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et OCOMOLIve controueca
A locomotive is controlled by regulating the amount of steam that
is admitted to the cylinders to press against the pistons, move the

niston rods and connecting rods, and thus revolve the driving wheels.
This regulation is carried out by means of Valve Gear.

There are Meccano

| . u . . : .
O”tﬁth at all prices The valve gear most generally used in recent locomotives is the
f-_.-mn 2/, to 450/- Walschaerts. How does it work ? This is not easy to explain, but by

building the Meccano model of this gear shown
here, the principle is made clear, and all difficulties

RARIUVS 10, TRANSMITTING

MOTION OF EXPANSION LINK B ACKED. BV HETURN ERANK vanish. There are other valve gears in use, and
TO COMBINING LEVER, ON DRIVING WHEEL. these also may be reproduced in Meccano. All

these models work—they can be manipu-
lated so as to show the different valve
movements for different conditions of
working.

Here is the reason for the world-wide
popularity of Meccano. It is not only
fascinating to play with, but at the same
time it teaches real engineering principles.

Meccano is real engineering in minia-
ture—all the parts are miniatures of the
corresponding parts in engineering prac-
tice. . They are all standardised and inter-

POSITION OF DIE BLOCHK

IN EXPANSION LINK changeable and can be used to make
THE COMBINING LEVER GOVERNS VALVE TRAVEL . hundreds of different working models.
DERIVES ITS MOTION FROM There is endless fun, endless variety
RADIUS ROD AND CROSSHEAD —when you have Meccano !

The Toy that made Engineering Famous

MECCANO LIMITED — OLD SWAN — LIVERPOOL
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Scientific Prediction

Lhe article entitled ' Exploving the Solar System ' on page 202
of this month’s issue describes two striking examples of prediction,
one of which proved to be correct and the other to be wrong.

I. C. Adams, a voung Cambridge student, and a Frenchman, Le
Verrier, after prulf:-ngﬂcl calculations came to the conclusion that
there was an undiscovered planet outside the orbit of Uranus.

They stated exactly where this planet was to be looked for and
in due course the planet Neptune was discovered in the position
that had been calculated. The other prediction was that of Sir
George Airy, the Astronomer Roval, who asserted that telegraphic
communication across the Atlantic by
means of a cable was a mathematical im-
possibility. Few predictions of this kind
have been so swiftly and so completely
proved false, ’

I'he history of science contains many
instances of prediction, true and f{false:
and ol the former one of the most out-
standing 1s the prediction by Clerk Maxwell
of the existence of electro-magnetic waves.
James Clerk Maxwell was born in Edin-
burgh mn 1831. Asa boy he was not remark-
able for ability, and his nickname at the
ledinburgh Academy was ““ Dafty ™! His
great genius soon began to show itself,
howev .;;r and his subsequent career was one
of ever-increasing brilliance, culminating
in his appointment as first Professor of
Experimental Physics at the University
of Cambridge. ;

As the result of a long series of experi-
ments the great Iinglish investigator
Faraday came to the conclusion that elec-
trical action and interaction between two
bodies at a distance was conveyed through
the ether by lines of electric force. These
lines appeared to spring into existence
in the ether surrounding a conductor when
a current passed through it, and the problem
arose as to whether they travelled outward
at a definite speed, or were set up instantaneously. Clerk Maxwell
took up the study of this problem from the mathematical stand-
point, with far-reaching results. He came to the conclusion that
the electric influence would travel outward in a series of waves
in the ether, and he called these waves electro-magnetic waves,
for they would produce magnetic as well as electrical effects. He
predicted that they would hr: of the same nature as light waves,
and would travel at the same speed.

Clerk Maxwell began to work out his theories in 1855, and by
1573 they were generally accepted. It was not until 1885, however,
that his prediction was completely verified by Heinrich Hertz,
the famous German physicist. Hertz not only produced electro-
magnetic waves and detected their effects at considerable distances,
but also showed that they could be reflected and refracted in
exactly the same manner as waves of light, and that they travelled
at the same speed. Unfortunately Clerk Maxwell did not live
to see the verification of his wonderful prediction, for he died in
1879 at the early age of 48.

By way of contrast to this great work of Clerk Maxwell we
may recall a prediction resembling that of Sir George Alry 1n its
swift falsification. This was the prediction of Dr. Dionvsius
Lardner that steam navigation between Liverpool and New
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With the Editor

York was mmpossible. Dr. Lardner was a man of recognised
scientific attainments, and was a Fellow of the Royal Society.

In a speech made at a meeting in Liverpool in December 1835,
LLardner admitted that it was quite practicable to establish steam
communication with the United States bv making the Azores
an intermediate stage, but asserted that the project nf 'I]].:ll{lﬂﬁ,' 4
vovage direct from New York to Liverpool was ' perfectly
chimerical.”” Thev might as well talk, he said, ' of making
a vovage from New York or Liverpool to the moon '

At the time of writing news has just reached me of Captain
Malcolm Campbell’s wonderful achievement at Davtona Beach,
and this provides vet another interesting example of a prediction
that has been proved to be wrong. When
the late Sir Henry Segrave attained a speed
of more than 200 m.p.h. many experts
predicted that greater speeds would be
impossible because of the difficulties that
would be encountered 1n overcoming wind
resistance, and in keeping the wheels of
a car on the ground. Sir Henry Segrave
himself showed the ©prediction to be
false when he created a new record of
231 m.p.h., and now this has been raised
to 245 m.p.h., by Captain Campbell, who
In one run believed to have attained
the amazing speed of 260 m.p.h.

15

Protecting the Pedestrian

Although modern wvehicles do not yet
travel at speeds comparable with that of
the " Blue Burd,” traffic has been greatly
speeded up in recent yvears. The result has
been that the poor pedestrian, who cannot
walk very much more quickly than he did
50 vears ago, now seems to be always
getting in the way of some vehicle or other !
As a rule obstacles to progress are thrust
violently to one side, but even the greatest
advocate of speeding up would hesitate to
suggest that the ordmmary citizen should
suffer this fate at the wheels of the fast-
moving juggernauts of the road.

