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THE FORTH BRIDGE.

From time to time we
have published accounts
of the progress of the Forth
Bridge, and in the present
issue we give illustrations
of the caissons for the
Queensferry Pier. It will
be remembered that there
are three main piers known
respectively as the Fife
Pier, the Inch Garvie Pier,
and the Queensferry Pier,
and upon each of these
there is built a huge canti-
lever stretching both ways.
The Fife Pier stands be-
tween high and low water
mark, and is separated by
a span of 1,700 feet from
the Inch Garvie Pier,which
is partly founded upon a
rocky island in mid-stream.
Another span of 1,700 feet
carries the bridge to the
Queensferry Pier, which is
at the edge of the deep
channel. The total length
of the viaduct is about 114
miles, and includes two
spans of 1,700 feet, two of
675 feet, the shoreward
halves of the outer canti-

THE FORTH BRIDGE.—THE CAISSON READY FOR LAUNCHING,

levers, fifteen of 168 feet,
and fiveof 25 feet. Includ-
ing piers, there is thus al-
most exactly one mile cov-
ered by four main spans,
and half a mile of viaduct
approach. The clearhead-
way under the center of
the bridge is 150 feet above
high water, and the high-
est point of the bridge is
360 feet above the same
datum. The contract was
let to Messrs. Tancred, Ar-
rol & Co., on December 21,
1882, for 1,600,000/, and
work was commenced in
the following month.

Each of the main piers
comprises four columns
carried down to the rock
on the bowlder clay. Three
of the Fife columns are
completed, and the remain-
ing one is in progress; at
Inch Garvie one pier is
complete,oneis in progress;
while at Queensferry the
work on the caissons is ad-
vanced. All the pneumatic
caissons will be filled with
concrete up to low water
mark, of a mixture having

THE FORTH BRIDGE—~LAUNCH OF A CAISSON 70 FEET IN DIAMETER.
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a crushing strength of 50 tons per square foot. Above‘

low water the cylindrical piers, which are 49 feet in
diameter at the top, 55 feet at the bottom, and 86 feet
high, consist of the strongest masonry, the hearting
being flat bedded Arbroath stone, and the facing, Aber-
deen granite. In each cylindrical pier there are 48
steel bolts,114 inches in diameter and 24 feet long,to hold
down the bed plate and superstructure of the main
spans. One of the Fife piers was built by aid of a tim-
ber and clay cofferdam, and one by means of a half
tide dam. At Inch Garvie much of the work of the
shallow piers had to be done at low tide under great
difficulties.

" The Queensferry Pier consists of a group of four cyl-
indrical caissons 70 feet in diameter at the bottom :
edge. Owing to the special conditions of the site, thei
work differs in some respects from ordinary pneumatlc.
caissons. The bed of the Forth at the Queensferry
Pieris of very soft mud for a depth of from 20 feet to
85 feet, when the bowlder clay is reached, the surface
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of both the mud and the clay falling sharply toward
the 200 feet deep channel between Queensferry and :
Inch Garvie. The caissons had to be floated out and -
sunk about one-third of a mile from shore in an expos--
ed seaway. Tofacilitate operations, the caissons have
double skins, 7 feet 6 inches apart, and vertical bulk--
heads between the skins. By filling the space between .
the skins with conecrete to varying heights, the irregu-|
larity in the level of the bottom, and the hardness of
the mud, could be to some extent compensated for, as
the weight brought upon the cutting edge of the caisson
could be regulated as desired. Iron being cheap, a
liberal use was made of it in conjunction with concrete !
where masonry or brickwork might have been em-
ployed. Stronglattice girders and cross girders stiffen :
to the required extent the roof of the working chamber. -
These girders are subject to a heavy bending stress up-
ward and downward, owing to the tide, the range of .
which is about 20 feet. Thusif sufficient concrete were :
filled over the roof to balance the air pressure at mean
tide level, then at high water the excess of air pressure,
unbalanced by the weight of concrete, would obviously
be that due to the half tide difference of height
and at low water, similarly, the excess weight of con-
crete would be of the same amount. There would thus
be a force of more than 1,100 tons tending to bend the
girders downward at low water and upward at high
water,

Two shafts 8 feet 6 inches in diameter, with air locks :
for passing out the excavation, and one shaft with;
double air lock for the men, are provided, together with
ejector pipes for the mud, water pipes, supply pipesfor
the concrete, and other conveniences.

For the above particulars and our engraving we are
indebted to Engineering. Further descriptions of the
great Forth Bridge and additional engravings will be
found in SCIENTIFIC AMERICAN SUPPLEMENTS 38534,
457, and 478,
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Toughened Filter Paper.

