Technical and Bibliographic Notes / Notes techniques et bibliographiques

The Institute has attempted to obtain the best original
copy available for filming. Features of this copy which
may be bibliographically unique, which may alter any
of the images i the reproduction, or which may
significantly change the usual method of filming, are
checked below,

Coloured covers/
Couverture de couleur

Covers damaged/
Couverture endommageée

Covers restored and/or laminated/
Couverture restaurée et/ou pelliculée

Cover title missing/
Le titre de couverture manque

Coloured maps/
Cai tes géographiques en couleur

Coloured ink (i.e. other than blue or black}/
Encre de couleur (i.e. autre que bleue ou noire)

Coloured plates and/or iflustrations/
Planches et/ou illustrations en couleur

Bound with other material/
Relie avec d’autres documents

/ Tight binding may cause shadows or distortion
along interior margin/

La reliure serrée peut causer de I'ombre ou de la
distorsion le long de la marge intérieure

Blank leaves added during restoration may appear
within the text. Whenever possible, these have
been omitted from filming/

11 se peut que certaines pages blanches ajoutées
lors d'une restauration apparaissent dans le texte,
mais, lorsque cela était possible, ces pages n’ont
pas eté filmées.

Additional comments:/
Commenztaires supplémentaires:

This item is filmed at the reduction ratio checked below/

Ce document est filmeé au taux de réduction indiqué ci-dessous.

10X 14X 18X

L’Institut a microfilmé le meilleur exemplaire qu‘il
lui a été possible de se procurer. Les détails de cet

exemplaire qui sont peut-étre uniques du point de vue

bibliographique, qui peuvent modifier une image
reproduite, ou Gui peuvent exiger une modification
dans la méthode normale de filmage sont indiqués

ci-dessous.

Coloured pages/
Pages de couleur

Pages damaged/
Pages endommagées

Pages restored and/or laminated/

Pages restaurées et/ou pelliculées

\/ Pages discoloured. stained or foxed/

Pages décolorées, tachetées ou piquées

Pages detached/
Pages détachées

Showthrough/
Transparence

Quality of print varies/
Qualité inégale de I'impression

Continuous pagination/

Pagination continue

Includes index({es)/
Comprend un {des) index

Title on header taken from:/
Le titre de l'en-téte provient:

Title page of issue/
Page de titre de la livraison

} Caption of issue/

Titre de depart de {a livraison

Masthead/
Génerique (périodiques) de 13 livraison

22X

286X 30%

12X 16X

20X

28X 28X




|
|

>0

wn
o

"c?..",. "y A
DEINEL and fhe

laclustmial Shits,

o

-

{atent: Otfive- Recara,

Vol, 13,

DECEMBER, 1888,

No. 12,

Communications relating to the Editorial Department should be
addressed {o the Editor, Hesnx T. Bovey, 31 MeTauvish Street,
Montreal.

The Editor does not hold himself resp
by his correspondants.

No notsce will be taken of anonymous communicattons.

tble for essed
P expr

NEW BOOKS,

Piaster and Plastering—Mortur and Cements—How to make
and how to use, by F. 'T. Hodgson. (The Industrial Pub.
lication Co'y, New York.)

The publication of small hand-books for the various Trades
having for their object the better instruction of artificers in
their special departments, cannot be too highly praised ;
for until the average workman 1s fairly master of his business
and takes an intelligent interest in it, no good work can be
expected of him.

The present litlle manual—to quote the author’s words is in-
tended ** to help those who are desirous of helping themselves”
and contains a great variety of information on subjects more
or less directly connected with plastering, and which will be
found usefal, not only to the Plasterer, but also the general
reader,

It deseribes the tools required in the work, the various kinds
of materials employed, the mode of operation ; it tells how
to measure the work, and appends & quantity of miscellaneous
information, finishing with a glossary,of terms.

The least satisfactory part of the book is the illustrated plate
of profiles of cornices,.which we would have wished had been
more judiciously selected. We shounld be sorry to sve any of
them executed.

On the whole, however, we have no hesitation in recom.
mending this book to all whom it may concern as likely to
prove s good and useful investment.

———————

THE PREVENTION OF INORUSTATION IN
STEAM BOILERS.

In 1858 the Manchester Steam Users Asscciation engaged
Dr. R. Angus Smith, to 1make an analysis of several of the
waters used in the works around Manchester, and to prescribe
remedies for their treatment, in order to guide the members on
this subject. Subsequently seversl other analyses had besu

made of waters containing carbonate of lime, coupled with
magnesia. Such waters w: re found to furm a fico flomy depo-
sit, whick led to the overheatirg of the furnace plates, even
thongh covered with water at the time. In consequence of
this, many boiler makers had been nufairly blamed, and the
straining of the furnaces attributed to bad workmanship,
whereas it was due to the peculiar character of the feed-water.
Cases of this sort had been met with in various of tho
conatry, in London, in Launcaster, in the neighborhood of
Widnes, and many other localities.

The number of anti-incrustation compositions was very nu-
merous. Their component parts were veiled in mystery.
Many of them proved positively injurious to the boilers on ac.
tual trial. Some lined the plates with a glutinous costing,
which, while it had the desired effect of keeping off the acale,
unfortunately at the same time kept off the water, in conse-
quence of which the furnace crowns became overheated, strain-
ed, and bulged out of shape. The members therefore were
warned not to adopt any of these compositions without the
greatest caution. As the incrustation compositions were costly,

lowing out was too often given up when they were used. The
objected to,
t cause was

ont was strongl

practice of neglecting blowing
at Bury from t

and an explosion that occurre
reforred to as an illustration. S

The course reconmended by the Association was to try in
the first instance good soda ash. This was not to be introduced
at +he manhole or safety valve in large intormittent charges
whew the steamn was down, but pumped in along with the feed
water at the rate of about 8 1b. per day for a full-sized mill
boiler, so that the boiler might regularly be fed with weak soda
water, while blowing out should by no means be neglected.

Boilers were not to be emptied violently by blowing the
water out under steam pressure, as that would leave the sur-
rounding brickwork hot, and bake the sediment on the plates ;
but the boilers were to be allowed to stand until cool, and al-
lowing the water to flow out of its own accord. To hasten the
cooling, the steam might be blown off at the safety valves, and
then when the pressure was down, but not before, the manhois
lid might be ta£cn off and cold water poured in so 88 to mix
with the hot, and thus lower the temperature of the mass gra-
dually and generally, and not saddenly and locally.

Should, however, the soda not be found to succeed, and
soda would not meet every case, it was recommended that an
analysis of the water should be made by a practical chemist
with a view to a sunitable remedy being prescribed to meet the
special requirements,

Sode ash was reccommended in preferouce to soda orystals,
because the crystals contained so large an amount of water, so
that though the soda ash might cost a little more per pound in
the first instance, it was cheaper in the long ruu.. It was
stated, however, that as soda ash varied very much in quality,
it was important to see that it was good, as otherwise it might
contain impurities which were injurions. In one cass;whi
had coms under notice, the amount of carbonate contained was
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, only 65 per cent., while in another it was as much as 98 per

} ceut. Also 1n the first caso the quantity of chluride and sul-
) phate of sodium, which were mxrumws, was as lugh as 18 per
{i ceut., and 1n the secund case as luw as 0.5 por cent.  Further,
; there was pres-ut in the first ¢aso as much as 16 por cent. of
| water, aud only .3 per ceut in the second.  Thus there wasa
i marked dilferince boiwecn the two. "

| The Portor-Ulark proeess liad the advantage of puritying the
i water before it was rumpcd into the boiler, whercas all boiler
| compositions treated the water after it was pumped in, so that
j while the Porter-Clark provess threw down the 1mpurities out-
) side the boiler, the compusitions threw them down inside The
|
}
}
|
|

!

Porter.Clark process, however, at present was only adapted to
deal with carbonates, whereas most of the waters the Associa-
tion met with were impreguated with sulphates It was hoped
that the Porter-Clark process might be extended o as to render
1itapplicable to waters impregnated with sulphate of lime s well
as tu those impr- "nated with carbonate of lime — Fagincering

e et

" ON THE PRESERVATION OF IRON BY ONE OF ITS
OWN OXIDES.”

DY BENJAMIN HOWARTIL THWAITR, ASSOC, M INST, C.B.
(A paper read beture the Inst. of Ceesl Engiueers.)
Coacluled fror page IBL

In thrs procesa tue rustier the articles are, the more effective
gl speady iy the process of oxidation. Old cast-iron water
aml gas pipes, that wera were so covered with rust as to
be commercially valueless, have been converted mnto =
condition more durable and valuablo than they were
when hrst withdrawn from the moulder's saud. The mag-
netic oxaude coating produced by the Bower furnace, on
tho suriace of the roughest castings is smooth to the touch.
The smoothness of the surface is, however, more appaient than
real, as by microscopical examination the surface presents a
granular appearance.  If occasionally the articles are slightly
. warped, they can, by a judicious reheating, accompanied by
| the application of pressure produced by weights, &c., be
brought back to their original shape. A French chemist, Mr.
Dodé, discovered some years ago, & singularly cheap and
beautiful process for deposiing fromn thetr salts the noble
metals upon the surface of a speeial description of enamel,
 which was fused upon the surface of iron and steel articles;
» but it was discovered that corrosion unfortunately set up
_ wnder the coating of cnamel, and eventually threw it off
; It was decided to try Mr Doddé’s process upon the magnetic
© oxide coating as produced by the Bower process, and the ex-

periments proved a decided success. "The Société Frangaiso
d'Inoxydation et de Platinage, though proprietors of Mr.
Dode s patent, alsu purchased the continental patents of Mr.
Bower, and eventually those of Mr. Barff as well. By a spe-
cial arrangement of the furnaces, Mr. Roque, the engineer of
the Suctete Franyuse, is «ble tu ticat articles of a very consi-
derable length. ’

The volour of the magnetic oxide coating, as it emerges
from the {urhacy, & a light tint of French grey, which can be
made to have a silvery lustrous appearance Ly merely filling
. the mufile with the vapours of volatilized liquid hydro-
carbon, produced irum uil puuied jnto aspecial siphion furmed
as already described, The colour of French grey will be
retained by the magnetic oxide as long as it is free from con-
tact with hiqmd grease, wil, ot other hydro-carbons. The
least tonch of any ot these stantly comverts the light French
grey culour 1nto one of a bluish black appearance, which no
. energy ot washing or rubling will remouve. But of course
- the grease or ol is volatihzed on expusure to heat, leaving
} the oxide with us onginal colvui.  All articles that are
! likely to be handled should be oiled. Mineral oil is the most
. suitable; and as the coating uf maguetic vxide rapidly absorbs
¢ the o1l, the least application 1s suflicient, and after the super-
i fluous o1l has been thoroughly rubbed off, the oxide presents

a dark and polished appearance, which to some people is pre-
| ferable to the dehcate natural colour of the oxide.

! A very pretty effect way be obtained, upon ornamental
castings, by oiling the munor or subordinate parts of the orua-
ment, leaving the prominent or mawn parts untouched. In
the preliminary experiments with the magnetic oxide, it was
was noticed, that if any foreign metal was rubbed upon its
surface, part of the latter was depositad or left on the former,

a property not possessed, as far as the Author knows, by any
other oxide, this remarkable discovery led Mr Bower to make
o series of experiments with varions descriptions of metallic
vruslics with wires of all the noble metals, as well as of various
alluys, in all cases the results were the same, and oxidized
castings can be gilded, plantanized, or bronzed, &c, most
charmingly, cheaply and quickly, by merely rubbing over the
surfuce of the magnetic oxide coating, with wetallic brushes,
with bristles of any description of metallic wire other than
iron. In order to permanently fix the gilt, the gilded cast-
ings are expused to very moderate temperature, say 600° Fah-
renheit, for about thirty minutes,

As already mentioned, tho Société Frangaise d'Inoxydation
et de Platinage utilizes the magnetic coating as a base for
receiving their special enamel.  Upon this enumel, or even
direct upon the magnetic oxide coating, gold, silver, platinum,
&c., can be permanently deposited by mixing the chlorides of
these metals with certain essential oils, and then placing the
iron articles, washed with the metallic chlorides, in the fur-
nace for s short time.

The nuvel feature of both the attrition and Mr Dodé's prin-
ciple of gilding, platinizing &c,, is that the same iron article
can be ornamented with various articles in conjunction, if
desired, with other contings, such as variously coloured ena-
mels  When the oxidized castings require to be enamelled,
no costly preliminary process of annealing is necessary, and
the enamel can be deposited direct upon the coating of mag-
netic oxide.

That the strength of constructional ironwork is practically
unaltered by the Bower-Barff process, will be seen by the sub-
joined table of tests made by Sir Joseph Whitworth, and
conridered by him to be #very satisfactory.’' Metal tested
before and after being subjected to Professor Barft’s pro-
cess —

No. of Mrra1, 433,

Boforo. After.
Presswre 1 Tons,)  Alteration.  {Pressure in Tons.] Alteration.
Por sq\lxgro inch IFI?}L Per sqli%ro inoh! I&t;ll!‘
19 “ 19 i
20 o 20 «
21 0-0002 21 0-0007
22 0-0009 22 0-0023
No. of Meray, 603,
Boforo ‘ Aftor.
Presstre 1 Tons, Alteration, :PI essurg it Tons : Alteration.
Per sqtllgro inoh Itx:'ci}ln. "Por sqlluére inch} Iﬁeilli.
19 : ) 19 «
20 - ' 2 ' a“
21 0-00v2 21 00007
22 0-0009 | 22 | 0-0023

The following may be taken as a fairly accurate list of the
thickneszes of the magnetic oxide coatings required for vari-
ous descriptions of iron-

Inch.

Light sheet irom, a thickness of 00035

& wrought - « - . 0-0104
Heavy - + such as tubes, a thickness of 0-0188
Light cast " : 00183
Heavy * . " ‘ 0-0200

As the mazu tic oxide is not very pliable, it is not suited
for articles which have to be bent after their treatment, and
if struck very violontly witk another hard metalic body, it is
liablz to chip off at the point of contact ; but when the pro-
cess is properly accomplished, the oxide-coating will with-
stand all ordinary concussions, If a picce of the oxide-coating
is, however, removed, the corrosion which may setup in the

F e e — e e e e —————— ———
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denuded portion will bo strictly local, and will not burrow
under the coating remaining intact.

If the magnetic oxide 1s perfectly formed, it will resist all
ordinary corrosive mfluences, but 1t s affected by contact
with strong corrosive acids, althvugh a preco of oxidized cast
jron bas been found to resist for a considerable period tho
tho action of hlute acids, such as unne; but the Author
would not advise 1ts adoption for apparatus used in the chem-
1cal industries, except n the laboratory, where 1t has Leen
utihzed with success for preserving tron tnipods, Flurence
tlask-holders, &c.

FesOy represent the chiemical equivalents forming magne-
tic oxide, hence the relative equivalent weights will be a8
follows :—

3 (56) = 168 or 7241 per cent, Fe,
4 (16) == 64 or 27:59 per cent, V.

It is magnetic, as its namo imphes, and has a speeific gra-
vity of from 4:98 to 5-20,

To test the character of the magnetic oxide-coating, the
oxidized articles are placed upon a damp soil, say for two
hours, and are then allowed to become dry in the open air.
These alternate processes of exposing the oxidized articles to
wet and dry periods, are continued for soveral days, and if
the coating 15 mnperfect, a few days' cxposure to the test de-
scribed will bring its imperfections to light. If the oxide-
coating resists satisfactorily the test experiment for a period
of five or six days, it is perfect and durable.

One of the greatest advantages possessed by the Bower-Bari¥
process is the completeness with which the oxidation is effec-
ted upon every part, however intricate it may be, of the me-
tallic surfuce of the articles submtted to it, hence its appli-
cability to holluw cylinders, pipes, &c, of intricute shape,
Owing to the increased size of the articles submitted to the

« process, by the addition of solid oxygen, it is necessary that

all parts which have to be fitted together, suchas screws, bolts,
&c., should be slightly run down or otherwise decreased in
size, to allow for this addition.

The magnetic oxide-coating, giving as it does a finished
appearance and smoothness to the iron, the latter can be
painted, if desired, far more casily than if it was unoxidized,
and the painted surface will be far more durable.

Ordinary oil-paint, when applied to unoxidized iron, has
only a comparalively short life, arising from the fact that the
moisture of the condensed aqueous vapour on its surface even-
tually permeates through the paint, setting up corrosive action,
which ultimately throws it off; henco the importance of
having iron articles oxidized or Bower-Barffed, even if it is
desired that they should be painted as well,

It will no doubt be obvious that the cost of oxidizing by
the Bower or Barff process—or, t0 use a more abbreviated
expression, the cost of Bower and Barfling— varies consider-
ably ; for example, onc thousand small articles may be treated
at the same time, and in the same cubical space, that might
be occupied by a single large artivle, but when the latter is
hollow, and when possible, the hollow space may be filled up
with smaller articles,

Mr. Flamache, engincer for the Belgian State milways, who
was sent over by the Belgian Works Department to report on
the process, found the cost, cxclusive of royalty, to be as
fullows. 7} fiancs per 1,000 kilugrams by weight, or § of a
centime per kilogran: , and superficially, § of & centime per
decimetre cube,

In the Bower furnace of the Sociétd Frangaise at Grenelle,
the weight of objects treated in twenty-four hours varies frum
47 to 85 cwt., with an expenditure of fuel of from 10 to 12
cwt, of good slack coal. In the Barff furnace, of the same
form, the weight of objects that «an be treated in twenty-four
hours varies from 47 to 1ug ¢wt., with an expenditure of from
153 to 17} cwt,

or & Barff furnace, having & mufile capauty equal to 124
cubic feet, the quantity of water evaporated per hour to supply
the muflle with superheated steam, is cqual to from 8 to 10
gallons. One attendant is required for every two furnaces in
ordinary working; but auxilliary labour is required when
loading or unloading,

The followlng 15 a list, necessarily limited, of articles,
csggcially adapted for receiving the coating of magnetic
oxide :—

Cast Iron.— Architectural ironwork , horticultural itonwork ,
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sanitary appliances; engincering ironwoik, such as water-
mains , gas-mains, roof and bridge castings, &..