In these circumstances 1t 1s not surprising to find that in Paris
special arrangements have been made to enable pedestrians to cross
the ‘ncreasingly busy streets in the centre of the city. Instead of
being allowed to wander at their own sweet will across the road, foot
passengers are now compelled 1n their own interests to flock across
at regular intervals in places that are IHEH‘I{E‘{] by lines mf brass studs.
Any citizen of Paris who thinks that ** Safety First "' is a cowardly
slogan, and shows his enterprising qpmt by trying to cross the road

at any place he chooses, is violently reminded of the forces of pro-
gress by the nearest policeman, who hustles him back to the pave-
ment and demands his name and address.

If atter all 1 have said about predictions I may venture upon one
myself, I should certainly say that the methods that have been
ddf}ptt:f.i in Paris—and also, I may add, in the United States—will
become necessary in other parts of the world. It is probable that
the next step will be the introduction of automatic signals that will
control the movements of foot passengers in exactly the same
manner as those now erected at busy crossings regulate vehicular
trathc. To a certain extent, this is already the case, for before
venturing from the pavement at busy corners, pedestrians have
learned to watch for the green light of existing signs. 185
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A h Bridge h i’ :
- A Great Arch Bridge across the lyne -
i One-Third the Scale of Sydney Harbour Bridge T
] [
UOD00000000000000000000080000000000000000oobOOoocOoo0oo0ooododac
UR cover picture this month shows the magnificent | imposing section of the bridge is the arch itself. This is
Newcastle-Gateshead high level road bridge across | 531 ft. between the centres of the abutment pins, and is

the River Tyne. There have been bridges across the largest arch 1n the country. It rises to a height ot

the ITyne for more than 1,800 years. The fhrst was 170 ft., and supports a roadway that is 93 {t. above high
built by the water of
Romans spring tides
somewhere and  gives
a b o ut L S . clear head-
A.D.120, B s YAYATA VALY, S , - room for
and it : P o R A shipping of
appears to " i | n' Pt N 84 ft. 6 in.
have  con- t' ”‘*"'* - The  total

sisted of a
timber road-
way carried
on Sstone
piers resting
upon  pies
driven 1nto
the bed of
the river. In
| 320 another
bridge was
built, on
w h 1 ¢ h

length of the
arch and the
bridge spans
1s 1,250 ft.
They con-
tain about

S8 000 tons
of steel,

4,000 tons
beingre-
quiredforthe

arch and the

*The new Arch Bridge linking up Newcastle and Gateshead. The bridge crosses the River Tyne in a single arch 531 ft. in length. x
For this and the other illustrations to this article we are indebted to the courtesy of Dorman nfnng & Co. Litd. . deck of the

houses and main span.
shops were erected. An exceptionally severe flood The arch consists of two crescent-shaped ribs that are
terminated the career of this bridge, and it was replaced | 45 ft. apart and have a depth of 20 ft. 3in. at their
in 1871 by a nmine-arch bridge, which in turn was super- | centres. It is of the two-hinged type. The pin at each
seded by the present swing bridge. hinge 1s laid 1n a horizontal bearing,

In the meantime the Robert Stephen-
son high level road and rail bridge
had been built and opened by Queen
Victoria in 1849,

During recent vyears the cross-
river traffic has increased enormously,
and the necessity for improved
facihities resulted 1n the decision to
build the bridge with which we are
now concerned. The contractors
were Dorman, Long and Co. Ltd.,
who manufactured and {fabricated
the steel at their Middlesbrough
Works. Readers of the “M.M.”
will remember that this firm are now
engaged on the erection of the arch
bridge across Sydney Harbour.
[t is interesting to learn that in
design and method of construction
the new Tyne Bridge reproduces, to
a scale of about one third, the
immense Australian structure.

The new bridge consists of a single
span, and 1t accommodates two
tramway lines, four lines of vehicular

trathe, and two footways. Although
The bridge has been designed to

the total length of the approach . .
spans on the two sides of the river is (s ey o 1€ bridge. the crown of fhe areh *  carry the standard Ministry of

719 1t., undoubtedly the most a clear height for shipping of 84 ft. 6 in. Transport load with an ample margin

and 1S covered by a semi-circular
bearing tormed in the main ribs of
the arch. Thus the ends of the arch
rest on the pins, and 1if a crane of
sufficient size and strength to raise
the arch were available, this could
be lifted oft 1ts hinges.

The total width of the bridge 1s
o6 ft. The carriage way has a width
of 38 1t., and there are two sidewalks,
each 9 {t. 1n width. The deck was
built as the arch itself was erected.
1The road surface consists of wood
block paving on concrete. 1t rests on
buckled steel plates, supported by
cross joists and longitudinal stringers
laid upon the cross girders of the deck,
the whole being suspended from the
arch trusses by hangers consisting of
two channel steel members. The
sidewalks are carried on cantilever
brackets, and their full width 1s
maintained at the points of inter-
section of the arch and the deck by
balconied portions carried round the
steelwork.
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of the abutment towers as more and more steelwork was
riveted. on behind. It is interesting to learn that the
hauling was carried out by means of hand winches, as this
method gave a more sensitive control of their movements
than would have been possible if hydraulic or any
other type of machinery had been employed.

of satety. This takes into account the stresses imposed
by the passage of tramcars on the double track, but the
engineers have also made allowance for the heavy
traffic that is likely to develop in this busy industrial

area, and the structure is safe for exceptional loads
of 100 tons on four wheels.

1The hand- 1his sec-
some abut- tion ot the
ment towers work was
at the ends both 1nter-
or ¥ B lrhe esting and
bridge con- spectacular

in  charac-
ter, ~for the
steelwork of
the approach
spans moved
forward
toward the
abutment
towers at a
height of

tribute
greatly to
its  attrac-
tive appear-
ance. They
are steel-
framed
structures
faced with
granite. The

facing gives 70 it. above
them the the streets
appearance and  build-
ot heavy ings on the
ma s s es l o wer
ol I'IIEIS{}I’IT}" The photograph shows clearly the cables used to support the arch during construction. EIUPES ”[

The arch nearing completion. _
the river

banks. This work, and the sinking of the caissons for
the abutments, necessarily preceded the erection of the
arch, and when the time came for this to be commenced,
there was a platform of sufficient strength to carry a
light railway along which the necessary materials
could be transported.

balancing
the steelwork of the bridge, and they certainly seem
sufficiently substantial to withstand the thrust of the
arch. In reality this 1s taken by the abutment pins,
of course. These are 1 ft. in diameter, and the heavy
bearing castings in which they are carried are bedded on
granite slabs. These in turn are attached to concrete |
blocks that are continuous with

/ S

"

The erection of the steelwork of
the arch presented many features
of great interest. In order that the

caissons sunk to the sohd rock at
depths varying firom 60 {t. to

F"'."-

80 ft. below ground level. There
are two caissons to each abutment.
The excavation necessary in sink-
ing them was carried out under
compressed awr. The air locks
and working chambers were subse-
quently filled with concrete, thus
completing the erection of solid
monoliths, each weighing about
9,000 tons, for the support of
the abutments.

