bacterial counts, 76(5), 77(5) ’
Bacteriology and Black Disease of sheep,
11411 - 117011}
Bacteriophage, Characteristics of, 49(14)
50(14) ’ '
~——, Chemical composition of, 63(14)
——, Discovery of, 33(14) ff.
——, Genetics of, 64(14) ff.
——, Reproduction of; 66(14), 68(14)
—~—, Shape of, 96(12), 62(14)
Bacteriophage prophylaxis, $7(14)
—— therapy, 54(14) €.
‘Ball of fire’ (atom bomb), 103(2), 104(2)

Bandwidth, Frequency (radio), 109(12);
117(12) :

Bathyspheres, 67(5)

Bathythermograph, 84(4)

Bats, Ultrasonic utterances of, 54(7), 58
Y] i

Baudot code, 108(12)

B.B.C. Listener Research, 73(12), 76(12)
- 78(12) : )

Beaker-folk, Burial habits of, 17(8)

Bee Diseases Advisory Committee, 120(9!

Bees and colours, 81(1), 82(1)

——, Dance-language of, 28(9) - 31(9)

—=, Division of labour among, 31(9}
329)
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Bees, Duties of worker, 2209) -~ 24(9)
——, Poraging, 24(9) - 26(9)

a——, Health of, 11809) - 123(9)
——, Social life of, 22(9)

Peilby layer, 1514,

Bell's palsy, 37(12)

" Bench height and comfort, 52(11)
Bends’, 117(1), 136(3), 24(4), 46(11)

" Benzene hexachloride, 82(3), 59(6), 69(7),

;. 140(13)

Benzene ring, history of the, 160(5)
Benzoate in scabies, 82(3)
Berger rhythm (see Alpha rhythm of
_brain), 122(14)
- Bernoulli’s theorem, 28(7)

- Boryitium, T8(2), 63(6)

" Berylium aluminium silicate, 23(3)
Bessemer converter, 139(15), 140(15)
Bester, Comet, 16(10)
Beta decay, 64(6) ff., 77(6) - TH(6)

" Beta rays, 7(2), 26(2), 117(2) f., 63(6),

64(6)

Beta rhythm of brain, 124(14)
‘Beta-transformation, 7(2), 16(2), 64(6)
‘Betatron, 152(2), 38(5), 93(7), 103(N
Biels's Comet, 33(5), 23(10)
Bielid metoor shower, 34(3), 23(10)

.. Bikini, 105(D), 115(8)
¢ ‘Bj-molecular reaction, 98(1)

”

“Blochemistry and pusture, 52(3) -

T - 1250

*" Blospelacology, 48(5) - 50(5)

_ Biotin, 66(7, 727

Birds, Breeding of, in Antarctica, 33(6)s
104(11)

Birds in Graham 1and, 104(11)
Birds, Non-breeding of, 71(9) - 75(9)
Birth control in India, 1:1'6(13) f.

© Birth registration, 51(8) fi.

" Black body radiation, 54(4), 29(6)

. Plack disease in sheep, 115(11)
Blackening of caves. 49(5), 50(5)

< sBlack-out’ in aviation, 118(1) .

2 Blast wave of atom bomb explosion, 101

[
o

- (@
~-Blinking, 181(1)

? Block-buster, 107(2)

3

Dood groups, 48(4), 49(4), 99(6), 105
(15 .

S o, Additional 111(15) i
** . and ethnology, 125 (15) &

’

553)

Blood Groups, Identification by, 124(15),
125(15)

—— —, Inheritance of, 109(15) *

—— ~——, Rare, 123(15)

~—— —, Rhesus, 112(15) ff.

—— ——, Uses of, 123(13), 124(15)

Blood pigments, 124(8), 45(10) ® 51(10)

Blood pressare, High, 122(10)

Blue giants, 47(15) .

Bohr's theory of the atom, 122(4), 73(6)

Bomb, Atomic, 70(2)

Bornholm disease, 39(12) ff..

Boron, 78(2), 80(2)

— in nutrition, 54(3)

Boron ionisation chamber, 157(2)

Bouider-clay, 146(12) .

Boundary-layer {aerodynamics), 24(7)

Brain waves, 121(14)

—— ——, Recording of, 127(14)

Bricks, Magnetism of, 49(12)

Brine shrimp (Artemia), 91(15)

British Aoti-Lewisite, 64(4)

British Glaciological Society, 27(6), 127
(6)

Bronze Age characteristics, 13(8)

Brownian movement, 95(8), 96(8), 76(11),
78(11) .

Bucco delt’Orso cave, 46(5)

Bud development, Control of, by auxins,
12(1), 13(1) oo

Buna rubber, 147(1) .

Butiermaking, Continuous, 136(13) f,

Buxton’s radiation integrator, 136(12)

‘By-pasd’ filtration (of engine oil), 93(6)

CapMiIUM, 193(1), 80(2), 149(3)

Caisson disease, 46(11), see aiso ‘Bends’

Calculating machines, 112(7) - 114(7),
124(13) )

Calibrated cameras in surveying, 77(7),
119(8)

Calories, 65(2)

Calorimetry, 75(10) - T7(10)

Cambium, Natwre of, 104(14), 109(14),
110(14)

. Camera, Television, 18(14), 19(14)

Cancer, Chronic irritation and, 31(13)
—-, Forms of industrial, 30(13)
—, Milk and, 32(13)

~—— of the prostate, 21(1). 22(1)
—, Production of, 28(13)
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—— ressarch, Funds for, 41(13)

-, Viruses and, 31(13)

Canine distemper, 71(14) ff.

Carbon-12, 23(2)

Carbon-13, 120(2), 134(10)

Carbon-14, 114(2) ff., 28(10) ff.

Carbon cfcle in the sun, 52(13)

Carbon dioxide and soil metabolism, 92
(5) ff.

Carrier in radiochemistry, 160(2)

Casein, Iodinated, 54(6)

Castle factor in pernicious a ia, 58(9)

Chain initiator, 144(3), 131(3)

Chain length, 145(3)

Chain processes in nuclear reactions,
147(3)

Chain reactions, 101(1), 9(2) f,, 34(2),
68(2), 143(3), 154(5)

Chain reactor, 81(2), 91(2)

Chain stopper, 151(3)

Challenger Society (oceanography), 103
.4

Cheese testing, 13(7)

Catalase, Nature of, 51(10)
Catalysis, Phenomenon of, history of|,
153(5), 154(5)
Catalyst carrier, 95(6) -
Catalysts, 103(1), 146(3), 152(5)
Catalysts, Heterogeneous, 65(15)
Catastrophism (geology) 32(10)
Catatonia, Periodic, 23(5) - 27(5)
Cathode ray oscillograph, 146(4), 29(5),
30(5)
Cathode rays, discovery of, 147(5)
Causality, 68(3)
Cave of Istria, 51(5)
Caves, Blackehing of, 49(5), S0(5)
—-, Depth of principal, 42(5)
—— Exploration technique, 41(5), 42(5)
——, Fauna of, 50(5) - 54(5)
——, Flora of, 48(5) - 50(5)
——, Hydrology of, 44(5)
——, Primitive human and animal life in,
43(5) - 46(5)
Cavitation, ultrasonic, 52(7), 53(7)
Cells, Movemeot and direction of
(embryology), 96(13) - 99(13)
—— Stickiness of (embryology), 91(13), ff.
Cellulose, Structure of, 95(14), 97(14)
Census, American Bureau of, 60(8)
Census statistics, English, 46(8) ~ 51(8)
Censuses, 70(12)
Centrifugal separations in biochemical
technique, 45(10)
Centrifuge, some industrial wuses of,
- 45(6)
Cepheid variables, 45(15)
Cerebral tumours and B.E.G., 135(14)
Chain branching (physical chemistry),
147(3)
Chain carrier, 104(1), 144(3), 145(3), 150
3) f,

Chemical change, Study of, 152(5)

—— combination, Dualistic theory of|,
145(5)

—-— compounds, Energy of, 96(1)

~ ——, Formation of, 95(1)

——decectlon of metal pick-up dnrlnz
sliding, 161(4), 162(4)

—— equilibrium, 98(1)

— Industry (history), 158(5)

—— reactions, Classification of, 97(1) ff.

—— —-—, Ionic, 106(1)

————— + Special types of, 100(1)

—(—;—) = Velocity of, 93(1), 99(1), 153

—— warfare, 34(11) - 86(11)

Chemotherapy, Principles of, IN13)

Chick and shingles, 35(12) ff,

Chlldren in Japan, Training of, 34(1) -
38(1)

Chlorate bacteriostasis, 87(5)

Chlorocruorin, $9(15)

Chloromycetin, 121(13) ff.

Cl:lor)ophyll, 103(1), 83(6), 50(10), 68

" Cholera and bacteriophage, 52(14), 54

(14)
Chordotonal organs of insects, 197
Chromatic aberration of the human eye,
11(15) ff.
Chromatography, 66(4) fI., 9(13)
——, Applicatioas of, 16(13) f,
——, Fluorescence in, 18(13)
——, Indicators in, 19(13), 20(13)
——, Inorganic, 24(13)
~—— Paper strip, 22(13) ff,
—-~ Partition, 18(13) ff.
-——, Streak method in, 17(13)
Chromatophares, 82(6)

Chromosomes, 87(1), 88(1), 60(5), 152

an, 153a1)

INDEX- m

Chronometer, history of the, 89(9)

Cinematography, High-speed, 105(7) ff.

Cineradiography, 101(10)

Climate and food, 42(7)

~—— and glaciers, 124(6) - 127(6)

——, Indications of prehistoric, 21(8)

Climatology, Dynamic, 167(1)

Clinton Pile, 81(2), 83(2), 92(2)

Clock stars, 92(9)

Clostridium pastorianum, 79(5) ff.

Cloud chamber, 131(2) ., 115(4), 123(4)

Cloud drops, Formation of, 108(5) - 111
©)]

Clouds, Distance of, 39(5)

——, Rainbearing, 116(5), 117(5)

——, Why - do not always rain, 111(5),
112(5)

Coal-mines-as coke-ovens, 150(1)

-, Coast sickness, 61(9), 118(11)

Cobalt, Importance of, in ruminant
nutrition, 52(3), 61(9), 118(11)

~——, Radioactive form of, 56(5)

Cobalt salts as R.H. Indicators, 133(12),
134(12)

.Cocoa trees, Virus disease of, 90(12)

Coeflicient of friction, 141(4)

Coenzymes, 61(10), 62(10)

Coincidence circult, 156(2), 157(2)

Colchicine, 87(1)

Cold acclimatisation, 113(11)

Coleoptile, hormone secrgtlon of, 10(1) ff,

Collimation, 155(2) -

Collision-theory of reaction velocity, 153
(5

Colloids, history of, 151(5)

Colour cumeras, 99(3)

Cojour Photography, Additive systems,
95(3) 1.

—— —— Aecro Reversal Kodacolor, 84

_5.7_)_—- Agfacolor and Anscocolor,

06(3
—1-6(—)—- Ansco Printon, 107(3)
e —om Bi-pack films, 100(3)
— — - Early history, 94(3), 95(3)
e —— Kodachrome, 105(3)

e — Kodachrome and Ansco

Priats, 106(3), 107(3)
——— —-— Negative-positive Kodacolor,

107(3), 108(3)
e — Pellicles, 99(3)

.

>

Colour Photography, Subtractive prl.ntlna.
processes, 100(3) ff. .