Wreought aud Sheet Iron, Untempered  Steol-Water-, |
gas-, aud pueumatic-tubies , crumps, tooting-tiles, and gener-
ally all ironwork which will not be hable to tgugh usage, and
nut reqane ending or uveting alter treatinent.

1t will probably be seen that the Bower-Bufl provens is
appliable to thoso atticles to which galvaniziue s more or
Less inapplicable , and the furmer provess therefore serves asa
useful auxdbary to that well hnown and excellent process of
preserving ivon by means of a coating of zine,

Foi the Bower furiaces e New York, e place of bituni-
mous coal, anthravite is used in the producers, in conjunction
with gas from petrolewm oil.  ‘The latter is allowed to trickle
slowly through the coal charging hopper of tho central pro-
ducer, where, fatting upon the authracite wmeandescent fuel, it
becomes volatihized and produces & powerful 1educing or de-
oxidizing gas. In order to prevent the oil from igniting and
firtng back, it is led by a pipe from a consderable distance.
In the New York Bower furhaces, equal periods of both oxida-
tion and deox.dation, of a duration of fifteen minutes each, are
foutd to give very satistactory results, In the sume Bower
furnaces Mr. A, 5, Bower has been suceesstul in cagrying out
the Batfl procegs tor Lieavy wrought-iron articles by the foi-
lowing method ;—After the wroughteiron articler have been
heated by direet combustion insade the mullle appacatus tuthe
temperature of oxudution, the gas and air are shut off from the
mufile, the coanney damper s dosed, and steam is tuened
into the recuperator tubes, and in passing through them the
maflle becomes highly heated,  The steam s hept on contin-
ually until the temperature of the articles begins senusibly to
decrease, when it is shat off, and the gas and air are turned on
(in such relative propurtions as nut to affect the character of
the uxide conting), until the proper temperature is again re-
gained, and the same operation of shutting off gas and air.
&c., and turning on stewm, is repeated, as ufton as required to
effect a proper thickness of the oxide-coating.—Trans. Inst,
C. E. (FEng.) i

UV
COMPOUI‘{D LOCOMOTIVE ENGINES.*
By Mr. Fraxcrs W. WeBs, or Crews, Vice-PREESIDENT.

A paper read before the Inst, of Mechanical Engineers, (Eng.}

The object of the present paper is to show what advantages
may be obtained by Compoundins the Locomotive Engine, and
how this may be practically carried out without wmatenally
adding to the weight or complicating the working parts.  The
subject is not a new one, as it has been dealt with in this In-
stitution (Procecdings 1879, page 328) Ly Mr. Mallet, with
regard to the Bayonne and Biarntz Railway. He sncceeded
in obtaiming an economical engine, but in a form not hikely to
be u steady one on high speeds’; great credit however 1s due to
him for the attention i hus given to the subject.

About five years ago the author converted an old outside.
cylinder engine with [5-1n. cyiinders into a compound, on the
plan adopted by Mr. Mallet, by lining up oue of the cylinders
and reducing it to 9 in. dismeter. This engine has until the
last three nionths been working light passenger trains on the
Ashby and Naneaton branch of the London and North West-
eru Railway ; and the elements of success seen 1n its *orking
led to the construction of the compound locumotive *“ Experi-
ment,” which was what its name implies.

The two main objects the author had in view when design-
ing the * Experinient ™ were—firstly to attain to greater eco-
nomy 1n consumption of fuel , and secoudly to do away with
coupling-rods, while at the srme time obtaining a greater
welght for adbesion than would be possible on ouly one pair
of driving wheels without rapid destruction of the soad. The
driving wheels being no lougor coupied, there is less grinding
action in passing round curves, and it is not even necessary
that oue pair should be of the same diameter as the other.

The engine  Lxperiment® was constructed at the Crewe
locomotive works in the latter part of 1881, and has now been
at work over twelve months and run ncarly 100,000 miles,
chiefly with the Scotch and Irish limited mails. While on
this work it made a daily run of 319 miles; and thi« being a
longer mileage than the engines are accustomed to run in the
time, two drivers and firemen were appointed to work the en-

—

*® For illustrations sce poges 356, 357, 360, 361.
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I| zine, one for Crewe to London and back one day, and the other
the day folluwing, in order thoroughly to test the engine 1n
every way belore building any more of a s'mmlar class. The
cpgine hus throughout proved itself to be very steady when
runmog, which 1s no doubt due to the arrangement of ‘the cy-
linders , the engine being practically balanced, and having no
L, couphug-rods, is enabled to ran at very high speeds.

ho principle having been proved correct, it was thought
advisable, owiug to the increasing weight and the high speeds
of passenger trans, that in designng the new engines they

li: s

should be made more powerful than the present type. Accord-
ingly the high-pressure cylinders have been increased from
113 ins. to 13 ins. diam., leaving the low.pressure cylindar of
26 1ns, diam. the same as at present, with the exception of the

orts, which have been increased from 13 ins. by 14 ins. to
g ins, by 16 ins, in order to give more freedom for the ex-

. haust,

The construction will be resdily understood from the follow-
ing description, and from the tams, Figs. 1 to 8, Pages 856,
857 & 360. Of these, Fig.1 is an elevation, with section through
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th raug’/p Low = Lressure Cylinder

Section

COMPOUND LOCOMOTIVES.

]"ig. 2. Longitudinal-
et

the high-pressure cylinder, Fig. 2is a section through the low-
ressure cylinder, and Fig- 815 a (Flan. There are two outside
gigh-pressnre oylinders ot 18 in. diam., Figs. 1 and 8, and one
inside low-pressure cylinder of 26 in. diam., Figs. 2and 8,
the stroke in each case being the same, namely 24 in. The
two bigh-pressure oylinders have their steam.chests placed
ilndemeatlg.
faces; 80 that there is no wear when the steam is shut off.
These two cylinders are atiached to the ountside frame-plates
immediately under the footplate, about mridway between the

in order to allow the valses to fall from tkeir.

,
L,
»

3

leading and middle wheels, and are connected through thesr
piston-rods and connecting-rods to two cranks at right angles
on the trailing wheels. The low-pressure cylinder, which has
its steam-chest on the top, is placed directly ovar the leading
axle, and is carried between two crosssteel plates, one at either
end, securely fized between the main frames ; its connecting-
rod la{s hold of a single-throw crank on theaxle of the middle
pair of wheels.

The steam is supplied through the regulator in the dome 4,
Fig. 2, Page 352, to a brass '? pipe on the smoke-box tube-
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plate, and thence by two 3-in. copper steam-pipes B, =vuning
first paratiel to the tube-plate, then through the bac® plate
that carries the lowepressure cylinder, and between the pllntcs
of the wside and outsude tranies, 10 (he steam-chests of the
high-pressure ¢y hinders. The exhaust steam from these oy-
nnders 18 oturned by two dem. ppes U, runmng parailel wath
the high-pressuto pajes, thaough the backsplate that carnes
the low-pressure cyhinder, and into the smoke-box . following
round the curved sides of the smoke.box nearly to the top,
each pipe passes across to the opposite sule, and cnters tho
steam-chest ot the low-pressure cvhinder through passages in
the cover.  Thus the eahaust steam becomes superheated 1
theso japes by the waste gases s the smoke-box, while the
largo capacity of the pipes themselves obviates the necessity
for a separate steamerecerver.  The final exhaust escape s from
cach side of the steawm-chest of the low-pressure cylinder into
the blast-pipe, and thence to the dhimney an the usual way,
the only ditlerence betng that there are ouly half the number
of blasts for urging the ire compared with an ordisary engine,
yet the compound engine steams very freely, and has a blast.
ppo of 4§ 1. diam, tor the final exhaust, compared with 43
m. in engines of the erdinmy type.

The steutn-chest cover of the Jarge cvlinder is provided with
a tehiet-valve D, Iag. 2, Page 357, so augusted that the pressure
admitted may never exceed 76 ibs. per »q. in. , and a small
{:lp(‘, counected to the low-pressure steamepipy, and carried

ack to a gauge fixed anside the cabl, shows at a glance the
actual pressure of stean being used 1 the lage eylinder, An
arrangement 18 also made whereby steam dicect from the boiler
can be adnntted to the low-pressure eylinder, which 1s useful
for warmiug up before starting.

The valve.motion adopted for this engine is that designed
by Mr. bavid Joy, amt deserived at a former Meetnsyg (see 'ro-
ceedings 133y, p, 4lo), which dovs away with all excentric-
rods, aud cousrderabiy reduces the number of working parts
per cyhnder, as well as the weight for the valve.gear, The
arrangement however for the new engines differs shightly from
that on “Eapennment,” 1 vrder to do awasy with the trunnion
bearings on the fuot-plate.  The total vomber of working or
moving parts tor the three sets of vaisc-motion in the com-
puund engine 1s twenty=niue, and their total weight 254 lbs. ;
winle the number of working partsin the two sets of valve-
wolten i the ordmary standard engiue is twenty-four, and
therr weight 793 lbs . the reversing shafts in vach case not
bemng taken mto cousideration. The valve-chests being on the
underside of the ligh-pressure ¢y finders, the motion-dises I,
Fig. 1, Page 366, carrying the quadrant-vars, have to be placed
1w a corfesponding positton , aud this is done by secuning
them to the auderside of the slide-bars.  The quadrant-bars,
which are made of solt steel case-hardened, are cach grooved
to a radius (qual to the length of the valve-rod link; and
worhtng 1 their grooves are brass shde.blocks I, carried by
the hfting links G, to the luwer end of which is attached the
valve-rod hink H, and to the upper end the compensating hink
J un the counecting-rod , the upper end of the cumpensating
hink 1s controlled by a rod K attached to a return crank on
the trmbing crauh-pine. The guadrant bars are lengthened
vtit below the dises, su a3 1o allow attachment to be mwade, by
the link I, with the reversing shaft placed behind the trailing
wheels,  The reversing 1s effected by means of a serew-and-
lever urrangement connected to the reversing shaft.

The high-pressure shude-valves ate of the Trich or Allen type,
which gives double the lead shown at the cdge of the port
when the piston 1s at the end of its stroke , they have a travel
of 34 1u. 1u full forwart aud backward gear. Thelap s 3 in,
and the lead 3 ., the port opens ¥ 1n. fur admission, and
cloges at 7u per cent. of the stroke,  The sizes of the ports in
the cylinders are, for steam 1} in. x 9 in., exhaust 2} in. %
9in.

The valveamovion ol e ivwpressuie cylinder dufers siightly
from that ol the lughepressure,  lustead ol dises thero 13 @
cast-ron shatt M, Figs. 2 and 3, Pages 357 and 360, carried in
brackets, wluch are hiaed Lo the wusive frames , aud the quad-
fail guides are busted vt in the muddic ol a3 dengile The
other parts of the motivn ate sumdar to those of the lugh-
pressure oy huders, the ouly duference beng that the end of
the cumpensating hitk 1o the low-pressure motion is attached
tu o rudias fod N centied on tue Lach-plaie ot the cyunder.
At une eud ol the reversing stali 1s liaed a icver, wlach 18
coupled direel by a lvug rod o e revensiag handle vn the
fout-plate.  The travel ol the vaivo in full geai 1s 43 1., lap
of valve 1 in,, lcad 3-16ths in. ; the port opons 1 in for ad-
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mission, and is closed at 75 per cent. of the stroke, and the
exhaust <loses at 93 per cont. of the stroke. Tho sizes of the
ports are, for steam 2 in. » 16 in., exhaust 3¢ in. x 16 in.

Tho reversing gears of the high and low.pressure cylinders
aro designed to wurk independently of calls other, and no in.
cunvemence has beea experienced by this arrangement , they
could if desired be connccted, but this would mean com.
pli‘cnt(ilng the parts, while no material advantage would be

ained.
8 With regard to the degree of expansion at which the engine
is worked, in practice the low.pressure cylinder is kept nearly
i full gear, while all the expanston is done in the small high.
}nrcssure cylinders, so that no moro steam is used than is abso.
utely necessary to do the work.

The commereial results with the engine “Experiment’’ have
been very satisfactory. During the time tho engino was work-
ing the Irish mail fiom Crewe to London, and the limited
Scotch mail from Londun to Crewe, the average consumption
per train-mile was 26 6 1bs. of coal, compared with 34 6 lbs,
the average consumption of the standard four.coupled passen
ger engines with 17 in. cylinders and 24 in. stroko, the boilers
being precisely the same in each case.

One of the principal features in the new engines has been
the aduption of 8 buler with the water-space of the fire-box
carried under tho grate, Fig. 2, Page 42, the space between
1t and the fite-bars forming the ashpan, just as ia the cage of
the 18 in. goods engine which was fully described at the meet.
ing of the Iustitutton at Buarrow (Proceedings 1880, p. 432).
The ubject is to dv away with the rigid foundation-ring, which
is always a source of trouble, to obtain better circulation for
the water ; and to prevent the lodgment of dirt on the sider
of the firc-box where subject to the most intense heat. A
flanged mouth-picce, similar to that of the fire-door, is formed
iz the centre of the water-space, and covered with sliding-
doors worked from the foot-plate, so that the ashes can be
casily removed or dropped , while any sediment that may col-
lect in the water space can readily be removed through the
wash-out plugs in the sides of the fire-box, there being a clear
passage from side to side when the covers are taken off. The
mouth of the ashpan 1s made of such a width that the tabe-
piate can be taken out and replaced by a new one, without
disturbing the other parts of the fire-box.

The principal features of the compound engine having thus
Leen described, there are one or two other points to which o
reference may be interesting. The leading axle, it will be no-
ticed, 15 placed immediately under the large cylinder, Fig. 2,
Page 42, aud nearly in a hine with the centre of the chimney ;
consequently tho wheel-base is fonger than usual, the distance
from leadiny to front driving-wheels being 9 ft. 4 in., and
from front driving tu trailing-wheels 8 ft. 3 in., makiong a tot. 1
wheel-base of 17 1t. 7 in. To overcome the disadvantage at-
tached to a long rigid wheel-base, the leading axle is provided
with a radial box, Figs. 4 to 7, Page 360, having a lateral mo-
vement of 13 in. to each side of the centre line of the engine.
The box is tormed in a single casting, with the brasses fitted
n each end, and works between curved plate-guides A, stretch-
ing across from frame to frame, Inside the box and under the
.‘x’f\; are cartied two horizontal helical springs B and C, coiled
right and left hand, and working one inside the other; so that
when the engi-  euters o curve, the springs are compressed
towards one side, and take any shock that may be transmitted
through the wheols from the rails ; and when the engine gets
on to the straight again, the springs resume their normal posi-
twon, and keep the engine central.  This class of axle-box, but
with two sets ot side controlling springs, has now been in use
seven years with very good results (sce Proceedings 1877, p.
307), and 155 engines are fitted with it, 40 of therw having one
at each cnd.

The journals of the axles, it will be seen, are long in each
case. Thuse of the leading axle are 10 in. long and 6 in. diam.,
while those of the {ront davisg-axle are 134 1. long and 7 in,
diam., with crauk journal 5} in. long and 7% in. diam. ; and
the trailing-aale yournals are 9 10. long and 7 in. diam. The
advantage of these lung journals has been amply proved in the
ruaning of the *‘Expernuent.”

The engine, althongh still working on the Lundon section,
has been taken off the Irish and Scotch mail trains, because it
was not fitted with the gear for working the vacuum brake
with which these trains are now provided, and it was not
thought advisable to bring the engiue iato the shopy for the
present iu order to apply the vacuum-brake gear. The new
engines however are fitted with ejectors and all the necessary
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gear for working the vacuum brake; and in addition with o
steam brake S, Iig. 2, Pnge 42, acting between t .0 two pairs
of duving-wheels. This is also coupled to tho tender brake-
gear, so that the brake 1s apphed to the engine and tender at
the same time. A sglo movement of the dniver's brake-
haundle serves to apply buth the vacuum and the steam brake
simultaneously ; and simularly to release them together.

Lsdicator diegrams irom the engme are shown in Figs. 8
std 9, Page 861.

Appended is a statement of the leading dimensions, &e. of
theso enginos.

THREE-CYLINDER COMPUUND EXPRESS PASSENGRR
LOCOMOTIVE.

Cylinders.

Two High-pressure outside cyhnders. . § Dismeter 13 inches.

Stroke 24 ¢
Opa Low.pressure mnside cylinder .... Is)t':;ﬁ:t" gg ::
Joy's Valve Motion,
Wheels.
Diameter of leading wheels, with radial axle- ft. in.
OX,0ueossnrsvonssssosrce sosssveaes 8 6

Diameter of front driving-wheels (low-pres.
sure eylinder)..,..o0ees vorerorenonses
Diameter of hind driving-wheels (bigh-pres.
sure cylinders) ....

B P I

Distance between leading and front driving-
wheels ..oveiiiniiiiiienniinneniann..