The abutment towers are about
100 {ft. 1n length and 60 ft. 1n
width. IFrom the ground level to

that of the deck of the bridge they
are about 90 ft. in height, and they

are continued upward in the form
of towers at the sides of the
bridge that rise to a height of
about 40 {ft. above the deck.
Staircases and lifts are incorpor-
ated 1in them in order to allow

bridge could be erected without
offtering the shghtest hindrance to
traffic on the river, no staging could
be employed to support the steel-
work during bwlding operations,
and the lifting of material from
barges was not allowed. It there-
fore became necessary to devise a
method for building the two sec-
tions of the arch outward from the
banks, and the ingenious means
that were adopted are believed to
be novel in this country.

In the very early stages of the
work the ribs of the "-lth Were
supported on a cradle, but as the
work proceeded the weight was
transferred from the cradle to
cables connected to the top boom.
The cables were carried back over
temporary masts erected at the
river ends of the approach spans

passengers from the quays to and were secured to the webs of
ascend to the roadway above, and these. The ropes employed were
a considerable proportion of the of wire, and their number was

floor space available will be used
ior warehousing purposes.
IThe approach spans are sup-

The foot of the arch on the southern bank of the river.

The

struts that support this section of the deck are seen under con-
struction,

ported by octagonal steel columns, each 70 ft. in height.

They were erected on the banks in lengths of 40 {t.,

and

were gradually moved forward on rollers toward the sites

continuously increased as the arch
grew outward and placed greater
strain upon them.

On each side, cranes erected on cross girders were

employed 1n the actual work of erection.
the steel members, which on

These hited

L-:‘.’::;::'mm*:i on page 298
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AST month we dealt with the early work in kinematography
carried out by Augustin Le Prince. This month we have
to deal with another great pioneer of this invention, William

Iriese-Greene,

Willilam Friese-Greene was born at Bristol on 7th September,
1855, and was educated at the Blue Coat School in that city.
He became interested in photography, which was then in the
early stages of its development; and, under the tuition of a
son of Fox Talbot, the inventor of a number of photographic
processes, he became an expert photo-
grapher. Readers will remember that
ILLe Prince also learned photography
under one of 1ts pioneers, Louls Daguerre,
inventor of the daguerreotype process.

During 1882 IPrese-Greene became
assoclated with Arthur Roebuck Rudge
of Bath, who was well known locally
as the mnventor of a projection lantern
that he called the ' Bio-Phantoscope,”
and with which he claimed to be able
to project moving pictures. The photo-
graphs shown by means of this lantern
were made on glass plates each measuring
dim. by 4in.; and apparently they
consisted of series of photographs of
“still ™ subjects, each picture depict-
Ing a successive movement. When one
picture had been shown, an oscillating
shutter operated by a cam arrangement
closed over the plate, and re-opened when
the next plate had been substituted.
The shutter was 1n two parts and opened
and closed from the centre.

Iriese-Greene became greatly interested
in the lantern, and as he studied it he
discovered a number of ways in which
it could be improved. He realised
that one of the greatest drawbacks to
the ethciency of the apparatus was the pause that occurred be-
tween each picture and the next, while the change of plate was
being etiected. He endeavoured to overcome this jerkiness
of projection by causing each new picture to be superimposed
upon the previous one before this was completely removed from
the lantern. After the death of Rudge, Friese-Greene continued
to experiment with the lantern, and in 1885 he gave a demon-
stration before the Photographic Society of Great Britain. The
improved lantern was operated by turning a handle, and the
pictures were projected on to a screen. The subject of the
pictures shown was a human face, the expression of which changed
as the successive plates passed through the lantern.

Lwo wyears later Frieze-Greene repeated the demonstration,
this time in the window of his photographic studio in Piccadilly,
London. The exhibition proved an enormous attraction, and
so great were the crowds that gathered in front of his shop window
that they interfered with traffic, and eventually the police ordered
him to cease the demonstrations. The great interest shown by
the public made FITriese-Greene feel more confident than ever
that a successful future awaited the perfect motion picture.

He next turned his attention to devising a camera for photo-
graphing moving pictures, and during 1888 he produced one

Photo?

William Friese-Greene.

|
|
|
|
i
|

THE MECCANO MAGAZINE

XVIL—WILLIAM FRIESE-GREENE, A KINEMATOGRAPH PIONEER

capable of taking photographs 1n series on sensitised paper ribbons
of various lengths up to 50 ft. Each picture was 24 in. by 14 in.
in size, and the margin ‘was perforated with circular sprocket
holes so that the ribbon could be fed continuously through the
apparatus. The camera was made to his instructions by a model-
maker named Chipperfield, of Clerkenwell Green. There were
many defects in this first camera, and shortly afterward Friese-
(Greene produced an improved apparatus.

Celluloid had by this time become commercially available,
and bPrnese-Greene sought the co-opera-
tion of Alexander Parker, a Birmungham
manufacturer, 1in an endeavour to pro-
duce a celluloid film. After many ex-
periments he succeeded, and Chipperfield
was commissioned to make a new camera
i which celluloid film could be used.
This camera, which was patented 1in
1889, had two lenses side by side, but
i1t could be used as a single-lens apparatus
by closing the aperture of one of the
lenses. When it was used as a stereo-
scopic camera, that 1s with both lenses
in operation, the two pictures were photo-
graphed simultaneouslv, and as each
picture was about 3 in. square, the cellu-
lotrd flm used must have been about
71m. 1 width. The large size of the
photographs also meant that for every
successive pailr of pictures the film had
to travel slightly more than three inches.

When the camera was operated at
the rate of 10 sets of pictures per second,
the film travelled at the least Zft. 6 1n.
per second, as compared with a travel
of 1 {t. 6 1n. per sec. 1n the modern motion
picture camera. Unlike the sensitised
paper ribbon previously used, the cellu-
loid film was not perforated at the margins,
and it was fed through the camera by an arrangement described
by Friese-Greene as a ‘" lever” movement. With this camera
he photographed his first moving picture on celluloid film during
January 1889, and six months later, in association with an
engineer named Mortimer Evans, he patented his apparatus
under the title of a ' Camera for taking pictures at a rapid rate.”
LLater he purchased Evans’ share of the patent.