—— —— Subtractive systems, 97(3) f.

~~~ —— Technicolor, 102(3)

e —— Tripacks, 103(3) ff,

Combined driils (agriculture), 51(6)

Comets, 34(5)

——, Coma of, 16(10)

——, Orbits of, 10{10) ff.

——, Origin of, 18(10) ff.

——, Speeds of, 25(10)

——, Tails of, 17(10), 18(10)

Common cold, The, 96(5) ~ 98(5)

Communicadon, Scientific meaping of
106(12)

Comparative my and archaeology
. 98)
Compass, Gyro-, 114(3) .

—-—, Magnetic, 109(3) fF.

—-—, Var‘ation and Deviation of, 113(3)

Competitive inhibitors, 56(7)

Compressed air, Physical phenomena in,
16(4), 17(4)

Comp ibility (aerody:

Compulsive neurotic, 43(1)

Concentration, Concept of (chemutry),
98(1)

Condensation nuclei, 111(5)

Conditioning methods of treatment
(psychiatry), 23(5)

Contact between solid surfaces, Real area
of, 141(4) - 144(4)

Contact lenses, 38(8)

—— ——, Designs of, 39(8) .

Contact processes in sulphuric acid
maanufacture, 159(5)

Continuous narcosis, 22(5). 23(5)

Control rods (nuclear reactor), 80(2)

Convulsions, Use of induced, in shook
treatment, 11(5), 15(5) ~ 19(5)

Co-ordinate valency of ammines, 148(35)

Copepods (Lernacocera), 102(15)

Corul istands, 115(8) - 118(8)

Cordite, 36(4)

Core of the earth, 74(8), 63(12)

Coriolis force, 42(9)

Cornea, 30(8)

Corneal grafting, 31(8) ff.

Cortical sceroids, 130(15), 132(15), 135
1%

Cortisone (Compound E), 128(15)

ics), 27(7)
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Corundrum (see Aluminium oxide), 22(3)
Cosmic radiation, 126(8) : .
= ——, Photographic records of, 87

1Y)

Cosmic rays, 98(2), 148(3), 149(3), 114(4)
- 126(4), 76(6)

~— —— Propertics of, 124(4) ~ 126(4)

Cotidal lines, 92(4)

Coulomb’s law, 68(6), 74(6)

Couplers (photography), 104(3)

Covalent bond, 95(1)

Covalency of organic compounds, 148(5)

Covalem link, 59(15)

Covolo di Costozza, S1(5)

Cows, Type, breeding points of, 126(13)

Crag deposits (geology), 149(12)

Creep, 115(6) ., 135(9) .

Creep strength. 35(4)

Crevasses Frequency of, and speed of
glaciers, 108(6)

Crime detection, Laboratory aids in,
42(4) ff.

~omor ——-, Problem of identity in, 37(4) ff

Critical Mach number, 2%7)

Critical state, Theory of the, 149(5)

Crossed fringes, Method of, in examining
diamond crystals, 150(10), 151(10)

Crumb structure of soil, 72(5), 125(9)

Crush syndrome, 105(10)

Crust of the earth, 73(8)

Crysial amplifier, 135(10), 136(10)

Crystal face, 54(15)

Crysual habit, 55(15)

Crysta) plane, 54(15)

Crystallisation, value in chemistry of,
714)

Crysuallisation nuclei, 114(5) ff.

Cryswuallography, 14%(5)

——, X-ray, 144(11), 98(14)

Crystals, Atomic structure of, 50(15) ff.

——, Chemucal reactivity of, 63(15) ff.

~——, Classification of, according 10 geo-
metrical pattern, 55(15), 71(1%)

—— ——, according to type of bond,
57(15), 70(15)

——, Method of growing, S5(15) fI.

——, Physical propertieg of single, 60
(15), 61(15)

——, Surfaces of, 6(15), 63(15)

CTAB, 5¥(1)

Cultivations, 123(9) ~ 130(9)

Curare, 81(3), 17(5)

Curie point, 49(12)

Cyanido process for separating gold,
159(5) :

Cybemetics, 124(13)

Cybotactic structure of liquids, 96(8)

Cycling unit (calculating machines), 117
@

Cyclones, Formation of, 174(1), 175(1)

Cyclotron, 31(2), 121(2), 129(2), 149(2) f1. .

Cytochromes, 49(10)
Cytotoxic agents, 38(13)
Czapek-Dox medium, 40(6)

DACTYLORRAPHY, 46(4)

Dairy farming a1 Reading, 126(12)

——, British statistics, 127(12}

Dairying, National Institute for Research
in, 87(D, 13(7)

Dalmatian coachhound, 88(1)

Dance-language of bees, 28(9) - 31(9)

Daphnia (Water fleas), 86(15) ff,

Dating the past, 28(10)

Davis submarine escape apparatus, 12(4), ’

15(4), 27(4)

Daylight meteors, 35(5), - 38(5), 135(6) fF.

D.D.T., 39(1) ff, 82(3), 60(4), 61(4),
59(6), 43(D), 54(9) ., 123(11), 139¢ 1)

Death, Causes of, 185(1), 186(1), 40(11)

Death registration, 53(8) £

Decay curves, radioactivity, 158(2)

Dec, 150(2), 1512

Deep-sea sounding, 78(4)

De-icing marerials, 75(4), 76(4)

Delavan’s Comet, 17(10) '

Demography, Beginnings of, 41(8) - 43
(8)

Dermatitis, 100(6), 101(6)

Desoxycorticosterone, 24(1)

Desoxypyridoxine, 65(7)

Desthiobiotin, 66(Ty

Derritus, aerial, 79(9), 80(9)

Deuterium, 184(1), 28(2), 46(2), 43(2),
78(2), 144(2)

Deuteron, 144(2), 69(6) ff,

Devitrification, 86(8)

Dialysis, 151($)

Diamidine, 109(1) .

Diamond, 22(3)
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ou8 carth, 82(6), 9O) F. Dog liable to gout, 88(1)
I-)-'—g—wf-.-f,e‘:ﬁu;lly!is of, 91(6) Dogs, lllness in, 71(14) f1.

e .———, Use of|, as abrasive, 96(6)
~em ——, a8 Absorbent, 95(6)
e ——, a8 catalyst carrier, 95(6)
wwew~ ——-, in concrete manufacture, 96(6)
et i, in cosmetics, 97(6)
— e <, in filtration, 92(6), 93(6)
- ee —, in insulation, 93(6), 94(6)
e ey in mhedicaments, 97(6)
—enr ——, in paint manufacture, 96(6)
Ddatomin, 83(6)
Diatomite, 90(6)
Diatoms, and geology, 97(6)
-——, Earliest description of, 80(6) .
—“—.y FO!S“, 90(6)
— in Jan Mayen soil, 83(9)
———, Movement of, 86(6)
——, Outline of, 85(6)
—~—; Productivity of, 81(6)
~——, Reproduction of, 84(6)
—— Rale of, in fouling of ships, 89(6) -
—eme —e—, in marine plankton, 83(6)

1 T

.

e ey in oceanogr T
88(6) )
—— ——, in reservoirs of drinking water,
87(6), 88(6)
——, Size of, 82(6)

——, Structure of, 82(6)

—msm Where - are found, 80(6) fX. -

Diconmarol, 63(7), 647}

Diel’s synthesis, 100(1)

Diesel electric locomotive, 34(4), 35(4)

Diet and kidnoy disease, 99(10)

Diffusion by continuous movements,
Theory of, 83(11)

Digital calculating machines, 113(7)

Diphtheria, Prevention of, 39(12)

Direction-finding by bees, 26(9) -~ 28(9)

. Disintégration of atomic, nuclei, 4(2),

116(2),
e —— Spontaneous, 98(2), 148(3)
Disseminaced sclerosis, 101(5)
, Dissipation coefficient, 16(7)
Distemper (canine), 71(14)
Diving dress, Kinds of, 10(4), 11(4)
Division of labour among bees, 31(9),
32(9)
D.M.P., 83(3)
‘D.N.O.C. winterwash (aphide destruc-

tion), 60(6)

Dominators {vision), 20(15)
Doppler effect, 40(5), 21(11)
Double tides, 93(4), 94(4)

‘Draconids (meteors), 34(5), 3§(5)

Drag (aerodynamics), 23(7) f.

——, Induced, 25(7) .

Drills, Combined (farming), S1(6)

——, Gravity-feeding, 52(6)

Drinking-water problem at sea, 120(1) ff.

Drugs, theory behind new, 109(1) - 113(1)

——, Method of testing, 24(1), 70(11)

‘Drunkard’s Walk’, 83(11)

Dualistic theory of chemical combina-
tion, 145(5)

Dufaycolor film, 97(3)

Dulcin, 112(9) ’

Dunmore electrical bumidity element,
135(12)

Dyestuffs, history of, 162(5)

Dykes, Magnetisation of, 50(9), 51(9),
53(12) ff,

Dynamic climatology, 167(1)

BARLY Iron Age, 13(8)

Early maa in America, 63(13), 64(13)
Earth, Age of the, 32(10) - 40(10)
————, Basalt mantle of the, 74(8)
——, Cooling of the, 34(10)

——, Core of the, 74(8)

——, Crust of the, 73(8)

——, Granitic layer of the, 73(8)
——, History of the, 37(7), 38(7)
——, Interior of the, 73(8)

—-~, Intermediate layer of the, 73(8)
——, Magnetism of the, 139(6) ff., 44

(12) - 64(12)
—, M ing the di of the,
33015

——, Rotation of the, 89(9)

——, Sea salt of the, 33(10)

—-—, Temperature within the, 75(8)

Earthquake epicentre, 74(8), 81(8)

Earthquakes, Association of, with mag-
oetic anomaliés, 60(12)

Eastman High Speed camera, 107(7)

Echo-sounders, Inverted, 94(4)

Echo-sounding, 78(4), 50(7)

Ecology, Use of air photography in,
Ty
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Eddics, Behaviour of atmospheric, 172
T, 1N, 170 £
Eddy formation, 24(7)
E.E.G. amplifier, 126(14)
" Bfferent (or effector) nerves, 107(10)

Eggs, Preseryation of, 55(3)

Ehrlich, 37(13)

Ehrlich’s side-chain theory, 56(7)

Fiastein’s mass-energy relation, 28(2),
34(2), 64(2), 118(4), 63(6), 64(6), 46(13)

Elastic modulus, 14(7)

Blectric lens, 135(1), 20(14)

Electric strain gauges in mechanical
metallurgy, 139(15)

Electroencephalogram (E.E.G.), 121(14) .

—— and blindness, 122(14)

-—— and cerebral tumours, 131(14)

—-— and epilepsy, 131(14) fI,

—— and twins, 131(14)

——, Frequency analysis of, 137(14), 138
14)

——, Interpretation problems of, 128
(14), 135(14)

~—— records, 123(14), 129(14), 132(14),
134(14), 135(14)

Electrolysis, Theory of, 145(5), 150(5)

Electromaguetic ficld, Maxwell’s idea of,
75(6)

Plectromeric effect, 160(5)

Electrometers, 135(2)

Electromotive force, 145(4)

Electron diffraction, 150(S), 141(10), 139

L%

Electron gas in metals, 139(8) -

Electron gun, 133(1) £,

Electron microscope, 136(1) ff,, 142(4),
61(5), 62(5), 141(10), 147(11)

Electron microscopy of viruses, 95(12) ff.

Electron optics, 133(1) ff.

Electron probability clond, 59(15)

Electron tracks, 133(2)

Electron volis, 3(2), 144(2), 119(4)

Electronic brain, 122(7), 124(13)

Electronic clock, 98(9) ff.

Electronics and machine control, 129(13)
- 131(13)

Electrons, 94(1), 2(2), 22(2), 37(2), 147(5)

——, Emission of, 117(2)

——, Positive, 32(2), 117(2), 125(8)

Electrophoresis, 15l(5_). 57(10), 58(10)

Electro-positive elements, 67(1)

Electroscope, 134(2)

Eléctrostadc generator, 31(2)

Electrovalency of salts, 148(5)

Electrovalent link (see also Ionic bond),
58(15)

Elements, Chemical, 19(2)

~——, Periodic systern of, 21(2)

-, Transuranic, 7(2)

Elinvar, 96(9)

Embryo nutrition, 46(7), 47(7)

Embryology, Development of nervous
system, 94(13)

~—— Organizer in development, 88(13) -~
91(13) :

~—— Phenomenon of regulation, 100(13)

—— Stickiness of cells, 91(13) £,

Empirical . freatment of mental iliness,
2K(5) - 23(5)

Encke’s Comet, 21(10) -

End group assay, 137(11)

Endemic influenza, 121(3)

Energy determination by use of abe
sorbers, 155(2), 156(2)

