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chemistry of the protein compounds, on the one hand, 
and the metabolism and modes of life of the simplest 
liv.ing things on the other. He referred to the ex
treme view, represented by Arrhenius, that life had 
had no origin in finite time, but was coeval with 
matter and energy, and then turned to consider the 
view, more prevalent among biologists, that livjng 
matter had arisen at some time from that which was 
not living. If life arose under conditions not now 
existing in nature, there seemed to be no reason why 
such conditions could not be reproduced artificially, 
but if the conditions under which life arose de novo 
were not diiTerent from those existing there seemed 
to be no reason why it should not do so again . Why, 
then, did we not sec new forms of life appearing on 
the earth? Prof. Minchin doubted jf the simplest 
forms of life were vet known, or even if we could 
recognise them or be aware of their existence at their 
first apoeamnce. The first origin of life involved a 
svnthesis of protein substances in nature by some 
p·rocess as yet totally unknown. For light on these 
problems we must look to the future advance of know
ledge, and especially of chemical science. In the pre
sent state of our knowledge, the attitude towards the 
problem of the origin of life could only be one of 
expectancy for more light in the future; at present it 
was not possible to frame a hypothesis which could 
have any greater value than that of 01 pious belief. 

Mr. Harold Wager said that the more one saw of 
the lower forms of life, the more remote seemed to 
become the possibiLity of conceiving how life arose. 
He opposed Prof. Minchin's view that chromatin was 
the primary living substance, and in support of his 
contention referred to the structure of the blue-green 
algre. These, he said, were interesting as the only 
organisms which would survive in very hot water (e.g. 
hot springs), and had been regarded as probably the 
last remnants of the early vegetation of this earth. 
Each. cell of those algre contained an irregular network 
of chromatin without a limiting membrane, and not 
dearly differentiated from the surrounding protoplasm, 
i.e. the chromatin more nearly resembled the cyto
plasm in these than in higher organisms. Further, in 
certain bacteria there were granules of nuclear matter, 
but in others there were none, the organism consist
ing of cytoplasm only. These facts impelled Mr. 
\Vager to regard the cytoplasm, and not the chromatin, 
as the fundamental life-substance. 

blue-green algre, or some such complex organism, 
was nonsensical. It was necessary to begin with the 
formation of organic molecules from the inorganic, 
then to build up more complex molecules (in which 
all the atomic combinations were saturated), and 
group them into colloidal substances. The colloids, 
which are large aggregates of molecules, show the 
properties of dawning life, for in presence of sunLight 
colloids begin to form organic bodies, but it would be 
necessary to add to the colloid an energy-transformer. 
He regarded the problem under discussion not as 
metaphysical, but experimental. 

Prof. J. S. Macdonald regarded the problem from 
the point of view of a physjoJogist, and said he could 
not accept the statement that chromatin was the most 
important portion of the living cell, for in muscle the 
contractile mechanism is located in the cytoplasm, the 
functional activity of a red blood-cell is resident in 
the cytoplasm, and the main functions of the central 
nervous system are also associated with the cytoplasm. 
He held, therefore, that the nuclear material was not 
concerned in carrying out the main functions of the 
body. 

Prof. Marcus Hartog referred to the power of multi
plication of organisms, and said he could see no 
reasonable probability of our being able to create life 
afresh, or, indeed, to understand how it came into 
existence. 

Prof. Patrick Geddes put forward a plea for the 
psychological aspect of the inquiry, for he held that 
even the simplest organisms presented a dawn of 
psycho-biosis, and that life was not merely a question 
of matter (e.g. chromatin). 

Dr. J. S. Haldane srud he belonged to a school 
which believed life could not be explained, or .inter
preted finally, by the known chemlco physical proper
ties of matter, and he could not imagine any tabora
tory experiment, according to our present knowledge, 
which would bring us any nearer to the origin of life. 

The Rev. T. R. R. Stebbing pointed out that for 
years past many evolutionists had recognised, as a 
necessity of the theory, that organic life must have 
been derived from what was inorganic, and that it 
was reassuring to find that this a priori speculation 
could be supported on grounds of scientific probability. 

Dr. P. Chalmers Mitchell stated that in his opinion 
there was not a single property of protoplasm which 
had not its exact physical parallel, nor a single 
quality of life which would show there existed in life 
something which was not to be found in matter. 

J. H. A. 

Prof. F. W. Keeble thought that, having regard to 
the highly complex interacting phenomena presented 
by living i_t was improbable. that the 
creation of "synthetic hfe" would be seen m the near . . ___ . _ __ _ __ 
future. AN OUT Prof. A. B. Macallum believed, with Tyndall, that THE SCIENTIFIC THEORY D -
matter was endowed with the potentiality of life, and STANDING PROBLEMS OF WIRELESS 
to that extent he was in sympathy with the view of TELEGRAPHY. 1 

Arrheruus. No doubt the organism which first came JN opening a discussion on the present state of the 
into existence was ultra-microscopic, and comprised theory of wireless telegraphy and its outstanding 
but a few molecules. The conditions necessary to problems, I am, to some extent, embarrassed by the 
produce such organisms do not now hold, but at one wide field which presents itself for consideration. 
time the earth's surface was a vast laboratory in I venture to think that we may best take advantage 
which syntheses of various kinds took place, and a of the simultaneous presence here of physicists, mathe
favourable conjunction of forces P.roduc:d com- maticians, engineers, and electricians, if we endeavour 
hination of a number of molecules m whtch hfe was. to focus attention, in the first place, on some of the 
This organism would not be a cell, with cytoplasm chief scientific problems which are yet unsolved in 
and nucleus, but an ultra-microscopic body. The cell connection with it. 
was as far removed from such a minute body as man Perhaps a word of explanation may be offered on 
is from the cell. the reason for giving prominence to the scientific 

