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himself as a well-rounded individual, capable of meet- PACIFIC 
maintain a balance, by not neglecting development of AMERICAN ASSOCIATION, 

DIVISION 
ing the larger social requirements. G. G. Kretschmar, (Report by Nalcolm J. Rogers) 
Walla Walla College, offered practical suggestions, 

The sessions of the American Anthropological Asso- 
illustrated by slides, in '(A Small Optics Shop as an 

ciation, which extended over a period of three days, 
Aid in Conducting an Intermediate Laboratory Course 

had a daily average attendance of fifty. Eighteenin Optics." '. Bohn and L.J. H. Nadig, Temple 
University (introduced by E. C. Watson), described 
"Hydrodynamic Apparatus for Demonstrations in 
Radioactivity," giving the necessary equations for the 
designs, illustrated with slides. Prepared papers read 
by title because of shortness of time in the one-half- 
day sessions were: "An Electrical Circuit Containing 
a Spark Gap," by W. P. Boynton; "An Approach for 

papers in all were read, nine of which dealt with in- 
tegrating topics which were presented during the 
symposium on "The Problem of Culture Sequence on 
the West Coast." This theme was broadened some-
what by papers from adjacent fields. Ernst Antevs 
presented geological evidence bearing on the antiquity 
of the Cochise Complex of Arizona and E. B. Sayles 
the archeological aspects. A summary report on the Introducing the Characteristics of Measurement," by 
culture sequence as known in the Nevadan field was L. E. Dodd; and "An Improved Method for Mapping 
presented by M. R. Harrington. Electric Fields," by H. C. Burbridge, Fresno State 

The most recent stratigraphic studies made in Cali- College. 
fornia, with a territorial range from Central Califor- 
nia to Lower California, disclosed some major agree- 
ments and much localized pattern differentiation of a 

A "Progress Report on the A.A.P.T. 'Manual of 
Demonstration Experiments,' " written by the editor- 
in-chief, R. M. Sutton, Haverford College, was read 
in his absence by a member of the editorial staff for minor nature within the food-gathering horizon. The 

the manual. This up-to-date and comprehensive man- universal priority of the metate over the mortar was 
ual for physics demonstration lecturers will describe strongly indicated, but Ralph L. Beals, who sum-
about 1,200 experiments, in about 550 pages, with over marized the symposium papers, was not in accord that 
400 illustrations. More than 200 teachers contrib~~ted the point was proved. I n  a reconstruction of the 
material. Having been three years in preparation, it 
is scheduled to appear in August, from the press of 
McGraw-Hill. Incidental to this progress report was 
an exhibit of specimen pages of the manual, selected 
from the printer's page-proof. 

I t  is expected that most, if not all, of the papers 
will be published in early forthcoming issues of the 
association's journal, The America~ Physics Teacher. 

The program committee comprised H.  A. Kirk-
patrick, Occidental College, R. 13. Tileston, Pomona 
College, and L. E.  Dodd (chairman), University of 
California at Los Angeles. 

cultural prehistory of Southern California, Malcolm 
Rogers postulated two major horizons, a food-gather- 
ing one and an earlier hunting horizon. In connection 
with the latter horizon he offered evidence for a short 
chronology to replace the pluvial date which had hith- 
erto been advanced for the appearance of man in 
California. 

In  the field of social anthropology, Edwin M. Loeb 
suggested psychological explanations for conditions 
obtaining in kin marriage and exogamy, and Peveril 
Meigs presented unique ethnological data regarding 
the Kiliwa Indians of Lower California. 

VISION IN NATURE AND VISION AIDED BY 

SCIENCE; SCIENCE AND WARFARE.' I1 


By The Rt. Hon. LORD RAYLEIGH 
PRESIDENT OF  THE ASSOCIATION 

The value to science as well as to daily life of the 
gelatine dry plate or film can hardly be overestimated. 
Take, for instance, the generalized principle of relativ- 
ity, which attempts with considerable success to reduce 
the main feature of the cosmical process to a geo-
metrical theory. The crucial test requires us to investi- 
gate the gravitational bending of light, by photograph- 
ing the field of stars near the eclipsed sun. For this 

1 Concluding part of the address of the President of 
the British Association for the Advancement of Science, 
Canlbridge, August, 1938. 

purpose the gelatine dry plate has been essential: and 
here, as we have seen, we get into complicated ques- 
tions of bio-chemistry. This is to my mind a beautiful 
example of the interdependence of different branches 
of science and of the disadvantages of undue specializa- 
tion (or should I say generalization?). We may at- 
tempt to reduce the cosmos to the dry bones of a 
geometrical theory, but in testing the theory we are 
compelled to have recourse again to the gelatine which 
we have discarded from the dry bones ! 