—— ——-by use of coincidence circuit,
156(2), 157(2)

English census statistics, 46(8) - S1(8)

English vital statistics, 51(8) - 57(8),
40(11) ff,

ENIAC, 112(7) 1.

Entropy, 76(10) ff,

Enzyme inhibition, 58(7), 59(7), 64(10)

Enzyme specificity, 58(7), 62(10)

— ==, Reason for, 62(15)

Enzymes, 60(10) - 8310, 127(11)

Epidemic influcaza, 121(3), 33(12)

Ept;demics and the counry doctor, 23(12)

Epilepsy and E.E.G. records, 132(14) i

—— and glutamic acid, 104(6)

Epileptic fits and flashing of light, 137(14)

Equation of Time, 91(9) :

Ecgs, 65(2)

Erratics (geology), 150(12)

‘Error of the pedestal’, 104(8)

Ether, Synthesis of, 145(5)

Ethylene-diamine derivatives as antispas-
modics, 112(1)

Ethylene gas, Use of, for nin
s , for ripening fruit,
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Eustachian tubes in diving, 14(4)
Examinations, Aim of, 16(3)

. Expansion chamber (Wilson), 131(2)
.Exploration Club, Oxford University,

68(9)
Explosion, atom bomb, 13(2), 94(2)
Extrusion method for making metal
objects, 153(1)
Eye, Chromatic aberration of the buman,
11(15) ff.
Eye Bank for Light Restoration, 32(8)
Eyeball, Enucleation of, 32(8)
Eyewitness accounts, validity of, 139(3) ff.

FAMILY census, 5%(8)

Fast neutron reactor, 88(2)
Faulting of rocks, 78(8)

Fertiliser placement, 50(6) ~ 54(6)
Pertility statistics, 49(8), 50(8)
Fibroid tumours, 23(1), 24(1)

‘Fibrous molecules, 141(14), 95(14), 144

(n
Field theory in social psychology, 145
(13) ff.

Fluorohydrocarbons, 62(4)

Folic acid, 89(3), 91(3), 131(8) - 134(8),
39(13)

Food, Climate and, 42(7)

Food from seaweed, 144(1)

Food yeast, 134(13) ff,

Foot-and-mouth disease, 69(14) ff.

Foraging bees, 24(9) ~ 26(9)

Forestry, Use of aerial photography in, -

- 8T £

Forgery detection by infra.red light,
42(4)

Form drag, 25(7)

‘Fossil’ magnetism in rocks, 44(12)

Fossilised diatomaceous earth, Deposits
of, 82(6)

Fossils, 64(8)

—— as evidence in dating geological

strata, 85(9) ’

Foul Brood (bee disease), 118(9) ff.

Fow! typhoid and bacteriophage, 53(14)

Fragilaria crotonensis (diatom), 88(6)

Free radicals, 104(1), 153(5)

Free space, 143(9)

Figure of merit (welding of metals), 61 ¢Free valency, 104(1)

(1D

Films of the sun, 122(8)

Filtration and diatomaceous earth, 92(6),
93(6) ,

Fingerprints, 46(4), 47(3)

Fire alarm, Radioactive, 131(13)

Firearms, Identification of, 45(4)

First farmers in Peru, 64(13) - 66(13)

Fish, Freshness of, 139(13)

Fish not deaf nor dumb, 135(3), 136(3)

Fish-liver oils and Vitamin D, 91(I)

Fission fragments, 34(2), 65(2), 108(2) fI.

Fission products, Radioactive, 80(2), 116
2

—-(—-) e, Separation of, 24(13)

Fission, Spontaneous, 98(2)

Fixation points (vision), 23(15)

Flash burn, 108(2)

Flavour, Biologicat function of, 117(9)

Flip-flop (calculating machine compo-
nent), 118(7), 11%(7) :

‘Florigen’", 133(4) f.

Fluorescent lighting, 155(1), 156(1)

Fluorine, Micro-estimation of, for dating
fossils, 30(10)

Freeze-drying, 46(6)

Frequency bandwidth, 109(12), 117(12)

Frequency modulation, 111(12), 112(12),
118(12), 119(12), 10(14)

Friction; Coefficient of, 141(4) ff.

——, Hot spots in. 147(4) f.

~—— in gkiing, 155(4) fI.

—— in sledging, 158(4)

-——, Kinetic, 139(4)

—~—, Meaning of, 13%(4)

——, Measuring of, 139(4)

——, Static, 139(4)

Frictional welding of plastics, 150(4)

Fruit drop, Prevention of, by auxin,
14(N, 15(1)

Pruiting, Stimulos to, 137(4)

Fruits and Vitamin C, 91(1)

Frustule, 81(6)

-, Shape and structurs of, 83(6),.84(6)

Fuel gases, Combustion of, 155(5)

G ALE tunnel, 74(4), 75(4)

Galton whistle, 49(7), 54(7)
Galvanometer, High frequency, 146(4)
Gamma radiography, 103(7)
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Gamma rays, 79(2) £, 84(2), 103(2),
108(2) ., 117(2) ., 133(2), 64(6),
20(9)

Gammexane, 82(3), 162(5), 69(7), 140
"(13), see also benzene hexachloride.

Gas in metals, 139(8), 143(15)

Gas movegments in steel production
furnaces, 140(15), 141(15)

Gas turbine, 31(4) ff.

Gases, Diffusion of, 148(5)

——, Inery, 157(5)

——, Kinetic theory of, 98(1), 174(1),
22(2), 78(3), 149(5), 76(11), 77(11)

~——, Liquefaction of, 149(5), 73(10) ff,

Gauss, 56(4), 116(4)

Gay-Lussac towers, 159(5)

Geiger-Miiller (G.M.) counter, 118(2) ff\,
139(2), 115(4), 117(4), 123(4), 125(4),
161(4) .

Geminid meteors, 136(6)

General knowledge quizzes, Aim of,
16(3)

Generalization, philosophical significance
of, 63(3) ff.

Genes, 60(5)

Genetics, in stockbreeding, 123(12) -

127(12)
—— Use of, to test cancer treatment,
60(5)
Geology, and diatoms, 97(6}
—, Use of air photography in, 85(7)
Geophysical prospecting, 66(8), 9(9) 1,
—— —— electrical method, 67(8)
~— —— gravitational method, 66(8),
67(8), 12(9)
—~ —— magnetic method, 66(R), 9(9)
— seismic method. 67(8) ., 12(9)
German measles, 83(3) fl., 38(12)
Germaaniom, 135(10)
Germicidal lamps, 55(1)
Giacobini-Zinner Comet, 34(5), 35(5)
Giant molecules, 150(5)
Giant redwood trees, 87(1)
Glaciation and sea-level, 147(12) fr,
Glaciation, Effects of, upon topography,
859
Glaciation-curve, 26(8)
Glacier flow. Mechanism of, 110(6)
Glacier motion, Present views on, 11%(6),

120(6)

Glacier, Temperature distribution in,
120(6) ff.

Glaciers, Advance and recession of, 109(6)

~~-— and climate, {24(6) - 127(6)

-, Interest in, 105(5)

~—— Results of modern research oD,
114(6) - 122(6) .

——, Streaming motion of, 106(6), 107
{6), 110(6) .

——, Workings of, 106(6) - 110 (O}

Glaciological Society. British, 27(6), 127
(6)

Glanders, 114(11)

Glass, Constituents of, 86(8) ff.

‘Gleep’, 128(6), 130(6), 134(10)

Glide planes, 112(6)

Gliding of molecuies in crystals under
shearing stress, 112(6)

Gloss meters, 12(7)

Glover tower, 159(5)

Glow worms, Light efficiency of, 21(12)

—— ——, Light emission spectrum of,
18(12)

—— ——-, Light production mechanism
of, 15(12)

Glucoascorbic acid, 66(7)

Glutamic acid, 103(6)

—— ——and chemistry of the brais,
104(6)

Goitre, 107(4)

Grafting, Corneal, 34(8) ff.

Grafting legs, 126(1), 127(1)

Graham Land, Vegetation in, 103t

Gram-molecule meaning of term, 98(1)

Gram-positive organisms, 102(6), 103(6)

Gramicidin S, 24(13)

Granitic layer of the earth, 73(8)

Granit’s microelectrode method of in-
vestigating the oplic nerve, 19(15)

Graphite, 13(2), 78(2), 81(2), 149(3)

Gravity meter, 38(7), 15(9), 17(9)

Gravity, Submarine, 38(7) ff.

Gravity surveys, 67(5), 68(5)

Great Aletsch Glacier, 114(6)

Great Comet of 1882, 18(10) ff.

Green vegetables and Vitamin A, 91(1)

Greenland glaciers, 108(6), 117(6)

Gregorian Calendar, 155(14)

Group psychotherapy, 107(8) ff. .

Growth hormones, t0(1), 11(1), 138(4)

Gypsum stalactites, 129(8)
Gyro-compass, 114(3) ff.

" Gyroscope, 115(3), 116(3)

HaAeM, 44(10), 46(10), 149(11)

Haemochromogen, 51{10), 100(15)

Haemocyanin, 151(11), 87(15), 88(15)

Haemoglobin, 51(10), 148(11), 149(11),
86(15) ff., 101(15)

Haemolysis, 98(6), 99(6)

Haemolytic disease in the new-born,
114015)

Half-life, radioactive, 68(2), 116(2), 158
(2), 159(2), 29(10)

Halley’s Comet, 137(6), 16(10), 18(10) ff.

Hard Pad disease (dogs), 71(14) ff.

Hardness of metals, Testing the, 148
(s .~ .

Harmonics, 94(4), 167(4)

Harrison’s marine clock, 89(9)

Hartley’s law, 111(12)

Head resistance (ballistics), 27(7)

Health and air turbulence, 87(11)

~—— and radioactivity, 46(11)

-——, Meaning of, 39(11)

Heat conductivity, 147(4) ff., 167(4)

‘Heat integrals’, 127(4}

Heat of crystallisation, 113(5), 76(10)

—— of fusion, 114(5)

", Heat pump, 141(6) .

Heaviside layer, 55(4)
Heavy hydrogen, [84(1), 189(1), 12(2),
13(2), 28(2), 47(2), 120(2), 144(2), 69(6)

_ Heavy titrogen, 185(1), 189(1)

Heavy water, 184(1), 13(2), 47(2), 48(2),
78(2)

Heisenberg's uncertainty principle, 65(3)

Helium, 23(2), 78(2), 157%(5), 35(10), 37

10)

He(lium. Atomic weight of, 26(2)

——, Superfluidity of, 87(10) ff.

) Synthesis of, from hydrogen, 48(13)
ff.

Helium 1T, Properties of, 88(10), 89(10)

Heparin, 95(10)

Hepatitis, 102(5)

—-— Epidemic, 25(12)

Hereditary abnormalities, 88(1)

Hereditary factors in chromosomes, 87
(1) ff.

Heredity, Rats and, 137(10) - 139(10)

INDEX ’ 17

Herpes zoster, 35(12) ff,

Herschel-Rigollet, Comet, 24(10)

Heterotrophs, 93(5)

Hexafluoride of uranium, $3(2)

Hexahydrobenzene, Synthesis of, i60(5)

Hexoestrol, 87(1)

Hexy! chlormalonamide, 11%(9)

High frequency galvanometer, 146(4)

High-speed cinematography, 105(7) ff,

~— photography, 104(7), 105(7)

- radiography, 103(7), 104(7), 103(10)

Hiroshimas, 91(2), 100(2), 107(2) £,

Histamine, 111(1) ff.,, 162(1) ff,

Hog *flu, 130(3)

Homing of bees, 23(9)

Horming of pigeons, 42(9)

sHoney of reeds’, 111(9)

Horizons (soil layers), 71(5)

Hormone maintaining haemoglobin con-
tent of blood, 98(15), 99(15)

Hormones as chemical messengers, 9(1),
123(8), 32(13)

Hormones controlling milk secretion,
86(1), 87(1)

- Hormones, Cancer and, 21(1) ff., 32(13) &,

—, Growth, in plants, 10(1), 11(1)

— Plant, 9(1) - 17(1), 49(3), 58(3),
78(5)

~— Sex, 84(1), 85(1),21(1) T, 33(13)

Hospital, Likelihoad of infection in,
52(1, 53(1)

Human baby reared by non-buman
fosterparents, 178(1) - 181(1)

Human Relations, Tavistock Institute of,
73(12), 81(12) - 82(12)

Humidity, Measurement of micro..
climatie, 133(12) &,

——, Relative, 130(12)

Husky dogs, Labrador, 100(11) ff,

—— ~——, Training of, 102(11)

Hydrocarbons, Combustion of, 149(3) £,

Hydrodynamic theory, 97(4)

Hydrogen, Atom of, 62(6)

~——- Smallest atomic weight, 20(2)

~——, Valency of, 96(1) '

Hydrogen content of aluminium alloys,