Sufficient film for 300 exposures was carried on a = feed spool ™
from which the film passed to a second spool on which 1t was
rewound ; both spools being driven at the same speed ifrom a
main shaft. In travelling from the first to the second spoo! the
film passed through a plate that held it flat while each exposure
was made. When an exposure had been made the intermittent
shutter closed over the lens aperture. A roller between the
aperture and the second spool then turned once, and in doing
so drew down the exposed portion of the film, a movement that
brought the next unexposed portion into position. The roller
contained a spring and was wound from the main shaft. An
escapement tooth on the edge of the roller rested against a re-
volving cam that once in every revolution permitted the roller
to turn and draw down the used film. While an exposure was
being made the first spool was releasing sufficient film tfor the

(W, E. L. Day
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next exposure, and the used portion carried down by the roller
was being wound on to the second spool. A similar cycle of
operations took place when the positive film was projected.

The claims that Friese-Greene made for his camera were re-
ceived with curiosity and considerable doubt by the photographic
world, and in this connection the 'In:::ilﬂwing extract from an article
entitled ““ A Startling Optical Novelty,” which appeared in the
“ Optical and Magic Lantern Journal of 15th November, 1889,
1S worth qut}tmg.

" 1t would doubtless seem strange if upon a screen a portrait
(head) of a person were projected, and the picture slowly became
of an amimated character, opened 1ts mouth, and began to talk,
accompanied by an ever-changing countenance, including the
formation of the mouth as each peculiar sound is uttered ; or
if, instead of one head, two were produced, and an argument
gone through with all the turns and twists of the head incidental
to such. It would also appear curious to have a street scene
depicted on the screen, and for the spectators to witness the
various horses and vehicles running past in all directions, persons
walking to and fro, and dogs running along, all at varying speeds
and with life-like motion, and not go past in a gliding manner
—all this not as silhouettes, but with all detail.

" Strange as all this may seem, it is now an accomplished
fact, and the optical lantern will shortly be considered a sine
Gua non as a re-
cording instru-
ment. . ..

“I'he instru-
ment 1s pointed
at a particular
moving object,
and by turning
the handle
several photo-
graphs are
taken each
second. Tlhese
are converted
imto trans-
parencles, and
placed in suc-
cession upon a
long strip,
which 158
wound on
rollers and
passed through
a lantern of
peculiar con-
struction, and
by 1ts agency
projected upon
the screen.
When the re-
production of speech 1s also desired, this instrument i1s used in
conjunction with the phonograph.”

T'he phonograph had been invented 11 years previously by
Edison in America, so that I'riese-Greene w '1:1 one of the LHI‘I]L"-uL
1t not the first, to conceive the 1dea of "' talking pictures.
During 1889 he sent a detailed description of his camera to
Edison, mmviting his co-operation in i]TfJLl'E.ILlllg talking pictures.
In reply, Edison asked for working drawings of the camera,
but though these were sent, nothing further was heard from
him on the matter. Probably the manv subjects ol investi-
gation upon which Edison was then engaged crowded out further
consideration of the British invention.

I'riese-Greene strove hard to bring about the adoption of his
camera, but he was unable to convince people that it was anv-
thing more than an interesting novelty. He endeavoured to
persuade the Government to adopt the camera for military
photographic purposes, but although they Dbriefly examined
1t, they showed no real interest in the matter. He had devoted
all his time and a great deal of money to perfecting the inven-
tion, and as time passed he gradually became mvolved in debt.
In Febronary 1891 his home and most of his early apparatus
was sold in order to pay off debts, and later he was imprisoned
for a short period in Brixton Gaol because he could not pav
certain balls.

In spite of his troubles Priese-Greene did not lose heart, and
when he was again iree he turned his attention to other matters
in an endeavour to rebuild his fortune, He found time to con-
tinue photographic research, however, and 1h particular he devoted

good deal of time to experimental work on the colouring ot
motion pictures. This problem bhad been investigated earlier
by a British engineer named Robert Paul, who had become
interested in the subject of moving pictures and had established

made in 1888 :

Kinematograph mechanisms invented by Friese-Greene. From left to right they are the first camera,

the improved camera made shortly afterward, and the stereoscopic camera produced in
1889. On the extreme right is the projector used to show the films.

a studio on the outskirts of London. Paul engaged a number
of artists to colour the small pictures that make up a film, but
the work was slow and exacting, and as a result proved very costly.

Subsequently mechanical methods were introduced, and films
up to about 600 ft. in length were coloured by means of aniline
dyes applied by the rollers of a machine through which the films
were passed. The work still involved considerable time and
money, however, and the undoubted popularity of the coloured
film induced Friese-Greene to seek some quicker and less costly
means of attaining the same object. He began by introducing
a three-colour process that consisted of photographing the subject
with three cameras mounted close together, and equipped with
red, green and wviolet light filters respectively. The cameras
were operated simultaneously and at the same speed. In order
to show the film in colours on a screen, three projectors were
used, each equipped with one of the three colour filters. 'lhe
three projections were superimposed upon the screen, and re-
sulted in a picture that reproduced the colours of the original
fairly well. In spite of its merits the process was not received

with any enthusiasm by motion picture promoters.
Friese-Greene then experimented with two filters, blue-green
and red-orange, and he gave his first demonstration of this process
in 1898, During that vear also he obtained a British patent
for ' producing motion pictures in colour,”

and 1n 1900 he ex-
hibited some
of his results
before the
Royal Photo-
o T &% p'h t.c
Society of
Great DBritain.
He continued
his  research,
and 1n 1905 he
perfected his
first two-colour
process. In
this Process
the moving pic-
tures were
photographed
through a
camera 1n
which the two
colour filters
revolved n
front of a single
lens.

In addition
to his work on
coloured mo-
tion  pictures
I'riese-Greene
continued to
experiment with his stereoscopic camera. He had undaunted
faith and tireless energy, and he was always devising something new
in the hope of regaining his former prosperity. None of his inven-
tions brought him the anticipated success, however, and there
were occasions when he and his family were in want of the
bare necessities of life. Ideas came to him so rapidly that as
soon as he had developed one mvention suthiciently far to enable
1t to be demonstrated, he abandoned 1t to give his attention to
some new project; and thus manv of his Inventions never
reached a practical stage.