Distance between frout driving and hind driv-
ing-wheels .eiieeieiiiiiriinniiiiinas 8

Total wheel base.sveee vunnea....17 7

Borler.
Length of barel tovveeveiiveiiiivene.s . 9 10
Mean diameter of harrel, outside ....,... 4 2 3.15tts.

Length of fire-box, inside. .4ft. 93in. at top 4 103 at bottom.
Width « #  eeeetaiienee.e. 3 B3
Height from top of fire-bars to
CTOWI oveeseas .vvoevasocsacnasane 53
Length of tubes between tube-plates......10 1
Diameter of tubes, outside..os.eeves.... 13
Number of tubes,......... 198

ITeating Surface.

Fire:boX .eveeviiceeiaeonsnne

ceesse.. 103°5 square feet.
Tuabes ... “

eees 980

©90 0900 t0es ss0000 0000t un

Total,........... ....1083°5

Arenof Fre-grate..cieesoeeesevennnoeerass  17-1square feet.
Ratio of heating surface to grate area — 6335 to 1

Weght.

Weight of engine when empty.....coceu......
Weight of engine when in working order—

.. 3475 tons.

Leading wheels . ........ eveeese 10740 tons
Front driving - wheels.......... 14 20 tons
Hind driving-wheels. ...... cese. 1315 tons

Total............T. 37°75 tons.

In closing this Kapor the writer wishes to add, that his motive
in Jaying before the Members of the wustitation the particalars
of his system of compounding locomotives is to draw attention
to the subject and encourage its full investigation , as he feels
assured that betier economical results are to be obtaiued than
those which he has already arrived at. He hopes therofore
that « ther papets on the subject may be forthcoming in the
future. ¢
Mz. WEBSB, 10 answer to the various questions raised in dis-
cussion, said he had not much to add, except in reply to the
remarks made and yuestions asked. The cranks of the high-
pressure cylinders were placed at right angles, With regard
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to the indicator diagrams, the exhaust line of the high.pres-
sure cylinders was not always straight, but suvuetimes urched
upwards in the middle of the str.ke, which might be lue to
the low-pressure crank bein;i\in a different position relative to
the two high-pressure cranks. The indicator dingrams were
taheu by two ordinary *‘ Richards ¥ Indicators, with the con

nections made as Llaso to the cylinder as possible , the motion
was taken from the crossheads of the respective cylinud.rs in the
usual way , the diagrams were taken in pairs, from one of the
high. pressuro cylinfers and from the low.pressure cylin. = at
the same time. The cos® used in boat cugines was similar in
quality, being principally South Wales steam coal, with some-
times at Little North Wales main cval.  He could not give the
coal used in slmnting scparately, but both engines being on
similar work there could not be much ditference: the lighting-
up coal was also dealt with in the same way in both
engines,

Since the paper was written they had turned out at Crewe
ten compuund locomotives ot the same description as the one
under discussion. A Sunday or two ago, ho Lad had an cppor
tunity of trying what these engines would do with the 10
o’clock express out of Euston, which on Sundags had eleven
stoppages betweon Euston and Crewe, while the actual running
timo was much the same as for the 10 o'clock Scotch express
on week days with only two stuppages. The compound engine
took a train of 19 carriages, composite and saloon out of Eus.
tun to Crewe without assistanie, and the time vccupied i.i the
run was 4 hours 30 minutes with the eloven stoppages. Last
Monday the 10 o'clock Scotch express, which was une of the
fastest trains running, was taken by the compound engine
from Euston to Crewe in 3 hours 35 minutes with 16 large
carriages, and with two stoppages.

Mr. Rich had asked the question whether there was any
trouble with regard to cundensation in the big cylinder. So
far none had been cxperienced. The pipes between the two
frames were packed in silicate cotton ; so was the large cy-
linder. The whole space between the large cylinder and the
frame was also packed with silicate cotton, With reference
to the question of complication in the engine, he had only three
connecting-rods instead of the ordinary two cons)ling-rods and
tho twvo connecting rods. He had thus odte rod less, while he
had an extra cylinder. The cylinder itself and the valve gearing
wero so cimple that he thought if any member saw the engines
themselves ho would not say that there was undue complica-
tion. With regard to Mr. Crampton’s remartks, he di‘ll not
agree with his view, but he might say that it was in looking
at an engine designed by Mr. Crampton—he believed it was
when travelling on the Eastern Railway in France—that it
occurred to him how easy it would be to utilisc an extra _por-
tion of the weight of the engine for adhesion without coupling-
rods ; and that brought to his mind the design of the engine
under discussion.

‘With reference to the question of carrying a sufficient quan-
tity of fuel and water, they could carry sufficient coal to take
them through from London to Carlisle, and it was of course
well known to most English engineors that on the London and
North Western line they picked up water wherover they re-
quired it, so that practically they were able to run an engine
all the way through from London to Carlisle, and had dene so
on two or three occasions.

He might mention the first performance over done by the
compound engine *‘Experiment.” Before it was painted, he
hooked it on to assist a heavy express from Livorpos] with 19
coaches. He tried it with the steam shul off fium the other
engine for son.: distance along the Trent valley., Ticy ran
without trouble from Crews to London , when the engine ar-
rived in London it was all right, and he had it turned round
and hooked on to the morning lrish mail, which it took to
Holyhead. When thoe engine arrived at Holyhead it was still
all right, and he then gave the men someothing to eat, turned
the engine round and houvked it to the buat espress, which it
touk to Crewe. The engine thus did 528 miles as a cliristening

trip.

Elr. Stroudly had remarked that it would have been better
if ‘he had tried the system with a goods cugiue. Oue engine
that he had in land at the present time was for working on
the Underground Rwiliwvay, where there bad lately been some
discussion as to the amount of fucl consuned, and the nui-
sance arising from it. It was onc of the eugines orriginally
designed by Mr. Fowler, and ke hiad taken it in hand and was
compouading it. Mr, Towlinson would bear him out in sayin
that they had very sharp curves to run rvund on that line, an

—




{December, 1888,

CL

CANADIAN MAGAZINE OF SCIE

360

27208 (6881 °5 R 3oy shupairosy)

K& w w18y XK  wems g w: o DAB] S JVHIg

..N.oﬂwww.ux JvIBoYy 4 ..w_..m

( Q&. o} \ I8 m T I~

i .Ii--,l.
st e © AN, O Y
(O { = 2

,.mﬁv. - u
. muw e-«

Pt ST e S T T e e wngy \::\.L\;...m.. Mw.wu.m.xx-u.. R R e
« 'SIAILOKROJI0T ANNOJWOD —




December, 1883, AND THE INDUSIRIAL ARTS. 361

=
COMPOUND LOCOMOTIVES.
l Lrlicator  Liesy ns.
|
: ) Fessrere,
raere Big.8. Sperd. slow. Fuldl gocr: Bransre
1503~ q S my ~-—-—'2'1‘35—57'-"”"~‘-‘— 150
1501 [ BERpey R BRI SRR e e _...‘ - +140
1wod—-] - Ae-=d4 4.t S U S S %]
2o~ edem o koot o} - N {- 120
o - U AU ST \ - ~}110
HIGH| PHEISSUREl CYIUNDER. N
100} - —} — - - \ —(loo
e 4 L —+ 80
90 - - !
so\— - 3 ._.-.,.._-....--__.lvw
70 A\ ’ 70
. 604 " = 60
g 2 —t-50 g
TS \\ 10
> : ; —
| 3 0 W 20 30 40 S0 60 70 80 90 100 .§
s Percentoge of Stroke. <
SPressure. . . Prerure. &
- u;:u" Fig.9. Sperd 50 miles per hour (ad ot ISpo Zis R
§1w — -_._l.._,..._l_-. T - - -BOIR_PAEIIVRE 150 s
SN 1 &
¢y 130 - 130
t1«%0 \\ N - 120 g\
» o \ e \ 10 e
‘3‘°°"'X X w00 3
¥ 90 w g
& sl \\ HICH _ v
. SSURE
70 .
;g w CYLINDER. N s
0 \ I~ 40
N st k4
k y — = ao
~—t | T~
204~ Pt =] —iae
LOW | PRESSURE CYU -
10— -~ T 10

0 18 20 20 40 SO 60 %0 $ 90 100
Percerdrge of Stroke.

<

that very great troublo had been experienced with conpling- | and he trosted that the result would be that the fael of loco-
rods. Five or six years was all the life that conld be got out | motives would lsst a little longer in the fature, with the in.
of a coupling-rod on that line. He belicved lie bad answered | creased economy which he believed would bo brought abott by
all the questions that had been asked. He thanked the mom- cowpounding them.~ papcr read before the Am, Sec. of Cioil
bers very much for the favourable bearing they had given him; | Engineers. )
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ECONOMY IN HIGHWAY BRIDGES.*

By P'rnor.J. Al L. WabpeLy, CiE, B.ALS., MAE.

The olyect of these investigations 18 to de.ermne the most
economic number of panels and depth of truss for all ordinary
highway bridges, also the lengths of span at which it 1s better
to change from pony truss to through bridge, and from single
to double intersection,

The caleulations are made for iron brndges only, and deduc-
tions are made therefrom for combination bridges, but no notico
lias been taken of wooden brudges, for owing to the following
reasons, there 1s no economy 1n bwlding such structnres.

1st. If both be properly designed = comnlunation bridge wall
cost no more than a wooden one, and will last twice as long,

2ad. Tension members of wood are objectionable, owing to
the difliculty und waste of matenial in making connections.

3rd. That, 1 a well bmlt combnation bndge, there 18 no
part of the timber where water will lodge, while no wooden
bridge can be bult without such places.

4th. The iron of & combmnation bridge, after the wood has
decayed 18 worth considerably more than the impenshable parts
of a corresponding wooden structure,

The most common width of roadway, sixtwen feet n the
clear, has been chosen, and throngh bridges are alone consider-
ed, because highway deck bnidges are very uncommon. how-
ever the results will apply also to deck bridges, except where
they are affected by the consideration of :ecessary headway.

The Pratt truss has been chosen for two reasovs: first, it is
the truss most commounly employed 1n America ; and sccond,
the writer has shown 1n a paper entitled ¢ Economy in Struts
and Ties,” published i this year's March number of the ** Ca.
nadian Magazine of Science and the Industrial Arts,” that
although the most economic inclination of a strut to the verti-
cal is about one in five or one in six, still practical considera-
tions cause the vertical struts to be preferable, the actual dif-
ference in cost m the two cases being very slight.  As seer by
Table 1, the spans for which calculations were made vary in
length by ten feet up to spans one hundred and ninety feet
long, and by twenty and thiety feet for louger spans.

The loads, working stresses, ete., are taken from * General
Specifications for Urdinary Iron Highway Bridges,” and the
bridges are designed in accordance with the principles express-
ed in “ Details in Ordinary fron Bridges and the writer's
other papers pertaning to the subject. The bridges nvesti-
gated belong ta *“ Class C*" of the before mentioned * Specifi-
cations,” correspendiug somewhat to those which used to be
termed ““ factor four bradges.”

The results, however, will apply, with only occasional and

slight changes, to bridges of greater strength and wider or
narrower roadways. Other specifications might causo some
little difference in the cconomic depthy, but for good designs
the variations will be small.

The peculiar features of these specifications that may slightly
affect the results are the use of C. Shaler Smith’s formula for
complession meinbers with its varying factor of safety, and
the exclusion of chaunels less than tive inches in depth for
chorde, posts and batter braces, aud of all webs less than one
quarter of an inch thick. 1f thre or four inch chanuels or 1
besms be used for posts, and Rankine's formula with its con.
stant factor of safety be employed, as is not uncomnmonly the
case, greater depths would protably be found, but no such
consideration will at all alfect the practical value of these
results.

Much has already been written concerning the cconomic

* A paper presected to the Philadelphia Engineers’ Club.

doepths of trusses, the general conclusions being that they
should be from one seventh to one tenth of tho span.

Such investigations being purely mathematical and involy-
ing the use of the differential calculus are of little practical
value, as they cannot take into account the number of vana.
bles that ought to be considered.

Not only do the stresses in a truss vary with the depth, but
also the intensities of working stress in the compression nom-
bers, These again vary in the top chords and batter Lraces
with the number of panels ; and this variation is according to-
a law or laws altogether too complicated to be dealt with by
the calculus.  Again the iutensity of working stress varies or
should vary according to the position and importance of the
member considered.

That the results of previous investigations of economic
depth are erroneouns is proven by these calculatious, for in no
case is the economic depth as small as one seventh of the span.

At first the writer considered that it would be necessary to
figure ont the total actual cost for every case, but upon further
investigation found that to determine the economic depth it
would be sufticient to figure out the sections and weights per
lineal foot required for the different members of one truss,
multiply these by the respective lengths and sum up the pro-
ducts, neglecting all consideration of details; because the
difference in the weights of the latter would balance each
other. Thus, if we increase the depth of a truss by one foot,
thero would be a littlo increase in the weight of the lattico
bars and rivets, and a decrease in that of the pins and eye bar
heads. Theso may be taken as balancing each other, without
making any appreciable error.

Again the economic nuinber of panels far any span may be
deternined, without preparing complete bills of material, by
considering only those portions of the structure which ate af-
fected by the variation in the number of panels,

Economy in pony trusses is an element which ought seldom
to influenco the design, for a good bridge of this kind will
usually require more irou than the ordinury calculations de-
mand.

Instead of trying to avoid a little expense, regard should be
paid te obtaining a good distribution of plenty of material, in
order to partly compeunsate for the lack of rigidity, which is
characteristic of the pony truss.

In very wide pony truss bridges, especially when the length
of span approaches its superior limit, it might be well to make
a few calculations concerning the economic depth, but the
nutnber of paucls should be regulated by the slope of the batter
braces, which should never be less than two horizontal to one
vertical.

This superior limit is not a fixed quantity, but decreases as
the width of the bridge and the load increase, aud as tho in-
tensities of workiug stresses diminish. For example, compar-
ing u pony truss and a throngh bridge of sixty-five feet span
in four panels, sixteen feet clear roadway designed sccording
tQe* Class (' of the * Specificatinns,™ there is found =z differ-
ence of three hundred pounds of iron in faver of the pony truss,
while for the same span with twenty feet clear roadway and
bridges designed according to “ Class A ** there is a difference
of cleven hundred and fifty pounds of iron in favour of tho
through bridge.

For a clear roadway of twelvo feet the sujerior limit of the
pony truss would reach as high as seventy five feet, and for
very wide bridges the inferior limit of the through bridge
might rcach as low ay fifty foct, bat on account of rigidity the
superior limit of the former for a1l cases should bo placed at
sixty-five feet, and on account of appearanco the inferior limit
of the latter at fifty-five fect,

.
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TABLE L In designing the bridges from which Table 1 was prepared,
R | iy the minimam depth was taken equal to sixteen and a half feet,

: g S g ECE TR }
g g £ 2 K] A £ 53 S which, because of the peculiar lower lateral system employed,
& 2 :_‘;‘ & o3 [=) géi sg:‘s S5 corresponds to a clear headway of fourteen feet; the posts,
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when figured for either whole or half length, were considered
to have both ends unhinged, and all sudden changes n cross-
sections were avoided. For, instance, if, by decrensiog the
depth of a truss one foot, it were found advantageous to change
to larger chanuels for chord and batter braces the change would
not be made, as it would render the comparison useless: be-
sides if the roadway or livo load were slightly increased, the
advisability of the change would no longer exist. For appear-
ance the depths of channels in top chords and bitter braces of
the same structure are made equal, althotgh sometimes a little
material might be saved by making them different.

Comparison is made between bridges with sway bracing and
those without ; for when it is employed thera is no need for
brackets, unless hght ones be put in for appearance, the total
weight of iron not being aflected to any ¢xtent by the change.

In double intersection bridges where the posts are ficared for
half length, light counters extend to the ends of the trus.es,
the least'depth for this style of bridge being thirty feet. Spans
below one hundred and sixty feet in length have stiffened
bottor chords in the end panels, while those above do not,

As the actual differences in the total weight of iron were not
affected thereby and in order to save time, no especial care
was taken to see that the long spans wero provided with pro.
per stiffening ; in fact, it is required by most of them. It has
been shown lately i an editonial in the Amcrican Engineer,
that, theorctically, most highway bridges require stiffened
bottom chords throughout, but that practically they may ba
dispensed with ia all but the first and second pauels from the
ends of the bridges, or even in the latter, as the joints, when
properly laid, may be relied upon to take up the thrust after
the dead load tension in the batter chords has been overcome
by the wind pressure. The greatest Iength of span requiring
stiffened end panels will decrrase as the with and loud increase,
and increase as the ratio of depth of truss to panel length in
creases. 1t is not economical bat usually necessary to stiffen
end panels, so, if 1t be posable to lexitimat-ly do so and thus
decrease the weight, the stilfening may be dispenwed with, al-
though it adds to the rigidity of the bridge when sabjected to
rapid travel.

The one case in which the cconomie d pthe faund iu this
paper are liable to fail, is where, by decreasing the depth two
or three feet, stiffened end panels may be avo ded, thus making
a less depth more cconomical ; such cases, nowever, do not
oftrn occur.  Tho writer hopes that after Anishing his paper
on * Dead Loads for American Highway Bridges * he will
find time to write another upon * Lateral Systems for lron
Pratt Truss Highway Bridges,” in which this subject of siff-
cned bottom chords will, among other things, b- satwfactorily
settied.

