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stained with alternate green and orange lines, 375 
of each to the inch. A second, similar, procedure, 
with the greasy lines printed at right angles, pro
vides the third primary, blue-violet, and in this way 
a mosaic of more than half a million blue-violet, 
green, and orange rectangular areas is formed on 
the surface of the film base. 

The colour mosaic is next coated with two pro
tective layers, in order to prevent any desensitising 
effect of the matrix colours upon the sensitive 
emulsion. A panchromatic emulsion of very high 
speed is finally applied. The whole procedure is 
carried out on 1000-ft.lengths of film 21 inches wide, 
which are slit up into fifteen ' cuts ' of standard 
kinematograph width, 35 mm. A very simple pro
tective device makes it possible to leave a colourless 
sound track, one-tenth of an inch wide, in each cut, 
so that the recording of sound with colour can be 
readily achieved. 

Careful control of the coating of the first layer 
of green collodion has resulted in the production of 
a matrix of very uniform balance, which has been 
found indispensable in order that, in the subsequent 
dyeing processes, a correct balance of spectral dis
tribution is maintained. It is interesting to note 
that the theoretical primaries have been largely 
departed from, and that the overlaps in the spectra 
of the blue, green, and orange regions greatly exceed 
those usually agreed upon amongst three-colour 
workers. That this has been justified is shown 

by the extraordinary faithfulness of the colour 
rendering. 

The negative film, after reversal and redevelop
ment, becomes converted, as already stated, into 
a positive picture, which can be immediately thrown 
upon the screen. Such an original or ' master ' 
positive would be of little value were it not possible 
to make an unlimited number of copies. The 
copying of any form of geometrical pattern has 
hitherto involved the appearance in the print of 
diffraction patterns or moire, and this has greatly 
militated against attempts at the commercial 
application of matrix processes. . 

Satisfactory duplication of the Spicer-Dufay 
pictures has been effected by a comparatively 
simple expedient. The coloured original is passed 
through the gate of the printing-machine, and an 
image of it is thrown by projection upon the 
copying film, which is synchronously moved forward. 
The lens has been so designed that it will focus 
critically the black silver image of the master copy 
upon the sensitive film of the copying material, 
while the coloured matrix, which is separated from 
the image by about 101-'-, is slightly blurred or 
diffused. In this way very exact natural colour 
copies can be obtained, which are printed at the 
standard rate of 800 pictures a minute. The ease of 
duplication at once places the process on a practical 
basis, for which there will doubtless be many 
scientific uses, apart from popular entertainment. 

Centenary of David Edward Hughes. 

r]10 commemorate the centenary of the birth of 
..L David Edward Hughes, whom Sir Joseph 

Larmor, in 1900, described as "one of the great 
scientific inventors of the age " , an address on his 
life and work was given by Mr. Sydney Evershed, on 
May 14, to the Institution of Electrical Engineers, 
a society of which Hughes was president in 1886. 

Born in London on May 16, 1831, Hughes was 
the son of a Welsh bootmaker, who in 1838 emi. 
grated to the United States and settled in Virginia. 
At the age of nineteen he was appointed professor 
of music in St. Joseph's College, Bardstown, Ken
tucky, and while there gave lectures on natural 
philosophy. Like many others, he became in
terested in the rapidly spreading electric telegraphs 
and in 1854 made a practical type-printing t.ele
graph. Resigning his professorship, in 1857 be 
returned to Europe to exploit his invention. 