Prof. Benjamin Moore said that vitalism was a aspect of the subject rather than its practical achieve
purely static view of life, and. was untenable. Struc- ments. The achievements loom in the public 
ture was important, but somethmg more than structure eye and are astonishing to the uninit1ated, but eltperts 
was necessary for life; dynamic energy-energy • 1 in are wetl aware that many of the 
motion, change--was essential, and was. manifest In ' 1 lntroductorv remarh by Prof. 1. A. F.R.S., at a joint dis· 
all living organisms. To suppose that hfe began as cussion by Sections A and G or the British Association at Dundee. 
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scientific phenomena arc imperfectly understood. If 
we are to overcome present difficulties and limitations 
and make fresh advances, it can only be by a thorough 
comprehension of the physics of wireless telegraphy. 
Hence it will be more to our advantage to bring com
bined scientific thoughts to bear upon the matters on 
which even leading experts differ or are ignorant, 
rather than let our symposium resolve itself into a 
discussion on apparatus or systems or the recitation 
of performances and the record of results. 

As the only type of wireless telegraphy which has 
any considerable theoretical interest at the present time 
is that involving the application of unguided electro
magnetic waves, our attention will doubtless be chieny 
directed to it. 

Starting from the discoveries of Hertz and his fol
lowers, we enter a new era. Apart from Marconi's 
improvements in the metallic filings coherer of 
Hughes, Branly, and Lodge, the important element 
in the arrangements by which in 1&)6 he applied 
purely scientific knowledge of Hertzian electric waves 
to practical electric waves or radio-telegraphy was the 
introduction of the long, nearly vertical aerial wire, 
as a radiator combined with a metal plate above or 
buried in the earth as the balancing capacity. In 
this wire high frequency oscillations are created; 
originally by using the wire itself as one electrode 
of an air condenser and the earth as the other, but 
later on by inducing oscillations in the wire by means 
of the dead-beat or oscilhltory discharge in another 
condenser circuit including a spark gap, coupled to 
the air-wire circuit. Although enormous ingenuity 
has been expended in improving or varying every 
element in the appliances, we can say that with the 
exception of a small number of stations using the 
Duddeii-Poulsen arc generator, nearly all the practical 
wireless telegraphy in the world is at present ( 1912) 
conducted by the following apparatus. 

At each station there is a transmitter which com
prises three dements :-

1. A source of high electromotive force which may 
be a continuous-current dynamo and storage battery, 
an alternator and transformer, or a battery and in
duction coil giving continuous, alternating, or inter
rupted high-tension electromotive force. 

2. A condenser in which the generator stores an 
electric charge to be suddenly released when a certain 
potential is attained across a spark gap in the form 
of an electric discharge passing through a coil in 
series with the condenser. 

3• An open or radiative circuit coupled to the con
denser circuit, comprising- an antenna or arrangement 
of elevated air wires, a balancing capacity or counter
poise often buried in the l.'arth, the two being con
nected through an adjustable inductance coil. 

At the receiving station we have also three 
elements:-

r. An absorbing antenna by which the radiation 
from the transmitter is picked up, creating in it high
frequency oscillations. 

2. A condenser circuit having variable capacitv and 
inductance coupled to the antenna and syntonised to it. 

3· Some form of oscillation detector conncct('d in 
series or parallel with the above condenser which is 
affected hv the oscillations and sets in operation a 

'or indicating device which a 
or signal. 

Generally speaking, at any one station the radiating 
and antcnnre are one and the snme, ami 
used for both purposes alternately, and each station 
has both transmitting and rPceiving appAratus. The 
functions are however, not identical. What is re
quired in the transmitting antenna is a CPrtain height 
and also free or insulated ('nds. In the receiving 
antenna. not onlv hPight b'.lt surface is requir!'d, 
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although this antenna can be laid parallel with and 
close to the earth and earthed at both ends; but pro
vided it is half a wave length in length, it will still 
absorb a considerable amount of energy from electric 
waves arriving in its own direction. 2 

In the next place as to exact details, the following 
information may be useful to those who are not 
wireless-telegraph engineers. 

The antenna consists of a large number of hard
drawn copper wires, which are upheld by masts or 
towers in such fashion that the wires form a sort of 
fan elevated in the air; or they may rise up for a 
ce1 tain height and then be bent downward on all sides, 
like the ribs of an umbrella. In the case of our 
battleships, they are groups of wires kept 
separate by wooden stars and stre hed between the 
masts and then .led downwards to the bow and stern 
of the ship. In the high-power Marconi stations they 
rise up vertically for a certain distance, and arc then 
stretched horizontally for a distance about five times 
greater, parallel with the ground. 

In long-distance stations the wooden or steel lattice 
towers or tubular masts required to sustain these 
wires are elaborate structures 100 to 400 feet or more 
in height, and have to be v:ell stayed to resist wind, 

Associated with the antenna is a counterpoise or 
balancing capacity, which may consist of insulated 
wires stretched a little wav above the earth, or 
radiating wires or metal nets laid in the earth, or 
sheets or nets of metal laid on the ground, or even 
the metal hull of a ship. 

This counterpoise is connected to the antenna 
through a variable inductance coil. In virtue of the 
capacity of the antenna with respect to the earth or 
the counterpoise, the whole system has a natural 
time period of electrical oscillation, 

It may be compared with an elastic steel strip held 
at the bottom in a vice and loaded at the top, which 
can be set in vibration bv small blows administered to 
it at the proper rate. · 

There are certain rates of antenna oscillation re
served for certain purposes. 

Thus, for ship or coast signalling, antennre are 
used having- natural time periods of one-millionth or 
one half-millionth of a second, and for large power 
stations the time period may be as large as one 
hundred-thousandth or one fifty-thousandth of a 
second. 