To come back, however, to the development of the 
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photographic retina, as I may call it. As is well 
known, the eye has maximum sensitivity to the yellow- 
green of the spectrum, but ordinary silver salts are not 
sensitive in this region. Their maximum is in the 
blue or violet, and ranges on through ultra-violet to the 
x-ray region. I t  was not a t  all easy to extend it on the 
other side through green, yellow and red to infra-red. 
The story of how this was ultimately attained is one 
more example in the chapter of accidental clues skil- 
fully followed up which forms the history of this 
subject. 

In  1873, Dr. Hermann Vogel, of Berlin, noticed that 
certain collodion plates of English manufacture, which 
he was using for spectrum photography, recorded the 
green of the spectrum to which the simple silver salts 
are practically insensitive. The plates had been-coated 
with a mixture which contained nitrate of uranium, 
gum, gallic acid and a yellow coloring matter. What 
the purpose of this coating was is not very obvious. 
I t  rather reminds one of medieval medical prescriptions 
which made up in complexity what they lacked in clear 
thinking. But Vogel concluded with true scientific in- 
sight that it must owe the special property he had dis- 
covered to some constituent which absorbs the green of 
the spectrum more than the blue: for conservation of 
energy requires that the green should be absorbed if it 
is to act on the plate. He then tried staining the plate 
with coralline red, which has an absorption band in the 
green, with the expected result. With much prescience 
he says :"I think I am pretty well justified in inferring 
that we are in a position to render bromide of silver 
sensitive for any color we choose. Perhaps we may 
even arrive at this, namely photographing the ultra-red 
as we have already photographed the ultra-violet." I t  
was, however, half a century before this far-seeing 
prophecy was fully realized. The development of the 
aniline color industry gave full scope for experiment, 
but it has been found by bitter experience that dyes 
which can produce the color sensitiveness are often 
fatal to the clean working and keeping qualities of the 
plate. However, success has been attained, largely by 
the efforts of Dr. W. H. Mills, of the chemical depart- 
ment of this university, and of Dr. Mees, of the Kodak 
Company; and we all see the fruits of it in the photo- 
graphs by lamplight which are often reproduced in the 
newspapers. 

I t  is now known in what direction the molecular 
structure of the sensitizing dye must be elaborated in 
order to push the action further and further into the 
infra-red, and the point when water becomes opaque 
has nearly been reached, with great extension of our 
knowledge of the solar spectrum. The spectra of the 
major planets have also been extended into the infra- 
red, and this has given the clue a.s to the true origin 
of the mysterious absorption bands due to their atmos- 
pheres, which had baffled spectroscopists for more 

than a generation. These bands have been shown by 
Wildt to be due to methane or marsh gas. Neptune, 
foY example, has an atmosphere of methane equivalent 
to 25 miles thickness of the gas under standard condi- 
tions. I n  this Neptunian methane we have a paraffin 
certainly not of animal or vegetable origin; and 1 
venture in passing to make the suggestion that geol- 
ogists might usefully take it into consideration in  
discussing the origin of terrestrial petroleum. 

The photographic plate is not the only useful substi- 
tute for the human retina. We have another in the 
photoelectric surface. The history of this discovery 
is of considerable interest. Heinrich Hertz, in his 
pioneering investigation of electric waves (1887), 
made use of the tiny spark which he obtained from his 
receiving circuit as an indicator. The younger part of 
my audience must remember that this was before the 
days of valves and loud speakers. His experiments 
were done within the walls of one room. When 
he boxed in the indicating spark so as to shield i t  
from daylight and make it easier to see, he found that 
this precaution had exactly the opposite effect-the 
spark became less instead of more conspicuous. To 
express it shortly and colloquially, this action was 
found to depend on whether or not the spark of the 
receiver could see the spark of the oscillator. More-
over, seeing through a glass window would not do. 
I t  was ultra-violet light from the active spark that 
influenced the passive spark. Further, Hertz was able 
to determine that the action occurred mainly, if not 
entirely, at the cathode of the passive spark. 