During the later yvears of his life Friese-Greene was employed
bv a colour photographic company. He died suddenly on 5th
May, 1921, while addressing a meeting in London connected
with the motion picture nuhhtﬁ,

Lhe pioneer work of l.e Prince and I'nese-Greene was continued
by other experimenters and inventors, Among these later workers
was Jean A. Le Roy, a 11]11'111:1;1'511111111‘ m America, Le Roy began
experimenting in 1875, and in the autumn of the following year
he produced a projection lantern by which a series of 200 * still
pictures in the form of lantern slides were passed through a
mechanical carrier attached to the apparatus and projected in
succession upon a screen. The subject was a boy and a girl
dancing a waltz, and each photograph was posed separately.

The apparatus was noisy and cumbersome, and Le Roy set almm
devising a better one. Finally, in 1894, he produced his ‘* Mar-
vellous Cinematograph.” This machine was worked by hand, and
perforated film was used, this being passed from one spool to
another by a sprocket mechanism. With this apparatus he gave
n'mn},-* moving picture exhibitions at theatres and clubs in America.

Unfortunately Le Roy failed to apply for an American patent
within two vears of completing his projector, and as a result his
unprotected imvention became public property.
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The “ Spirit of St. Louis”

How Lmdbergh Found his Way Across the Atlantic Ocean

-
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O'-Zflj ol the most mterr::,tiug and remarkable feats 1n the history
of aviation undoubtedly was Colonel Lindbergh’s celebrated
lone flight from New York to Paris. Under any circum-
stances an -:i.ttLITIPt to fly across the Atlantic Ocean calls for great
courage, and success can only be attained by those who POSSESS
skill and experience, for the slightest slip or accident may have a
tatal ending. In long flights over land there usually is a possibility
of making an emergency landing without serious injury, but at
best to be forced down at sea is a dangerous experience and in
most cases the chances of rescue are shght.

Of all Atlantic flyers only Lindbergh had the boldness to set
out alone and to rely entirely upon himself and the merits of his
machine. It was this aspect of his flight that stirred the imagina-
tion of the public on both sides of the ocean, for lone
filvers 1mvariably attract the greatest interest and

admiration. This has been shown on many occa-
sions, and notably when Sq. Ldr. Hinkler, Air
Commodore Kingstord Smith and others flew
alone on the now well-known route from
(rreat Britain to Australia.

The first of the remarkable lone flyers
who set out to show how easily Aus-
tralia could be reached in a light
aeroplane was 5q. Ldr. Hinkler,
whose lone flight of 10,355 miles
was an outstanding achievement.
‘:q Ldr. Hinkler piloted an Avro

“Avian "' light aeroplane fitted
with an 80 h.p. “ Cirrus "’ engine.
He acted as his own mechanic, spending
a considerable time at the conclusion

of each flight in making preparations

for the next stage of his journey, but e R o N fon fooes Ny Yok o achingin which

nevertheless succeeded in setting up a
record time of 154 days for the distance from London to Port
Darwin. His reception on his arrival was a testimony to the
conrage with which he faced the task that he had set himself.
In many respects Air Commodore Kingsford Smith’s flight
was even more remarkable than that of Sq. Ldr. Hinkler, It
occupied only 101 days, and thus set up a new record that showed
a considerable improvement upon the one that had resisted all
attacks for more than two vyears. The pilot in this case was
more accustomed to large multi-engined machines than to light
aeroplanes, for his wonderful flights across the Pacific and Atlantic
Oceans had been made in the ' Southern Cross,”” a Fokker machine
fitted with three Wright " Whirlwind " engines. On his flight to
Australia he employed an Avro “ Avian Sports, " the " Southern
(yOss hﬁriur O fitted with a D H. “ Gipsy "’ Il engine. His skill
and experience enabled him to average neariy 1,000 miles a dav,
and from start to finish he appears to have experienced no difficulty.

A Remarkable Flight to Australia

Another remarkable instance of a single-handed flight was that
of Miss Amy Johnson, who made a gallant but unsuccessful effort
to set up a new record for the same journey. The fortunes of
“the female Lindbergh,’ as she came to be known, were followed
with breathless interest by people in all parts of the world.

The men who perform great deeds of any kind invariably set
out with a belief in their own ability, but this is usually based on
thorough knowledge. Lindbergh was no exception to the rule.
He heg“m his career by making himself familiar with every side of
vaf.” and he learnt how to look after a machine.and to keep its

engine in the best possible condition. In his early days as a pilot
he spent a considerable time in giving short flights in various
American towns, and the experience of flying under all conditions
that he gained in this manner created in lnm confidence in his
own powers. His Ryan monoplane, the ' Spirit of St. Lowuis,”
was equipped with a complete range of up-to-date and reliable
instruments, and he himself was a competent pilot, who thoroughly
understood the machine and its equipment. His confidence was
not misplaced. Although for long periods he was lost in the
clouds and darkness, and was entirely out of sight of both land

and sea, he succeeded in flying straight to his mark, landing at the
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aerodrome at Le H{:rurgfzt only 334 hours after leaving New York.

The interesting illustration we reproduce shows the instruments
with which Lindbergh’s machine was equipped. Many readers
will 1mmediately recognise the majority of these, for they are
essential aids to flvers. One of them tells a pilot his speed through
the air ; another shows the height above the ground at which he is

flying ; and from the remaining instruments he may learn how
many ﬁailﬂns of petrol there are in his tanks, the number of revo-
lutions per minute that his engine is making, how quickly he is

climbing, or if he is banking at the correct angle when making a turn.
Lindbergh made good use of these instruments, but for finding
his way across the ocean he relied chiefly on the earth inductor
compass with which his machine was equipped. At the time this
was a new instrument, and Lindbergh employed it in
place of the ordinary magnetic compass, the forms then
in use in aeroplanes having proved somewhat
unsatisiactory. Engine vibrations sometimes
caused deviations, and under certain conditions
a machine actually could be turned from its
course without any indication of the
fact from the compass.
1he earth mmductor compass may be
described as an electric genentﬂr
that depends only on the earth’s
magnetism, In the ordinary
generator powerful electro-magnets
are employed to give the magnetic
field in which the armature of the
mstrument rotates, but in this
interestinginstrument the field issimply
that of the earth, the lines of force of
which run practically north and south.
T'he miniature generator 1s equipped
with a commutator and collecting
brushes, The brushes are two in number and are on the opposite
sides of the commutator. Theyv may be rotated so that they lie
on a line running north and south, east and west, or in any other
chosen direction. When they are placed on the north and south
line, the strongest current the instrument produces passes through
the circuit to which they lead. But if they lie east and west no
current 1s generated, for in that case the coils of the rotating
armature with which they are connected by means of the com-
mutator are not cutting the lines of force.