In Table I the first column gives the length of spau, the
second the number ol pancls, the third thestyle ot ntersection,
S denoting single and D double, the fourth the depth of truss
from centre to centre of chords, the fifth the hive load, the
sixth the dead load, the seventh the depth of chiannels used in
top chords and batter braces, the cighth the fi ured length of

¢ Incressed wt. for heavy joists.

n.c ‘Ligbt 9" Ls too small, therefore necestary to employ extra heavy

*The non-cconomy in using 9 panelr ix appareat without further in-
vostigaticn.

$Add 130 in. for axtra dctails at centres of posts making total
weight. = 191
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posts, 71" denvung wlole and A half, the minth the compariug
weight for one truss, aud the tenth, accompanying remarks,

An cxomination of the Table shows a reasonable regularity
st the anerease in ecotivnne depth , any vanations that there
may be, can be accounted for by some peculiar circumstances
affecting the cases whero they occur, so it will not be well to
adhere to these depths in all cases with cast iron rigidity.

Thus iu the case of the one hundred and forth fuot span the
cconomic depth, when eight inch channels are used, is twenty-
four feet , and, when nne wuch channels are used 1t is twenty-
two feet, the actual weights of iron in both cases, taking into
account the inereased wught of detwls when uine-inch chau-
nels are used, beinglalmost the sawe.

For the general case twenty-three feet would probably be
the cconomic depth for the one hundred and forty foot spon.

Again, in the case of the double iutersection one hundred
and filty foot span, it was necowsary to uso exactly the sawe
chord chanuels for a depth of twenty.six feet as for a depth of
twenty-five feet, so the lutter appears to be the cconomic depth,
while, if the required channels could have been oltained,
twenty-six foct would have been more cconomieal. In prepar-
ing Tables 111, and IV all these variatious are corrected. Tt
cau be seen seen in general frum Talle I that, if the ecvnomic
depth be calculated fur any span, where the pauel length is
twenty feet or tho nearest length below twenty feet, and iS
the cconomic depth for the same span but with oue panel less
be caleulated, the latter will be fouud to cxored the former
depth Ly one fuul.

To ascertain 1n gencral the cconomie panel length, 1t wiil be
suflicient to take a few cases and assume that what 1s proven
for these will Liold true fur all the rest, The result may be
easily predicted, vie . that lung pancls witlun reasunable Lits
are more economical than short ons.  For instance, taking the
cases of the ene hundred an:d thirty aud the one hundred and
pinety fout spans, Ui furmucr of whi-h has bren figured for six,
seven and eiglit pancds, and the latier fur qght, e and ten
panels, there can bo lound, approximately the differences
the total weights of iron, without ascertaning these totals, by
looking uver the Lict of metbers given in “ A Sy-tew of De-
signing Highway Bndges,” chousing these i which there
will be vanations 1 the weights, and calculating these varia.
tions.

There 1» thus lound for the oue Lundred aud thaty fout
spaps that 1,1uv pound more iron are required for the seven
than for the six panels, and about 1420 pounds more for the
eight than for the seven pancl. Ou the other haud tlere are
about 2,4vu wore ft. buin, of pine wquired for the six than Jor
the seven panel, and about 5uu ft. moro for the seven than for
the vight panel.

Now as 1,100 pounds of iron are usuully worth more than
2,400 {t. of pine, und 1,320 pounds ol dten mote thau S0u it
of pine, 1t 1s uvident, that for this case, the long panels are the
most economical.  Agmn i the case of the one hundred and
ninety foot spaus, there are about 2,500 pounds more iron re-
quured for the 1ne than for the eight panc, avd aboat 1,430
pounds mote tor the ten than for the nine panel.

On the other hand the eight panel requires about 3,100 ft.
more lumbi r than the nine panel, aud the nine panel about

,200 fect more than the ten panel. As before the total differ-
cuce 1 eost 18 1u favour of the long panels.

Again in the case of the double wntersection one hundred
and sixty fuot spans, the greal increase in truss irun, as indi-
cated by the Table, tur the mue paner budge will alvos show
tho want of economy 1 using pauels iess than tweaty feet
long.

There is another point tu be covsidered, though, ¢, that

luny jotsts cost a little more per M. than short ones ; so that,
if in any particular cage lumber were expensavo and long pieces
especially so, the shorter panels might be more cconomical,
But it would 1n no case be advantageous to make the panel
length less than eyghteen feet, for, ordinarily, all lumber not
exceeding this length costa the same per M.

It may then be concluded that in places where lumber is ex-
pensive it will not be well tv make panels over twenty feet
long, or in places where it is cheap to make them over twenty.
four feet long, because timbers exceeding the latter length are
not always eamly procured. Then, too, in designing iron
bridges, which are supposed to last indefinitely, or combination
bridges, of which the iron-work will be used again after the
tunber will have decayed, it must be remembered that, as time
goes on long timbers will become more and more expensive
and less easily procured, even in timber districts; so that
panels exceeeding twenty feet should be oemployed very
cautiously. For spans less than one hundred feot in length
1t 13 well for appearance not to use panels tweaty feet long ;
besides & four panel through bridge nearly always tequiresa
stiffencd bottom chord throughout, while a five panel one does
not. From Table I. can be determined, by doubling the differ-
ctices of the companiug weights, the saviug of iron iu usiug the
duuble instead of the single intersectivn. Thus in the one
hundred aml forty foot span there is a saving of about 920
pounds of iron, in the one hundred and fifty foot about 1,330
puuids, in the oue hundred aud sixty foot aboat 1,500 pounds,
1 the one hundred aund seventy foot about 2,020 pouuds, and
1 the one hundred and eighty foot about 3,140 pounds.

The principal objections to the use of the double intersection
for shost spans are, that as the rods are lung and slender they
wiil vibrate more than the shorter and larger ones of the single
intersection ; any flaw in a small rod will have a proportionally
greater injurious effect than the same sized flaw in a larger one ;
loug and slender rods are difficult to transport and are lialle
to become twisted and bont (this objection can be partially re-
moved by halving them and attaching to a central pin passing
through the post) , and as the posts are lighter they will spring
more under the shock of ramdly-moving loads.

For these reasons the double intersection one hundred aud
forty foot span is decidedly inferior to the single intersection,
while in the one hundred and eighty foot span, these objections
applying with a great deal less force, the increased weight of
the single witersection would render 1t so much moro expansive
(about $1.00 per foot) that the double intersection would be
preferable. Now between these two lengths there is ome at
which it would bu advisable to begin to use the double inter-
section.

fu the writer's opinion it is for this cass ous hundred aud
seventy feet.

As the width ot roadway aud the live load increase and as
the mtensittes of workiug stresses decresse, this linnt will be
lowered. Table 11, gives the limiting lengths which the writer
weould recommend.

TasLe IL.—LivTiNG LENGTHS

Clear Roadicay. Class 4. Class B. Clase C.
Win 165 in 175 in. 180 in
6" 1557 > 170"
18 150 ** 160" 165"
. B 185 »
2 140" 150" 155"
‘,-4" 140 ” 1‘5" lm”

1t is to be noticed that the common idea amoug highway
bndge builders, that & weuble intersection bridge should for
econony's sake have mwce panels than a single intersection
bridge of the same span and loading, is incorrect.

In view of the previous considerations, Tables Iil and IV
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have been prepared, the former for districts where lumber is
comparatively expensive, the latter for those in which it is
very ¢cheap. They treat of through bridges only, commencing
with eighty fout spans, for which the economic depth is the

least allowable,
(7' be Continued.)
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Browize vur poiLens.—Rlowing out boilers should be done
at least once a month, oxcept 1u the very raro instances in
which water 18 used that will not form a scale. The boiler
should not be blown out until the furnace is quite cold, as the
heat retained in the walls is likely to injure an empty boiler
directly by overheating the plates, and indirectly by hardemng
the scale within the boder. Bad effects are likoly to follow when
a boiler is empticd of its water Lefore the sile walls have be-
come cool; but great injury is likely to result when cold
water ig pumped into an empty beiler heated iu this manuer.
The unequal construction of the builer1s likely to produce leaky
seams 1 the shell and to loosen the tubes and stays. Itisa
better plan to allow the boiler to remain empty until it is quite
cold, or sufficiently reduced in temperaturo to permit its bein
filled without injury. Many boilers of good material an
workmanship have beenruined by the negleet of this sunple
precaution.
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\ EMERY SCALES AND TESTING MACHINES,
For illustrations see pagrs 364, 366, 363, 369 and $72.

There are few of our readers, and, in fact, fow professional
men generally in the country, who are not famnliar with the
remarkable work performed by the Watertown testing macha.
no. That after recording hundreds of thousands of pounds it
will show the atr«in which breaks a horse-hair, or, when test-
ing to hundreds of thousands of pounds, read to a fraction of
its load as small as that of an amnalytical balance, are facts
which have caused the greatest wonderment and cunosity in
regard to the remarkable mechanism by which these results
have been accomplished. 1t is evident to those who are fami-
liar with the apparatus and the way it has been developed that
a revolution 1n machinery for weighing 1s at hand. Abandon-
ing as utterly useless the kmife edge, ¥Mr. Ewery struck out
upon what is an entirely new line, From the weight to the
recording index he undertook the problem of trausferring the
pressure by itself, and practically without motion. He under-
took o do this without introducing back lash or the wear of
pivots or knife edges. The importance of tius we can the bet-
ter understand when we refer to the work of somo of the best
analytical balances of the country. Oune of these, exhibited at
the Centennial, with one pound in each scale will turn with
1.500,000 of 1ts load. The finest assay scales by the same
maker with vne gram n the pan ~vill tarn with 1jlv miligram.
or 1.19,000 of the luad. Such asrale, on account of the great
amount of motion and tho fact that a considerable mass must
be put into motion by au exceedingly small force, is excessive.
1y slow 1n coming to rest.  Un one occasion a gentleman used
a nhole day 10 weighing s swngle pound seven times., The
mazimum differenco between the greatest and the least weight
Il obtained was 1-150,000 part of the load. Whon on the same
scale the attempt was made to weigh two pounds, nine weigh-
ings required more than a day for thewr accomplishment, on
accouut of tho great length of time necossary for baiancing the
scale with such a load.

Scales of this sort way be said to be excessively impatieut, if
we may be purmitted the term, of overweight, or a weight
which exceeds that for which it was intended by the makers,
and are always injured by any excess of this weight becowing
sluggish when it is placed in the pan and having their kuife
edges ruined. In fact, the ordinary load soon destroys, by
wear and crushing, the sharpness ot the kuife edge, and the
scales deteniorats sensibly and rapndiy by ordinaty use. They
are also sensitive to dirt and to rusting. If one of these deh-
cate scales be overloaded the knife edges loso their shape and
are crushed iuto forms approaching circles. Not only, then
are tho edge- crushed and warn into rounded forine, but the
fulcrum aistaness are by thig means changed, aud consequently
the accaracy ot the scale 18 lost.  Tho fine scaies for weighiog
silk arc intended to take 1 piund, and are sensitive to one
seven thousandths part of the load — that iy, with 1 pound in
the pan — and they will indicate 1 grain. Disbelieving the
- manufacturer s statement that 5 pounds would ruin thisscale,
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a friend of ours bought one, and after testing it well within its
capacity attomipted to weigh 6 pounds with it After this
weight had been put on he found that although the sealz st
moved with a smglo graim, yotit womd not weigh a pound
twice shike to within a gran, Lo other words, the overloading
had not only destroyed its sensitiveness, but had ruined it for
accnracy by changing the fulerum distance.

Ia contrast witﬁ this we take the scale beam of the testing
machine at the Watertown Arseunal, which was used before the
machine as finished as an ordinary beam scale by the prolon-
gation of its weight beam. When riggcd as a balance 100
pounds was put in the pan and weighed seven times, and the
greatest difference between the maximum and minimum
weights obtained was one part in 1,750,000. A 200-pound
standard was afterward weighed nine times in succession.
Here the greatest difference between the maximuwn and mini.
mum weighings was one part in 2.350,000. The sensitiveness
of the scale when thus used with the 200 pound load, stated
according to thoe ordinary method, was equivalent to the scale
turning with one fourtesn-nullionths part of its load. In other
words, a scale beam with its fulerum capable of sustaiving
without injury a load of 4070 pounds has been made more sen-
sitive than the finest analytical balances yet made in this or
any other country. Indeed, the same beam, 1t we understand
Mr. Emury’s stacoment correctly, might be used for analytical
work with a far greator perfection thau is attainable with the
ordinary balances inside of their range of aceuracy.

‘To understand how such accuracy is possible, we must first
get an tden of the nature of the fulcrums used and the levers
employed in Mr. Ewmery’s scales, gauges and dynamometers.
The secoud step will be the means used for transmitting enor-
mous loads on ‘hcavy scales or the strains of large testing ma-
chines to the weighing apparatus. Lastly will follow a des-
cription of the metliods of balancing the Leams and reading
the loads. Figs. 1, 2 and 3 illustrate the arrangeinent of these
fuleruws and levers as applied to a pressure gauge or weighing
dynamometer. They consist of thin, fat pieces of steel of
suitable widths and lengths, forced into grooves or held be.
tween columns. In Fig. 1, @, d, b, ¢ represent these falcrums
made of flat pieces of steel, and ¢ and f show similar fulcrums
where two flat strips of steel tuke the place of a wideone. The
method of connection and the variations of the bearing are
shown in Figs, 2 and 8, which aro enlarged details of certain
parts of special scales or gauges. In the cass of the giwge or
weighing dynamometer, A (Fig. 1) shows the pressure column,
consisting of a cylinder widening into the rectangular head A,
in which is planed a groove to roceive the firat fulcrum a, into
which 1t 13 pressed, and which 13 also Igrcssed into similar
grooves at its upper end in the first lever B. A fixed fulcrum,
d, is pressed at its lower end into the lever B, and its npper
end into a groove in the fulcrum block D. The third fulcrum
4 is shown clamped at the outer end by a clampiag-plate, and
its upper end is pressed into the lever C, or into a block at-
tached to the lever C. The same block clamps the fourth ful-
crum ¢ to its lever C.  ‘T'he fulcrums d aud ¢ are both fixed,
which causes the lever B to move upward at its upper outer
ond, as shown by the arrow, and tho lever C to moye down-
ward at the same time. The strain on the first four fulcrums
a, d, b, ¢, 18 compression, while that on the fulcrum ¢ and fis
tension. ‘These fulcrums are all of tempered plate steel, and
are often gold plated, to prevent rusting. In the illustration
shown, the pressure on the black A wmay amount to 4000 or
5000 pouuds, and the thickness of the first and second ful.
cruius is frow .04 to 03 inch aud the third and fourth fulcrums
bandc, .02 inch. The width of these is 4 inches, and the ex-
posure or portion left free between the different levers is about
.2 inch for @ and d and .S inch for dand 2 inches for ¢, the
loads on the Jatter being reduced to about 400 pouuds through
the lever B. TFig. 1 is an enlarged view of the pressure gauge
shown in Fig. 4. This hydraulic gauge is for measuring loads
of 7500 pounds to the square inch.  Surprising as it seems at
first signt, the motion of thess levers, though firinly connected
in this way and transmitting strain without the possibdility of
backlash, is practically frictionless.

A further application of this-form of fulcrum is showu in
Fiy. 5, where the heavy lines b, cand drepresent pieces which,

367
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ag we have said, take the place of the ordinary knife edges. |

Here the beam B receives its load from the pressure column A
throu.h the fulcrums b and ¢. These are connected together
by the block ¢, for the purpose of introducing or allowing for a
certain amount of lateral{ motion arcund the center of motion
in the fulcrum & The beam is nrevented from yiolding bodily
to the stress by the fulcruw d, held in the fulcrum block D.
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At its outward end moves up or down, motion 18 transmitted
to the 1ndicator rod UG by means of the two suspension fuicrums
E and F. Their action on the point of suppore of the indicator
rod G 13 sinilar to what 13 shown 1n Fig. 3, which1s, however,
from another piece of appaiatus, and thus construction 18 in-

tended to prrmt a large rango of motion,  We may here pmnt
out a decided difference tn the two constructions. Ie Fig. 6
the bending of the fulcrums ¢ and f1s directly as the angular
motion ot the wndicator rod G, wil. 1n Fig. 3 the tending of
the fulcrums 152 and B2 18 constant, ne matier what the angu-
lar motton of the wndicator rod € nay be. This construction
18 often employed by Mr. Emery where 10 18 necessary to hang
one Leam from another, and where 1t 14 desirable to obtain
great angular motion.  Fig. 2 iliustrates the method of clamp-
ing suspension fulcrums sumlar to I oc F 1n Fig. 5. It must
bo observed, however, that in ¥ig. 6, the tulerums being very
long and delicate, 1t 18 found desirable to protect the central
prr*ions, and this 1s done by a puir of clamping puates.  From
the end of the beam B a poiso r« 1and weight plate K are hung
by a pair of thin plates, which ulustrate another application of
this kind of fuleruni, giving all the lateral motion and flexitn-
Iy whnch 1s needed, and preserving the exact fulcrun distance
without wear or friction.  The thickuess of metal used for sup-
porting the beam 15 very shight, aud 1t would surprise most
engineers to know that a pieco of metal one twentieth inch
thick and 6 or 6 1aches long, and perhaps 2 1nches *« xposure,”
or portion net 1, but botween, the gruove, will carry many
thuusaud pounds without suspicion of buckhing or springing.
For those beanngs or primary fulurm ms whych are to take the
heaviest pressures tn the large gu. o6, tho sznps of matal are of
the finest sprieg steel, one tweantieth mchin thickoess and 4
1nches 1u width, and are pressed into thewr grouves with a load
of 18,000 pounds, though in use they would receive 4000 or
5000 pounds only. The greuater portion of tlus metal 18, as tho
leader will see from the ditfsrent drawings, fitmiy fixed 1n slots
cuting the beams. When tensiie struin 1s to come upon these
fulcrums, of course a much thiuner spring and a longer ono 18
possible, and, with the construction shown 1n Fig, 8, the an-
gular motion can then be mede as great as may be desired, and
with the other construction it can usually be made as great as
18 necessary.  In many constructions the thickuess of these
tuleruins for compressiun 18 reduced 1o as hitie as one tive.
thousandth 1nch, and for tenswu to as hitle as fifteen ten-
thousandths 1nch. By increasing the width, the amount of
streugih oltained can be rawed 1ndefinitely aud any load what-
ever supported.