The next step was taken by Hallwachs, who showed 
that is was not necessary to work with the complicated 
conditions of the spark. He found that a clean zinc 
plate negatively charged rapidly lost its charge when 
illuminated by ultra-violet light. 

The final important step was in the use of a. clean 
surface of alkali metal ir, vacuo which responds to visi- 
ble light and passes comparatively large currents. 
This constitutes the photoelectric cell very much as we 
now have it, and was due to two German schoolmasters, 
J. Elster and H. Geitel. English physicists who met 
them during their visit to Cambridge a generation ago 
will not fail to have agreeable memories of their single- 
minded enthusiasm and devoted mutual regard. Sir 
J. J. Thomson has recalled them to our recollection 
in his recent book. They could scarcely have foreseen 
that their work, carried out in a purely academic spirit, 
would make possible the. talking films which give 
pleasure to untold millions. 

The sensitiveness of the dark-adapted eye has often 
been referred to as one of its most wonderful fea.tures; 
but, under favorable conditions, the sensitivity of a 
photoelectric surface may even be superior. Accord-
ing to our present ideas, no device conceivable could do 
more than detect every quantum which fell upon it. 
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Neither the eye nor the photoelectric surface comes 
very near to this standard, but it would seem that the 
falling short is rather in detail than in principle. The 
action of the photoelectric cell depends on the liberation 
of an electron by one quantum of incident energy, and 
under favorable conditions the liberation of one elec- 
tron can be detected, by an application of the prin- 
ciple of Geiger's counter. The action of the dark- 
adapted eye depends on the bleaching of the visual 
purple. According to the results of Dartnell, Good- 
eve and Lythgoe it appears likely that one quantum 
can bleach a molecule of this substance, and in all 
probability this results in the excitation of a nerve 
fiber, which carries its message to the brain. 

The photoelectric cell can be used like the photo- 
graphic plate a t  the focus of an astronomical telescope. 
I t  might seem from the standpoint of evolution a 
retrograde step to substitute a single sensitive element 
for the 137 million such elements in th'e human eye. 
I n  this connection it is interesting to note that in certain 
invertebrate animals eyes are known which have the 
character of a single sensitive element, with a lens to 
concentrate the light upon it. Such an eye can do lit- 
tle more than distinguish light from darkness. But its 
artificial counterpart using the photoelectric surface 
has the valuable property that the electric current which 
indicates that light is falling upon it can be precisely 
measured, so as to determine the intensity of the 
light. I n  contrast with photographic action, the en- 
ergy available to produce the record comes not from 
the original source of light, which only, as it were, 
pulls the trigger, but from the battery in the local 
circuit, and it may be amplified so as to actuate robust 
mechanisms. It has been applied with success to guid- 
ing a large telescope or, in a humbler sphere, to open 
doors, or even to catch thieves. 

However, the scientific interest lies more in the pos- 
sibility of accurate measurement. As an interesting 
example we might take the problem of measuring the 
apparent diameter of the great nebula in Andromeda. 
As is known, modern research tends to indicate that 
the Andromeda nebula and other like systems are the 
counterparts of the galaxy, being in fact island uni- 
verses. But until lately there was such a serious diffi- 
culty in that all such systems appeared to be consider- 
ably smaller than the galaxy. Stebbins and Whitford, 
by traversing a telescope armed with a photoelectric 
cell across the nebula, have found that its linear dimen- 
sions were twice as great as had been supposed, reduc- 
ing the discrepancy of size to comparatively little. 