Determihation of, 144(15), 145(15)
Hydrograp.ﬁic Bureau, International, 102

)
Hydrolysates, Analysis of protein, 13(13),
23(13), 131(11) £,
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Hydrolysis, meaning of, 130(11)

~——— of salts, 151(5)

Hygrometer, 133(12)

Hypertension, 122(10)

Hypocalcaemia in cows, 119(11), 120(11)
Hypoglycaemia, 11(5)

Hypothalafus, 19(5)

Ics, Fluidity of, 120(6)

——, Gliding and atomic structure of,
111(6)

~—-—, Properties of, 155(4)

——, Snow into, 115(6}

~—, Yield stress of, 117(6)

Ice-bergs, Origin of, 108(6)

Ice caps, 122(6) ff.

Ice crystals, 112(5) ff.

~— e, Structure of, 111(6) fT.

Ice-sheet, Boundaries of (map), 154(12)

~—-—, Mechamism of, 146(12)

Ice streams, 122(6)

Icterus in new-born foals, 123(15)

Idealism, Realism versus, 59(3)

Igneous rocks, 64(8)

Hi-health and mental outlook, Relation
between, 100(6), 101(6), 55(11), 109(8)

Inca empire, Mushroom growth of ‘the,
58(13) :

~— ——, Organization of the, 76(13),
77(13)

Incas, Building of the, 78(13), 79(13)

-——, Origin of the, 72(13)

——, Political advantages of the, 85(13)

—, Religion of the, 80(13)

Incentives in industry, 157(13)

Indifference to length of dayij i
plants, 128(4) Vight, in

Indium, Lubrication by, 165(4)

Idividual psye hotherapy, 106(8)

Indoleacetic acid, 68(7), 79(5), see also
Hormones in plants,

Induced oxidation, 155(3)

Industrial cancer, Forms of, 30(13)

Industrial Psychology, Nationa) Institute
of, 82(12)

Inert gases, 157(5)

Inflammation, 98(5) - 100(5)

Influenza, 33(12) ff.

Influenza problems, 122(3) ‘

Influenza, Protection against, 13203) 1,

——, Types of, 120(3) fI.

Ind

virus, Ch y of, 95(12)

—— ———, Different kinds of, 128(3) f.

—— —=, Discovery of an, 123(3)

Infra-red light, 108(2)

——= ——, Use of, in crime detection,
42(3)

Infra-red photography, 93(7)

Inhibitors, of chemical reactions (sge
also Enzyme Inhibition), 145(4)

Innocent tumours, 27(13)

- Inositol, 68(7), 69(7)

Insect conversations, 197 ‘

Insecticide, Anti-vitamin as, 68(7)

Insects, Polyhedral diseases of, 96(12)
97(12)

Insulation and diatomaceous earth, 94(6),
95(6)

Insulligl( ;;eatmem of schizophrenia, 11(5)

Intelligence, Definition of, 10(3)

Intelfigence tests, 11(3) ~ 20(3)

Interference, Multiple-beam, 144(10) -
147(10)

interference of light, 141(10) - 144(10)

lmerferomcgry, Multiple-beam, 140(10) -
155¢10)

Interior of the earth, 73(8), see also Earth

Intermediate layer of the earth, 73(8)

Internal combustion engines, 149(3) f1,

Interstitial solutions in ailoys, 140(8)

: Interview, Unreliability of test by, 16(3)

Inverse probability, Principle of, 66(3)

Inversion, Meaning of, in meteorology,
85(11) ‘

Inverted echo-sounders, 94(4)

Iodinated cascin, 54(6), 64(10)

Tonic bond (see also Electro-valent link),
95(1), S8(15)

Tonic reactions, 106(1)

Ionization, 118(2), 130(2)

Tonosphere, 55(4), 31(5), 35(5)

Tons, 67(1), 95(1), 39(2), 40(2), 118(2),
130(2) -

Istand telephony, 136(10), 137(10)

Isoamyl chlormalonamide, 113(9)

sochasms, 13(11), 14(11)

I3ostasy, Theory of, 81(8)

Isothermals, 93(8)

Isotherms, 81(4)

Izotope separation by means of cascade
Pprinciple, 43(2) £,
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e e gentrifugiog, 50(2)
e —— chemical methods, 49(2)

¥ e diffusion, 51(2)

e ¢lectro-magaetic plant, 60(2),

61(2)

emm —— glectrolytic method, 48(2), 58
@)

e e iS0tTON, 61(2)

e —— thermal diffusion of gas, 56(2),

512)
Isotopes, 183(1), 184(1), 13(2), 27(2),
38(2
—-—f éiscovery of, 38(2), 147(5)
-, Half-life of, 68(2), 116(2)
——, Radioactive, 322}, 116(2)
—-—-‘-—~—, Use of, in agriculture, 126(2)
o~ in apalytical chemistry, 122(2)
————— in biology, 123(2)
e —— in medicine, 124(2) L.
Isotron, 61(2), see aiso Tracers

JAN MAYEN, Age of, 8509)

Japan, Babies in, N - 34(1)

e, Children in, 34(1) ~ 38(1)

e, Paradoxical culture of, 26(1)

e, Tea Ceremony in, 26(1), 43(1)

Japanese attitude to food, 39(1), 4%(1)

—— boy’s dominance over women, 36
), 3711

~ division of world into male and
female, 44(1), 45(1)

e fear of outside criticism, 47(1)

. e of mockery, 37(1), 38(1)

—— urge to control environment, 49(1)

Jaundice and arthritis, 134(15)

Jaundice, Causes of, 99(6)

—— Epidenmic, 25(12) f.

——, Explanation of, 100(6)

o Infective, 102(5)

e of the new-born, 98(6)

In.d.’s (Just Noticeable Differences), 13
N, 14(N

Julian Catendar, 154(14)

Jungfraujoch glacier, 29(6), 114(6), 115(6)

Jupiter, Conditions on the planet, 22(10)

KANT, 75(14), 76(14)

Kérmdén's constant, 82(11)

Kelvin scale of temperatures, 72(10)
Kenotron, 147(2)

- Kepler's laws of planetary motion, 90(9)

Keratin, Structure of -« and /8, 145(11),
146(11) ) .

Keratoconus, 38(8)

Keratoplasty, Institute for, at Odessa,
31(8)

Keying nuclei (crystallisation), 134(6),
135(6) o Q

Kidney, Anatomy of, 92(10), 111{10) ff.

——, Circulation in the, 114(10) - 116 .
(10)

——, Clinical use of artificial, 96(10),
97(10)

—— Devclopment of artificial, 94(10) ff,

—— Disease of, and diet, 99(10)

Kieselguhr, 950(6)

Kinetic friction, 139(4)

Kinetic theory of gases, 98(1), 99(1),
174(1), 22(2), 78(3), 149(5), 74(10) ff.,
76(11), 77(11)

Kinetic theory of liguids, 95(8), 97(8)

King lists, Use of, in prehistory, 27(8)

Kingia, 129(8)

‘Klystron® valve, 142(9), 153(9)

‘Knock’, Phenomenon of, 148(1), 149(1),
152(3), 153(3)

Krogh and climatology, 129(12), 132(12)

L AMINAR (Newtonian) flow, 92(8), 97(8)

Laplace, 65(3), 66(3), 75(14), 76(14)

Lapse conditions (meteorology), 85(11)

Latitude effect on cosmic ray ‘observa-
tions, 117(4) :

Lattices (crystal structure), 149(S), 138
(8), 53(15) ’

Leaf fall, control of, 137(4)

Leeches, 102(15)

Left-handedness, 110(4)

Lemna (‘duck-meat’), 80(6)

Lens, Electric, 135(1)

——, Magnetic, 135(1), 136(1)

—a—, Ultrasonie, 5T}

Leonid meteor shawer, 32(5), 34(5)

Lernaeocera (Copepods), 102(15)

Leucopoetin, 100(5)

Leucotaxin, 100(S)

Leucotome, 112(4)

Leucotomy, Prefrontal, 111(4) - 113(4),
11(5), 19(5) - 21(5)

Levulinic acid, 143(6)

Lewisite, 64(4), 65(4)

Life, Criterion of, 48(14)
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Life in the sea, 97(4)

Life tables, 42(8), 43(8), 55(8)

Lift (aerodynamics), 23(7)

——, Mechanism of, 28(7)

Light alloy examples 143(8) — 145(8)

Light, Effect of, on breeding of birds,
84(1) ©

e, —— on chemical reactions, 154(5),
155(5)

——, —— on flowering, 128(4) ff.

—~-—, —— on leaf fall, 137(4)

-——, Interference of, 141(10) - 144(10)

——, Measurement of microclimatic, 136
(12)

Lighting for work, 50(i1), Si(11)

Light-wave used as yardstick, 140(10)

Lignin in plastics, 146(1)

Linear accelerator, 36(7)

Liquefaction of oxygen, 73(10)

Liquids, Skin of, 56(1), $7(1)

Listener Research Dept. of B.B.C., 73
(12), 76(12) - 78(12)

Lithium neutron capture by, 78(2)

Little Woodbury, 10 (8), 11(8)

Liver fluke, 115(11), 116(i1)

Local pressure in metal/metal contact,
143(4), 144(4)

Logic, Traditional, 63(3) ff.

‘Long-day’ plants, 128(4), 129(4)

Long-period comets, 20(10)

Longitude, Board of, 89(9)

Los Alamos, 92(2), 113(2)

‘Losing face’ (Japan), 37(1), 38(1)

Lubber’s point, 109(3)

Lubricants and lubrication, 144(4), 146
(4), 165(4)

Lubricating oil, Deterioration of, 154
3

Luciferase and luciferin, 15(12)

Luminous organs, Netvous control of,
16(12) :

—— ——, Structure of, 13(12)

Lupus vulgaris, 106(4)

Lynchets, 14(8)

Lyrid meteor shower, 35(5)

MAcCH, number, 29(7), 30(7), 105(12)
Magnesium, 152(1), 153(1)

Magnetic compass, 109(3)

—— cooling, 80(10) ff,

—-— deviation, 113(3)

—— field, Chan}es of, in the terrestrial,

47(9) - 5109), 44(12) £, .
~—— — Direction of, at L
. s ondon, 49
——= =—, Unit of, see Gauss,
—— lens, 135(1) '
~—-— mine, 114(3)
~— moment (see also Strength of mag-
netism), 140(6), 141(6)
——— surveys, 67(5), 66(8)
——— variation, 113(3)
Magnetism, Blackett’s theory of, and
rotation, 141(6), 54(12), 63(12), 64(12)
~-— of ancient pottery, 45(12) ff,
—-— of bricks, 49(12)
—-— Of the earth, 139(¢6) f.
Tz;’f star, Measurement of, 140(6), 64

)

Magnetite, 58(12)
Magnetometer, Vertical, 17(9), 57(12) -
Magnetostriction. 497
Magnetostrictive oscillators, 49(7)
‘Magnetron’ valve, 153(9) :
;v;a:arfa; 108(4) - 109(4), 71(7), 53(9) ff,
alarial treatment
of the insane, 9(5)0f gonersl paralyss
Malthusian parameter, 158(3)
Mammoth Cave, Keatucky, 48(5)
Manganese, 151(1)
—— in nutrition, 52(3)
—~ in soil, 55(3), 87(5) &,
Mantle of the carth, 74(8)
Marine animals, 98(4)
Marriage statistics, 51(8), 55(8) fF.

Mass Observation, 69(12), 73(12), 74(12)

Mass spectrograph, 39(2), 4i '
T (2), 40(2) fr,, 59‘(2),

Mathematics in Peru, 77(13)
xean a;mual error in calendars, 154(14)
can free path (of molecy]
can ules),  10(2),
M:::) Solar Day (M.S.D.), 90(9) 1., 153
Mechanical thumb
Mental illness, and
24(5)

= ——, Empirical treat,
- 235 catment of, 21(5)

(c{heese testing), 13(7)
uitrogen metabolism,

= —, Induced convulsion treatment
. Of, T1(5), 15(5) = 19(5)

Mepacrine ang malaria, 108(4), 71(7)
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* Mercury-198, 52(9)

Mesolithic Age, 13(8)

. Mesonic fietd, 123(4), 75(6), T%(6)

Mesons, 114(4), 1214 ff., 74(6) - 77(6),
125(8)

—, ‘Creation’ of, in the laboratory,
56(9) -

Mesotron, 121(4)

Metabolic analogues, 56(7)

Metafilter, 9:}(6)

Metallic bonding (of crystals), 60(15)

Metallic crystals, Anisotropism of, 145
15), 150(15) ,

—(—-— ——, Structure of, 70(1) ff., 137(8) -

" 139(8)

. Metaltic elements, 67(1)

Metallic surfaces, Study of, by multiple™
beam methods, 151(10)
e — by replica casting, 152(10)