Fig 1 shows the system of levers adopted for the pressure
guage w Fig. 4, where the motion between the pressure col-
umn A and thupoint of the ndicator 3 18 multtphied more
than 60,000 times, o that a movement ot the colamn ot less
than 1-100uth 1nch will give the 60 1nches reading at the powst
of the peedle where the arc s gradugted and divided 1nto a
tiousand party, each graduation being made by actual test.
This, we think, 13 the greatest multipircation by levers 1 so
stusll a ~pace uf whach we have any knowiedge. The gradua-
tion of tho dial by actual test elummnates several sources of
eitor which would thevretically be tound 10 ewploying the
usual wethods for graduauon. The method of operation of
these levers and fulcrums may be understood by reference to
Fig. 1, where the pressure commuunicated to the fuicrum biock
A s tansuitted by the tulerum to the lever B ; about 1.12th
of this 18 transfenied to the outer oud of the beam and to the
fulerum B, Tius 1n turn 1s commnuuicated to the lever ),
which atits vuter end transmits 1n & downward direction to
the resisting spring F atout 1-80th of the loed which it te-
ceives.  Tho spning F uses up by bending the eutire force
transuutted toat.  The motion through the fulcrums ¢ ¢ and
J /18 then transmutted through the rods Esee Fig. 4) to the
1ndicatoi-rod 8, and thus wdicates the entire amount of bend-
ing which has tesen place when the bending of the spriug has
brought it 1to equilibrium,

Buefly stated, ho method of messuning the load in large
plaifuim scales 13 to transimt a portion of the downward pres-
sure of the load to the weighing mechanism.  The load may be
supposed to be supported on a serics of diaphragms, whch,
through a system of pipes, by hvdraulic pressure transmit &
prruon of this pressure to otber simlar dsaphragms, whers the
resultant pressure 15 measured hy suitablo apparatus. In other
words, the principle of the hydrsulic press 18 wtroduced into
the weighing apparatus as a trausmitting mechanism, but the
coustruction is such 2s to make the apparatus frictionless.

l Fig. 6 shows what i,called » bydraulic support, and is oze
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of the members which primanly receivo the load ou a large
platfurm scale. It consists of a base A, in which is a circular
chamber, usually 25-10vu.h inch depth, which is filled with a
hiquid on which sits the pressure column B contained in the
protecting case U, to which 1t is secured against vertical motion
at the top by the dm{:hmgm D, eud at the bottom by the dia-
phragm E, tho latter buung the pressure diaphragm, which pre-
vents the hiquid from flowing out of its chamber when pressed
by the load put upon the pre-sure support. The diaphragm D
not vuly centers and retawus the upper end of the colamn B in
the suppott but seals the chamber around it from dirt, &c.,
thes cramber being inerely filled with air. A bell.shaped cap
F, recutves the load from the platform and protects the dia-
phragm D fiom njary. It teansmus the load from the plat.
form to the pressurs colamn B thiough the rubber block G,
which dues not act like a spung, asat is confined by the ring
H, but s=rves to transut the load to the columa B, and at the
same tuno permit lateral movemont and tipping of the cap F
caused by any beuding of the platform. The lijuid contained
11 the chamber | communicates through the pipe K, usually
5 1uudhs or 6-100chs 1nch 1 diameter, to a smalF sealed pres-
sure chamber within the weighing mechaniym,

Tins diphragm s of large s1ze, held firmly between surfaces,
and h s o total motivu tn, for example, a 50 tun testing ma.
clune of 1-4Uu 090.h 1uch.  For 1 pound the change or motivn
15 1-40,0u0,000ih anch.  The whole range of the first dia-
phragin s 1-1,00.000 wich.  The 1ndicating arm, oquivalent
to B an Fig 5, moves 1-100h 1ach fur each pound, and has &
total motion tu that particular case above aud below zero
amountiag to 1 6 1uth taches. The main diaphragm, in mov-
g displaces a column of water, which acts upon another or
secondary diaphragm receiving only a small fraction of the
pressure upun the primacy one. In this way very intense
strains are, by the simple dilference in the size of the dia-
shragms, reduced to come easily withun the range of the scale

eams to manage. In track scales and other scales where large
plavlurms have to bo supported there are usually a number of
prunary diaphragms, which are connected and transmit pres-
gure to a sories of smaller oues, which in turn act as a unit of
tie roal secondary disvhragm which actuatss the beam. The
pussibihity, thon, of reducing the weight to be measured at one,
of two steps to an amount which can easily be handled is an
immonse advantage, aud the fact that this redaction, instead
of belng made by weans of beams, i3 accomplished by a fluid
in small prpes, 18 a very great advintage. Practically, it
seems that thers would be no difficulty in placiog the platform
5, 10 or 50,000 yards away from the beam.

To givo an 1dea of the actual mechanism ofthe diaphragms
apon which the pressurs cownes awd the peculiar arrangements
necessary 1 order to eliminate friction, the reader will refer
to Figs. 8 10 12, Fig. 8 15 a tup view of a diaphragu and the
plates which support it. The diaphragm as used here may be
described as essentially a lat metallic bag of circular form. In
Fig. 9 1t 13 scen tn scclion boneath the part No, 82. The
circular grooves are fotied 1n the plate and in the diaphragm
stself, or, rather, wo should say the twoe diaphragms, and are
essential funtures. Tho plate 32 tukes the weight which is re-
sisted by the hiquid inclused between the dxaphragms.‘ There
1s & tendency to force il out thruugh the connection 221,
shown on a larger suale in Fig. 13, this tendeccy to displace-
ment varging with the load. Fig. 12 is the plate uncuvered to
show 1ts form. Iu order to hold this plate in place aund pre-
vent 1t from having any side motion, and cousesucnt friction,
a thin annular diaphrigus coouects it with the riug 31, which
18 also shown 1n Fiz. lu, This diaphragm 383 is shown on &
large scalo in Fig. 13, 84, 34 are 'the rings of solder which
hold 1t 1n place. Any pressure which is brought to bear upon
the plue 32 will, of cvurse, Le transmitted to the fluid in.
closes beneath 1t, and this pressure will at once })e transmitted
through the cenuecting-pipes. By using a diaphragm of &
smaller diameter, the pressure may be reduced to practically
any desired cxtent. Though there may be 100,000 pounds on
the lasge diaphragm, 1t is uut pecessary to havo ou the receiv-
ing diapbragm a load any larger than can be conveniently
handled. Tuo amount of reduction is, of course, determined
by tho ratio «f area of the primary and secundary diaphragms.
1f, a3 1n the caso dlustrated, the first diaphragm bas a dismeter
of 13 inches, the arca will be, say, 132 square inches, and if
the receiviug or secondary diaphragm bo 4 inches in diameter,
the pressure will be indnced approxiaately to one-tenth of the
oniginal amount ; hence, by choosing praper ratio of areas, the
pressure to bs dealt with is entirely within control. The im- ;
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yortance of this point can herdly be overestimated, In Fig.
138 one of the minor details of the system is shown, which,
rom its wide application in hylianlic work, is worth careful
sttention, In order to make tight joints, it is neceseary to
+xercise a great deal of care, and ons of the greatest difi uliizs
1w hydraulic woik bas been tha dificulty of havng pedfect fic-
tinga. Here the trouble with joints, &c., is avoided by a suu-
ple form of plug or nozzle, A very small portion of the ex
tieme point of & hemuspherical plug is flattened iuto a conical
fori, aud this takes & bearing at the extreme point on & coui-
cal seat.  Of course, the pressure within the tube tends to ex-
panid the metal and increase the tightness of the joint. The
metal is here condensed to the greatest possible degree by
hammering. The area of the pipe breing very small, the press-
ute to be resis'ed by the screw thread is light, and there is no
oecessity fur sccurate fitting.  Fig. 13 shows this part of the
npjaritus the full size. The actual pressure to he reduced hy
the acrew threals is merely nominal, and tight jints are ob-
tainable with very smull wrenches and a merely nominal
pres-ure.

We shall now attempt to shew how a system of diphragms
can be appled to the weighing of the work of a testing
machine, what means the designer has adopted to oblain a ma-
chine ent.rely fr e fiom back-lash when the specunen breaks,
Asshown in Fig 14, it will be s nt that the appratus consists
«f two parts. T.e fist is the machinery fuc putting stran
upon the specimen, whether of cutupres fon or teusion. In the
engraving the mchine is shown ex. ring a transvi r-e strn on
an I beam. Tu ats esseniiel teatu ey thus apparatas cunsists of
two screws carryi: g a ssraining buam, to which an hydraulic
cylipder s att.ched. This cvlinder furnishes the power fur
compresgion or extension. These screws are attached to a
frame in which a pair of beams are pliced to furnist the abut-
ments fur resisting the power.  Whether the strain i3 tensile
ot campressive, it results in compressing the gl in the hv-
draulic support between these beams, which counsiniute alier-
nately the plaiform and brd of the scale. The sicond part of
the appata us of the weighing mechani-m comprses o ay4ten
of levers and a scale beamn with suitable weighty, and o pres-
snre column with its diaphragms, to which the pressure exerted
in the testing n.uchine is trausfeired by a switable tube.  Tae
liquid in the support beiween the beams, being cotupressed, 13
forced ag inst the pressure diaphragm of the juessure columu.
The amount of force exerted Lete is then weighed, and the tu-
dication read from the siale beam and the porut-t which ts at.
tached toit. The realer should bear in mund carefully the
distinction Letwern the 1wo pieces of appiratus. QOue 13 1
and of it-ell essentially for testing. It gives no ndwations of

.the amuunt of strmn a) plied, and is a perfectiy independent

and disconnected apparatus. The other is an wdicating me-
chanjsin, and might be adjusted to a platform scale, a woighing
lock, a track scale, or, in fact, to a thousand and one other
uses if necessarvy, its office being solely 1o register or indicats
the smount of force exert-d upon the sy tem of levers whichat
contains. Although resembiing to & certain extont the oidi.
nary scale beam, 1t differs not ouly in the nature of its connec
tions, but a'<0 i the method of putiing on and teking off its
weights. This feature alone is entirely different from anything
of which we have any acconnt, and adds very materially to the
case and specd of weighing. Oue of the features which not
only in chemical, but alsv in Jarge balances, isivherent in Mr.
Emery’s system of weighing, is the fact that the motion «f the
luad 18 so small and the consequent momentum so nsignificant
that the beam or pointer can come to rest quikly without a
{ong series of vibraiions on each side of the zero.

In oider to enable the reader to understand the construction
f 1he apparatus, we have had a drawing made of the base of
the machine and fism. work, with portions Lrcken away to
show the more important teatures. Bearing in mind that
whether the stiains Lie thote of tension or compression — that
is, whether in an upwnsd or downward direction — they must
rezult in compressing the hiquid 1 the pressura support, the
teader is prejared to understand the method of ojeration,
The resis'ance, or the final abutment, is fourd in the finme F,
which is of cast iron end very heavy, Tuis frame surrounds
the two beamis E E, which constitute the bed and plsiform of
the scale, and Letween which 18 placed the hydraulic pressure
support. When the strsin takes an upward direction thess
uecu are forced sgainst the upper member of the frawme.

ben the pressure is downward they rest on the lower portion
of this frame. They have between them, iv the pressure sup:
gon, s pair of dia) hrsgms inclosing a quantity of fluid, which,

y means of the slender tube /, communicates witk the pres.

ANT@THE INDUSTRIAL ARTS.

371

sure column of the weig'ing apuaratus  Theso pieces E E are
surround-d by a yoke, B D C D, in which they are perfcrtly
fiee and with whith they have no rigid connection. The
strain of the loalis taken by this vutside yoko entirely, and
through it comnm nicated to the abutment pioces I E. “Thess
two pieces, wirth the disphragm between thom and its inclosing
rings, ate finished to such a thickness that they just fill the
spac - between the two membrers of the frame te within, say,
61000 inch  This is the maximam amount of wotion which
is prrmitted.  Having this arrang meut of yoko and abutment |

ivcen, it b comes necessary to hold it in position and prevent
1t from any lateral motion, and nt the same time allow it pere
fect freedom in a vertical direction.  This 18 aceomplished by i
a mo-t ingenious modification of the flexible plate or metal
fulcrams.  For eximple, the upper bean E is h-ld anl sup.
yorte-d 1o pusition and preveuted £ oin side motion by the thin
{)ars b5 The vert'cal motion is v small that the elasticity of
these apring bars b b allows it tu rise and fall with practically
no friction.

Similar fl.xible bars c¢, support anl fix in position the
lower scalo beam E again t horizoutal motion and allow free
dom of motion verticaily. ‘The yoke is in Like wmanner fimly i
fixe ! agaiust hotizoatal mntivn atats top and Lottom by four
pairs of spring plates, two of which, @ @ and &' &', at tie tup,
are attached at right ancles to each otlier tu the upp r Leam
A B uf the yoke and to the feaumie P, whide the other twa pairs
at th- bo tau e e and €’ &', alss at right angles to each other,
are .. d tu the luwer beum C of the yoke, aud to the frune F.
They ailow perfec freedom in g vertical direction, wh le ¢om.
pe'ling the whole muvable por fou to woik in o vendcad lise
A Lenin, Gy 13 Lolted to the Lotiom beamn C of the yoke, aud i
has ats two enls extonded belwesn two pais of fuitia] lo d
springs mark-d Zd. Tue yuke BC D D aud i coutained
soale baams E E being suspenled iu the air Ly the six paurs of |
fixing springs, s bolore meutivocl, is now carried firmly |
asminst the bean E E Ly the full pressure of the load springs
d o l)v nieans uf two paurs uf selfews Lot h\ re shu»\n' Olio pau-
of screwsa ting toapp'y the loul ol these springs L diu an
upwaid directs oy and the other in a dvwuward direction.
Whin the e springs sie made to bear upward agunst G, the
yoke 14 resting wearust the lower seals bean E, trannutting,
the lond of tho sptings & tuvugh the pressuro sipport to tie
upper beam B, which now beonies the be b of ths suale, wih
its outer ends restiny aguinst the frane F at the tip, while
the lower bram E acts &s a free pla for u, aad the ~wile is then
balanced ready for use with striins or tension. I stial.s of
cumpression or transverse Juads are desirel, the load :priugs
d d me tade to act downwurd vn the bean G, the uppar beam
E now acuing as the free platfurm, and the luwer beam E as
the bed of the scde. The acting area of the daplragu in
this apparatuy, where a strain ol 73 tous i3 to be exeried, is
18 6 inches iu diimeter,

As shown iu Fug. 14, the tesung machine is arranged for
transverse straing,  This i3 uccomplished Ly putting a heary
bar across ihe table A, which c.rties at its two enls suit.lle
supports with hemisphenicd beanogs on wiich the specunen
resis. The outer ends of these bas are suppoited by braces,

[——
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ona of which is shown in Fiz 14, The lower ends f these
braces enter the slot showa near the base of D in F.g. 16, Im

mediat-ly un.er the ram is shuwn a gauge fur readiug the de-
fl-ction. The cross-head which carties the hylraulic ram is
arranged n a very neal, but somenhat peculisr, manner. [t
18 carried by twa screws, the nuts of which have, Lo'h sbove
and below, a pair of g ai-wheels. A pair of intermediate gears
transunt the o fon Itom one to the o her, and the wlole is
moved up and down by means of & crank at the 1t Lund of
the macline. This crank, thicugh a pair of bevels gears,
warks the vertical =haft on the L ft hand side with its two
piniuns, thus revolving the nuts.  Tle shaft is provided with
the u-ual slot and feather. This mukes the matter of adjust-
ment for different length of specimens comparatively ea.y,
and, ot the ranie ine, simple. The (ylindar 15 a couble-act-

ing ore, and 1s connected with the force pump ty neans of
two telesiopic tutes, shown st the right h.nd side, snd con-
necting with the cylinder itself ly small bent copper pipes.
These telescopic tubes are autanged iu ruch a way that no
changes in the connectivns are needed sn any part of the siroke,
Fut extensiun a prcuhar form of jan tcrews into the bottom of
the pi-ton rod or ram, and slso into a hole in the beam A B,
Fig. 16. The weighing medhanism i'self consists of a weight
beam, somewhat similar to that shown in Fig. 4, with its judi-
cator rod and a series of suspension rods for carrying weights.
This beam in the s2ale shown is uot counected directly to a
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The Emery Testing Machine,—Fig. 16. —The Base Frame and Abutinents.
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pressure chamber in this machine is 1.20 that of the large one,
80 20 pounds on the platform A of the yoke gives 1 pound on
the column A of the scale beam B in Fig. 15.” The method by
which weights ave put on and taken off is in this case so entire-
1y movel and different from anything that has been employed
in ordinary weighing machines that we give it in detail. Fig.
18, ou a large scale, shows the weights with their rod. Therod
D carries on its front side a number of lugs, and is supported
by a plate from the beam, the suspension spring being shown
at the point marked D. The rods A and B also carry on their
faces a number of lugs, and are supported by the cross-head C
attached to one ond of a rod which is operated by a lever be-
low ; @, b, ¢, X uce the weights. The problem is to successively
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Emery Secales anl Testing Machines.---Fig. 13.-=Detuils of Dinphragm and Connections.

ressure column, but is moved by a lurge steel beam 2.5
1uches deep by 10 inches in width, pivoted with plate fulcrums
and moved by a pressure column shown at A in Fig. 15. Just
above tho block A is shown the case containing the small pres-
sure chamber which is connected with that in the support be-
tween the scale beams E T. The acting area of t{ns small

throw these weights upon the beam. This is accomplished by
a downward movement of the rods A B. The lugs not being
evenly spaced, this downward motion brings the top weight A
in contact with the uppermost lug on the rod D. If the mo-
tion is continued, B is next dro*)ped on the rod, and C follows,

In the engraving, g, &, ¢ have already been loft by the down
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Fi1g, 13—1. Diagram showing path of rays when viewing an object at an easy distance.
2. Object brought close to eye when the lens L is required to assist the eyc-lens
to observe the image when the object is maguiﬁf:%.
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F16. 13 ~Formation of a Iens from sections of prisms.
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Fi1G. 18.—Ancient Clcck Escapement,

P,

¥16. 20.~Dead-beat Escapement.