In nearly all cases these oscillations arc excited in 
the antenna by the intermittent discharge of a con
denser. They are therefore damped or decadent trains 
of free oscillations, separated by intervals of silence. 
The group frequency, as it is called, or number of the 
trains of oscillations, is now usually 500 to rooo, since, 
when using the telephone as a receiver, the g-roup 
frequency is preferably that frequency for which the 
telephone is most sensitive. Each train of oscilla
tions may comprise 30, :;o, or roo oscillations having 
the antenna frequencv. The antenna is, therefore, set 
in electrical vibrations, so that trains of electric 
currents run up and down it intermittently, say, 500 
times a second , each train consisting of so or more 
decadent osrillations. whilst each oscillation or single 
current occupies a time between one fifty-thousandth 
of a second and one two-millionth of a second and its 
complete to and fro cycle. 

These hig-h frequency currents in the antenna are 
created bv the induction of a nearly dead-beat or else 
an oscillatory discharge of a condenser. In small 
installations "the condenser is a collection of Leyden 
jars, or, more conveniently, glass plates coated with 

2 patents have been taken out for methods of an antenna 
at the same time for and receiving. The of Mr. Marconi 
in connection with this matter are both practical and important, and are 
being carefully developed by him. 
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thin sheet zinc or tin, the plates being immersed in 
a metal or stoneware box of oil. 

In the case of some high-power stations, Mr. 
Marconi employs large air condensers consisting of 
sheets of metal hung up on insulators in a room. At 
Nauen and at the Eiffel Tower stations tubular or 
plate-glass condensers are used. 

The condenser is charged by the source of electro
motive force to a high potential, and then discharged 
across a spark gap, with or without oscillations, and 
this discharge passes through a coil which may be 
one coil of a two-coil transformer, the secondary being 
inserted in the circuit of the antenna, or else a single
coil transformer, then called an auto-transformer, may 
be made to do duty for the two separate coils in the 
circuits of the antenna and the storage condenser. 

An important element is the spark gap. In early 
days when only small powers were employed, this 
consisted simply of two stationary brass balls. When 
large power first began to be applied, as at the Poldhu 
Station in 1901, it was soon found that the oscillatory 
discharge started an electric arc across the balls which 
had to be extinguished before the condenser could 
again become charged. Also the balls became rapidly 
worn away. To remedy these defects, various inven
tions were introduced. An air blast was applied to 
the spark gap to quench the arc. 

I devised for the Marconi Co. in 1902 a discharger 
with revolving balls or discs driven by an electric 
motor which overcame some of the difficulties, and 
this type of slowly rotating disc discharger using low
frequency sparks was used for some considerable time 
at Poldhu. 

Later on Mr. Marconi invented his high-speed 
studded disc discharger which is far more efficient, 
and creates a quenched musical spark of the required 
character. In this discharger a steel disc having studs 
on it revolves at a high speed between two other 
revolving electrodes and the passage of the studs 
starts a condenser discharge in which any true arc 
is instantly quenched. The kind of discharge required 
for effective work is one in which rapidly repeated, 
strong, highly damped discharges take place in the 
primary condenser circuit, and these excite prolonged 
trains of free oscillations in the antenna. This is 
only possible if any true arc discharge in the primary 
circuit is entirely prevented. 

This is also achieved by the Wien or Telefunken, 
the Peukert and Von Lepel dischargers consisting of 
flat metal plates in close proximity. In these dis
chargers the discharges succeed each other with great 
regularity and at the rate of several hundred per 
second. When the condenser circuit is properly tuned 
to the antenna circuit and coupled to it not too 
strongly (with about 20 per cent. coupling), we have 
powerful intermittent oscillations set up in the 
antenna, each group being very feebly damped and of 
uniform oscillation frequency. These rapidly suc
ceeding groups of oscillations are cut up into groups 
of groups in accordance with the signals of the Morse 
alphabet by means of a key placed in some part of the 
circuit. Although nearly all the radio-telegraphy in 
the world is now conducted by means of these inter
mittent condenser oscillations, great efforts are being 
made to perfect suitable high-frequency high-power 
alternators, and. the advent of a commercial machine 
of this kind will no doubt make it a formidable rival 
to the existing methods. 

Deferring for the moment the consideration of what 
takes place in the space between the sending and 
receiving antenna, we may complete our description 
of the receiving apparatus. 

In the sending antenna we have very powerful high
frequency currents at the base and high potentials at 
the free or upper end. Even in sma11 stations the 
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sending antenna current may have a value of 5 to 10 
amperes, whilst in large stations the antenna current 
at the earthed end is 50 to 100 amperes, and large 
enough to raise to incandescence quite large rods of 
arc light carbon. 

There is, therefore, a considerable expenditure of 
power on the antenna. A part of this is spent in 
heating the antenna, but a large proportion is radiated. 
Nevertheless, the over-all efficiency of the usual wire
less telegraph transmitter using the ordinary un
quenched condenser spark, meaning by that the ratio 
of power radiated from the antenna to power supplied 
by the operating dynamo or battery, is at present prob
ably not more than 20 per cent. to 25 per cent. in actual 
practice, though much higher efficiencies, even up to 
75 per cent., have been claimed for the quenched-spark 
system. But the evidence for these high efficiencies 
is somewhat imperfect. 

An extremely small fraction of the whole radiated 
energy is picked up by the receiving antenna. In 
this latter we have currents created which are 
measured in micro-amperes, or, at best, in fractions 
of a milliampere. If the receiving antenna is properly 
tuned to a closed condenser circuit inductively coupled 
to it, the energy picked up by the receiving antenna 
accumulates in the associated condenser circuit. 

In this last we then have feeble currents circulating 
which imitate in mode of variation those of the distant 
transmitting antenna. To detect them, it is now 
most usual to employ a telephone in series with some 
form of current rectifier, which is shunted across the 
condenser in the closed secondary receiving circuit, 
or else some form of current-operated detector, such 
as Marconi's magnetic detector, which is placed in the 
condenser circuit. 