Mr. E. E. H. Francis recently read a paper at the
Chemical Society in which heshowed that filter paper,
ordinarily so weak, can be rendered tough and at the
same time pervious to liquids by immersing it in nitric
acid of relative density 1'42, then washing it in water.
The product is different from parchment paper made
with sulphuric acid, and it can be washed and rubbed :
like a piece of linen. It contracts in size under the!
treatment, and undergoes a slight decrease in weight,
the nitrogen being removed and the ash diminished;:
whereas a loop formed of a strip 25 millimeters wide of
ordinary Swedish filter paper gave way when weighted
with 100 to 150 grammes, a similar loop of toughened :
paper bore a weight of 1'5 kilogrammes, The toughen- 1
ed paper can be used with a vacuum pump in ordinary
funnels without extra support, and fits sufficiently
close to prevent undue access of air,which isnot the case
with parchment paper. A good way to prepareifilters
for use with the pump is to dip only the apex of the
paper into nitric acid, then wash it with water. The
weak part is thus effectually toughened. Toughened
filter paper will be exceedingly useful, not only to:
chemists, but to other scientists, both practical and-
theoretical.

-

A New Clock.

A very interesting clock has been fixed opposite the
National Provincial Bank in Bishopsgate Street, Lon-
don. Itison the 24 hour principle, and is remarkable
as possessing probably the simplest method which has
yet been introduced for indicating time upon the new
enumeration.
long minute hand, and the figures around are placed as
heretofore; instead, however, of indicating the hours,
they indicate the minutes only, which are marked from
5t0 60. The hours are shown on a sunk dial revolving
under the upper dial, a space being left in the upper
dial in which the next hour figure comes forward in-

stantaneously upon the minute hand completing its.
In short, the solitary hand ;

circuit of 60 minutes.
marks the minutes, and the sunk space shows the

. $5.00 a year, postage paid, to subscribers.
. all newsdealersthroughout the country.

"1. CHEMISTRY AND METALLURGY.—The

The new clock has only one hand, the’

is & distinct paper from the SCIENTIFIC AMERICAN. THE SUPPLEMENT
is issued weekly. Every number contains 16 octavo pages, uniform in size
w th SCIENTIFIC AMERICAN. Terms of subscription for SUPPLEMENT,
Single copies, 10 cents. Sold by

Combined Rates.—The SCIENTIFIC AMERICAN and SUPPLEMENT,
w 1l be sent for one year, postage free, on receipt of seven dollars. Both
" papers to one address or different addresses as desired.

The safest way to remit is by draft, postal order, or registered letter.

Address MUNN & CO., 361 Broadway, corner of Franklin Street,New York.

Scientific American Export Edition,

The SCIENTIFIC AMERICAN Export Edition is a large and splendid peri-
odical, issued once « month. Each number contains about one hundred
large quarto pages, profusely illustrated, embracing : (1.) Most of the plates
and pages of the four preceding weekly issues of the SCIENTIFIC AMERI-
CaN, w th its splendid engravings and valuable information; (2.) Com-
mercml trade, and manufacturing announcements of leading houses.
* Terms for Export Edition, $5.00 a year, sent prepaid to any part of the
world. Single copies, 50 cents. (¥~ Manufacturers and others who desire
to secure foreign trade may have large and handsomely displayed an- :
" nouncements published in this edition at a very moderate cost.

The SCIENTIFIC AMERICAN Export Editiorr has a large guaranteed cir-
culation in all commercial places throughout the world. Address MUNN
' & CO., 361 Broadwny, corner of Franklin Street, New York.

NE\V YORK SATURDAY APRIL 4, 1885

Contents,

(Illustrated articles are marked with an asterisk.)
Agricultural machmery abroad,. 215 ' Imitation ef electro-physiologi-
Alaska, rudder of*,................ 216 : cal apparatus and _electric
Apparatus for testing sealed cans*210 tuning forks by hydrodyna~
Bleaching, electrical 21 mic tuning forks*

Bridge, Fort] . 207 | Iron trade, revolution in
Business and ersonal 218 | Lock, seal, improved*. e 2107
Caisson 70 feet in diameter, Loom. han 1d ugeme‘l 215
launch of*............ ... ... 207 ; Loom, hand! Penelope L 215
Car coupling, Rye’s*. .. . . 210 ' Notes'and querijes....... 219

. 216
. 28
.22
20
. 210

Paper. filter, toughened.
Pencil marks, xing..
Petroleum in Russia. .