- Metallography, 95(7), 96(7) .
Metals, as coenzymes, 62(10)
--—, Case-hardening of, 137(B)
wim—, Distinctive character of, 64(1), 65(1)
-——, Electron gas in, 139(8)
——; Strength of, 73(‘1) ff. .
——, Superconductivity of, 86(10), 87(10)

.. Metamorphic rocks, 64(8)
Metcorites, 33(5), 83(8), 84(8), 15(10),

see also Meteors.

Meteorology, Radar in, 35(5) - 3§(5),
66(5), 67(5), 129(10). 130(10)

Meteors, 32(5)

~——and Radar, 35(5) - 38(5), 67(5)
135(6) ‘

——, Connection of, with comets, 137(6),
11(10), 25(10) .

—, Daylight, 135(6) f.

——, Radiant of, 33(5) .

——, Speed of, 37(5)

.——, Sporadic, 38(5)

———, Telescopic, 36(5)

Methane from sewage, 132(6), 91(11),
95(11) . :

Meéthanosarcina methanica, 94(5)

Methionine in liver disease, 102(5), 103
(5) .

‘Metre in wavelengths, 51(9), 5209)

Mica, Cleavage of, 149(10)

* Microarteriography, 104(10)

Microclimatic effects, 128(12)
Microdensitometer, 94(7)

Micro-estimation of fluorine for dating
the past. 30(10)

Micro-facets (crystals), 64(15) -

Micro-hardness testing (metallurgy), 149’
(15 ’

Micron, 142(4)

Micro-organisms, Nupiber o& in sofl,
76(5) ff. :

Microradiography in metallurgy, 139(15)

Micro-records, 90(7) h

Microscopes, Compound, 131(1)

—— Electron, 136(1) ff.

~-—, Optical, 62(5)

——-, Phase contrast, 63(5)

——, R.C.A,, 136(1), 138(1) f.

——, Reflecting, 63(5)

——, Simple, 130(1)

Microsecond, 92(2) ff.

Micro-tactoid, 93(12)

Midge investigation, 45(7)

Mitk fever, 119(11) ff,

. production, Problems of, 54(6) -

58(6), 87(1)

yields per cow, 124(12)

Milliseconds, 93(9)

Mirror stereoscope, 62(9)

‘Mixing length’ in eddy flow, 82(11)

Mockery, Significance of, in Japan, 37(1),
38(1)

Moderator (neutron reaction), 76(2), 78
(2), 149(3)

Modulators (vision), 20 (15)

Molecular forces, 105(5) - 107(5)

Molecular weight, 61(4) . '

—— e, Determinatign of, 97(1)

Molecules, 56(1) fI., 68(1), 94(1) ff., 20(2),
104¢5) ff.

* -, Fibrous, 141(14), 95(14), 144(11)

-, Synthesis of long, 142(14)

Molera, 90(6), 94(6)

Molybdenum in nutrition, 54(3)

Mono-layers, 152(5)

Montespan cave, 45(5)

Moon and the weather, 32(11) f,, 116(14)
- 118(14)

Moon, Measuring the distance to the,
34(15)

——, Radar contact with the, 39(5),
40(5)

Moraines, 125(6)

—, Terminal, 146(12)

v
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Morehouse’s Comet, 17(10)

Mortality and occupation, 40(11)

Mortality statistics, 53(8), 54(8)

Motorcar design problems, 132(13) - 134
(13)

Mulespinners' cancer, 30(13)

Multiple-bgam interference, 144(10) -
147(10)

Multiplication factor k in chain reaction,
12(2), 13(2), 145(3), 148(3) ff.,

Mumetal, 9(9)

Mumps, 33(12)

Muscle measurements, 113(8) - 115(8)

Muscle mechanism, 67(10)

Mushroom (atomic bomb), 104(2)

Mycorrhiza, 95(5)

Myoglobin, 150(11), 151(11)

NAGANA disease, 43(7), 122(11)

Napier’s Bones, 112(7)

Narcosis, Continuous, 22(5), 23(5)

National Agricultural Advisory Service
(N.A.A.S.), 43(6) - 50(6)

National registration census, 58(8)

Natural frequency of bodies, 497

Natural radioactivity, see Spontaneous
radioactive decay.

Navigation in Antarctica, 109(11)

‘Negatrons’, 118(4)

Neolithic Depression of Britain, 157
(12)

Nephoscope, 130(13)

Neptunium, 191(1), 16(2), 68(2), 148(3)

Nerve, Resting potential of, 129(5)

Nervous system, 124(5) ff., 119(14) ff.

~-— —— Embryonic development of,
94(13)

Net assimilation rate (plant growth),
80(9)

Neurospora in vitamin detection, 90(1),
91(1)

Neurotropic virus, 71(14)

‘Neutretto’, 123(4)

Neutrino, 123(4), 78(6), 79(6)

Neutron detection, 157(2), 158(2)

——, Discovery of the, &(2), 27Q2) fI.,
38(2)

—~—, intensity, Calculation of, 72(2) f1.

—— production, 153(2), 63(6)

~—— reactor, 75(2)

- reflectors, 102(2)

Neutron diffraction in metallurgy, 139
" Neutroas and protons, Doubts about,

-Neutrons, delayed, 73(2), 74(2), 108(2)
——, fast, 93(2), 157(2), 147(3)

—-—, prompt, 74(2), 89(2)

——, Scattering of, 67(2), 70(6)

—, slow, 11(2), 74(2) ff., 157(2), 148(3)
- therm;xl, 80(2), 93(2), 154(2), 147

Newton’s rings, 147(10)
Nickel carbonyl, 158(5)
Nicotinic acid, 67(7), 68(7)

Nitrobacter, 83(5), 81(5)
Nitrogén fixation, 77(5) 4.
—— —— non-symbiotic, 79(5)
"~ Symbiotic, 78(5)
Nitrogen metabolism and men

Nitrogen mustards and cancer, 38(13)

Nx‘trogen, Narcotic effect of, 20(4)

throgen trichloride (agene), 65(12)

Nitrosomonas, 83(5), 87(5)

Nodal point, 92(4)

North Atlantic deep

Northern lights, 57(

Novae stars, 120(4), 47(15)

Nuclear chain reaction,
68(2) ff., 91(2), 154(2)

—— charge, 23(2) ff,, 147¢5)

—— chemistry, 158(5)

—— fission, 30(2) &,

— ?ssion pzarticles, ‘Spin® of, 71(6)

—— forces, 28(2), 29, -
o (2), 29(2), 65(6), 53(6)

—— physics, Application of, in search
——— power, Application

~—— reaction, 30(2), 3102),
— research emulsion, 123
~— transformation, 30(2), 31(2)

) ,

Nucleic acids, 63(14) .
Nucleon, 121(4), 122(4)
Nucleus, Atomic, 12) £, 232), 37(2)
— Disintegration of, 4(2)

~— of comets, 16(10)

Nullarbor Plains, 128(8), 129(8)
Niylon, 144(14) .
Nystagmus, 25(1 5

OAK Ridge, 57(2), 81(2)

- Obesity, Factors contributing to, 182(1),

183(1)

Occupational diseases, 44(11) ff.

Ocean density, 86(4)

e floors, Sediment deposits on, 79(4),
80(4)

e s, ‘TOpOgTaphy of, 78(4)

—~— salinity, 34(4), 85(4)

1o tides, 91(4) - 9H4)

e water circularlon, 86(4) - 91(4)

— waves, Analysis of, 124(10) - 127

10)

——(— —_— and swell, 94(4) ~ 97(4)

Ocean, Sound-transmitting layer of the,
127(10) - 125(10)

-——, Surface temperature of the, 81(4),
82(4)

——, Ways of measuring deep tempera-
ture in the, 82(4) ff.

Oceanography, Diatoms in, 88(6)

——, Research in, 101(4) - 103(4)

Octans numper, 149(1), 152(3)

Qestrogens, 22(1), 24(1), 33(13)

-Officia) statistics and population prob-

. lems, 57(8) - 60(8)
0il, Formation of, 16(9)

- —, Occurrence of, and diatoms, 97(6)
_Oll prospecting, Aerial, 67(5), 99) ff.

— ——, Radioactivity and, 19(9)
Old Stone Age, 13(8)

Open-hearth furnace in steel ‘production,

139(15), 140(15)
Operational research, 127(8), 128(8)
Optical Jenticular grid, 61(9){ ff.

" Optical micrdscope, 62(5)

Optics, Electron, 133(1) ff.

Orbital electrons, 94(1)

Orbits of comets, 10(10) ff.

Organic carbon, Radioactivity of, 131(6),
132(6), 28(10) .

Organic chemistry, Main concern of,
97(1)

Organizer in development (embryology),
88(13) - 91(13)

Orionids, 34(5) :

Orlon, 151(14)
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Oscillators, Magnetostrictive, 49(7)

~~-, Piezoelectric, 49(7), 98(9)

—-—, Use of quartz crystals, for measuring.
time, 89(9), 97(9)

Oscillograph, Cathode ray, 29(5), 30(5)

Osmosis, 150(5) - 3,

Osteofibrosis in horses, 117(11)

Qutwash gravel, 146(12)

Oxidation, Induced, and autoxidation,
155(3)

Oxychloracruorin, 89(15)

Oxygen, Liquefaction of, 73(10)

Oxygen poisoning, 20(4) ff.

Oxyhaemoglobin, 87(15)

-

Pack-1CE, 98(11)

Paint analysis by spectrograph, 43(4)

Palaeolithic Age, 13(8)

Palacomagnetism, Aim of, 45(12)

Paludrine, 108(4), 71(7), 54(9)

Pamaquin, 108(4)

P disease of b 144(6)

Panchromatic photographic plate, 17(15)

Pandemic influenza, 121(3)

Para-aminobenzoic acid, 59(7), 132(8)

Paraffin wax 78(2), 154(2), 157(2)

Parallax, 35(15)

Parsec, 42(15)

Partition chromatography, 68(4) f., 18
(13) &1,

PAS, 73(11)

Patulin, 98(5)

Peat, Advantages of, in geology, 155(12)

Pe ce, 151(14)

. Pecking order of fowls, 82(1), 83(1)

Pellagra, 67(7) f.

Pemmican, 20(6), 108(11)

~— Dog, 101(11)

Pendulum clock, Development of, 88(9)

Penguins, Courtship and breeding habits
of, 34(6) ff.

—— Motion studies of, 123(8)

Penicillamine, 70(4), 71(4)

Penicillase, 42(6) ff.

Penicillin, 92(3), 7(7)

—~— and gram-positive organisms, 102(6
ff.

—~——, Deep culture of, 44(6)

~—--, Drying of, 46(6)

—— for cows, 50(3)

--—— for infants, 88(3
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Penicillin, Making of, 38(6), 39(6) -

——, Problems of growing, 3%(6) ~ 42(6)

——, Purification of, 45(6)

———, Surface culture of, 43(6)

——, Synthetic, 69(4) ff.

——, Tegting of, 47(6)

Penicillium notatum, 38(6)

Perception, a philosophical problem, 76
3)

Perch in Boglish lakes, 145(1)

Pertodic catatonia, 23(5) - 27(5)

Periodic sysiem of elements, 21(2), 146(5)

Peritoneal dialysis (medicine), 98(10)

Perizonium (diatoms), 83(6)

Pernicious anaemia and folic acid, 89(3),
133(8) :

Perosis, 32(3)

Perseids, 34(5)

Persian Calendar of Omar Khayyam,
155(14)

Perturbations, Planetary, 14(10), 19(10)

Petrels and penguins, 32(6) - 37(6)

Phase contrast microscopy, 63(5)

Phases in alloys, 140(8)

Phlogiston, 64(6)

Phonic wheel, 93(9) ff. .

Phosphate-determination in archaeology,
14(8) '

Phosphatic fertilisers, Locking-up of, in
soil, 51(6), 54(6)

Phospholipids, 47(7)

Phosphorylation, 60(10), 66(10) ff.

Photochemical reactions, 103(1), 155(3)

Photoelastic analysis, 108(7), 10%(7)

Photographic film, Hot-processing of,
97N

Photographic plate, Action of, explained,
19(1)

~=—— ~—~-, Composition of, 18(1)

—— -——in atomic research, 142(2),
123(4), 56(5) - 58(5)

Photographic records, 8%(7) ~ 92(7)

Photography, Aerial, in forestry, 82(N) Y.

—— Applications of, in industry, 88(7) -
109(7)

»~——, Colour filter techniques in, 81(7)

~——, High-speed, 104(7), 105(7)

——, Initiation of modern, 154(3), 155

(5)
Photo-lithography, 100(7)
'Photo-mechanical processes, 100(7)

INDBX

Photomicrography, 93(7)
Photons, 133(2), 119(4), 1224), 75¢6)
Photoperiodic induction, {3 1(4)
Ph(c;t)opariodism, Analysis of, 130(4), 131
Photosphere, S54(4)
Photosynthesis, 49(10), 68(10)