If we merely connect a telephone across the con
denser circuit, no sound will be produced in it, because 
the frequency of the current oscillations in the receiv
ing condenser circuit is too high to affect a telephone. 
If, however, we insert some device in series with the 
telephone which acts like a valve, it win rectify the 
groups of oscillations into prolonged gushes of elec
tricity in one direction, which, coming at the rate of 
the much lower spark frequency, say, $bout 500 or 
moo per second, create in the telephone a shrill sound. 
As these groups are interrupted at the sending station 
in accordance with the Morse signals, the receiving 
operator hears long or short musical sounds which he 
can interpret into the letters of the alphabet. 

Amongst the rectifiers much used, my own oscilla
tion valve invented in 1904, or glow-lamp detector, is 
an interesting example. It consists of a little electric 
glow lamp, having a metal plate or cylinder sealed 
into the glass bulb. When the filament is incandescent 
the space between the filament and the plate has a 
unidirectional conductivity, and will allow negative 
electricity to pass from the filament to the plate, but 
not in the opposite direction. 

Another large class of oscillation rectifiers are the 
crystal and contact rectifiers, the first of which, viz 
carborundum, was discovered by Dunwoody, others 
by Pierce and Pickard. Thus, for instance, a copper 
point pressed a small mass of molybdenite 
is a good rectifier. Also the minerals chalcopyrite, 
zincite, bornite, anatase, and hessite possess similar 
properties, and a very sensitive rectifier is made by a 
slight contact between two small masses of zincite 
and bornite. Another rectifier is the galena-plumbago 
rectifier. Also a gold point pressed very lightly against 
an artificial surface of iron pyrites (ferric disulphide) 
makes an excellent detector. 

In spite of much valuable work done by Prof. G. W. 
Pierce, G. W. Pickard, and others the action of these 
crystal rectifiers is by no means fully elucidated. It 
appears not to be thermoelectric, since in general the 
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rectified current is in the opposite direction to the 
thermoelectric current produced by heating the 
junction. 

In addition to these glow-lamp and crystal rectifiers 
another much-used detector is Marconi's magnetic 
detector, in which a slowly moving band of iron wires 
passes across the poles of a pair of horseshoe magnets. 
The wire at that place is embraced by two other coils 
of wire-one in series with the oscillating circuit of 
the receiver and the other with a telephone. When 
trains of oscillations are set up in the receiving 
antenna a listener at the telephone hears a sound due 
to the sudden change in the magnetic state of the 
iron. The simplicity and absence of any difficult ad
justments make this magnetic detector one of the 
most useful for general purposes. 

The wireless message is thus picked up at the 
receiving station by hearing telephoruc sounds due to 
a greater or less number of trains of high-frequency 
oscillations in the transmitting antenna corresponding 
to dashes or d<Jts in the Morse alphabet. 

These long ot short groups of oscillations in the 
transmitting antenna create similar groups in the 
receiving antenna, which, when rectified, cause gushes 
of electricity in one direction through the telephone, 
and therefore make sounds like ticks or musical note!. 
of long or short duration. The pitch of this note is 
the frequency of the spark at the sending station. 

One of the practical difficulties not yet quite over
come is the invention of a suitably simple and sensi
tive call signal. At present the operators have to sit 
with the telephone on their heads waiting for any 
message which may begin, and this is expert work 
which cannot be deputed to anyone else.' Another 
requirement Is a simple and yet sensitive relay by 
which the messages may printed down on paper 
tape. The photographic method employing the Ein
thoven galvanometer is effective but rather elaborate. 

The recently invented alternating-current resonance 
relay of Dr. Kapp and Mr. H. von Kramer is sensi
tive, and can be operated with an alternating current 
having a frequency of about 1oo, and one-fifth of a 
milliampere in value. What is required is a relay 
sensitive to currents of a frequency varying between 
so and 500 or so, and a strength of about one-tenth 
of a microampere. 

Having thus outlined the manner in which the 
radio-telegraphic message is sent, I now pass on to 
propound for your discussion certain imperfectly solved 
St'ientific questions. The first of these is :-

By what mechanism or process are the signals 
conveyed across the intervening space between the 
transmitter and the receiver? Most persons would 
say, at once, by electromagnetic or Hertzian waves, 
produced in the rether, and the answer is no doubt 
correct so far as it goes. The action of the sending 
antenna on the receiving antenna is not merely an 
instance of one electric current inducing another in 
a secondary circuit as in the magnetic induction form 
of telegraphy. In radio-telegraphy the energy sent 
out from the sender, no doubt, departs from it entirely 
and exists for· a time in a medium before it reaches 
the receiver. The question is what is that medium? 
The whole of the actions in the sending antenna by 
which the distance effect is produced are consistent 
with the assumption that electromagnetic waves are 
sent out from it. But are these waves, strictly speak
ing, Hertzian waves or space waves? What part, 
of any, does the earth play in the process? Are the 
very long distances which can be covered by modern 