But, it may be suggested, could we not go further and 
make a photoelectric equivalent, not only for the rudi- 
mentary kind of eye which has only a single sensitive 
element, but for the developed mammalian eye which 
has an enormous number? Could we not build up 
on separated photoelctric elements a complete and 

detailed picture? In point of fact this has been done 
in the development of television; and since this new 
art which interests us all can properly be considered 
as an extension of the powers of normal vision, no 
excuse is needed for devoting some consideration to it. 
We must divide the photoelectric surface into minute 
patches which are electrically insulated from one an- 
other. This is not too difficult; but if it were proposed 
directly to imitate nature, and attach a wire, repre- 
senting a nerve fiber, to each of these patohes, so as to 
connect it to the auxiliary apparatus, we might well 
despair of the task; for there are probably half a mil- 
lion such connections between the human retina and the 
brain. I n  the artificial apparatus for television, one 
single connection is made to serve, but it is in effect 
attached to each of the patches in rapid succession by 
the process of "scanning" the image. The photo-
electric mosaic is on one side of a thin mica sheet, and 
a continuous metal coating on the other side gives the 
connection, which is by electrostatic induction. Each 
element of the surface forms a separate tiny con-
denser with the opposing part of the back plate. 
Scanning is achieved by rapidly traversing a beam of 
electrons over the mosaic line by line. The whole sur- 
face, and therefore each element, must be scanned at 
least twenty times a second. In  the intervals an ele- 
ment is losing electrons more or less rapidly. The 
scanning beam comes along, and restores the lost elec- 
trons, discharges the little condenser found by the 
element and the back plate and sends an electric signal 
into the wire attached to this plate. The strength of 
this signal will depend on how many electrons the ele- 
ment had lost since the previous scanning, and thus on 
the luminous intensity of that part of the image. An 
important point is that the element is in action all the 
time, and not only while it is being scanned individu- 
ally. We have thus transmuted the momentary picture 
into a series of electric pulses occupying in all a time 
of one twentieth of a second, and these can be amplified 
and sent out as wireless signals. How are they to be 
turned back again into a visible picture a t  the other 
end? Well, that is not perhaps so difficult as the first 
conversion of the picture into signals. We must 
make a beam of electrons follow and imitate the peri- 
odic movements of the scanning beam at  the other end. 
The beam of electrons falls on a luminescent screen, and 
makes it light up, more or less brightly according to the 
intensity of the electron beam. If we use the incom- 
ing signals to modulate the electron beam, we can make 
them correspond with the intensities at the sending end, 
and the original picture is reconstructed piece by 
piece. The reconstruction is completed in one-twen- 
tieth of a second or less, and the process begins again. 
The successive pictures blend into one another as in 
the cinema, and movement is shown with apparent 
continuity. 
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I t  seems not unlikely that the electric eye or icono- 
scope, as it has been called, may have applications 
apart from television. Dr. V. K. Zworykin, who took 
an  important part in its development, suggested that i t  
might be used to make visible the image in the ultra- 
violet microscope, which would be much too faint for 
direct projection on a fluorescent screen. For that 
purpose the sending and receiving apparatus would, 
of course, be connected directly, without radio trans- 
mission. I t  might also be used for rapid photography, 
if the photographic plate replaced the viewing screen. 
The beauty of the device is that the energy is supplied 
locally, the distant light source merely releasing it. 
The principle of amplification may thus perhaps be 
applied to the photographing of faint objects. 

I come to the close of this part of my subject. 
Much of modern scientific doctrine appears at  first 

sight to have an elusive and even metaphysical charac- 
ter, and this aspect of i t  seems to make the strongest 
appeal to many cultivated minds. Yet upon the whole, 
the main triumphs of science lie in the tangible facts 
which i t  has revealed; and it is these which will with- 
out doubt endure as a permanent memorial to our 
epoch. My main thesis has been that these are dis-
covered by methods not essentially different from direct 
scrutiny. I t  is hoped that the present survey may 
remind you that if we allow for a rea.sonable broaden- 
ing of the original meaning of the words, i t  remains 
true after all that "seeing is believing." 

During the great war itself, few scientific men in any 
country doubted that i t  was their duty to do what 
they could to apply their specialized knowledge to the 
purposes of war; nor was it often suggested by pub- 
licists that there was any countervailing consideration : 
on the contrary they urged strongly that our resources 
in this direction should be efficiently mobilized. I t  is 
chiefly in vague wneral discussions that the opposite 
view becomes vocal. 