Photo-template system, 98(7), 99(7)
Phthioic acid, 107(4)
Physical ¢h
97(1)
Phytoplankton, 98(4) ff,
Piezoelectric oscillators, 98(9)
Piezoelectricity, 49(7), 50(7), 96(9)
Piezoquartz, 50(7)
l;ilgmems, Retinal, 17(15) .
ile, Chain-reacting, (7(2), 80(2), 8
.91(2) ff., 116(2), 154(2), 1409((3)) e
P?uing in sheep, 61(9), 118(11)
P%ns and needles explained, H15(1), 140(%)
Pisces-Aries-Taurus meteor stream, 38(%)
Planeiary motion, Kepler's laws of, 90(9)
= Pperturbations, 14(10), 19(10)
——— velocity of escaps, 2((10)
Planimeter, 113(7), 114(7)
Plankton, 98(4), 81(6), 88(6)
Plant growth controlled by auxins, %({) -
. 141)
~~=— —~— by vitamin B,, 15(1
IP;:ant pigmems, 14(13), 15(!;) » 160
ant viruses, Persistent g
tent, 98(12) 0 non-persi.
~~—— ~——, Transmission
Plasmagenes, 100(13) o 9812 .
Plastics, 146(1), 162(5)
— New class of, 63(4)
Pleistocene period, 25(8)
::oughing, 127(9), 128(9)
utonium, 191(1) ff,,
i (n » 16(2), 17(2), 35(2),

~—~—, Production of, 67(2), 68(2), 820), ..

83(2)
Pneumothorax. 15(4)
— Artificial, 104(4)
Poisons, Industrial, 47(1 1) - 49(11)
——, Specific actions of, 63(10) - 65(10)
ll:n:ar maps, Reading of, 21(t 6), 22(6)
olar travel, Technique of, 15(6) - 22
10911y 1. (6) (6),
Polishing and the surface flo i
w of solids.
151(4) ~ 154(4) .

i ry, Chief bj of, -

’
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: APolyhednl diseases of insects, 96(12),

1)
Polymerisation, 147(1), 155(3), 157(03),
62(4), 99(8) .

Polymers, 156(3), 157(3), 63(4
Polypeptides, 131(11) ff., 58(10), 24(13)

. Population statistics, Administration ‘of,

46(8)
Porphyrins, Chemistry and function of,

45(10) - 52(10)

.. Portuguese man-of-war, 91(4)

~.Positrons (see Electrons, positive), 117(2),

118(4)

" Postumia Cave, 49(3), 54(5)

Potassjum, Radioactive, 37, 38(7)
“as vital clue in dewcting rock

—— - A8 V]
e acare 0(3) - 52(3)

Potato research, 30(3) - 3

Pottery, Magnetism of ancient, 45(12) ff.

* . Powder mewlurgy, 153(1), 15K1)

- Precipiation hardening, Process of, 134

- Pre-digested milk protein, 88(3)

(6)
" Precipitin tests, 52(1)

Predetonation, danger of, in atomic

bomb, 96(2), 9%2)
Prediction, nature of, 64(3)

Preferred orientation in metals, 145(15) .

. Prefrontal leycotomy, 111(4) - 113(4),

11(%), 19(5) - 21(5)

- “Pregnancy and arthritis, 134(15)

Prehistorian, Specialists useful to the,
19(8) 1.

Premature babies. 87(3)

Pressure of sualight, 17(10)

Pressure recorders, 94(4) .

Pressure under water, Ways of coping

with, 9(4), 10(4)

 $ressures in earth’s crust, 78(8)

-

Primitive man, Art of, 45(5), 50(5)
Prism stereoscope. 62(9)
Probability clouds, 59(15)
Probability. discussion of, 65(3) ff.
Profile of soil, 75)
Progesterone, 24(1)
Promin, 106(4)

opolis, 23(9)
P];rro:znioha) amplifier, 136(2)
Proportional counter, 138(2)
Propylene glycol, Use of, against aerial

gorms, 35(1)

Prostats, Cancer of the, 21(1) f. .

Protein hydrolysates, Analysis of, 13(13),

_23(13) 131(11) £,

Protein molecule, Architecture of, 136
(11) - 142(11) ) :

Protelns, 161(5), 52(10) - 60(10) .

~——, Amino-acid compositiony, of, 135
1

~—— as allergens, 160(1), 161{1)

~—, Molecular weights of, 133(11) ~
135(11)

~—, Nature, occurrence and chemical
composition of, 124(11) - 133(11)

~——, Structure of fibrous, 142(11) - 147
(11), 95014, 96(14)

~—, Structure of globular, 147(11) ~
156(11) ’

Protons, 4(2), 26(2) ., 38(2), 133(2),
121(4), 147(5), 62(6) 125(8)

Psychical research, 140(3) ff.

Psychical Research, Founding of the
Society for, 34(9)

Psychoanalysis, 25(5)

Psyghological tests, 16(3)

Psychosomatic medicine, 100(6)

Psychotherapy, 103(8)

Public Opini British Inst
(12) ff.

Pykrete, 133(9) ~ 137(9)

Pyrethrum, 6i(1)

Pyridoxine, 65(T)

Pyrithinmine. 60(7), 61(7)

Pyroheliometer, 136(12)

Plutonium-239, 148(3), 149(3)

‘Pumping’ of heat, 142(6)

Purple, Visual, 17(15)

of, 73

QUADRANTID meteor Shower, 35(5) |
Quantitatiye analysis with radioactive
tracers, 122(2)

" Quantura mechanics, Laws of, 71(6),

78(6)

Quanium theory, Laws of, 65(6), 83(10)
f

Quartz crystal oscillations, 153(10), 15S
(10)

Quartz crystal oscillators, Use of, in
measuring time. 8%9), 97(9)

Quartz crystal, Surface of, 148(10)

Quinine and malaria, 108(4), 71(7)

Quixzes, 16(3)
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RADAR, 17K1), 102(9), 145(9)
Radar and Aurora Borealis, 139(6)
—— and Colonial Survey, 118(8) - 120
®) .
—— and meteorology, 35(5) - 38(5),
66(5), 67(5), 129(10), 130(10)
—— and the moon, 39(5), 40(5)
~——, Cloud range detection by, 39(5)
——, Distinctive feature of, 28(5)
Radiation from fission products, Dangers
of, 84(2), 88(2), 114(2)
—— of the night sky, 138(6), 23(11)
Radiation integrator, 136(12)
— intensity, 108(2) .
-—— therupy, 125(2)
Radicals, Free, 145(3), 153(5)
Radioactive antimony, 122(2)
—— atoms, 189(1), 4(2), 25(2), 114(2)
—— carbon, 114(2) ff., 131(6), 28(10)
— fire alarm, 131(13) .
—-— fission products, 80(2)
~—— isotopes, 33(2)
—-— isotopes, Use of, in agriculture,
126(2)
—— —— in analytical chemistry, 122(2)
—— ~—— in biology, 123(2)
——— «—— in medicine, 1242} ff.
—— lead transfer in sliding, 162(4)
— well-logging, 19(9)
Radioactivity, 25(2), 35(10), 133(10)
——, Artificial, 32(3), 109%(2)
—— of organic carbon, 131(6), 132(6)
——, Use of, in physics and industry,
132(6), 133(6)
Radioactivity-dating of organic archaeo-
logical remains, 28(10) - 30(10)
Radio and the sun, 120(8) - 122 (8)
—— and war surgery, 127(1)
Radio Direction Findiog (R.D.F)), 28(5)
Radiography, 101(7) f. -
——, High-speed, 103(7) - 104(7)
Radio lens 69(5)
Radiolocation, see Radar,
Radio-potassium, 37(7), 38(7)
Radio sonde, 175(1)
Radio waves, Speed of, 29(5)
Radium, 4(2), 26(2), 34(10), 35(10)
~—, New form of, 55(5), 56(5)
1Radjum and cancer, 35(13)
‘Radium clock’ method of dating geo-
logical strata, 84(9), 85(9)

Radium emanation, 26(2)
Radon, 103(7)
Rain-making, 117(5) - 120(5)
Randomaess, concept of, 69(3)
Rats and heredity, 137(10) - 139(10)
R.C.A. microscope, 138(1) ff.
Reactor, Fast neutron, 69(2) ff., 88(2)
——, Natura! uranium, 86(2)
—, Slow neutron, 75(2) ff.
Reading, Eye-movements in, 181(1) -
182(1) :
Reading University dairy herd, 126(12)
Realism versus Idealism, Problem of,
60(3) 1.
Recordak, 90(7), (N
‘Records, Photographic, 89(7) - 927)
Red clay, 80(4)
Red-shift (see velocity-distance relation),
48(15)
Reduced foveal vision, 28(15) fI.
Redwood trees, 87(1)
Refection, 162(3)
Refiecting microscope, 63(5)
Reflectors, Neutron, 79(2), 102(2)
Reflex copying system, 92(7)
Refrigeration, 77(10) .
Regelation, 110(6)
Regulation, Phenomenon of (embryo.
logy), 100(13)
Relative comfort thermometer, 15(6)
Relative humidity, 130(12)
Relativity, Theory of, 63(6)
Renal shunt, 120(10)
—— importance of, 121(10) ff,
Reproduction factor k in chain
11(2), 71(2), 79(2), 91(2)
Research funds, Use of, 41(13)
Residual valencies, 63(15)
Resins Synthetic, 121(5)
R:;i)stivity-survcying in archaeology, 14
Resolution, 140(2), 141(2)
Resolving power of microscopes, 120(1)
=== —— Limits of, 132(1)
Resonance, 772), 8x(3), T4(6)
Retina, 10(15)
Retinal colouy receptors, 10(15)
—— ——, of animals, 20(15) 21
R?.tfnal direction eﬁects,O( 21(185), (2125() 15
Retinal pigments, 17(15) B
Ratinene.-], 1(15)

process,

PP TR

' lﬁmu- blood groups, 112(15) .

e -, Multiplicity of, 116(18) {1,

“" Rhesus monkey, 98(6)

* Rh. factor, 99(6) f.
-Rheumatoid conditions and the adrenal

cortex, 133(15), 134(13)
Rhizobia, 78(5) N
Rinderpest, 121(1
‘Ring compound, Example of, 96(1)
River terraces, origin, 147(12)

Rocket, 72(15)

——, Film cooling of, 82(15)

——, Gaseous fuel, 75(15)

——, mechanism of, 30(4)

-, possible uses of the, 82(15) ff.
~— propellants, Liguid, 75(15) ff.
-, rogenerative cooling of, 81(15)
——, solid fuel, 75(15) .
—, V2, 80(15)

Rocks, Classification of, 64(8)

Rods, Control, in nuclear reactor, 80(2),

1493,

— S:fety, in nuclear reactor, 89(2)

Rontgen, Wilhelm Canrad, 102(10)

Réntgen unit, 84(2)

Root formation, Control of, by auxins
13(1), 1K) .

—--(gr;wlh and vitamin B, 15(1), 16(1),
92(1)

—, hairs, Curling of, 78(5)

Roots, Growth of formed, prevented by
auxins, 14(1)

Rorschach tests, 43(9)

Rotenone, §1(1) )

Rothamsted Experimental Station, 142

1), 12109) fT. i

Réyz;l Commission on Population, 57(8)

Royal Society, Foundation of the, 42(8)

Rubber, Constitution of, 146(1)

——, Decay of, 155(3)

-———'from Russian dandelion, 143(1)

Rubbers, Synthetic, 147(1) 148(1)

Rubbing solids, Surface temperature of,
144(4) - 151(9)

Rubella, see German Measles

Rubies, Synthetic, 22(3)

Rye, Air conditions in, 140(12)

;

‘

SACCHARIN, Discovery of, 111(1), 112

Sagzy rods (In nuclear reactor), 89(2)

"INDEX B

Selvarsan, 111(1), 128(18)
Salt of the sea, 33(10)
Sapphires, Synthetic, 22(3)
Saran, 156(14)
Scabies, 81(3)
Scale-of-two, 141(2)
Scanaing (television), 16(14), J17(14), 29
(14)
Scattering, Elastic and inelastic, 67(2)
Schizophrenia, Insulin treatment of, 11
(5) - 15(5)
Schlumberger’s resistivity logging, 19(9)
Schmidt optical system in television,
25(14)
Science and administration, 43(8) ~ 46(8)
—~- ——, Future of 60(8) - 62(8)
Scientific research, Financial allocations
for, 98(5)
Sclera of eyeball, 38(8)
Sclerosis, Disseminated, 101(5)
Scophony system of television, 51(7)
Scotomata, 23(15)
Scott Polar expedition, 1911-1913, 157(4)
Scott Polar Research Instituts, Cam-
bridge, 14(6)
Sea, Life in the, 97(4) - 101(4)
Seats, 30(6) f.
Seaweed, Use of, 143(1)
Sedimentary layer of the earth, 73(8)
Sedimentary rocks, 64(8)
Seed treatment with auxin, 14(1)
Seedless fruits, Production of, by auxin