In the course of the next twenty years, Hughes 
made a fortune and, taking up his residence in 
London, devoted himself to scientific research, the 
first fruits of which was the invention of the 
microphone. He retained all his life the title of 
professor and his American citizenship. In 1880 
he was elected a fellow of the Royal Society, in 
1885 he was awarded a Royal Medal, in 1891 he 
became a vice-president of the Royal Institution, 
and in 1896, four years after Edison, was awarded 
the Albert Medal of the Royal Society of Arts. He 
died from influenza, at his house, 40 Langham Street, 
on Jan. 22, 1900, and was buried in Highgate 
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Cemetery. After his death his widow returned to the 
United States, where she died about ten years ago. 
She had given his note-books to the British Museum, 
but much of his apparatus was left in a furniture 
store near the Tottenham Court Road, where it 
lay unheeded until1922. Through the action of the 
late Mr. Campbell Swinton, much of the apparatus 
was secured for the Science Museum, where it can 
be seen. Hughes left a fortune of some £470,000. 
Of this he bequeathed about £13,000 to the 
Institution of Electrical Engineers, the Royal 
Society, the Paris Academy of Sciences, and other 
bodies, but the greater part went to the Middlesex, 
London, King's College, and Charing Cross Hos
pitals. 

Many of these facts were referred to by Mr. 
Evershed in the course of his interesting address, 
the main part of which, however, was devoted to 
a consideration of the two outstanding achieve
ments of Hughes's life ; the invention in his early 
years of the synchronous type-printing telegraph, 
and then, in later life, the discovery of the micro
phone. " In these his genius was at its height, and, 
to use an engineering metaphor, it is the peak values 
that count when we attempt to estimate genius." 

In the middle of the last century, said l\fr. 
Evershed, electric telegraphy was undergoing rapid 
development. In England we were using Wheat
stone's needle instruments ; in America, Morse had 
produced his ink writer and efforts were being made 
to make instruments print messages in plain type. 
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At the age of twenty-one, and possibly a little 
earlier, Hughes invented a printing telegraph with 
features of great ingenuity, devising a method of 
synchronous working between a revolving arm at 
the sending end of the line and a revolving type 
wheel at the receiving end. At the receiving 
end the message was printed on a paper ribbon 
by the action of an electromagnet in circuit with 
the line. Only one impulse was needed to print 
a letter. 

Inventions which come from outside an industry 
often display originality of thought, and that was 
true of the Hughes printer. But it was something 
more than original. It was what all great inventions 
are, a complete and practical adaptation of means 
to an end. It worked, and it worked well. It 
deserved to succeed, and it did succeed. It was so 
good that Hughes was not long in getting the 
invention into use in America, and in 1856 it was 
adopted by the American Telegraph Company. 
In the land of his birth, however, he discovered he 
was not a prophet, and so went on to France, 
where his instrument was widely applied. From 
France he proceeded to Italy, Russia, Turkey, 
Holland, and other countries, where his ideas were 
also fully appreciated. 

With the coming of the submarine cables, 
Hughes's instruments were installed at the London 
end of the Continental lines, not on account of the 
merit of the apparatus, but solely as a concession 
to foreign idiosyncrasies. Yet it is one thing to 
make a successful invention and quite another 
to get paid for it. Too often the inventor is left 
to pick up the crumbs from the rich man's table. 
But that was not to be the fate of Hughes. He 
saw to it that he was well paid, and when he 
returned to England in 1875, from which time 
onwards London became his home, he was well 
on the way to making a large fortune out of his 
printing telegraph. 

Hughes now entered on the second period of his 
life, and at the age of forty-four, with ample means, 
he found leisure for the work he loved best, experi
mental research. The opportunity for making a 
discovery was to come almost immediately. 