Fi16. 1g.—Cycleidal Pendulum.
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ward motion of A Bon the rod D. The weight d is bearing
not ouly on the center, but al<o on the side rads, and any for-
ther downward motion of A B would allow it to rest upon D.
The other weights would be in succe:sion depo-ited on the
central rod by a continuauce of the downward niotion. On the
front of the Leam there are three sets of these rods, each one of
them carrying a carefully adjusted set of weights, 10 in num-.

ber.  When all of one set sre upon the beam the next set is
wided, and so on, gradually fncreasing the weights until the
limit of capacity is reached.  The weights are arranged to add
tens, 1 undreds and th Is of | Is to the Lal load.
At the omiward end of the Leam, however, it is demirable to
put on st 1l greater weights, and Fig. 17 shows how these lnige
weights ars arranged.  As in the previcus case, there are 10 of
them, but they are carried by two sets of rods fastened to the
cross head C.” The rod D has arins projecting from it. One

pair of these armsis shown at its buttom just Lelow the |-

weights { and &. By the lowering of A B, the weight a is first
picked up Ly the rod D, then B follows, aud so on until ali are
carried by ). When the cross head Cis raised the weights
17+ hf.ed from D in areverse order. In the front of the case
which covers the bean four handles are scen. These hundles,
1¥ motion up and doxn, move, by means of levers, the weight
frames xud put on or tuke off the weights. At the same time
they Tuise or lower a seties of pointers, and thus indicate just
how many weights have been placed on the beam.  Instarting
to weigh, all the liandles are moved so as to Lriug the pointers
at zero.—Mechanics.

except over a very small area, and then only approxi-
mately fo.

If & vertical straight line were erected in London,
and points marked off upon the line at successive dis-
tances of one foot, and if level suifaces were drawn
through these points their form would agree generally
with the surfuce of the ocsan supposed smooth, and they
wou'd cut the mwore elevated portioun of the earih's sur-
faca in confour lines. But though the vertical distance
between successive sprfaces in London-was exact'y one
foot, it would be found that the distance did not
remain the same in other latitudes. At the poles it
would ba less than one foot, and at the equator more
than one foot, just as the earth's polar radius is less
than the radius through London, while the equatcrial
radius is greater. .

The law by which the distances between succesrive
smfuces would bhs regulated in the following:—The
work: done on & given portiom of mutler in fulling from
any surface to the next would be the rame at «ll puints,
and therefere equul to thut dune in fullng between the
same two surfuces in London,

Hence, where gravity is strong, as at the poles, the

Scicntific,
ELECTRICITY AND MAGNETISM.

BY PROF. W. GARNETT.

DEr. A surface is eaid to be level when a heavy body
has no tendency to pass from any one point to any
other upon the surface.

A honzontal plane is practically, a level suiface if
its diwmensions are small. Over an extended areaa
I»vel surface conforms 1o the geneial form of the eaith.
Thus a complete level sutfuce, drawn throug' wy
poiat, is approximately a spheroid whose cer o 8
coincident with that of the earth.

The test practically employed in order to determine

whether a suifuce is level or not consists in ohserving

whether 2 mobiie liquid has any tendeney to flow fiom
one poiut to auother of the surfuce. For this purpose
a spirit level is employed. A spirit level consists of 3
glass tube very slightly curved, and mounted witl its
convexity upwards. The tube is nealy filled with
spirit, leaving only a small bubble. The bubble xlways
occupies the highest point of the tube, that is, the
centie of the bubble Les at that point of the tube
where the tangent is horizontal.  If the in-tiument is
propetly mounted the centre of the babble will coin-
cide with the middle of the tube, however the instra-
ment tiay be turned in azimuth, 80 long as it lieson &
horizontal plane; but if the level is placed ca a plane
whichis not horizontal, the spirit will fluw towards the
lower end of the instrument, and the bubble occupy
the highest portion. Thus the tendency of a heavy
fluid to pass from points at a higher lovel 1o thote ata
low:r level is pract:catly wiilized to tist whether ormot
2 surface is & lcvel surface.

Spirit levels, as employed by carpenters, buildere,
&c., determine whether suall plane surfaces are hori-
zontal. As employed in the survey of & largs tract of

country the spint level enubles the survevor to fullow
& curved surface which coincides with that which
would be ths surface of still water—if water were pre-
sent—but which cannot be regaided as a plave suiface

dist between the successive surfaces will be small,
but where gravity is weak, as at the equator, the dis-
tance will bs proportionally great. As we recede from
the earil's surface, these local differences will dimin-
ish, and the general furm of the surfices will approach
more nearly to that of a sphere. .

If we dcfine a foot pound as the work dome by
gravity on a pound in falling vertically through one
fool to the sea level (Trinity high-water muk) in the
latitude of Loudon, thus making it an absolut-ly con-
staut unit of work, instead of a vanuhle unit as it is
generally dv-fined to ba, then the w..rk done on a pound
in fulling from one of our hyothctical level smifucos to
the next will be everywhere-a foot-pouud, provided
the surfuco to which the pound falis be that which
passes through the Trinity high-water mark in Lndon.

But if the distuncs between successive surfaces in
Loudou be in all cases a foot, the wurk done ona

. pound in falling from one surface to the mext will

d.minish a3 we aicend, in consrquence of the diminu
tion of gravity. Wu may, how:ver, so regnlate the
distancez between successive surfaces in London thst
the work done muy, in all casrs, be a foot-pound. The
distance between successive surfac:s will then inc:ease
as the intensity of gravity diminizh-s with increased
altitude, but the system of surfaces will possess the
simple property that a foot-pound of work will be
doue on a pound in fulling from each surface to the
next in succession, whatever be the loaslity in which
ths fall tukes place, and whatsver bs the elevation
in which the fall takes place, and whatever be the
elevation above the ses.

These surfaces may be numbered consecutively from
the sca level, which may be reganied as zero. Surfaces
below the sea lovel may have negative numixrs as-
signed to them. The level of a point lyin; on one «f
these surfaces will then be represented iy 1he nuwber
arsiguned to the surfuce, sud the l-vel of & point lying
between consecutive surfacas will be represented by a
frectional gquantity. On this system the level of a
point is represented by the number of foot-pounds of
work doue on a pound of work doue in falling from
the poiut to the sea-leve), that is the surface whoee
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level is zero. Lovels thus determined may be said to
be mensured with the foot-pound rule. ‘They diifer
from Jovols measured with the foot rule on account of
tho variation of gravity. On the foot-pound system the
the difference of lovel between two puints is equal to
the numwbe: of foot pounds of work done by gravity on
a pound in falling from the first point to tho second,
whether the points lay in the same vertical or not.

It should be noticed that the foul puund as above
employed is not the fcit-pound as ordinarily defined,
but is a constant unit not varying with the intensity
of gravity in different localities. We might have
drawn our surfaces £o that the work done on a gramme
in descending from each surface to the next was always
equal to one erg, and the set of surfaces would then
have corresponded to the C.G.-S. absolute system of
units.

If it is desired to measure the depth of a mino for
the purposo of estimating the cost of pumping water
from it or the height of a mountain lake, for the pur-
pose of estimatirg its value as a source of power, it is
clear that tho intensity of gravity ought to be taken
into account, and thus it is the foot-pouvd rule and not
the foot rule which ought, theoretically, to ho em-
ployed in the measurement.

A method (which is practically possible) of employ-
ing the foot-pound rule for the messurement of the
difference of level between two points is the following :
Sonnect the two points by a tube filled with water,
and attach a pressure guage, which registers in alsvlute
measure, to the lower end of the tube. The registra-
tion of the gauge will indicate the difference of level
between the ends of the tube on the fovt-pound system.

Henry Cavendish pointed out that electricity, in
many of its properties, resembles an incompresaible
fluid, so that there are many analogies between the
behaviour of electricity in conductors and of water in
tubes or other vessels.

If a heavy fluid tend to pass from a point A toa
point B, then A is said to be at a higher lovel than B,
If positive electricity tend to psss from ome point to
another, the firet is said to bo at a higher potential [or
electric level] than the second.

Electric putential is the theory of electricity what
level is in the theory of gravitation.

DEer. The potential f a conductor is its electric
condition with reference to its power of communicating
electricity to, or of receiving electricity, from other
conductors.

As thus stated, the definition of eleciric potertial is
similar to that of temperature in the theory of heat.
Bat, in tho caso of electric potentisl, we can do what
we cannot do in the case of temperature, that is, ex-
plain at onco how eleciric potential may bo estimated
quantitatively. In this respect electric potential re-
sembles level in gravitation ; we have only to replace
the unit of mass by the unit of electricity.

1f, when two bodies, A and B, are placed in com-
munbicativn, positive electricily tends to go from A to
B, then A is said to have a higher potential than B.
If electricity does not tend to pass from either to the
other the bodies are said to be at the same potentiai.
Hence when a conductor is in eleeirical equilibrivm it
must be at tho same j otential all over.

It is not usual to speak of the temperature of & point
in space, thongh a meaning may be assigned to the
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phrase. A poiut in space may, however, bave a defi-
nite electrical potential, whether thero is any matter
thero or not.

Der. The difference of potential between two points
is the number of units of wurk (ergs) done by eleetne
forces on the unit of (positive) electricity 1n passing
from the first point to the second.

Der. An equipotential [or level] surface is a surface
such that electricity has nu tendency to pass from any
one point to any other point upon the surfuce.

¢ To be continued. )

THE MOVEMENTS OF THE EARTH.—{(Nature.i

Another disgram (Fig. 32) will perhaps make it a little
clearer how this range on the retina is formed. At 4 Bis an
arrow , from it ray of light ate marked going to the thres
different points on the retina, But it will be seen that those
rays of light which come from the top of the arrow are, by the
action of these three medios, twisted downwards, and form an
image of the top portion of the arrow on a low part of the re-
tina. The rays of light praceeding from the bottom «f the
arrow are bent up, so that its image is formed on an upper part
of the retina. The Jight coming from the middle of the arrow
is not bent at all, acd thereby forms its image on a middle
pottion of the retina. This is the way in which the eye deals
with rays of light entering it. With this knowledge of the
optics of the eye, it will bs very easily seen how very wonder-
fully the construction of the eye has been imitated in a photo-

phic camera, The front lens is practically the equivalent
of those three refractive media of the eye, the aqueous and
vitreous humoars, and the crystallive lens; whilst the iris,
which in the eye serves to limit the amount of light entering
it, has its exact representativein the ¢ stop,”” which serves the
same end in the camera. The photographic plate is, it need
hardly he smd the counterpart of the retina, and has con-
scquently bean beautifully described as ** a retina which does
not forget.” Similarly there is just such an arrangemont for
focusing the light as exists in the eye. In fact a camera is
a rather better machine altogether than the eye, becauce the
range is greater, and the focusiug power 1s not lost as sge in-
creases. Therefore the artificial eyesof our camera are pever in
need of spectacles. .

1. How (plics enables us to Read Fine Ferniers.—This
knowledge, then, having been acquired, how is it to be utilised
for tha purpose of the measurement of angular space 1 It may
be utilised 1n this way. The reason that we caunot clearly
distinguish objects placed very close totheeye is, that the rays
of light which flow from them ate so extremely divergent that
the crystalline lens canoot focus them on the retina. Bat by
placiug between the eye and the object a donble couvex lens
of the eye, this extremo divergence 13 correctedy the crystal-
line lens is thas aided, and the rays of light are brought to a
focus, 2s shown in the lower part of Fig 12. Take the case of
a vernier whose divisions are 8o fine that they are not visible
at the distance of distinct visions, 'say about ten iuches.
we attempt to correct this Ly making the Jivisions appear
larger, by bringing the vernier close to the eye, we lose the
gower of focusing the rays which flow from it. Bat the intro-

action of a convex lens between thes vernior and the eye en-
ables the eye to see the division quate distinctly.

Of course the more nearer an object approaches the eye, the
more powerful must by the lens, in order that the c¢ye may
clearly see it. In this way we see that the simple addition of
a convex lens has ¢énormously increased our power of observing”
and measuriog small angles.

2. Ons can, however, go further than this, avd use not oune
simple lens, but & combination of lcnses. Bat before discussing’
the various combination of lenses which are employed in
various instrumonts, it is necessary to look s little more close-
ly ttan wo have yet done at tho structare and action
of our convex lens. Let us use s glass lens in conjanction
with an electric lamp. Then we way get an inage of
the carbon poles thiown on the screen, 1w exactly the
same way that the erystalline lens forms its iwsge
on the retina.  But there would be this important difference,
that while the image formed by the crystalline lens wounld
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be a clear and distinct ons, that formed by our glas. lens would y lens does not. Al}huugh a lens seems to be a very simple
be a very bad one ; instead of the poles of the electric arc being | matter, its structure is really based upon some very complicated
clearly and sharply defired, they would appeac w» of secnana, considerativns. 1 & section of it be taken it will be seen that

baze, and would be surrounded by coloured frunges of Lghy, and | ats sucface is bwlt up of sectivns of triangular pieces of gless, I
not much could be made of them. Why s thisc Wehad by | these tianguiai picees of glass being called prisms, and how I
experiment that this attempt to imitate the action of the eye by | they dual wath ihe dight atis very important for us to know. If
means of such & simple glass lens is an ancurrect way of proceed | wi feunt of the beam of light issuing from tl.¢ lantern a prism be
ing, the eye possessing certain qualities which the suuple gla.s | wterpused, st will be found that whilst part of the light is re.

Fic. 24.—Diagram explamning the formation of zu achromatic leas, A, crowa-glats prism., B, fi'nt-glus J:rism. of less %nglc, but giving the same amount
of colour; €, the two prisms combined, giving 2 colourless yet deviated band of light at ©”.

flected from its first surface another portion is refracted as it surrounded by a false glow, because it is dificult to give the lens
is termed, that is, bent ont of its original course by the prism. the proper curvature, and there is this power of dispersion which

Further, it not only suffers this deviation due to refraction, bat it
undergoes also what is called dispersion. In fact, where the
hght falls on the screen an infinite number of different colours
are seen, these forming what is called a spectrum. This isone of
the reasons why such a glass lens as we have used will not per-
form the finer work of the eye; the mmages of the po'es are

breaks the compound white light up inte 2 number of jtsdifferent
elementary colours. 1t is this power of deviation which the lens
possesses which enables 1t to bend the rays differently according
to their different distances from its centre, and causes them to
form an image at what is termed the focus of the lens.u The
rays of hight passing throngh the quter part of the lens undergo

Fic. 3¢ =Telescope. A, object-glass, SINng a3 1mage at 3; ¢, lens for magnilying image ».

more deviauon in order tkat they may be brought to a focus § persion ana but shght deviation, set to work agmnst glass
at the same pomnt as the otner rays. Now prisms which are y giving great deviation with but liwle dispermion, It 15 obviots
made of different matenai, anthough they «be of the same y thatitas quite possible by a_combination of that chagacter to
size and of the same ang:e, producc .dafferent deviauions | keep the aeviation and get rid of the dispersion, or to keep the
and different dispersions of the iight which faus upon them. | disperion and get rid of the deviation, as may be desired. By
Itns fact has been taken advantage of an the construction of | duing this an aruficial cye of great excelience may be made.
lense:.  Let vs take an dlustraton of the way in which | Suppose two different kinds of glass so combined as to form a
this bas been done. dwagine giass which gives a high dis- | prism, which shonld give a perfectly white image, Then the
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duwpersion wall have beea got rd of, and the deviation will have
been retained, and this is exactly what takes place in the modern
compound, or, as 1t 15 called, achromatic lens. By building up
a lens 1a this way we can get 2 much better image of the carbon

soles of the lamp than before. This compound, achromatic

ens, when used in a combination, is call .(he object-glass,
because it 1s pointed to the object. But when it is a question of
the combiaativn of lenses, there is somethiog else to be con-
sidered besides the mere formation of images. It is not enough
to consider merely this, because when we spoke of the action of
a convex lens in aiding ue to read the vernier, we found that if
an image was to be obtaincd the rays entering the eye must be
practically parallel. In that case the rays always come to a
focas at the same point, If the rays are not parallel, but diver-
gent rays. then their focus will vary with the varying distance of
the source of light.