application, 15(1)
Seeds and vitamin B, 91(1)
Seismic prospecting, 67(8) - 73(8)
—— —, Reflection shooting, 72(8)
—— -, Refraction shooting, 69(8) ff.
Seismic waves, 68(8), 17(9)
Seismograph, 68(8) :
—-— and mineral prospecting, 68(5)
Seismometer, 72(8)
Sclenite, Cleavage of, 149(10), 150(10)
Selenium in nutrition, 54(3)
Sequoia, 87(1)
Seracs, 108(6)
Serpula, 89(15)
Shallow water tides, 94(4)
Shear and viscosity, 92(8)
Shearing stress, 111(6), 112(6)
Sheep fleece, Climate in, 144(12)
Bhelf-ice, 27(6), 97(11), 98(11)
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Shields (atomic pile), 17(2), 79(2), 83(2),
fi., 114(2)

Shinto ritual and belief, 40(1), 41(1)

Shipwreck troubles, 120(1) ~ 12)(1)

Shock stall, 28(7)

Shock,_ treatment, 111(4), 10(5)

Shock wavg, 105(2), 25(4), 26(T), 4%(T)

Shoran, 9(93, 10(9)

‘Short-day’ plaats, 128(4), 129(4)

Short-period comets, 21{10)

Short-range forces, atomic, 69(6), 75(6)

Showers, cosmic ray, 125(4), 126(4)

SIAL, 81(8)

Sidereal Day, 91(9) ff.

Sidereal Time, 153(14)

Siderites 83(8)

Siderotites, 83(8)

Silver-plastic, 56(1)

SIMA, 81(8)

Sinking of cold saline water, 87(4) ff.

Sinox, $7(3)

Skiing, Friction in, 155(4) ff.

Skin disease and emotions, 101(6)

Skin friction {(aerodyvamics), 24(7)

Siedging, Friction in {58(4)

Slide Rale, 113(7), 114(7)

Sliding metals, Surface damage of, 159
(4), 160(4)
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—— uitrification, 82(5)
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Solar Day, 90(9), 153(14)
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Solar Year, 153(14)

Solid friction, Theory of, 162(4) - 166(4) *
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Solid surfaces, Real area of contact -

between, 141{4) - 144(4)
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151(4) - 154(4)
Solids, Structure of, 149(5)
Solubitity limiy, 141(8)
Solvents, Partition between, 66(4), 68(4)
Soot and cancer, 28(13)
Sgund and ultrasonics, 48(7), 49(7)
Sound waves, Energy of. 49(7)
Sounding, Deep-sea, 78(4)
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Specific adhesion, Phenomenon of (em-
bryology), 92(13), 95(13)
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Spectrograph, 43(4), 33(7)
Spectrographic analysis, 94( T, 95(7)
Spectroscope, 52(4), 9K
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Spomaneous radioactive decay, 26(2)
Stalling of aircraft 28(N
Stammering, 109(4) - 1t1(4)
Standard Deviation, 81
Standard Error, 70(3)
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Star magnitude, 33(7) .
. Starvation, The heart in, 40(7) .
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Static friction, 139(4) .
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Statistics, 140(2)
=, Elementary, 37(11)
——, Population, 43(8) .
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Sun-spot cycle, 54(13) )
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Surface water drift, 90(4)
Survey, Gravity, 68(5)
——, Magnetic, 67(5)
ey Seismic, 68(5)
Swayback, 52(3), 100(5), 101(5)
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Synchrotron, 59(5), 60(5), 35(7)
Syathetic rubbers, 147(1), 148(1)
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and Radiouctivity), 114(2), 127(2)

Tagging of air masses, 121(2), 122(2)
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~——, Thin, 146(2) -

Taste-blthdness, 105(9)
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Telaesthesia, 34(9)

Telepathy, 125(5), 34(9)

Telephouny, Island, 136(10), 137(10)

Telescopic meteors, 36(5)

Teievision camera, 18(14), 19(14)

Television, American, 14(14), 28(14), 30
14

——, Colour in, 30(14)

——, Commercial and scientific uses of,
24(14)

——, Film wransmissions in, 21(14) fI.

——, Immediacy. of, 28(14)

——, Large-screen reproduction, 24(14)
ff.

——, Limitations of view in, 21(14)

——, Nature of radie signal in, 11(14)
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Teljvision, Principles of, 16(19) &1,

we—, Scanning in, 16(14), 17(14), 29(14)
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~——, Scopbony system of, 51(7)

Tempel’s Comet, 34(5)
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between, $3(10) - 75(10)
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-8
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Temperatures within the earth, 75(8)

Template, 98(7)
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Termioal moraine, 146{12)

Terpenes, 161(%)

Terrestrial water tides, 94(4)

Terylene, 148(14)

Testosterone, 24(1)

Texas Fever, 122(11)

Thatamus, 1124)

Thallium, 156(5)

Thermal fatigue (metallurgy), 150(15),
151(15)

Thermal neutrons, 80(2), 93(2), 154

@

147(3), 14803)
Thermal reactions, 103(1)
“Thermistor’, 132(12)
Thermocouple, 145(4), 131(12)
Thermo-hygrograph, 132(12)
Thecmometry, 82(10), 83(10)

. Thermo-remanence of rocks, 59(12)
Theta rhythm of brain, 124(14)
Thiaminase, 72(7)

Thiamiae, 607, 72(7)

Thixotropy, 91(8)

Thoracoplasty, 106(4)

Thoracotomy, 106(4)

Thoclum, 67(2), 119(4), 55(5), 3D
Thought transference, 349)
Three-dimensional photographs, 67(9)
Throat, Patient given new, 123(1) - 125(1)
Thunder-cloud exploration, 130(10) ~ 132

(10)
Thyroid gland, 54(6)
Thyrotoxicosis, 10H4)
“Thyroxin, 245), 54(6)
Tidal wave, 92(4), 94(4)
Tide-raising forces, 91(4)
Tides, 91(4) - 94(#)

Tilth, 79

Time, Bquation of, 91(9) -
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Toning (photography), 101(3)
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Transistor, 135(10), 136(10)
Transit Circle, 155(14)
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Transuranic elements, 7(2)
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Trial of drugs, Method of, 24(1), 70(11)
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103(2), 104(2), 110(2)
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Trou du Toro, 47(5)
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Tube extrusion, 141(15), 142(15)
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—;f— and antibiotics, 92(3), 93(3), 66(11)
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L) .
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Ultra-violet light, atom bomb explosion
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-, Fission of, 1(2), 64(2) ff., 128(6)

———, Hexafluoride of, 53(2)

—_, Isotopes of, 13(2) ff,. 66(2) .

Uranium metal, 81(2)

Uranium oxide, 81(2)
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. (10)

Uranium-233, 55(5)

Uranium-235. 189(1) ff., 14(2), 35(2),
41(2), 66(2), 75(2), 93(2), 1473) &,
55(5), 128(6), 37(10)

Uranium-238, 190(1), 13(2), 41(2), 66(2),
68(2), 74(2). 75(2), 148(3), 149(3), 55(5),
129(6), 37(10)

Uranium-239, 16(2). 67(2). 68(2), 75(2)

Uranus, 34(5) :
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Ursus spelaeus, 45(5)
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Valency, Concept of, 95(1), 146(5)

——, Free, 104(1)

-, Three types of, 148(5)

Valonia, Structure of cell wall of, 98(14)

ff.
Valve-driven tuning-forks, 96(9)

Vanadium, 156(5), 88(15) .
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60(15) ’

Varved clays, 27(8), 51(12) .
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Vegetation in Graham Land, 104(11)

Vegctative brain centres, 11(5), 14(5)

Velocity-distance relation (see Red-shift),
48(15) -

Velon, 150(14)

Vernalisation, 51(3)

Veterinary preventive medicine in |
Colonies and Dominions, 121(11) -
124(11)

Vinyon, 149(14)

Virus, Meaning of word, 89(12)

, Neurotropic, 71{14)

~—, Purification of turnip yellow
maosaic, 91(12), 92(12)

Viruses, 109(1), 96(5), 152(11)

——, Chemistry of, 69(10), 70(10), 94 (12)

——, Inheritance in, 100(12) :

—-—, Multiplication of, 103(12)

——, Origin of, 101(12) ff.

—_— Trnnsmission} of, by aphides, 59(6)

——— —— by insects, 98(12) f.

Viscose, Discovery of, 161(5)

Viscosity, 14(7), 91(8) - 100(8)

—— in aerodynamics, 24(7)

—— of gases, 75(11)

Vision, and Vitamin A4, 17(15), 18(15)

-, Least distance of distinct, 128(1)

. ——, Young's three-colour theory of,

10(15)
Visual purple, 17(15)
Visual vellow 17(15)
Vital statistics, English, 51(8) ~ 57(8)
Vitamin A, 16(13)
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Vitamin B, and root growth, 15(1), 16(1),
92(1)
—— Function of, in the brain, 64(4)
Vitamin B, g, 21(13), 60(9)

Vitamin C, 66(7)

—— and fruits, 91(1)

Vitamin D. 106(4) [N
—— and fish-liver oils, 91(1)

Vitamin detector, 88(1) ff.

Vitamin B, 64(7

Vitamin K, 63(7, 64(7), 3714

Vitamin M, 132(8)
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Vitamin or antl-vitamin? 64(7) .

Vitamin-producing bacteria, 91(3); asee
also 159(3) ff., 6%(7), TH7) .

Vitsmin synthesis, 161(3)

Vitamins, 91(1), 92(1), 49(3), 88(3) ff,,
161(5)

Vitaming, and their competitors, 60(7), -

61(])
, Vitamins controlling plant growth, 15(1),
16(1), 92(1)
Vocational guidance, 20(3)
Vocational selection, 20(3)

WATER, Formation of, mechanism, 144
(3) f1.

Water fleas, 86(15)

Water softeners, 11(13)

Water vapour in the atmosphere, 107
(&)

Water waves, Group velocity of, 125(10)

, Period of, 124(10)

Wave analyser, 94(4) ff.

Wave drag, 27(7)

Wave formation, 25(7)

Wave guides. Reason for, 142(9) - 145(9)

——, Uses of, 154(9) ~ 156()

Wave mechanics, 95(1)

Wavemeter, 154(9)

Wave-recorders, 94(4)

‘Wave spectrum, 96(4)

Waves, sea 94(4) - 97(4)

Waves, Need for centimetric radio, 145
9), 146(9)

Weather, Cause of the, 76(11)

Weather changes, 36(11), 116(14)

Weed-killers, 56(3) - 59(3)