Hughes's first invention was connected with 
the telegraph : his second was connected with the 
telephone. Bell's telephone was exhibited at 
Philadelphia in 1876, and the world soon realised 
that the problem of the transmission and reproduc
tion of articulate speech had been solved. But the 
telephone was capable of serving another purpose. 
It was an extremely sensitive detector of minute 
variation in the strength of electric currents, and so 
a valuable weapon of research. Hughes was one 
of the first to use the telephone for research, and 
his experiments led him to the microphone. In 
this direction he was working in an entirely new 
field with nothing but mother-wit to guide him. 
Hughes was no theorist, and by what mental pro
cess he stepped from one experiment to the next 
will never be known. Sir Oliver Lodge has said 
that" Hughes thought with his hands". The truth 
is that Hughes was born to make experiments 
and to find his way in the dark. 
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Hughes's experiments are referred to in his paper 
on " The Action of Sonorous Vibrations on Varying 
the Force of an Electric Current ", read to the 
Royal Society on May 8, 1878. In this paper he 
says that, being aware of the effect of light on the 
electrical resistance of selenium, he had an idea 
that sound might possibly have a similar effect on 
electrical conductors. Many of his experiments 
gave negative results, but sounds impinging on the 
bad contact between the ends of a broken wire 
were accompanied by sounds in the telephone, and 
this afforded the clue. Carrying on his experi
ments with loosely touching nails, metallic powders, 
bits of carbon, and other very simple apparatus, 
he was in the end able to hear a fly " walking with 
a peculiar tramp of his own ", and to the simple 
form of contact, sensitive to sound, he gave the 
name of ' microphone '. 

As soon as Hughes had published his account of 
the microphone, there followed the usual crop of 
anticipations. But when we have awarded what
ever credit attaches to a sporadic disclosure of 
uncorrelated facts, the honour must go to the 
man who begins at the beginning and perseveres 
to the end; the man who feels his way from ex
periment to experiment, gathering the facts as he 
goes, and continuing his efforts until the full scope 
of the inquiry has been brought to light. That 
was the way of Hughes, and when his experiments 
had disclosed the main body of facts relating to 
the action of sound on electrical contacts, he gave 
his knowledge freely to the world. 

The next thing which engaged Hughes's atten
tion was the induction balance, an ingenious 
instrument which excited much interest but, 
contrary to expectation, proved to have a very 
limited field of utility as a measuring instrument. 
But it led Hughes to other experiments which 
made him acquainted with strange and bewilder
ing phenomena. From the note-books preserved in 
the British Museum, which make interesting but 
difficult reading, Mr. Evershed was able to throw 
much light on Hughes's experiments on trans
mitting signals over a considerable distance 
without conducting wires ; which were once 
witnessed by Spottiswoode, Huxley, Stokes, and 
others. In these experiments, the breaking of the 
circuit of the primary coil was done under con
ditions which, as we now know, must have resulted 
in high frequency oscillations. Hughes did not 
know this; and he was not aware that his extra 
current was oscillating and that his primary circuit 
was radiating energy in the form of electro
magnetic waves. 

Hughes, like others, was working at the fringe 
of a vast field for wireless field. 
And even after Clerk Maxwell, in his electro
magnetic theory of light, had forged the key to 
the gate, a good many years went by before Hertz, 
who knew about Maxwell's theory, took the key 
and began the work of exploration that led to 
wireless communication. Unfortunately, Hughes 
was not in possession of the key. 

In the conclusion of his tribute to Hughes, 
Mr. Evershed remarked: "Friendly speech brings 
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men together as nothing else can, and Graham 
Bell and David Hughes who gave us the telephone 
and the microphone deserve to be honoured every 
day of our lives. It would be too much to suggest 
that you should think of these benefactors of 
mankind whenever you use the telephone, but the 
next time you are rung up for some far-distant 
friend, and hear his well-known voice speaking to 

you when you lift the telephone to your ear-give 
a passing thought to Graham Bell. And then, 
when you speak into the mouthpiece of the trans
mitter-knowing that the microphone inside it 
will respond and that the current ripples which 
faithfully represent your voice will be carried far 
away to your friend-remember what you owe to 
David Hughes." 

Obituary. 
THE VEN. DR. J. M. WILSON. 

JAMES MAURICE WILSON was born in 1836; 
was senior wrangler in 1859; an assistant 

master at Rugby from 1860 to 1879 ; headmaster 
of Clifton College from 1879 to 1890; vicar of 
Rochdale and archdeacon of Manchester from 1890 
to 1905; canon of Worcester from 1905 to 1926. 
The last five years of his life he spent in quiet but 
not idle retirement near Petersfield, Rants, where 
he died on April 15. 