In combining lenses together, thep, it is important to bear inmind
the fact that the rays of light which, after passing through the
lenses ultimately reach the eye, must be parallel ones, t us
consider that ement which obtains inthe telescope, Inthe
simple form of this instrument, A (Fig, 13), representing the object-
glass, receives the rays of light and forms an image of the distant
arrow, from which they are supposed to flow, in exactly the
same way that the lens we used just now formed an image of the
carbon poles on the screen. .

Thisim then, having been observed, the eye views the distant
object as if the object itself were glaced at B. ' Remember now
the way in which tixe ¢ye was enabled to read the vernier placed
close to it, and the action of the convex eyepiece of the telescope
will be very obvious, In just the same way as the divergent
rays coming from the vernier were grasped by the convex lens,
and rendsred paralle], so in this case the convex eyepicce of the
telescope grasps the divergent rays {rom the image, reduces them

FiC. 16.—Model of Blicrometer.

to the necessary condition of parallelism, and thus enables the-
image of the object to be clezrly formed upon the retina of the
observer’s eye.

We have, then, got so far that hy means of an vbject-glass we
produce an acrial image, and by means of 2 couvex lens we
can view this image under conditions which enable another
image of it to be formed on the reting. It is at once obvious
that we can do something more than this, for if we place a
concrete thing such s a cross wire at the same distance in
front of the convex lens as the aérial image, or, in other words,
at the focal distance of the object-glass, we sball see both the
aérisl image and the conchete thing, be ita cross wire or what
not, both fogether. Now imagine that we can obtain an acrial
1mage in this way of 2 star, and that side by side with this image
of the star we observe the cross wire, It is quite clear that if we
have any means of getting the cross wirs to bisect the irmage of
the sta. we shall have & much more accurate method of pointing
at the celestial body, and therefore cf measuring the argle
between two celestial bodies, than was possible on the oid system
of sight without telescopes,

Suppose this tclescope of ours to supplant the pointer of the
old instrument of Tycho Brabe, consider the extreme accuracy of
its observation as compared with that of the pointer in 1ycho’s
quadrant, and it will be seen how vystly the application of these
optical principles  has added ts the instrumental powers of the
astronomer,

3. How Optacs enables xs 20 Replace the Vernies by a Micromder.

power of accuratcly measuring munute angular distances of
space.

Fig. 14 shows a simple model which has been designed to
illastrate the principle of the instrument called the micrometes.
This instrument places in the hands of the astrynomer the poweg
of measuring with extreme accuracy the most winute distances.
It consists of two vertical wires, one, A, fixed, the other, 3,
movable by the rotation of a very perfectly cut screw, seen at C.
The head of the screw, D, is divided into 100 paits, and read
by means of a vernier to 1/1000ths,

This system of threads moviog over certain small distances
which can be accurately measured by meaus of a micrometer
screw, can replace the cross wiresto which we have just referred,
and there are two very notatle applications of this principle to
which reference must now be made.. When the object-glass is
used for astronomical purposes, it is naturally arranged to bring
the rays which fall upon it from a celestial body, and which are
practically paralle], to & focus which represents the actual focus
of the lens for such rays, and which is called the principal focus.
But it is not necessary that the rays which fall upon such a lens
should be parallel, The lens acts under other conditions with
this provito, that the more the rays divergs from the body in
front of it, or, in other words, the nearer the object is to it, the
greater will be the distance behind the lens of the point at which
the aérial image is formed.

~—But we have not yet done with optics. Its principles have
been applied in uh’u another manner, but stil!, like thees twro
applications which we have cunsidered, tending to increase the J

F16. 17.—Micrometer arranged for demonstration with the ekcinie light.

Here in 2 few words we have a statement of the arrangement
used in the microscope, and a moment’s thought will show that
such an armogement may te applied to the vernier instead of
the smzll lens, to which reference has siready been made. Nay,
we can go further than this, it may be applied to the circle itself,
and help us to measure small fractional divisions of its parts with
yet greater accuracy than is postible by the aid of the vemier.
The way in which this is managed is as follows :—The micro-
scope is turned towards the circle, so that its divisions may be
plainly seen in the field of view, and the position of the wire, oD, or
hetween any division may repeesent a certain position which is
te be measured by means of thecircle. The micrometer head
may now be used to tell us the exact distance in 1/1Q00ths ofa
revolution between the potition occupied by the wite in the first
instance, and the position of the wire when it exactly lies on the
next division. By determiniog, according to the gradaation of
the cirele, the number of Thousandths of as indicated byihe
micrometer which lie between exch division, it is obvious that
the exact angular distance between such a position and the
next division of the circle can be sccurately determined. Suck
an operation as this is called & *‘run,” and practically such »
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system as this is adopted 1 reading all large circles. But
when it is a question of measuring smaller arcs, the micrometer
may be uscd with the telescope 1tsel, its wires appeariog with
the image of the olj. ct in the feld of view.

A desetiption of un experiment will perbaps convey a better
idea of what can Le done in this way.  Fig. 15 represents the
arrangement  The condensing lens of the lantern having bheen
removed, the Ight is allowed 10 mupinge upon a lens, A, placed
at a slizht distunce fiom the Jantern.  Its action on the hight
causes a reverst d ituace of the poles to be produced in the air,
The light coming from this ituage is then made to pass through
anothir lens, 15 the reversal is cotrected, and & magnificed
image of the poles «f the cleetrie are is thiown upon thescreen.
The first Jens which forms the nmage may be regarded as the
ol ject glais of a telescope, whilst the other lens which throws
the magmfied nnage upon the sereen iv the counterpart of the
telescope’s eyeprece, ,N‘-w if at ¢, where the image is formed
m ar, the micrometer wires are placed, they, with thuimage
of the yoles, will apjear magmfied on the screen.

In thas mauner bodies appear with the wires in the fieid of
vision of the tele-cope, and therr diameters and the dimensions
of afferent j arts of themn may be most accurately determined.
Up to the prescnt time wo have been concerned simply with
accurately deternuning the positions occupied by the various
hadies which prople space.  But with this micrometer in the
field ot view of the telescape somethis g inore than this may be
dore. We may now determine seme miea urements vp ' the
todies whose josition« alone we have been considering us to
new.  Fornstanee, the image of a planet may be grasped by
the wires, oue wire bounding one limb of the planet, the other
wire lyn g along the otlur limb.  Then, knowing how many
complete turns, and 1 300th, and 1 1000th parts of a turn have
been grven to the head of a 8~rew 1n order that the wires may
be separated through su hia distaner, and knowing also the
val v of these divic ons 1n ceconds of are, the dizmneter of the
penet may be measured.  ln hke manner, the hesghts of lu-
na1 wenntams nay be ascertaimed by measuring the lengths
ol he chedows thiown by them. Or it may be a question of the
distance between two <tars close together,  The merhod is still
the same.  Oue star is made to lie along the movable wire, the
other 1s seens on 1he fixed one, and the distance through which
the wites ate separnted agiertained.  Having attaiued to this,
let us bring ont mquiry mto angular measurement toa close.

In passing, as we rhall in the soque), fron the measurement
of space 1o the n.essurement of ime, 1t will he found that the
difficulties have been grasppled with very much an the same
way. In this mensurement of space we began with simple in-
stiuments, aud oniy by a slow growth has tbo modern 1nstiu-
nent been amived at; yet norwnthstandaing the immenss
chavges that have taken pluce, the ponter aud circle of the
old mstiument arc stiil representea 1 the new, whilst the ver-
1T and mictona ter, st i proaminent, enub.e a degree of fine-
ness to be attained quite unpatalidded 1 the old days. But in
parsieg fiom these older msttuments, m which the arcle was
0 jrottalie it a feature, and the pointer so small, to the more
moden wstinuents, 1t will be seen that, although both are
stilt preserved, a greet change Las taken place. The pownter,
represented by the telescope, 15 the pronnuent vart of the in.
strument, winlst the ciicle 18 Indden away alinost out of sight.

II. Masurement of Tone.

It has been shown how, by the application of geometrical
and cpt col primaples, the messurement of angular space bas
been canied down to the 1.100th of a second of arc, such a
quant-ty beit g1.129,600,000th part of au entire circumierence,
and wheu st an accutacy s8 this bas bheels attaiued, and the
alttude or the azunuth ot the sun, or moon, or any other
heavenly body can be cotreetly stated with this exactitude, it
will be teen how snch bettes off 10 tho way of dufining posi-
tiong is the modern astrenomer tian was Hipparchus wal his
1 3ad, aud Tyel o Brshe witly his 1 4th of a degne. To do this,
honerer, in uot envugh. 1t 15 not obly necessmy securately o
define the position of a huavenly tody, it is necessary also to
kuow at what paiticulsr time 1t occupied that positien.  The
next thing 1o be done, then, is to see how far we moderas have
got in another kind of wrasureiucnt, no longer tke measure-
nent of arc—the measureruent of sngular distance—but the
mersuremeut of ime.

The messurciscut of e, however, 1s not quito so mmple 2
matler 3s was ti.e Measurcinent of space. A certain angular
weasurement of space, or the angulsr distance between two
Ledies, whetler that distance be s degree, or a minute, or a

second, 18 a very definite thing, baving a beginning and sn
end ; bat time, so fur a3 wo can conceive, has neither begin.
ning nor end ; so that the problem of the measurement of
time has to be attacked rather in a different way. Here
again it will be as well that the matter sxhould be studied his-
totically.

Whant more nataral thun that man having got the idea of the
flow of time, sheuld have begun to measure it by the flow of
water, or the flow of sandt The catliest time measurers were
really made in thi way ; water or saud being’ allowed to diop
from one riceptaglo to anothier. There were difficulties, how-
ever, i thus determinmg the flow of time.  In the first place
the thing was a.ways wanting to be wound up, so to spesk,
something wus wanted to continue the actien, and to piolong
it; and the fint appeal to mechanical principles was made
with that view,

The fint real clock put up in England was put up in Old
Palace Yard, in the year 1288, by the Lord Chief Justice of
that time, who had to pay the expense of it as a fine for some
fault be had committed, ~ Its construction was somewhat after
this wise. One method of dealing with the flow of time was to
call in the aid of wheelwork ; bat, as it woll known, if a weight
acts upon a train of wheels the velocity increases as the rota.
tion goes on. Therefore the acience of mechanics was called in
to supply some principle whieh could be apphed to prevent
this unequal velocity of a train of whrels. Consider the arran-
gement showa in Fig. 18,

The wheelwork traiu is capable of being driven by a falling
weight. Oun the sanic axis as the suiallest wheel, and therefare
the one which turns most rapidly, will be scen another wheel
provided with saw-like teeth. Then at the top is a weighted
croes bor, trom the centre of which a perpendicular rod,” pro.
vided with pallets, comes down to engage the teeth of the
pallet-wheel. Now suppose the clock to Le started. The w-igat
13 allowed to fall, aud the wheels, including the pallci wheel,
hegin to revolve ; then begins a reciprocating sction between
the swingrug tar and the wheel with wlich it ats, becauss
the pallets which act on the bar ag they are on either side of
the centre of motion reslly drize the bar first in one ditection
aud then in the other. Tiie tee h of the pallet wheel are con-
tiually coming into contact with the paRets of the swinaiug
bar. First suppose that one of the teeth has encountered the
upper pallet ; it pushes ths astle, and swings the bar in one
direction. No sooner, however, has this bren done than another
tooth in the wheel at the bottom of the Lar encounters the
pallet and swings it in the oppusite direction. 1n this way it
13 obvious that the bar is continnally meeting and being met
Liy'the teeth of the rotating whee), swinging first in one direc-
tion, and then in the othier, the result of this reciprocal action
bring to prevent the increase in the velocity o? the wheels
which would otherwise take place.

It 1s in this way, then, by the perlormauce at constant de.
finite intervals of an equally constant d. fimte amount of work,
that the regulatity of activn of the clock is produced. Tne
great T the distance of the weights on the cross-bar from its
ceutre of motion, the longer will the har take in swinging, the
slower will be the action of the clock ; so that the clock may
be regulated by alteniug the position of these weights, bringing
them nearer to, or removing them further from the centre of
motion of the bar, acconding as it is desired to hasten or retard
the action of the clock’s mechanism, Yet at whatever distance
from the centre ot motion the two weights be placed, assum-
ing always that theyare both at the same distance from it,
thete 13 siill thie coustantly recurring Petformauc», at cqual
intervals, of an equal amonut of work which produces the re-
gular action of the clock. Tbis was the kind of clock then
which was pat up i Old Palace Yard. tat that did not go
well enough, giving such inaccurato results that Tycho Brahé
had to discominue its use. Fortunately somne few yrars later
two most eminent men, Galileo and Huvghens, had their at.
tention drawn to thiy very problem. Tuc fint of these, Galileo,
was at that tme studying medicine.  He happened one Jay
to be 1n the Cathedral at Pua, where, it will be remcrbered,
they have a wost beautitul lamp which swings from a grat
Leight in the cathedral,  Galileo was at this time workiug at
that brauch of his medical studies which deals with the pulse,
and he looked ut this lamp aut found thay its swinging was
perfectly 1egular.  To.duy perhaps 1t may scem very nataral
thut this ebould be sv, but Galileo had the advantage of being
bielare uy, aud that is why it did uot seem quits so naturs! to
him. There was at that time no known rrason why it should
swing in perfect roguler rhythm. He found thatthe lamp when
swinging, 1o matter with what amjlitude, took practically the

{ Deveraler, 1888.
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same time for each swing, timin% it by his pulse. His idea was
that this would be an admirable method of determiving the
rate of a man'y pulss, and the first clock on this principle was
constructed from that medical point of view, being called a
Puldilogium.  Some years afterwards, however, the extreme
importance of such an arrangement from au astronomical stand-
point became obviour, and very much attention was given to
it. It is nnnecessary to add thatthis swinging body is nowadays
called a pendulum. The most perfect peadulum made 1 thos
early days is represented in Fig. 19.

The tundumen’al difference between that and tho modern
peudulum is that part of the pendulum between 8 and A was
elastic. 1t was made elastic for the reason that although Ga.
Jil 0 could not find any differvnce between the times of the
oscillations of the lamp in Pisa Cathedral, according as its
amplitude of swing wag large or small, yet suh a difference
dill exist, although it was only a slglt one; and the only
method of getting & perfect pendulum which should make its
sing in exactly equal times, inlependent of its ar- of ascilla-
tiun, was to construct thns so-callod cycloidsl pendulum. It
was £0 uamed because in its gwing its elastic portion was held
by the curved guides seen in the figure, and made to hend in
thit varticalar curce, By this means the pen fulum insread of
swing'ug throngh the are, K U R, was ade to oscillute through
DU L. Butwhen the pendulum was at the points v and 1, it
was practically a shorter pendulum than when at re-t. In other
words, whilsy the pendulum was swinging from U to » aud
from U to 1, its curvature, and conceguently it« vihe.ting
length was coutinually changing {u thu way, uy continn iy
varyiug the length of the swinging part, it was found possible
to make a pendulum which, iudependent of the length of its
arc of osuillation, would make s swing in times winch for all
practical purposes were absolutely equalm length. That was the
most perfect pendulum of that time.  No vadays, the eyclordal
pendulum has been replaced by one which swings throush a
very smull are, and the coutinual shortening duriug the «seil-
lation in the cyclondal pendulum is by this means dispsnscd
with, whilst the fnction also being mach reduced, there 14 less
mtetference from that source. With tuis very small swing the
diff. 1ence botween the are of the circle descraved and the cy-
clord 1n which the cyloidal pendulum swaug s practically -
distinguighable,

The great difference between the modern clock and the an-
cient one is that in the former the pendutum is intesfered with
as Jittle as possible whilst swinging, and makes each swing
under precisely sumilar conditions, To attain this is to have
done mucli. In the first place, if the clock has a heavy weight,
that weizht will probauly iutetfere a good deal with thie swing-
g of the pendulum, ‘The clock weght, dierefure, must be
as light as possible.  Secondly, if the wheelwork is slways in
contact with the pendulum, this also will imterfere with its
free aud natial muvement. There mu-t be, then, suh an
arrangemenit that she wielwork shall be brought into con'act
with the pendulum only for the shortest possible time. Tuily,
it must e Temembered that the different subs ances wiich 1t
is most convenient to ase in the ¢mstraction of p-ndulams,
vary their dimensions with the variations of the temperature
and mojsture of the air in which they are placed, a . great
care must be taken to eliminate any errors which wixhe arise
from such a rource. How ure these vanous conditions complied
with 1 The first, that the cluckweight must be small, is not
difficult to adhere 10 ; but it will be well to consider the wayin
which the second coudition, that the action Letween whetl-
work and pendulum shall Le the least possible, is inet. This is
dope by employing what is ciled an escapement. It is so
named becau-e the penduluin in its swing is allowed to es~ape
fiom the wheelwork, and thus rtain a perfect freelem. ine
perticular form of escajement about to be described is that
whith, for a reason that will appear immediately, is called the
dead-beat escapement (sve Fig. 20).