Wegener theory of Continental drift, 76(8)

Weil's disease. 25(12)

Weld decay prevention, 148(8) - 150(8)

Welding, Frictional, 150(4)

——, Theory of, 64(11)

Whale, Peculiarities of the, 136(3) 7,

129(8) ~ 131(8) . :

White-Dwarf stars, 50(13), 56(13) .

Whooping-cough, Pre-natal treatmént
for, 114(1) '

Wilson cloud-chamber, 115(4), 123(4)

Wind systems, 171(1) .

Wind variation with beight, 79(11)

—~ —— with time of day, 85(11)

Wood-pulp and Pykrete, 133(9)

Wool, Structure of, 61(5), 62(5), 155(11)

Work and environmental conditions, 49
(11) ff.

—— and production, 53(11), S4(11)

~—, Fitness for, 55(11), 56(11)

. =, Significance of, 57(11) fI,

XANTHOPHYLL; 8§(l) -

Xerography, 142(13) 1.

X—(rlaly) crystallography, 96(7), 97(7), 144

X-ray diffraction in metallurgy, 139(15)

X-ray micrography, 93(7)

X-rays, 58(5). 60(S), 62(5), 147(5) ft,
35(7) fr., 93(D)

——and cancer, 36(13)

—— and hereditary factors, 88(1)

—— and vitamin detection, 89(1)

—— 30 million volt, 58(5), 35(7)

—=~~ 140 million volt, 36(7)

YeAST for nutrition, 134(13) .

Yellow, Visual, 17(15) )

Yield stress T6(1), 77(1), 116(6)

Young’s three-colour theory of vision,
10(15)
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Zeolite (13) O 380

Zero, Absolute, 72(10) ff,
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Zooplankton, 98(4)

INDEX OF AUTHORS
Numbers 1-15 N

" Only medical men are named as ‘doctor’ in this list: the one surgeon is a Fellow of

the Roval College of Surgaons (F.R.C.8.). Professors, Fellaws of the Rayyl Society,

" and holders of civil honours, have been descri‘be.d as such, but no mention is made

‘of any other degrees, doctorates, Of academic distinctions. Further in{m.'malion about

" _any author is to be found in the columa About our Contributors, which appears in

:“oach {ssue.

. The numbers in brackets indicate the number of the volume.

ABERCROMBIE, Michael, 87(13)
-, Anderson, Professor H. L., 63(2)
. Mrs Mary Langs, 114(2)
~ Ashby, Professor Eric, 127(4)

-

BARCROFT. Sir Joseph, F.R.S., 159(3)
Bell, A. E., 91(8)
Bethe, Professor Hans A., 19(2)
Blair, G. W. Scott, (7)
Blake, A. E., 129(13)
Bostrom, R. C., 84(9)
Bovey, L. F. H,, 142(9)
Bowden, F. P., F.RS., 139(4)
. Bragg, Sir_Lawrence, F.R.S., 63(1)
Bushnell, 6. H. S., 58(13)
__Butement, Colin, 62(9)
. Butler, Colin G., 22(9)
-.Butson, Dr A. R. C., 97(i1)
o P

CBANDRASEKHAR, Professor Sripati,
102(13)
Chapman, D., 68(12)
Cobb, Dr W. A., 119(14)
Cohen, Jobn 145(13)
Coitier, H. O. J., 128(15)
Collier, K. G., 32(11), 118(14)
-Coote, Jack H., 94(3)
" Corowall, 1. W., 9(8), 30(10)

. Comon, W. F, 30(4)

Crammer; Dr 1. L., 38(6), 41(10), 157(1),

L 9K -

. Cricks. R. Howard, 9(14)
.. Crook. B. M., 128() Co

- ‘DA\.rmson. Martin, 9(10)
. Davies, Dr T. A. Lloyd, 39(11)
" Deacon, G, E. R, F.R8., 77(4)

Dickinson Frank, 38(8)

Dingwall, E. I, 33(9)

Dodds, Professor E. C., M.V.0., F.R.8.,
26(13)

ELey, D. D., 93(1)
Enogat, John, see Crammer, Dr J. L.,

Fox, Francis A,, 135(8), 138(15)

Fox, Professor H. Muaro, F.R.S., 86(15)

Franklin, Professor K. J., 101(10) .

Frisch, Professor O. R., 0.B.E., F.RS,
128(2) :

GORER, Geoffrey, 26(1)

HALDANE, Professor J. B. S,, F.R.S., 9(4)

Harford, A. F. M., 9(9) '

Hart, Dr P. D’ Arcy, 66(11)

Hartridge, Professor H., r.R.S., 9(15)

Haslett, A. W., 55(5), 128(6), 33(7),
113(8). 46(9), 124(10) .

Heim, Alice, 9(3)

Hendey, N. L., 80(6)

d'Herelle, Dr Felix, 44(14)

Higinbotham, R. N., 48(6), 118(9), 121
12 :

Hudson, L. E., 60(11)

Hurden, D., 72(15)

Jaray, R, J, 116(14)

Jeftreys, Professor Harold, F.R.8., 60(3)
Jones, C.S., 121(5) . .
Jones, Sit Harold Spencer, P R.8., 74(14)

KASWAN, Jacob, 43(13)
Kendall, J. T., 28(10)
Kendrew, ). C,, 125(11)



‘194
Keyaes, G\L LR c,a., ‘25(3)
Kiplidg, 1.J., 32000
Kraus. Eric, 166(1). 104(5)

) Kuczynski, Robert René, 41(8)

. LESTRANGE, Stephen; 101(8)
‘Lewis, Brofessor.A., 9(5)

| ~“Loewensicid, K. L., 85(8)

MANLEY, H, 44(12)

* Marshall, A. 3., T1(9)
Marshall, W. H., 3i(15)
May, Commander W. E., R.N., 109(3)
Mendelssohn, K., 71(10)
Mongcrieff, R. W., 104(9), 141(14)
Morrison, Professor P., 91(2)
Macfadven, Amyan, 128(12)
McMichael, Professor J., 92(10)

_ McMillan, G. A, 142(13)

L

Oupor, Dr Mauripe, 30(8)

PARBONS, Denys, 33(9)

Paton, James. 9(11)

Pavan, Professor Mario, 41(5)

Peierls, Professor R. E., C.BE., F.RS,
1(2), 37(2), 62(6)

Perutz, Max F., 1056), 131(9)

Pickles, Dr W. N,, 23(12)

Praagh, G. van, 22(3), 72(4)

Prentice, J. E., 145(12)

Preston, R. D. 94(14)

Price, W. A., 153(14)

QuAsuL. Professor }*@. m -

RAuL, ©abtiele, 538, ll4(4),
E), 18(7), 4B, 1127
Rabeérts, Dr G, Pulton, IOS(IS)
Robertson, Alan, 143(3)
Roddam, Thomias, 10512y -
Rowlard, P. R, 51(18) ~ =

Rushton, Dr. W. A H, rag, 12: &%

Svuvsou, DrKeith’ 36(4)
Seith, B. Lester 38(6), 5%9), (18], ~c' ™~
Srmith, K. M., FR.s., 89(12) Yo
Smith, Professor Wilson, 120(3)
Spencer, D. A., 74(T)
Sutton, Professor Q. G., Fns., 23

T4(11)

TaYLOR, F. Sherwood l"44(5)' e
Teller, Professor E., 114(2)
Thimann, Professor K. V., 9%1)
Tillotson, Lieut-Colonel B. 63(8)
Tolansky, Professor S. 140(10)
Twort, Professor F. W,, F.&.8., 33(14,

-~

VAUGHAN, W, C., M.B.B,, 88(9)

WEST, G. P., 114(11), 59(14)- RS
Wigglesworth, Dr V. B, r.R.S., 9(12)
Wilson, J. Warren, 75(9)

Wyckoff, R. W. G., 60(14 -

YUDKIN, Professor J., 56(7)

— About Our Contributors

| Crammer is a Cambridge biochemist with a medical training
is interested y) the simple explanation of scientific discoveries.
. Haslett is a Cambrldge graduate, who has made scientific
hsm his career. He is Editor of Science Today, and author
umber of books of which Science in Transition has lately been
mended by the Book Society.
an Ingram Hendey was. associated with the British Museum
ral History) before the war. In 1940 he went to the Department

{val Intelligence at the Admiralty, and spent practically the whole

war years in the Far East and Southwest Pacific Area. Is now
ber of the Royal Naval Scientific Service and is attached to the
lal Metallurgical Laboratory, where he is working on problems
Pg to the fouling of under-water structures by marine organisms.

. Higinbotham is 26 years of age, was educated at Harrow and
pndge and for a time was a student of Lincoln’s Inn. He did
lain amount of work in the Ministry of Economic Warfare, and
worked with UNRRA. Now farms in Sussex.

Peierls, C.B.E., F.R.S., was born and educated in Germany.
it theoretical physics from Sommerfeld, Heisenberg and others.
esearch work with Pauli in Switzerland and came to this country
33. After some years spent at Manchester and Cambridge,
§ at Birmingham as Professor of Applied Mathematics (now
ematical Physics). Started work with Dr. Frisch' on Atomic
'y in 1940 and did research on the-theoretical aspects of this
am, first in this country and from 1943 to 1946 in the United
. Returned to academic work in 1946, and is now building up a
:0 study fundamental problems
Perutz. Born in Vienna in 1914. Studied Chemistry at Vienna
*rsxty Came to Cambridge in 1936 to do research in X-ray
Tography with Prof. J. D. Bernal. Was appointed research
it to Sir Lawrence Bragg in 1939. Now I[.C.1. Rescarch Fellow
ymbridge University. His main work is concerned with the
ular structure of biological systems, particularly the structure
; crystalline proteins. He pursues glaciology as a side line along
climbing and ski mountaineering. Is married and has a three-
>ld daughter.
ele Rabel of Vienna studied Physics and Biology at various
rsities including Vienna, Leipzig and Berlin. Author of various
:ations on the history of science, mcludmg a book on Goethe
ant.
aster Smith, D.Sc. (Lond), F.R.I.C., obtained his D.Sc. for
'ch on saponifications of oils and physical chemistry of soap
ons. Joined Glaxo Laboratories in 1926, where he has in turn
chargé of research, development and producuon of vitamins,
stic drugs and penicillin,- At present is in charge of biochemical
riophysical research.



	168367_Page_01
	168367_Page_02
	168367_Page_03
	168367_Page_04
	168367_Page_05
	168367_Page_06
	168367_Page_07
	168367_Page_08
	168367_Page_09
	168367_Page_10
	168367_Page_11
	168367_Page_12
	168367_Page_13
	168367_Page_14
	168367_Page_15
	168367_Page_16
	168367_Page_17
	168367_Page_18
	168367_Page_19
	168367_Page_20
	168367_Page_21
	168367_Page_22
	168367_Page_23
	168367_Page_24
	168367_Page_25
	168367_Page_26
	168367_Page_27
	168367_Page_28
	168367_Page_29
	168367_Page_30
	168367_Page_31
	168367_Page_32
	168367_Page_33
	168367_Page_34
	168367_Page_35
	168367_Page_36
	168367_Page_37
	168367_Page_38
	168367_Page_39
	168367_Page_40
	168367_Page_41
	168367_Page_42
	168367_Page_43
	168367_Page_44
	168367_Page_45
	168367_Page_46
	168367_Page_47
	168367_Page_48
	168367_Page_49
	168367_Page_50
	168367_Page_51
	168367_Page_52
	168367_Page_53
	168367_Page_54
	168367_Page_55
	168367_Page_56
	168367_Page_57
	168367_Page_58
	168367_Page_59
	168367_Page_60
	168367_Page_61
	168367_Page_62
	168367_Page_63
	168367_Page_64
	168367_Page_65
	168367_Page_66
	168367_Page_67
	168367_Page_68
	168367_Page_69
	168367_Page_70
	168367_Page_71
	168367_Page_72
	168367_Page_73
	168367_Page_74
	168367_Page_75
	168367_Page_76
	168367_Page_77
	168367_Page_78
	168367_Page_79
	168367_Page_80
	168367_Page_81
	168367_Page_82
	168367_Page_83
	168367_Page_84
	168367_Page_85
	168367_Page_86
	168367_Page_87
	168367_Page_88
	168367_Page_89
	168367_Page_90
	168367_Page_91
	168367_Page_92
	168367_Page_93
	168367_Page_94
	168367_Page_95
	168367_Page_96
	168367_Page_97
	168367_Page_98
	168367_Page_99