This bare statement does not seem to suggest 
many opportunities for adventure, yet it was 
adventure in the very best sense that was the 
breath of his nostrils. It was typical of Wilson 
that in extreme old age, when death was beckoning 
to him, he told one nearest to him that, though he 
did not know what happens to us after death, he 
was very keen to find out. Yes, he was always very 
keen to find out the truth, and always brave to face 
it with all its consequences. It was not his wont 
to abide comfortably in the old ways along which 
habit leads most men to slothful acquiescence. 
Throughout his long life, in action and in thought, 
he was continually breaking with his past, and glori
ously happy in the difficulties that the new work 
and the new problems presented. The changes must 
have often seemed rash to the onlookers. How the 
wise heads must have shaken when on going up to 
Cambridge as a classical scholar he turned aside to 
mathematics, and when as a mathematical master, 
he allowed himself to be diverted to the teaching 
of science. 

Before his Rugby career was over, Wilson 
contemplated giving up his comfortable house 
mastership for parochial work, and would have 
done so had not the headmastership of Clifton been 
offered him. After a few years there, he left his 
successful work as a headmaster to be a northern 
archdeacon. To many it was a matter of deep 
regret that no Prime Minister was ever adventurous 
enough to set him on the bench of bishops. The 
one offer that was made to him was ludicrous. It 
is possible that he might have been an admirable 
diocesan bishop ; it is quite certain that he would 
have been leaven in the episcopal lump. As it was, 
he had a great influence on religious thought, and 
must have been a magnet which attracted many to 
the Church of England and kept many in it. The 
writer of this notice heard his first as well as his 
last sermon as a schoolmaster. Only a few years 
separated the one from the other. Both were 
instinct with the same buoyant and adventurous 
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but steady faith. In all his sermons there was a 
certain spiritual liveliness, which kept his con
gregation awake even on a hot Sunday afternoon. 
The events of the day were seized upon to help 
the understanding and to show the importance 
of spiritual issues. He paid even his youthful 
congregations the compliment of recognising that 
they had difficulties in belief, that faith could 
not be easy to them any more than it had been 
to him. 

Stt·ess has been rightly laid on Wilson's cease
less efforts to harmonise a spiritual faith with 
the claims of natural science, As a young school
master it was his task to assert these latter claims. 
Though the teaching of science had been started in 
Rugby by Dr. Tait in 1849, it was looked upon as 
an extra, and Wilson taught it as an extra to about 
fifty boys from all parts of the school, even as late 
as 1863. Then came the report of the Royal Com
mission on the nine public schools, including Rugby. 
One of the recommendations of tho Commission 
was that every boy should, at some stage or other 
of his school career, receive some education in 
science. Dr. Temple introduced it at once into the 
whole middle school ; but how could one master, 
and that a mathematical master, cope with the 
work? A second mathematical master-F. E. 
Kitchener-was enticed to co-operate with Wilson. 
They insisted on only one subject being taught in 
all the science classes for the first few terms, so 
that they might cope with the difficulty. What 
was the subject to be ? Temple suggested botany, 
and botany it was, even though neither of the 
teachers knew the subject. Wilson has himself told 
how the help of Sir J.D. Hooker, the great curator 
of Kew, was enlisted. He planned out a course of 
study for the two masters for the summer term. 
They spent the greater part of the summer holidays 
at Barmouth with a party headed by Prof. George 
Henslow and many enthusiastic collectors and 
diagram makers, and started teaching botany to 
350 boys in September 1864. From that day until 
Wilson left Rugby he was the inspirer of the science 
teaching, which was, of course, rapidly extended, 
and no doubt botany was soon elbowed out by its 
more robust brothers, physics and chemistry. It 
was not onlv in the work in school that Wilson 
was an initiator. He was one of the founders of 
the Rugby School Natural History Society, which 
supplemented in a·lmost ideal fashion the work 
done more formally. It aroused interest in geology, 
zoology, entomology, and other subjects which were 
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