Flying with Aid of Earth Inductor Compass

Suppose that an aeroplane equipped with the earth inductor
compass is flying east and west, and that the line of the brushes
15 the same as the longitudinal axis of the aeroplane. No current
1s then produced and the needle of the galvanometer connected in
circumit with the generator remains at zero. If the pilot of the
machine now turns to the north or to the south, current immediately
begins to flow and the needle moves to one side or the other. It is
easy to maintain an east and west course, therefore, by simply
fiving 1mn such a manner that the needle of the galvanometer is
kept at the zero mark.

The position of the brushes may be altered, and dials on the
controller enable a pilot to adjust them to make any angle with
the axis of his machine. lIror example, 1f a fiyver wishes to pr::u: eedl
north-east he sets the brushes at the necessary angle of 45° to
the direction 1in which he wishes to fly, 1n such a manner that so
long as he maintains his north-easterly course the brushes will lie
upon the east and west line and no current will be produced. If he
finds that the needle of his galvanometer moves from zero, he
knows that he has dewviated Irom his true course.

1The manner in which the generator is driven 1s very interesting.
T'he armature is supported on gimbals in order that it may remain
level when the aeroplane rolls and pitches. To 1t 1s connected
a small windmill that 1s fitted above the fuselage 1n such a position
that 1t encounters the*air stream produced by the movement of
the aeroplane. 1his cannot suffer from lack of wind, for so long
as the machine 1s 1n flight there 1s sufficient to keep it turning at
a good speed, and by means of universal joints the mov ement
is communicated to the armature.
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- “The Gold Coast Limited”’

By Southern Pacific across the Sierra Nevada s
] By Edward T. Myers =
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Ak Southern Pacific Railroad i1s one of the most interesting
of the railway systems of the United States, although less
has been written about it than about manv of the other

great lines. It originated in a single line of railway running
from Sa ramento, the captal of California, to Falsom, a distance
of about 22 miles. This was the first railway in Californmia, and
1its  construction
was due to the
enthusiasm anc
ability of a voung
engineer named
Theodore D,
Judah. It repre-
sented the first
step towards the
realisation of his
vision of a railwav
crossing the entire
continent. In con-
junction with Dr.
D, W. OStrong,
Judah prepared a
scheme for A
“ Pacihc Rail-
road " and sub-
mitted 1t to the
Umted States

methods or carelessness, a considerable quantity exploded,
blowing up the bwilding in which the mixing was being done,
and with 1t all the Chinamen engaged in the work.

I'he snowfall on these mountains i1s extremelv heavy, and
indeed it 1s said that the snow reaches as great a depth here as
at any place in the Northern Hemisphere. During the winter
of 1889-1890. for
mstance, the snow
on the level
ground was from
20 ft. to 25 ft.
deep. In the val-
leys 1t drifted to
depths as great
as 200 ft., and in
one or -two ex-
ceptional cases it
reached the almost
incredible  depth
of 500 ft. It was
reported 1n a San
I'rancisco  news-
paper in January
1890, that between
Iruckee and Sum-
mit 150 line repair
men were diggmg

Government with  The ** Qveriand Limited '’ crossing Great Salt Lake, Utah. For this and the other photographs trenches in the
a view to obtain- illustrating this article we are indebted to the courtesy of the Southern Pacific Railroad. snow from 8 ft.

ing financial sup-
port, but without success. In spite of this setback Judah and
Strong continued their efiorts to arouse interest in the scheme,
and in 1861 a company was formed in California under the |
title of the " Central Pacific Railroad.” The public did not
respond, however, and less than £30 000 of the required capital of |
/1,700,000 was raised.

In the following vear, seeing
that there was no hope ol
carrving through the scheme
by local eftorts, Judah agan
approached the Government.
This time he was successful,
and an Actwas passed anthorns-
ing the construction of the
first trans-continental railwav.
Accurding to this Act the
Californian company were to
build the western half of the
line, and the eastern half was
to be dealt with by another
company, Work on the
Central Pacific Railroad was
commenced without delay,
and in spite of the great
engineering  difficulties that
were encountered almost from
the begimning, the line was
steadily pressed forward to
completion. Judah had the
satisfaction of seeing his
scheme adopted and 1n pro-
gress, but he did not live

to 12 {t. in depth,
in order to free telegraph wires that were strung on poles 22 ft
in height ! It is interesting to note that Truckee is the place
where many of the most effective “ Far North” cinemato-

graph pictures are taken. In order to protect the line the
engineers had to construct a vast series of snowsheds between
-, Emigrant Gap and Andover,

a distance of about 28 miles.
Within this distance there
are 20 miles of sheds almost
confinuous, and these form
what 1s familiarly known as
"“the longest house in the
world.”

The Central Pacific Railroad
has now become the Sacra-
mento division, one ol the
ten divisions forming the
Southern Pacific Railroad
The other divisions are San
loaquin, l.os Angeles, Coast
Western, Stockton, Atlantic
Mount Shasta., Portland and
Tucson.

There are many notable
engimeerig features along this
great railway. lhe los
Angeles division has a curve
hive miles in length, one of
the longest in the world. On
the San Joaquin division 1is
: B the famous “ Tehachapi
LLoop,” by means of which

to see it finished. He died in American River Canyon, where the ' Gold Coast Limited'' stops for (Lo line vices 4 000 ft in 46

1863 at the earlv age of 37, five minutes to enable passengers to admire the view.

before the line had climbed
the mountains.