Science, i t  is urged, is the source of all the trouble: 
and we may look to scientific men for some construc- 
tive contribution to finding a remedy. I t  is worth 
while to inquire what basis there is for this indictment, 
and whether, in fact, it is feasible for men of science 
to desist from labors which may have a disastrous out- 
come, or  at  any rate to help in guiding other men to 
use and not to abuse the fruits of those labors. I may 
say a t  the outset that I have no sanguine contribution 
to make. I believe that the whole idea that scientific 
men are specially responsible is a delusion born of im- 
perfect knowledge of the real course of the process of 
discovery. Indeed, very much the same complaint was 
made before the scientific era. Le.t me refer you to 
Shakespeare's play of "Henry IV" : 

Great pity, so it was 
This villainous saltpetre should be digged 
Out of the bowels of the harmless earth 
Which many a good tall fellow had destroyed 
So cowardly. 

The quotation leads us to inquire how far  the further 
development of this particular kind of frightfulness 
into modern high explosives was deliberate or not. 

I n  the course of systematic study of the chemistry 
of carbon compounds i t  was inevitable that the action 
of nitric acid on substances like benzene, toluene, gly- 
cerine, cellulose and the like should be tried. No one 
could foresee the result. I n  the case of benzene, we 
have nitrobenzene, the key to the aniline dye industry. 
I n  the case of glycerine, Sobrero obtained in 1846 the 
highly explosive liquid called nitro-glycerine. He 
meant no harm, and in fact his discovery lay dormant 
for  many years, until Nobel turned his attention to 
the matter in 1863, and showed how by mixing nitro- 
glycerine with other substances, solid explosives could 
be made which admitted of safe handling. Dynamite 
was one of them. They proved invaluable in the arts 
of peace, e.g., in mining and in making railway tun- 
nels, such as those through the Alps. They were used 
by the Irish Fenians in the dynamite outrages of the 
eighties. These attempted outrages were not very suc- 
cessful, and so far  as I know no one was inclined to 
blame science for  them, any more than for the Gun- 
powder Plot. Like the latter, they came to be consid- 
ered slightly comic. If any one doubts this, he may 
agreeably resolve his doubts by reading R. L. Steven-
son's story ((The Dynamiter." At all events, high ex- 
plosives had been too long in use in peaceful industry 
for their misuse to be laid directly to the account of 
science. 

Coming next to poison gas. We read that Pliny 
was overwhelmed and killed by sulfur dioxide in the 
eruption of Vesuvius in A.D. 79. During the Crimean 
War, the veteran admiral Lord Dundonald urged that 
the fumes of burning sulfur should be deliberately used 
in this way, but the suggestion was not adopted. Even 
if it had been, scientific research ad hoe would obviously 
have had little to do with the matter. During the great 
war, chlorine was used on a large scale. I need hardly 
insist that chlorine was not isolated by chemists for 
this purpose. I t  was discovered 140 years before, as a 
step in the inquiry into the nature of common salt. 

Coming to the more recondite substances, we may 
take mustard gas-really a liquid-as typical. It is 
much more plausible to suggest that here was a scien- 
tific devilment, deliberately contrived to cripple and 
destroy. But what are the real facts? 

Referring to Watts's ('Dictionary of Chemistrf 
(edition of 1894), there is an article of less than forty 
words about mustard gas (under the heading of di-
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chlordiethyl sulfide). After the method of preparation 
used by Victor Meyer has been mentioned, the sub- 
stance is dismissed with the words '(oil, very poisonous 
and violently inflames the skin. Difference from 
diethyl sulfide." 

There are sixteen other compounds described a t  com- 
parable length on the same page. So f a r  as I know, 
none of them is of any importance. A not uncommoil 
type of critic would probably say that the investiga- 
tion of them had been useless, the work of unpractical 
dreamers, who might have been better employed. One 
of these substances, namely, mustard gas, is quite un- 
expectedly applied to war, and the production of it  is 
held by the critics to be the work not of dreamers, but 
of fiends whose activities ought to be suppressed! 
Finally a t  the bottom of the page begins a long article 
on  chloroform. This substance, as  you know, has 
relieved a great deal of pain, and on the same principle 
the investigator who produced it  was no doubt a n  angel 
of mercy. The trouble is that all the investigators pro- 
ceeded in exactly the same spirit, the spirit, that is, 
of scientific curiosity, and with no possibility of telling 
whether the issue of their work would prove them to 
be fiends or  dreamers or angels. 