S Tbe Marconi Co havt: recently introduced a call in which a 
tigoal to a prolon!led daslt. on the Mone code deflects a galvano
meter, which. in tum clo,.es a bell·hattery circuit and a be.IJ. The 
diflicultv is, howf'ver, to prevent dir.charges from making a 
fa1se call, but render it sensitive only t•) a prearranged signal. 
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radio-telegraphy consistent with the properties of purt 
Maxwellian or Hertzian waves produced in the rether. 
These are the first unsettled questions I wish to throw 
down for discussion. As soon as Transatlantic signals 
had been received by the means already described, 
physicists began to ask how such waves, if they are 
true electromagnetic waves, are propagated one-eighth 
of the way round the earth. Since then Mr. Marconi 
has achieved the feat of receiving signals in South 
America from his Clifden station in Ireland at a dis
tance of 6ooo miles. The problem now is to explain 
how this effect travels one-quarter of the way round 
the earth. It suggests at once the query, could it 
go half-way round? Can wireless signals be received 
in New Zealand from England, and may we look 
forward not merely to Transatlantic or Transpacific, 
but to transterrestrial wireless telegraphy to the Anti
podes as a practical possibility? The answer to these 
questions is necessarily connected with that to the 
more general question, how does the sending antenna 
affect the receiving antenna at any distance? In a 
year or more, when the Imperial wireless scheme come,; 
into operation and the long-distance stations are com
pleted, London will speak to Aden ; Aden to Bangalore 
and Pretoria ; Bangalore to Singapore ; and 
thence the step will be easy to Australia and New 
Zealand. It is possible that we may yet communicate 
from London direct to Melbourne without the inter
mediate stations. In text-books and lectures it has 
been usual, for the sake of simplicity, to treat the 
problem of radio-telegraphy as if the earth were a 
perfectly conducting sphere immersed in free rether. 
A very little practical experience showed wireless tele
graphists that the electric condition of the atmosphere 
greatly affected it, and that the receiving apparatus, 
so sensitive to waves intelligently sent out from trans
mitting stations, picked up in addition all manner of 
vagrant waves set going by atmospheric discharges. 
Also early attempts at long-distance radio-telegraphy 
led Marconi to the discovery of the great influence of 
daylight upon the distances attainable. If, however, 
we leave out of account for the present these atmo
spheric and daylight disturbances, to which we shall 
return presently, we have still to face the fact that 
the nature of the terrestrial surface between the send
ing and receiving station affects the result very appre
ciablv. 

Verv early in the practical experience of radio 
telegraphy it was found that it could be 
more easily over sea than over land, and more 
over ordinary wet soil than over very dry sandy sot!. 

But apart altogether from this last effect, it has 
always been felt that there was something surprisin_g 
in the fact that it is possible to detect electromagnetic 
waves created at a distance of one-eighth to one
quarter of the way round the world. It has been 
generally assumed that this was wholly due to an 
abnormally large diffraction effect. The first question 
of importance is, then, whether diffraction can occur 
to an extent sufficient to account for the observed 
facts. The determining factor as regards diffraction 
is the ratio of wave length to the earth's diameter. 

In the early attempts at long-distance wireless tele
graphy wave lengths of 2000 to 3000 ft. were used, 
but at the present time wave lengths from to,ooo to 
2o,ooo ft. are employed, or, say, one-thousandth of 
the earth's radius. 

Consider for one moment an optical analogue. The 
mean wave length of visible light is about 1 I so,oooth 
of an inch. Suppose a luminous point of infinitely 
small magnitude were placed at the pole on the surface 
of a smooth sphere a quarter of an inch in diameter or 
about the size of a pea, in a region otherwise not 
illuminated. This corresponds to the case of electric 
waves 1000 metres in wave length sent out from a 
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radio-telegraphic station on the earth's surface. 
Would there be any light due to diffraction at the 
equator or even at 45° latitude of this small sphere? 
It is essentially the province of the mathematical 
physicists to give us a solution of the above question, 
but the answer would, I think, be in the negative. 
To make the case comparable with that of the longest 
electric waves used for terrestrial radio-telegraphy, the 
sphere would have to be only the millimetre in 
diameter. The answer is then not quite so obvious. 

The first attempt at the problem in the case of 
radio-telegraphic waves was made by Prof. H. M. 
Macdonald in 1903 and 1904. 

Last year he published a second paper in the Trans
actions of the Royal Society on the same subject. 
In this last paper a table is given for waves of two 
wave lengths, viz., 0"2 mile and o·25 mile, showing the 
ratio of the calculated amplitude of the received oscil
lations at a point at certain distances measured along 
a great circle of the earth to the amplitude which 
would exist if the earth were absent. For the two 
wave lengths, and for a distance of 651 miles, the 
ratios are respectively o·o6 and o·o7, or, say, 1 14. 
It may be remarked, however, that the wave length 
now used at Marconi's Clifden station in Ireland is 
nearly four miles, and that the maximum distance at 
which signals have been received is 6ooo, and not 6oo 
miles. Hence, before Prof. Macdonald's table can be 
brought into comparison with the latest practice, his 
wave lengths must be increased twenty times, and his 
maximum distance ten times. • 

In this second paper he refers to the previously pub
lished 1904 paper, in which he showed that the effect 
at a point on a perfectly conducting sphere due to a 
H ertzian oscillator near its surface was negligible in 
comparison with the effect which would have been 
produced at that point if the sphere were removed, 
when the point is at some distan ce from the oscillator 
and the radius of the sphere is large compared with 
the wave length. 

The same problem has also been discussed by Prof. 
H . Poincare, whose recent decease we have so greatly 
to deplore, in a series of interesting lectures and 
papers." In his latest memoir on the diffraction of 
Hertzian waves in the Jahrbuch der Drahtlosen Tele
graphic for IgiO, p. 44.'· Prof. Poincare reaches the 
conclusion that the amplitude of the oscillations at a 
point on the earth's surface, which is separated from 
a transmitting station bv an angle cf> measured along 
a great circle through the stations, is proportional to 

d> 

:1n exoonential function £-mw3 \vhere 'll is 
numerical_ 6> is a complex quantity the real 
part of whwh JS proportJOnal to the frequency. This at 
any rate agrees with one result of practical experience, 
viz. that to effect radio-telegraphy over long distances 
large wave lengths are necessary. But it is difficult 
to extract from his conclusions means to enable us 
to .predict the exact extent to which diffraction really 
ex1sts for waves two to four miles in length. 

The problem of the bending of electric ' waves round 
the earth has also been discussed bv Dr. T. W. 
Nicholson in a series d able and critical papers: e 

The conclusion arrived at by him after considering 
the work of Macdonald and Poincare as the result of 

4 See H . 1\f. Macdon•ld. Proc. Roy. Soo. London vol lxxi A p 251 
vol. hcxii .. .. _c;Q.·IQ04. The conr.lusions in 

1
th,.. .firo;,t 

suh1ected to some cntlctsm hy r orcl Prnf. Poincare. 
Prof H. 1\f. Macdonalrl, ''On the D iffractlon of Rlertric Waves 

Round a Perfectly Reflecting Obstacle," Trans. Roy . . Soc. London, 19to, 
vol. ccx .. A, p. 