One of the most serious difficulties with which the engineers
of this line had to contend was the extreme hardness of the granite
rock of the mountains, the Sierra Nevada. The gunpowder |
that they used at first proved of little avail, and it was not until
they adopted nitro-glvcerine that the obstinate rock was con-
quered. lhe preparation of this dangerous substance was carried
out by Chinamen. On one occasion, as the result of either faulty

miles. The loop consists of a
double circle 1n the form
of a spiral, and it passes through 18 tunnels with a total length
of 8,240 ft. The line crosses and re-crosses the lTehachap Creek
seven times, On this loop mav be seen the unique spectacle
of a train of 56 vehicles hauled by three powerful locomotives,
forming a complete circle with the leading engine on the upper
level immediately above the last car on the track beneath ! The
Shasta division is remarkable for its curves: in fact it reallv
consists ol a string of 'S."” loops. 1t has been calculated that
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a tramn travelling between Ashland and Gerber turns round
completely seventy-six times !

In order to gain some idea of the characternistic teatures of
the trans-continental railwayv that has resulted from the luu;uu:'u
efforts of Judah and Strong we will make a journey by the " Gold
Coast Limifed.”” This splendid train runs between Chicago and
San PFrancisco, and leagn and l.os Angeles: and dlthm_lgh
it i1s not so famous as the " Twenlieth Century Limited "’ of the
New York Central Lines, 1ts route 1s much more 1nteresting.
On this journey we shall
travel over three railway
systems, the Chicago and
North Western, the Union
Pacific, and finally the
Southern Pacific.

Chicago is one of the
greatest raillway centres
in the United States, and
it includes terminals of
over 40 railway systems.
Wecommence ourjourney
iromtheChicagoand North
Western railway station.
This 1s Iin two storeys.
On the first floor are
ticket ofhices, baggage
desk, etc.,, and a small
walting room and a book-
stall ; while on the second
Hoor we find large waiting
rOOms, 3 restaurant,
another bookstall, andl
various railway exhibits.
Along one side ,of the
walting rooms there are

r m  em
F_I_ _'-_T I.
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and we are pretty sleepyv after our excitement ; so we ring for the
porter, who comes to make up our berths. During the night we
cross the beautiful Fox River Valley, and when we w dlu: up at
7.45 we shall have crossed most of Irjw
At 9.5 a.m. we armrive at Council Biuttﬁ, lowa, where we cross
the Missour: river. IHere we leave the Chicago and North Western
Railroad, but before doing so we must mention the system that
has guided us all might., This is the antomatic train control that
shows the driver whether the track ahead 1s clear or not and
at the same time pre-
vents the train from
exceeding the speed limit,
lThe mechanism consists
of a small panel board
in  front of the driver,
which shows either a
redd or a green light
according to the con-
dition of the track ahead.
When the red light comes
on, a whistle automatic-
ally warns the driver
of the fact, and 1if he
does not heed the signal
the brakes are auto-
matically applied, thus
stopping the train. |1
he wishes, he may pro-
ceed with caution, pro-
vided that he pulls a
small lever at his side
every so many minutes,
thus keeping him on the
alert. On the front of
" the locomotive, just in
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doors leading to the train The ‘‘ Solano,”’ ore of two ships employed on the train ferry service between San front of the leading wheels
raoom. We Pass lh“JﬂHi'l 1 F«ranciscu and ﬂakland! now ﬁuperﬁeded b‘}? 'I'h.E Mﬂl’ﬁﬂEE-BEﬂiEiE Bl‘idge_ ﬂﬂd A few lnt'l'lt".’:'; above

door and soon find our
train gate, where the gateman inspects our tickets and Pullman
checks. The ticket, bv the wav, is almost a vard in length, and
there 1s one section for each of the railwavs over which we travel.
As we walk along the train to our car we notice that the train
on the other side of us is the ' San Francisco Ouverland Limiled "
this 1s bound for the same destination as ourselves, but 1s an
extra lare train. At the rear of our train is an observation car
terminating 1 an open
platform from which a
splendid view of the scen-
ery 1s obtained. The car
15 divided 1into two sections.
1T he t.}i.‘-r%n:.‘l’\.’:lti{iln section
has long wide windows and
comfortable chairs, all the
latest magazines. and a
small writing room ; while
the other hall of the car
15 divided 1nto smoking
room, butftet, barber’s shop
and bathroom. The num-
ber of Pullman cars varies.
with the season, from five
toten : above that number
the tramn 1s divided into
two or more sections. There
1S also a dining car that
remains with us throughout
the journey, and a baggage
and several CXPress cars,
the number of which de-
pends of course upon the
number of Pullmans on the
train. Probably the total
number of cars never
falls below eight on this

4 I._._.nl!iﬁ'

LR
2N
L
28
r R
a %
B
i K

F - ]
1
T

the track, 1s suspended
a coil of wire known as an "’ electric ear.” 1his picks up electric
impulses and transmits them to a box on the top of the tender,
where they are amplified. The amplified 1impulses operate relays
that control the signal lights and the mechanism that automatically
applies the brakes ] lhu engine exceeds the pre-arranged '-:I"JLI_’I
The track is divided into blocks in the usual manner.
At 9.30 we arrive at Omaha, Nebraska, after crossing the
| Missourt IRiver on a steel
girder brnidge; and we
are now 488 miles {from
(Chicago. Wehaveaveraged
about 44} m.p.h. during
the mght and are now
at a height ot 1,033 it.
above the river, having
risen 443 ft. since we left
Chicago. We pull out of
Omaha at 9.50,

IThe scenery 1lor the
egreater part of the day
1s now miles and miles of
barren praine with tumble
weed rolling after the
train. For the benefit
of those who are not
famibar with 1t, 1t may
be said that tumble weed
1s a round-shaped plant
that dries up 1n the
dry season, and Dbreaks
loose from the stock and
rolls round with the breeze.
All the land we shall see
to-day will be covered
with brown dried-up grass,
and we shall pass many

particular train. Looking over the ‘* skyscrapers "' of San Francisco across the bay. small farmhouses, which

Our train pulls out at
8.30 p.m. with a slight jerk, and we may be tempted to put out
the lights in our compartment in order to get a ghimpse ot the
locomotives and I'mihiil‘lLﬂ near the tracks. Soon we find that we
are, as it were, one storey above the street level, and occasionally
as we pass a 11{1]101 car the sparks from the trolley, which is on a
level with our eves, are dazzlingly brilliant, Presently along
come the conductors : the Pullman conductor, who looks after
the Pullman Companyv’s interests, and the train conductor who
represents the railway. They take our tickets and give us, a
receipt for them., By this time it i1s probably nearlv 9 o'clock,

look none too prosperous
and have little land around them under cultivation. Wecontinue to
climb to still higher altitudes, and towards the end of the day we
come to low rolling hills,