Again, there is the terror of thermite incendiary 
bombs, spreading fire broadcast through our great 
cities. The notion is sometimes encountered that 
thermite was invented for  this purpose. Nothing could 
be further from the truth. I first made acquaintance 
with it myself in  1901 by hearing a lecture at  the 
Royal Institution by the late Sir  William Roberts 
Austen on "Metals as  Fuel."* H e  drew attention to 
the great amount of energy which was liberated when 
aluminium combined with oxygen, and showed how 
aluminium powder mixed with red oxide of iron would 
react violently with it, withdrawing the oxygen from 
the iron, and becoming brilliantly incandescent in  the 
process. H e  showed further how this mixture, called 
thermite, could be used f o r  heating metal work locally, 
so as  to make welds, e.g., in joining two iron pipes end 
to end. I venture to say that it  never occurred to him 
or  to any  of his hearers that thermite had any  appli- 
cation i n  war. 

I n  discussions of this kind a distinction is often 
implied between what I may call old-fashioned knowl- 
edge and modern scientific knowledge. The latter is 
considered to be the special handmaid of ('frightful- 
ness." The futility of this distinction is easily seen by 
considering a special case. Iron is thought of as  
belonging to the pre-scientific era, while aluminium is 
thought to belong to the scientific era. From the stand- 
point of chemistry both are metals, and the problem 
.of producing them in either case is a chemical one. 

2 Proc. R. I.,February 23, 1901, Vol. mi, p. 496. 

When produced they both have their function in 
"frightfulness": iron to cut and stab; aluminium to 
make thermite bombs to burn and destroy. I f  modern 
science makes its contribution to ('frightfulness" in  
giving us aluminium, ancient craft did so in  giving us 
iron. I t  is obviously absurd to make any distinction 
in principle between the two cases. Science properly 
understood includes all real knowledge about material 
things, whether that knowledge is old or new. 

All these terrors have only become applicable 
against a civilian population by the development of 
aircraft. Military objects were certainly not the incen- 
tive of the successful pioneers of artificial flight. They 
were fascinated a t  first by the sport of gliding, and 
afterwards by a mechanical transport problem. 

It is true that brilliant writers of imaginative fiction, 
such as Jules Verne and H. 8. Wells, had foretold all, 
and more than all, the horrors that have since come to 
pass. But  it  is perhaps more to the point to inquire 
what were the contemporary views of practical men. 
The Wrights made their first successful flight in 1903. 
I n  1904 I myself heard the then First Sea Lord of the 
Admiralty repudiate with scorn the suggestion that the 
Government were interesting themselves in  the matter; 
and I know with equal definiteness that even as  late as  
1908 the Chief of the Imperial General Staff did not 
believe in the military importance of flight. Would 
it  be fair  then to blame the inventors fo r  not having 
realized it, and f o r  not having stayed their hands? 

Summing u p  what may be learned from the experi- 
ence of the past, I think we may say that the applica- 
tion of fundamental discoveries in  science to purposes 
of war is altogether too remote f o r  it  to be possible to  
control such discoveries a t  the source. 

F o r  good or ill, the urge to explore the unknown is 
deep in the nature of some of us, and it  will not be 
deterred by possible contingent results, which may not 
be, and generally are not, fully apparent till long after 
the death of the explorer. The world is ready to accept 
the gifts of science and to use them for  its own pur- 
poses. It is difficult to see any sign that it is ready 
to accept the advice of scientific men as to what those 
uses should be. 

Can we then do nothing? Frankly, I doubt whether 
we can do much, but there is one thing that may be 
attempted. The association has under consideration a 
division for  study of the social relations of science 
which will attempt to bring the steady light of scien- 
tific truth to bear on vexed questions. We rejoice to  
know that.our distinguished American visitors are in  
sympathy with this aim, and we hope that our disous- 
sions with them will bear useful if modest f rui t  in 
promoting international amity. 