! Chemistry as a profession
Clock, a new.
Cover for cooking utensil
Dinner for two cents. ..
Door opener, improved*
Elhow Joint, new, formation of... 213
Kpwing, rotary, oT steam wheel*.. 211
Expraition, ew Orleans, pro-
gressof. ... ... sieel ceeeian. 209
Feat of the divining rod .21

" Rudder of the Alaska®
Shafts, sinking by freezing*..
Steam wheel, or rotary engine¥.

212
.21
215!

Filter paper, toughened. .. 208 Steel, makmg. cheaply
Fuel of large steamers. . L2217 Steel ta.kmg the place of wrouizht
Garbage, burn.............. 213 . iro 217
Gas burner, sa.fety Pence’ .21 Surmcal experimen
Grain drier and cooler*., . 211 | Teeth, replacing .. . 215
‘Invention, prize offered for . 29 | Telescopes, concermug
Inventjons, agricultural.. . 218, Tools, sharpening of.............. 17
Inventiens, engineering. . 218 'l‘rees, large, preparatlon of for
Inventions, index of.. .... . 219 OV DE vroieenvenerensannnnnnes 209
Inventions, mxscel)aueous.‘ . 218 Vlctorm regm* ..................... 217
TABLE OF CONTENTS OF '
THE SCIENTIFIC AMERICAN SUFPLEMENT.
No. 488,
For the Week Ending April 4, 1885. |
Price 10 cents. For sale by all newsdealers. |
L] PAGE

Determination of
........................ ki
.. T70¢ :
.. 1705
L Tor i

Graphite in Minerals.—By J. B. MACKINT®OSH
-Sulphocyanide of Potassium......
Sugar Nitro-glycerine
On Remelting of Cast Iron.

The Hardness of Metals.......ccceviiiiiiiiiiiiniieiiieieeiiiennnnns 718,
II. ENGINEERING, ETC.—The Jet Vent lator.—4 figures.............. i
Feeding Boilers at the Bottom.—2flgures............c.ecovvevvnnn... o
The Honigmann Fireless Engine.—The fireless working of steam
eng nes by means of a solution of hydrate of soda.—With several
flgures and digramS......cvvvuviiieiiriieeireiiienierniensseniensenens bk (
Simple Methods of Calculating Stress in Girders.—By CH. LEAN.
—With fuli page of illustrat ons.......ccovveiviiiiiiiiiiininennnnn, kgt l
A Spring Motor .
Steam Yachti...ooo ionnniiiiiiiiiiiiiiiii e
III. TECHNOLOGY.—Foucault’s Apparatus for Manufacturing I1-

luminat ng Gas and Hydrogen.—2 figures
The Circle Divider........ocuuveurunienenennnnns .. 106 ;
Soluble Glass.—Process of manufacture.—Use 7‘706
Iron Printing and Microscopic Photography.—Formulas for |

printing solutions.—Compound negatives v
Pract cal Directions for Making Lantern Transpareumes

N. ARMSTRONG...covitttitiritnttnetneesessessssssssssssssannens . 107
Casting Chilled Car Wheels.—6 flgures...........cceeviivviennninnnne. e

IV. ELECTRICITY, ETC.—Electricity and Prestidigitation
Portable Electric Safety Lamp.—6 figures

The Electric Discharge and Spark Photographed Directly with-

out an Objective.—6 engravings

V. PHYSICS, ETC.—The True Constant of Gravity
Origin of Thunder Storms . N
Physics without Apparatus.—Manufacture of illuminating gas.—

Elasticity of bodies.—2 flgUres. .....covvvreiiiirereennniirereennnnennss 716
Scientific Amusements.—Dance of electrified puppets.—Silhou-

ette portraits.—2 figures 16
A Sunshine Recorder.—2 figures ™

VI. MEDICINE, HYGIENE, ETC.—How Cholera is Spread . .
Sulphurous Acid and Sulphide of Carbon as Disinfecting Agents

—Methods of burning the 8ame.........coovvvveiiirerennneenrennnennns 7704
VII. MISCELLANEOUS.—Improvised Toys.—With numerous illus-
LT 2 10 11 PR 715

The Aolian Harp.—Kircher’s harp, made in 1558.— Frost and
Kastner’s harp.—Manner of making the harps.—4 figures... .. 1716
How to Break a Cord w th the Hands.—1 figure
An Aquatic Velocipede for Duck Hunting.—2 engravings. LT
Skeleton of a Bear Found in a Cave in Styria, Austria..............

VIII. BIOGRAPHY.—Theodor Billroth, Prof. of Sumeryat Vienna.

hour.