At 445 Central Standard time we arrive at North Platte, and
set back our watches.one hour as we are now entering the Mountain
Time belt. North Platte 1s 769 miles from Chicago and at an
altitude of 2.802 {t. - here is one of the aerodromes of the trans-
continental air mail route. We leave at 3.50, and as we cross
the North Platte River on a steel girder bridge we shall get a
glimpse of the aerodrome. At 9.45, Mountain 1Time, we arrive at
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Southern Pacific 4-10-2 three-cylinder express locomotive No. 5000,

It is 101 ft. 1 in. in length, weighs 682,400 Ib., and has a hauling

capacity 25 per cent. greater than that of any locomotive previously built for the Southern Pacific Company,

Chevenne, 995 miles from Chicago and at an altitude of 6,060 it.,
having climbed 3,258 ft. since we left North Platte, and covered
226 miles at an average speed of 37 m.p.h., a good performance
considering the weight of the cars and the gradient. At Cheyenne
a change of engines is made, the tanks under each car are filled
with water, the brakes are tested, and the journal boxes on each
axle are oiled. We are now in the heart of the Rocky Mountains.
We may have had a ‘ double header ” from North Platte, but
we are certain to have one onward, as there 1s plenty of chimbing
ahead.

We leave Cheyvenne at 10,10, and about 11 o'clock we reach the
highest point on the journey, at Sherman, 8,013 {t. above sea-level.
F'rom there we lose height until about 3 a.m., when we begin to gain
again. During the night we cross the Continental Divide at
7,107 it

In the morning when we wake up and look out of the window
we find ourselves in a wonderful region, with great snow-capped
mountains in the distance. The train is moving very slowly, for the
gradients are up and down

and very steep. Somewhere
between 8 and 9 o'clock we
shall pass through the Aspen
Tunnel, 5,900 ft. in length
and at an altitude of 7,183 1t
To-dav may be considered
our most nteresting day,
particularly if we come trom
a flat countrv. Our next
scheduled stop 1s Evanston at
10.40. Wearenow 1,402 miles
from Chicago and 914 miles
from Omaha, and at an alti-
tude of 6. 745 {t. We haveaver-
aged about 38 m.p.h. since
we left Omaha 24 hours ago.

At 1.25 we arrive at Ogden,
Utah, for a stop of 35 minutes
or longer. Here our train is
divided into two parts, one
for l.os Angeles and our
section for San I'rancisco.
A new observation car and
diner are added to the Los
Angeles section, the bSan

find ourselves surrounded by the Wasatch Mountains, and in 15
minutes we reach the beginning of the Great Salt Lake " Cut-Oft

where we *‘ go to sea by rail.” The cut-off extends to lLucin, a
distance of 102.9 miles, crossing the northern arms ol the Great

Salt Lake. This line, which was opened in 1903, saves 43.8 miles,
avoiding the curves and gradients of the original line around the
northern side of the lake. The track is laid for 72 miles on land
and 30 miles on rock ' fills ' and heavy trestlework. Our train
will average about 30 m.p.h. on the trestlework and from 30 to 35
m.p.h. on the rock fills, This entire region, with its wide expanse of
water, now grey and still and then blue and sparkling, and with
its weird mountain peaks, exercises a strange fascination upon the
traveller seeing it for the first time. It will be about 4 o'clock
when we leave the lake, and the train will pick up speed to probably
50 m.p.h. For a while we continue to ascend, and then about
7 p.m. we shall be on the down gradient.

We shall want to be up by 7.30 a.m. in order to see the view of the
American River Canvon, where the train stops for five minutes. We
' are now in the Sierra Nevada
Mountains, and in this dis-
trict they are covered with
magnificent pines. [f 1t
happens to be late 5}11'1113_.{ OT
early Summer we may expect
to see numerous small lorest
fires, as pine needles are very
inflammable and bhable to
cause serlous  outbreaks.
After leaving the American
River Canvon we come to
. Dutch Flat where, 1t 1s said,
g R = the railway track is laid upon

gravel bearing gold at about
eight dollars per cubic vard
Dutch Flat is 3,390 ft. above
sea level, and at one time
this was the most extensive
“ placer " mining district n
NEW ORLEARS AT =1 the world, In 1852 gold to
the wvalue of more than 65
million dollars was taken,

and from that year up to

1861 the wvearly average of

gold was about 51 million

F'rancisco section keeping the
cars with which we started.
New Pullman sleepers are
added to our section. In the
busy season the train may go
in two sections to San lPrancisco and two to Los Angeles.

As we step off the train at Ogden we notice the porters busy
filling their little brown and yellow buckets with ice, which they
put in tanks to cool the drinking water in each car ; and workman
in overalls inspecting and oiling the journal boxes. We make our
way toward the subway that carries us under the trains to the
station, where we can send postcards or telegrams to our iriends.
On our return we find that most of our train has disappeared,
but it has only been taken away by a shunting engine for more cars
to be added to it. Back it comes, and we find our wayv to the
observation car.

At Ogden we leave the Mountain lTime belt and enter the
Pacific belt, which means that we set our watches back one hour.
Ogden is at a height of 4,298 ft.—a big drop since morning—and
about 1. 478 miles from Chicago. We now leave the Union Pacific
for the Southern Pacific Railroad. After leaving Ogden we soon

dollars. [t seems very

The great railway routes from Chicago to the Pacific Coast, and from strange, and indeed sad, that
San Francisco to New Orleans where connection is made with Southern ... district. once so full of
Pacific steamships to New York. ife and feverish energy.

should now be deserted.

At 10.30 we arrive at Sacramento, the capital of Califormia, 2,171
miles from Chicago and at an altitude of 30 ft. We continue to the
pier at Oakland, and from here cross to San Francisco by the
train ferry. This ferry is the largest of its type in the world. There
are two ferry boats, the " Confra Costa,” which has six tracks, and
the ** Solano,”” shown in our photograph, which has four tracks.
Quickly ave are across. The ferry comes alongside, and a large
hinged apron, npon which are fixed the tracks on which the trains
run on to and off the boat, 1s let down into place.

[.ooking back over the swift sequence of events since we left
Chicago, we can sav with confidence that we have had a wondertul
journey by a wonderful tramn.

Epitor's NoTe : Since the writer of the article made this journey
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