5 Pror. H . ''La Lumiere 'Electrique," vol. iv .. roo8, p. 323, 
necemh•r 12. Also Cnmptes rendus, April 1909 and fa!r.rlruclt tier 
D":ahtlnsen vol. iii., p. 44.;, rgro. ' ' 
1 f:i See Dr. ]. W. Nicholson, Phil. Mag., IQlO, 6th 5er ... , vo1. xix., pp. 2 76, 

516, 757• 
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his own analysis can best be expressed in his own 
words {see Phil. Mag., vol. xix., pp. 277-278, 1910). 

He assumes that an oscillator is placed near the 
surface of the sphere with its axis radial, and he 
says : " On the confines of the geometrical shadow 
within a cone of small angle cutting off but a small 
portion of the terrestrial surface near the oscillator 
true diffraction bands are found, arising from terms 
now important in which the order and arguments are 
nearly equal. But within the shadow beyond the 
extreme generators of the cone, the extinction of the 
waves is very complete." "The harmonics of a high 
order are found to be so disposed as to neutralise one 
another in a remarkable way, and the intensity of the 
diffracted light at a distance of a few thousand miles 
round the surface sinks to a minute fraction of its 
value when the sphere is absent. Thus, it is improb
able that diffraction can explain the effects unassisted 
by reflection from an ionised layer in the upper atmo
sphere, or by some other cause. 

If this result is confirmed for wave lengths of four 
miles, or one-thousandth part of the earth's mean 
radius, then it will follow that ordinary diffraction is 
incapable of explaining long-distance radio-telegraphy, 
and we must look to some other cause. Before dis
cussing the alternative which has been suggested 
both by Prof. Poincare and Dr. Nicholson, I should 
like to direct your attention to an explanation of a 
quite different nature due to Prof. A. Sommerfeld, of 
Munich. Mathematicians who have dealt with the 
problem under the assumption of a perfectly conduct
ing earth and a Hertzian oscillator entirely discon
nected from it have assumed conditions which do not 
hold good in practice. Hence the attempt to explain 
long-distance radio-telegraphy by the aid of diffraction 
may be a quite unnecessary effort. The actual earth 
has a crust composed of materials which chiefly owe 
their conductivity to water. When free from water 
these materials composing the igneous and sedimen
tary rocks (apart from metallic veins and oxides and 
sulphides of heavy metals), such as granite, gneiss, 
quartz, slate , chalk, and sandstone are very fairly 
good insulators. Although sea water is a conductor, it 
has a dielectric constant (K=8o) very far from in
finite. Moreover, at no very great depth in the crust 
the temperature is sufficiently high to exclude the 
presence of liquid water, and therefore of any con
duction due to it. 

The numerical values which have been given for the 
materials composing the earth's crust are only very 
approximate. Experimentalists have mostly measured 
the resistance and dielectric constant of dry samples 
with continuous or direct currents. They have omitted 
to take account of the fact that non-metallic materials, 
such as quartz, felspar, mica, slate, &c., increase in 
conductivity with rise of temperature and also have a 
conductivity for alternating currents quite different 
from that for direct currents. 

In the majority of cases these rocky materials are 
very good insulators. Thus dry granite has a di
electric constant about 7 to 8 and a specific resistance 
which may be as high as one thousand megohms per 
centimetre cube, and dry slate has a dielectric constant 
of about 12 and specific resistance of about soo meg
ohms per centimetre cube. 7 

7 See 1
' DielektriziHit;;.konstante unrl T.P.itf.iihigkeit der Ge5.teine," by 

Hf>inrich LOwy (!O:ee An'ttalen der Pkys;k, vol. xxxvi., p. I2E; 1 IQll, for a 
numher of of the dielectric constants and· conductivi-ty of 
earth'.,. erma materials). 

It has been shown recently in a paper by the present writer, assisted by 
Mr. Dyke. th:tt the alternating current conductivity of inc:ulatnrs ls a 
function of the frequency, and -not by any means ;dentical with the direct 
current conductivitv. see Touro. Inst. Rlf"ct. Eng., .Iqn, "On the wwer 
factor and cond uct;vitv of diPiectrics for ahernatin2' elect .. ic ctnrc-nts." In 
the c:tc:e of !;uch sub,..tances as marble, slate , anO probablv others, the con· 
ductivity appears to increase with the frequency up to a certain point and 
then diminish 
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Sommerfeld then proves that 1r can be expressed as 
the sum of three quantities P and Q such that 

ll=P+Q,+Q2 , 

The problem of the propagation of electric waves 
over the earth's surface involves, therefore, three im
portant factors which greatly influence the result 
first imperfect conductivity and rather high di: 
e!ectnc. constant of the earth, making it a semi

effects of atmospheric ionisa- where the quantities Q1 and Q2 correspond to space 
t1on, electnficahon, and sunlight, and, thirdly, waves and P to a surface wave (Ober-
the s curvature. The German mathematical flachenwellen). 
physiCists have of late years considered the first of It is, of course, not new to suggest that the waves 
these. factors very carefully, and arrived at some in- involved in radio-telegraphy resemble electric waves on 
terestmg results, which I will endeavour to epitomise. wires or are surface waves. It was long ago surmised 
Prof. A. Sommerfeld in 1909 a very able that the sending antenna, the earth, and the receiving
paper on the propagatiOn of the waves in wireless antenna might be regarded as one single oscillator in 
telegraphy over the earth's surface. which oscillations were set up. This view has been 

He supposes that a small Hertzian oscillator is held, amongst others, by A. Blonde!, E Lecher, and 
placed with axis vertical at the flat boundarv surface F. G. Baily. 9 

of two media, each having conductivity .,., 'dielectric i Prof. Bailv pointed out in 1903 that the energy of 
ccnstant .K. and permeability "'• and that the bounding ; surface waves would decrease only inversely as the 

IS plane and indefinite. Taking E as the distance, and therefore at large distances survive when 
electnc. for:e and H as magnetic force, we have at space waves would have vanished. The strict mat he
any pomt m space the two circuital or Maxwellian , matical proof of their possibility has, however, only 
equations fulfilled, viz. :- been lately given. 