—With portrait.......ccoooviiiiiiiiiiiiiiiiiiiiiiiiiiiianennes

© 1885 SCIENTIFIC AMERICAN, INC

gratis for every club of five subscribers at $3.20 each; addit onal copies at :

- tors.
-feet in diameter, weighing 4 tons, and the focal length
- is about 54 feet.
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: aberration.
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CONCERNING TELESCOPES.

A correspondent in Omaha, Nebraska, asks for in-
formation on three points: 1. What would be the cost
of the largest telescdpe with unlimited means?

There are two kinds of telescopes, differing radically

:in construction, each possessing advantages peculiarly

its own., One is known as the refracting teleseope, be-
cause it depends on the refraction of light through
glass lenses. The other is called the reflecting telescope, .

! because it acts by reflecting the light from a concave
i mirror.

Refractors are almost exclusively used in the-
United States, for they are easily managed, convenient,
and have proved themselves to be the best working in-
struments, while the greater part of the astronomical
observations of the present century have been made
with them. We therefore infer that our correspondent
refers to this kind of telescope. We have no means of

- estimating the cost of the largest telescope that can be
| constructed with unlimited means, but we can give the
| cost of some of the great telescopes now in use.

The telescope of the Naval Observatory in Washing-
ton, mounted and ready for use in 1873, cost $50,000.
It has an aperture of 26 inches, and was, until 1881, the
largest refracting telescope in the world. The great
Russian telescope at Pulkowa, a refractor of 30 inches
aperture, finished in 1882, now enjoys the distinction of
- being the greatest refractor in the world. Messrs. Al-
- van Clark & Sons, of Cambridgeport, made the object
glass for this huge instrument, at a cost of about
$12,000, the mounting being the work of Messrs. Rep-
sold & Sons, Hamburg, Germany.

The Russian telescope will not long enjoy the su-
premacy. The Messrs. Clark are now in process of
making a refractor for the Lick Observatory on Mt.
Hamilton, California, with an aperture of 86 inches,
which will, when finished, take the first rank in size

-and probably in cost.

The reflecting telescope of the Earl of Rosse, in Par-
.sonstown, Ireland, takes the lead in size among reflec-
It cost $250,000. The speculum, or mirror, is 6

M. Flammarion, a French astronomer of renown, was
firm in the faith that the moon was inhabited. He de-
termined to prove his position by the construction of a

‘monster telescope with such magnifying power as to

reveal the men in the moon to terrestrial observers.

- He planned an immense refractor, far larger than any

He earnestly
solicited contributions from the whole civilized world
to help in his project. For somo reason, the plan fell

_through, and we have heard nothing of it since 1879.

The second question (2) is, How much larger could
,one probably be made than has ever been made, or
now being made to your knowledge?

In the case of refractors, it is almost certain that
there is no advantage to be gained by increasing the
diameter of the object glass oraperture beyond a limit
somewhere between 30 and 36 inches. As the aperture
and magnifying power increase, the defects in the in-
strument become more apparent. The first difficulty

- telescope makers had to contend with was chromatic

This was obviated by the use of two

a convex lens of crown glass, so arranged that their
aberrations destroy each other. Telescopes are now
made in this way, and are called achromatic telescopes.

A second difficulty now arose, known as the second-
tary spectrum, It is due to the fact that flint glass as
compared with crown disperses the blue end of the
spectrum more than the red, and the result is that the
refracting telescope is not perfectly achromatic. The
defect is scarcely noticeable in a small telescope, but
becomes a serious obstacle in a great telescope, increas-
ing with the diameter of the aperture. Since the trou-
ble isinherent in the glass, there seems to be no possi-
ble method of overcoming it.

In the case of reflectors, the trouble lies in keeping

! the great mirrors in perfect figure in every position,

the mirror being liable to bend on account of its own
weight and elasticity. Such was the case with the re-
flector at the Paris Observatory. It has a mirror of
- silvered glass, the diameter being nearly four feet. It
-was mounted in 1874, but the glass bent under its own
weight, and was rendered useless.

The greatest foe to the mammoth telescopes is, how-
ever, the atmosphere. The waving and trembling, the
moisture, and the currents so pervade the atmosphere
at the sea level, that the most powerful telescopes can
be used to advantage during but a small portion of the
"The remedy or amelioration of this
trouble is to establish observatories in elevated posi-
tions where theair is dry,clear, and steady. These
conditions prevailon the mountainsand elevated lands
of the western and southwestern portions of North
America. When, therefore, the largest refractor in the
world is mounted and ready for use in the Lick Obser-
vatory, under the serene sky that archesabove Mount

- Hamilton, 4,000 feet above the level of the sea, it is
LT

reasonable to hope that important tidings from the
star depths will be the result.

Thethird question (3) is, Would the largest and most
powerful one that could be constructed create general
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