KE+47nrE=ccurlli 

-,..dl=ccurl E. 

where C=.JXI0' 0
• The quantities E, .,. and K are 

measured m electrostatic units and p. and H in electro
J-!.:ncc, if E and H are both simple har

momc quantltres of frequency n varying as the real 
part of •-n•t, where P=21rn, and if we write 

we ha\·e =curP H, 
.CE=cllrl' E. 

If we then take the mng-netic force to be the curl of 
a vector potential n and bear in mind that for vector 
fields with no divergence the operator 

- + ·+ --·· ( 
li" {l2 

&z2 ' 

we see that 

and that 

n satisfies the differential equation 

H =curl rr, 
(I ) ,. 

(2) I 
and 

E = . -·.: (3is) l 41frT ·- 'P K . 

then a particular solution of (r) 

I 

1f r 2 = x 2 + y 2 + z 2 , 

n '= l_. j l·r. 
r 

. To obtain a soluti.on applicable to the case in ques
tion, we have. t.o satisfy the boundary conditions. 

These arc that the horizontal component 
of the :tectnc and. the vertical component of the 
magnehc flux or mduct10n must be continuous across 
the Taking su!Tixcs 1 and 2 for the air and 
earth rcgrons, these boundary conditions are 

I 

! 
' 

The space waves are subject to diffraction, and are 
hindered by obstacles. On the other hand, the surface 
waves pass round, and are unhindered, apart from 
damping, by the curvature of the surface. Also, owing 
to the surface waves decreasing in amplitude less fast 
with distance, the surface waves survive when the 
space waves are extinguished. If, then, Sommer
feld's investigation is valid, we need no longer seck 
for an explanation of such achievements as the detec
tion of electromagnetic waves one-quarter of the way 
round the earth in anv abnormal diffraction. If Som
merfeld is right, diffraction has nothing to do with 
the matter. The effect at such distances is entirely 
due to these "Oberfliichenwellen," or surface waves, 
which, like electric waves or wires, are propagated' 
alonl?" th<' surfac:<' , no matter what the curvature may 
be . There is a certain analogy bet\vecn these space 
and surface electric waves, and corresponding effects. 
in the case of earthquakes. From the time of Poisson 
it has been known that a shock communicated to an 
elastic solid created in it two waves, one of dilatation
and one of distorsion, travelling at different speeds 
through the mass. 

In I885, Lord Rayleigh showed that, in addition, 
there was a surface wave dependent on the fact that 
the surface can be distorted and resists distorsion with 
a different elasticity to that of the interior of the mass. 

These effects are recognised by seismologists as re
presented in the preliminary tremors and main shock 
in an earthquake. 

In this case, two kinds of disturbance are found to 
be propagated through the earth, with velocities of 
10 and 5 km. per second Also another 
main shock arrives later, which moves with a speed of 
about 1 km. per second. The latter is a surface wave 
travelling- along- the surface crust of the earth, and 
the two former are space waves travelling through 
the mass. 

In thl! snme manner "'e can sav that in wireless 
tcleg-raphv we arc concerned with. three waves-one 
travelling- throu<"h the air above the earth, the second 
throurrh the crust of the f'arth, and the third a surface 
or cylindricnl wave. whirh is confined to a limited 

SommerfPI<I then shows that a I t. f h h h · so u 10n o t e at t c boundary of t f' two dielectncs. 
equation (r) is It is suggestf'd, however. that long-distance radia-

n-== C] 0 (ArJ•vAil:k"=, telP!:(raphv is chidlv effected bv means of surface 
waves or "Oberfliichenwellen ,; of Sommerfeld, which 
fall off in amplitude inversely thP squnrc root of 
the distance and a:re not limited b\· diffraction as thev 
follow round the surface. The earth's curvature 

where 1< an arbitrary parameter, 
and ] 0(Ar) a s functwn of zeroth degree. 

By senes of d1fficult transformations, the validity 
of whtch must be tested by our pure mathematicians. 

a IC Ueber die Ausbreitung der Wellen in der drahtlostn Telegraphic" 
Annalen dtr vol. xxvii1., p. 66s, 1909. ' 
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\1 S('e A. Rlonrlel, rMfl/'fcs Rt'Hd•u du Co,p-h dt Hanks, I8c8: al..;o 
F.. l .ec:her, Plzy.<>ilr . ?.dtscltr., vol. iii., n. 'l"]· tQOr, <1-nrl Prof. F. G. Baily. 
Trans. Royal Sco:th.h Society or Art", f'ebruary 9, t903. 
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limits the range of the space waves seriously but does 
not so limit the surface waves. 

One difficulty in reading Sommerfeld's paper is that 
he does not sufficiently translate his mathematical 
analysis into physical concepts. Hence it is desirable 
to consider a little in general terms how these surface 
waves arise. 

(To be continued.) 

- ------·------------
MODERN J>ROBLEi\IS RELATING TO THE 

ANTIQUITY OF MAN.l 
QN my booksheh·es there is placed a series of old 

volumes containing past reports of this Associa
tion, fortune sent my way many years ago on 
a Whttcchapel bookstall. Among them there is one 
volume I prize-that which contains the history of 
the meeting at Aberdeen in 1859· In that volume 
Y?U will find an. early phase of the subject of my 
dtscourse for thts evemng-the antiquity of man. 
Sir Chas. Lyell presided over the section of Geology· 
in his opening address he announced that •• a work 
will very shortly appear by Mr. Charles Darwin-the 
result of twenty years' observation and experiment," 
and that the evidence which had accumulated in 
recent years "made it probable that man was old 
enough to have c<>-cxisted at least with the Siberian 
mammoth." From other statements made in his 
address it is clear that Lyell was then convinced that 
man's appearance on earth was infinitelv older than 

limits fi.xed by. Biblical record. I do ' not suppose 
I have a smgle hstener who heard that address in 
Aberdeen sixtv-three years ago, but even those who 
are not yet old will concede that the new doctrine, 
preached so moderately by Sir Charle!> Lvell, was not 
likely to be acceptable to the general membership of 
the Geological Section in the year r8sg. You will find 
an exact record of what happened at the mPeting
not in the official report of the year, but in the letters 
of Mr. William Pengelly, the explorer of Kent's 
Cavern. Orthodoxy was represented at the meeting 
by the Rev. Dr. Anderson, who, in Mr. Pengcllv's 
words, "attempted to castigate Lyell for his opening
address. There 't'l'as a considerable amount of 
orthodoxy in the room, and Dr. Anderson J!Ot a verv 
undue share of applause." The doctrine which Lvell 
and his companions championed in the face of public 
oporobrium in r8.r;g is the accl'pted and orthodox 
opinion of the vast majority of thoughtful peopll' in 

year rqt2. 
That splendid movement of the nineteenth centurv 

which knocked the shackles of tradition from the 
problems of man's origin was led by men of courag-e, 
conviction, and sound judgment. Tt was a progressive 
and victorious movement they initiated, but in (:Verv 
movement of that kind there comes a time when 
those who cleared the way turn circumspect, cautious, 
and more critical than constructive. Opinion tends 
to be-come fixed and conventionalised and then a 
new heterodoxy raises its head. That is the phase 
which we, who make a special study of thf' facts 
relating to man's origin, seem to have reached now. 
I cannot cite a more stalwart or distinguished repre
sentative of the orthodox opinion of to-dav than Prof. 
Boyd Dawkins, of Manchester. In his ·Huxley lec
ture in tqto he gives very clearlv his opinions on 
the antiquity of man-rioe convictions v.:hich are 
founded on a lifetime of active investig-ation and 
study. In his opinion the history of man does not 
extend beyond the Pleistocene period-the phase of 
the earth's history which immediately precedes the 

J Di!'C:OttYSI!; detivued before the Rritish Association at Dundee on 
S<ptember 9 by Prof. Arthur Keith. 
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one in which we live. He accepts the fossil man of 
Java-Pithecanthropus-a with a brain a little 
more than half the size of a modern man's, as repre
sentative of mankind at the of the Plei.sto
cene; before the end of that penod men of the modern 
tvpe appeared. In Prof. Boyd Dawkins's opinion, 
then man was evolved during the Pleistocene period, 
and,' therefore, from a geologist's point of view, is 
a recent addition to the earth's fauna. If we ask 
how long ago it is since man appeared, Prof. Boyd 
Dawkins· "It cannot be measured in years
only by the sequence of geological events and by the 
changes in animal life." Yet we are certain that 
years came cycling round in the Pleistocene period 
just as they do now, and that every cycle wrought 
some degree of change on the face of the earth and 
on the form of living things-a degree of change 

' which may be imperceptible in the period of a man's 
life, and yet cumulative and apparent in the course 
of time. Men who have studied the transformations 
effected during the Pleistocene period have formed 
varying estimates of its duration, but we may safely 
adopt as a moderate figure the 400,000 years given 
by Prof. Sollas at a meeting of this Association in 
1900. We may accept, then, as the orthodox opinion 
of to-day that the dawn of the very earliest form of 
humanity lies 400,000 years behind us; in tl)at space 
of time man as we know him now was evolved from 
a crude, almost prehuman fonn. 

For a representative- of modern heterodoxy-as far 
as relates to the antiquity of man-we cannot do 
better than visit the Royal Natural History Museum 
in Brussels and follow the guidance of M. Rutot, who 
has devoted himself to the study of the stone imple
ments of ancient man, and of recent geological forma
tions. One civilisation succeeded another in Pleisto.. 
cene as in historical times. You will admit, when 
you examine the handiwork of the men of the Mag
dalenian age-at the close of the Pleistocene--that 
our ancestors were then artistic and skilled workmen; 
as we pass backwards in time from the !\1agdalenian 
to the Solutrean, and from the Solutrean to the Mous
tPrian, Mousterian to Acheulean, and Acheulcan to 
the Chellean-thus passing well beyond the mid-point 
of the Pleistocene-that although the handiwork of 
man .chan#:"es in form and in design, it does not lose 
in skill of exrcution; those flints of the remote 
Chellean period assure us that man had then a 
capable braio and a skilled hand. When, however, 
M. Rutot proceeds to show us the implements which 
were fashioned by men in the earlier parts of the 
Pleistocene, it is very probable that our orthodox 
companions will pull out their watches and find they 
have pressing engagements elsewhere. Human 
workmanship becomes cruder as we approach the 
commencement of the Pleistocene. The stones which 
have been wrought by man's hand (eoliths) become 
then more difficult to distinguish from those which 
have been shaped by natural forces. M. Rutot, how
ever, is convinced that he has traced man, by means 
of his Eolithic culture, not only to the commencement 
of the Pleistocene, but into and throug-h the two long 
j!eological periods which preceded the Pleistocene-the 
Pliocene and Miocene--and even well into the forma
tions of the still older period, the Oligocene. In 
M. Rutot's opinion the origin of mankind must be 
assig-ned to a time as early as the Oligocene period. 
Prof. Sallas has made a provisional estimate of 
qoo,ooo years for the Pliocene and I,8oo,ooo for the 
Miocene. On this crude estimate the heterodox 
opinion as to the antiquity of man must be placed 
at more than J,ooo,ooo years. It is only just to 
M. Rutot to state that he would by no means agree 
with the estimates given by Prof. Sallas. In his opinion 


	THE SCIENTIFIC THEORY AND OUT SATANDING PROBLEMS