The escape whecl is the modem representative of the toothed
wheel of the old elock, whilst the projections w anid » aro mo-
difications of the pallets on the swinging bar in thit instru-
ment. Let the pendulum move in the direction of the arrow.
The tooth T hag Just been released, thus permitting the too h
V 10 enguge the other pallet D.  Now whilst the touth remains
on the pullet, the escape wheel remains Jocked, while the pen-
dulum ix quite free to swing, there beirgnothing toretard
it save the very siight friction between the tooth and the sur-
face of the paliet. The rotation of the escaps wheels, however,
hriugs the tooth on to the oblique ed.e of the pallet, nud with
it in this position the pendulum ig aided in its torward swing.
Then the pallct e:capes, recorving an impulse, but since this
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ig received almost as much before the pendunlum has reached
its vertical positinn ay after it has passed that point, no in-
ctease or diminution in the time of its oscillation takes place.
It 13 in this way that the secoud of onr conditions is complied
with, the wheelwork being ff ctually prevented f-om interfer.

itgg with the regulurity of the pendulum’s swing. ltis called
the dead-beat cscapement, because when the tooth falls on the
citeular portion of the pillet and locks the escipy wheel, the
second hand fitted to it stops dead without recoil, because
the are of the surface of the pallet is atruck from the centre
ol motion. In an astronomical clock a still more modern form
of escapemont, called the gravity eseapement, is sometimes
ewyloyed. X
(To be zontinyed )
——P— e
THE GENERAL THEDRY OF THERMODYNAMICS,

The fitst of six lectures on Hear in 17s Mecnasicat
Avruicvrions, wis delivered on Thursday everng, the 15th of
Nuevemb r, befure the Instatution of Civil Bugineers, (Eng ),
by Professor Osorse Reviorns, M.A,, F.R 5. the subject being
“The General Theory of Thormodynamies.!”  The following
i8 an abstruct of the lecture :—

Thermodynamics was a very diflicult subject. The reason-
ing involved was such as condd only be expressed in matha-
tical language ; but this alene would not prevent the Jeading
facts and fentures of the subject being expressed in popular
lnngn gze The physical theories of astronomy, hght and sound
involved even more mathematicud com; lexities than themo-
dynamivs, but thes: subjects have been rendered popular, and
this to the great improvement of the theories.

What rendered the subject of Thermodynamics so obscure,
was that it dealt with a thing of eutity (heat), which, although
its cfivets couud be rccogmized and measured, was yet of such
a uatise that its mude ot vperution could not be pereeived by
any of cw senses Had o cks been a work of nature, and
bad the mechanism been so sma’l that it was absolut: 1y im-
prrceptible, Gaileo, instead of baving to juvent a machine to
pertarmn o definite fuudtion, would have hat, from the ob-
served mution ot the hauds. to have discovered the mechanical
prinuplos and actions volved. Such an effort would have
been strictly paratlel to that required for the discovery of the
mechanieal principles of which the phenomena of heat were
the 1esult.

In the 1magined case of the clock, the discovery migh' have
been wid. 1o two ways, By the sccutific method , frum the
olsurved matiun of the hands the fuct that the dock depended
utt s unform sutermttent wotion, would h e lea to the dis-
corery of the priudiple of the undoimily f the period of
vibrating bodies, and on this praaple the Whole theury of
dynanics might Lave teen foraded,  Sth a theory of me-
chanivs would have been as obsctue, bt not e obseure
than the theary of the thcimodysamios tasod on its two laws.
But there was avothed e thod ) and st was by this that the
theo.y of uyuami s was brought to light——to mvont an artifi-
cial clock, theaction of whiucn conld besesn. 1t was from the
actuil pendulum that the prindples of the constamy of the
penods Soscudating and 1eveiving bodies were discovered,
whence folluwed the dynamncal theuries of astrunomy, of light
and of round.

As vegatrd, d the action of heat, no visible mechameal con-
trivanc ¢ was d scovered which would attord n xample of the
wechanical punciple and motions mvolved so that the only
apparent method was to discover by experiment the laws of
the action of heat, and to accept them ax axiomatic laws
without forming uny mental image of their dynamiial ongin.
This was what the prescut theosy of thermodyunics pur-
ported to be.

In this torm the theory was purely mathematical and not
fit for the subject of & lecture. But as no one who hind studied
the subject donbited for onc moment the mechanienl origin of
these lansg, Professor Reyuolds would be following the spirit
if not the setter of his subj.ct if he introduced a conception
of the mechanical actions fiom which these laws sprang,
‘T'his he should do although he doubted if he shuuld have so
ventuted, had it not been that whil - considering this lecture
he: hit upon cer'ain mechanical conttivances, whieh he wanld
cull kinetic-ungines, which aflorded visible cxampies of the
mechanical action of heat, in the .ame senge as the pendulum
was & visible exiomple ot the sune principles as those in.
volved in the phenumena of light andsonnd - Such wachines,
thanks to the ready help of Mr. Foster Lis assistant in con-
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structing the apparatus, he should show, and he could not but
hope that these kinctic engines might remove the source of
the obscurity of thermodynamics on which ke had dwelt.

The general action of heat to cause matter to expand was
sufficiently obvivus and popularly kuown ; also that the ex-
panding matter conld do work wus sufliciently obvious. But
the part which the heat played in doing this work was very
obscure,

It was known that heat played two, or it might be said
three, distinct medhanical paits in doing this work.

Tlese parts were :—

1. To supply the energy necessary to the perfurmance
of work. .

2, To give to the matter the elastic ity which enabled
it to expand—to cunvert the snert watter snto ah acting
machine,

3. To convey itselfy 7.e, heat, in and out of the
matter.

This third function was gencrally taken for granted in the
theory of thermodynamics, although it hadun important place
in all applications of this theory.

The idea of making a Kinetic-engine which should be an
exemple of action such as hieat, had no sooner occurred to
him than various very shuple means presented themselves
Heat was transformed by the expansion of the matter caused
by heat,

At first he tried to invent some mechanical arrangement
which would expand when promiscuous agitation was im-
parted to its parts, but contraction scemed easier—this was as
good. All that was wanted was a mechanism which would
change its shupe, dving work when its parts were thrown into
& state of agitation,

In order tu ruise & buchet frume a well either a rope was
pulled or the windbass wound—such & machine did not act by
promiscuous agitation, but 1t the rope was a heavy one (a
chain was better) and 1t was sade fust at the top of the well
50 that 1t Just suspended the bucket, then s 1t was shaken frum
the top waves or woggles would run down the rope until the
whole chain had assumed @ continaally changing sinuous
form, And siucethe rupe could ot steetch, it could not reach
80 fr duwn the well witho its sinuosities as when straight, so
that the bachet would be sumcwhat gaised and work done by
promiscuous agitation The chain would have changed its
mechanical charact r, and trom bewng a egad tic in o vertieal
direction would pussess Kinctie clastiaty, e, clastivity in
virtue of the motvn ot its parts, causing it to contract its
vertical length against the weight of the budket.  Now it was
easy to see 1n s wase that to perform thie operatiun, the
work spent in shahing the rope pedutued two parts of supart-
ing cnergy ot motiun to the chun aud aising the budket, A
certain amount of chicizy of agitativn 1 the Jiin would be
necessary to cause it to raise a bucket of a certain weight
through a certain distance, and tie selation which the cuergy
of agitation bore to the work done in raising the bucket, ful-
lowed a law, which it eapressed would cotuende exactly with
the sceond law of thermody namics.  The cucigy of agitation
imparted to the chiain was virtually as much spent as the
actwal work 1 raising the buchet, that 1s to say, ncither of
these energies could be used over again.  If it was wanted to
do further work, the rused buchet was tahen off, and then to
get the chain down again it must lee ullvsed to coul, e,
the agitation must Le allowed to die out. then attaching
another bucket, 1t would be neeessiry to supply the same
energy over again,

He had other methods besides the simple chan, which
served better to illustrate the lecture, but the principle was
the same.

In one there was & complete engine with a working pump.
By mere agitation the bucket of the pump rose, lifung 5 1bs.
of water 1 fout hugh, before it would mahe anvther strohe the
agitated medium muast be covled, 1. e, the energy which caused
the elasticity must be tahen out, then the buchet descended,
and, being agitated again, made another stroke.

He felt that there was a childish simplicity about these
kinetic-engines, which might at first wise the feeling of
# Abana and Pharpar ' in the minds of some of his hearers.
But this would be only till they reabzed that it was not now
attempted to make the best machine to raise the bucket, but
a machine that would ruse the bucket by shaking, These
Kinctic-engines were no mere illustrmtions or analogy of the
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action of heat, but wero inetances of the action of the samo-l
principles The sensiblo cnergy in the shaking rope only
differed from the cnergy of heat in the ecale from the
energy of heat in o metal bar  The temperature of the bar,
ascertained from absolute zero, measured tho mean square of
the velocity of its parts multiplied by the weight per foot of
the chain, really represented the energy of visible agitation in
the chain.

The waves of the sea constituted a source of energy in the
form of sensible agitation; but this encrgy could not be used
to work continuous one of these kinetic-machines, for exactly
the same veason as the heat in the bodies at the mean
temperature of the earth's surface could not be used to work
heat-engines.

A chain attached to a ship’s mast in a rough sea would
become elastic with agitation, but this clasticity could not
be used to raise cargo out of the hold, because it would be
a constant quantity as long as the roughness of the sea
lasted,

Besides the waves of the sea, there was no other source of
sensible agitation, 8o there had been no demand for kinetic-
engines. Had it been otherwise, they would not have been
lett for him to discover——or had they been, he might have
been tempted to patent the inventions But there had
been a demand for what might be called sensible kinetic-
elasticity to perform for senxible motion the part which heat-
elasticity pecformed in the thermometer,

And it had not been left for him to invent kinetic-mecha-
nism for this purpose, although it might be that its semblance
to the thermometer had not been recognized, The principle
was long ago applied by Watt. The common form of gover-
nors of & steam engine acted by a kinetic-clasticity, which
elasticity, depending on the speed at which the goveraors
were driven, caused them to contract as the speed increased,
The governor measured by contraction the velocity of the
cngiue, while the thermometer measured by expansion the
velocity in the pacticles of matter which surrounded it; so
that 1t cuuld nuw have been seen that Liaving to perform two
operations, the one on a visible scale, the other on a molecu.
Iar scale, the same class of mechanism had been unconsciously
adopted in performing both operations

The purpose for which these kinetic-engines was put for-
ward was not that they might be expected to simplify the
theory of thermodynamics, but that they might show what
was lLeing done. The theory of thermodynamics could be
deduced by the laws of motion from any one of these kinetic-
cugineg, just as Rankine deduced it frum the hypotheses of
molecular vortices.

Nothing Lias yet been said of the third part which heat
played in performing work, uamely, conveying heat in and out
of matter. It was an innovation to introduce such consider-
ations into the subject or thermodynamics, but it properly
had a place in the theury of heat engines. It was on this
part that the speud at which an engine would perform work
depended.

The kinctic-machines showed this. If one end of a chain
was ghaken the wriggle ran along with a definite speed, so
thut a definite interval must elapse before sufficient agitation
was establishied to mise the bucket , further, an interval must
clapse before the agitation could be withdrawn, so that the
bucket might be lowered for another stroke. ‘I'he kinetic-
machine, with the pump, could only work at a given rate.
He could increase this mate by shaking barder, but then be
expended more energy in proportion to the work done. This
exactly corresponds with what went on in the steam-cngine,
only owing to the usc of scparate vessels, the boiler, cylinder
and condensers, the conuection was much confused. But it
was clear that for cvery H.P. c32,000,000 {t.-1bs. per hour)
15,000,000 ft.-1bs. had to be passed from the furnace into the
builer, as vut of the 15,000,000 no more than 2,000,000 could
be used for work, the remaining 13,000,000 were available for
forcing the heat into the boiler and out of the stcam in
the condenser, and they were uscfully employed for this pur-
pose,

The boilers were made as small as sufficed to produce
steam, and this size was determined by the difference of the
internal temperatures of the gases in the furnaces, and the
water in the Loiler; and whatever diminished this difference
woul.l necessarily increase the size of the heating suriace
requited, 1.¢., the weight of the cngine. The power which
this difference of temperature represented could not be used
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. in the steam-engine, so it was usefully employed in diminish-
! iny the size of the engine.
Most of this power, which in the steam engine was at least
. cight times the power used, was spent ingetting the heat from
© the gases into the metal plates, for gus acted the part ot con-
; veyance far less readily thuun boiling water or condensing
steam, If air had to be heated inside the borler and cooled
, in the condenser with the same difierence, of tempemture,
. there would be required thirty or forty times the heating sur-
; faco—a conclusion which sufliciently explamed why attempts
, to substitute hot air for steam had failed.  In one respect the
i hot air engines had an advantuge over the steam-engine,
Daring the operation in the c¢ylinder the heat was wanted to
[ be kept in the acting snbstance ; this was ¢asy with air, for
| it was such a bad conductor of heat that unless it was in a
| violent state of internal agitation it would lose heat but slowly,
l although at a temperature of 1,000 degrees and the cylinder
|
]
i
|
|

cold.
Steam, on the other hand, condensed so readily that the
temperature of the cylinder must be kept above that of the
; steam. It was this fact which hmited the temperature at
which steam could be wsed, Thus, while hot air finled on
account of true economy, the practical limit of the economy of
steam was fixed by that which a cylinder would bear. T'hese
facts were mentioned because at the present timo there ap-
peared to be the dawn of substituting combustion-cngines in
place of steam engines,

Combustion-cngines in the shape of guns, were the oldest
form of heat-¢ 1igine.  In these, the time required for heating
the expansive agent was zero, while they had the advantage
of incondensible gus in the cylinder, so that if the cylinder
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RINGED ADDERS CREEPING OUT FROM THE EGGS, IN THE BERLIN AQUARIUM.—(Se. Am.

was kept cool it cooled the gas but slightly, although this was
gome 3,000 degrees in temperature,

The disadvautage of these engines was that the hot gas was
not sufliciently covled by expansion, but a considerablo
amount ol heat carried away might be used again could it be
extraeted and put into the fresh charge, to do this, howover,
woutld mtroduce tho difficulty of heating-surfaco in an aggra-
vated form, However, supposing the cannon to have been
tamed and conl and oxygen from the air to be used instead of
gunpowder "Thermodynamics showed that such engines should
still have a wide margin of economy over steam-ongines, be-
sides the advantagze of working with a cold cylinder and at an
unlnmited speed.  The present achievement of the gas-engine,
stated to be sowe 2,000,000 ft.-1bs. per ton of coke, looked very
promising, ard it was thus not unimportant to notice that
whatcier the art difficulties might be, thermodynamics showed
no barrier to further economy in this direction, such as that
which appeared not far ahead of what was nearly accomplished
with steam-engines.

But however this might be, he protested against the view
which seemed somewhat largely held that tho steam-engine
was ovnly « semi-harbarous machine, which wasted 10 times
as much heat as it uscd—very well for those who knew no
science, but only waiting until those better educated had time
to turn their attention to practical matters, and then to give
place to something better, Thermodynamics showed the
perfections not the faults of the steam-engine, in which all
the heat was used, and could only enhance the admiration in
which the work of those must be held who gave, not only
the steam-engine, but the embodiment of the science of
heat,
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Tnucntions and [Piscellaneous
Aates.

COMBINED TRIANGULAR AND SUSPENSION
BRIDGY TRUSS.

A paper by Mr. E. Thatcher describing a Combined
Triangular and Su penwron Biwdge Teuss, and comparing its
co+t with that of the Warr. n, Preatt, Whipple, and Howe Tiusses
was read at a recent m etingof 1he Am. 3)¢. ot Civil Enginecrs.
The author presentel diavings unl descriptious ol u  truss
formed by a combination of tho trianguiar and suspension sys.
tems, the primary svstem being composed of top and hottom
chonis and a web of strats and ties arranged in the form of
triangles freo to change figure unler the effects of temperature,
The centre ties extewl each over not less than two panels and
aver uot tnore thant the numbar i Linlf sping less one, A care-
ful analvsis was presente Lot the atrains i these badges § and
tables was aleo g.ven showing the umtwm hve Dhads which
may be substitu ed for the wheel loads of the lea ling tvpey of
10 wh-el and cousolulation engines in spans ranging fron 10
to 500 feet,  The wiiter dis woned the defeets of varims forms
of bridge tiugs compated with what were consilered the sdvan.
tazes of the patticular trus deserited in the paper.  He also
presented egtimates of the cost of bridges built unon this prin-
ciple as compated with the cost of the Wa-ren, Peitt, Whipple
and Howe trisses, deducing a lower result for all spaus buile
by thus methonl,  H- preseuted eompurative estunates as to
the economy of biidges buult entue y of iron ascompured with
those hnilt with the combimation of wool and iron, with the
result that the ultimate cost of the combination bridge was
considerably Jower than the other.
g o

FUSIBLE SAFETY BOILER PLUGS.

These handy contrivances are in general u-e, their office
being to give notice of lowness of water that my be danger-
ous. ‘They -cusually mude of “comnposition — hrass—quite
haid, and have a drilled hole from end to end, the entire
length being suflicient to pass throush the shet of the boiler
and project ar enough b: youd the inside surfice to be ahove
the sediment orseale.  The lower end is formed into a bolt
head, and the shank is threaded and is screwed into a tapped
hole overthe fue-box, in the crown sheet, The Locomotive
sustaing tee rule of the United States Steamboat Inspertion
service as to the fusible filling, which shall be of pure Banca
tin.

To this filling there m iy be oljections, and possibly objec-
tions may be found to any fusible composition, It is possible
that the expericuee of engine 1s, as accumuiat: d, proves that
«life” of casily fusible metals is dertioyed under certain cir-
cumstances, At all events, it can be readily substantiated by
facts that casily fusille plugs bave refused to act under the
the most exadting drcumstances afier having been in use two
years—sometimes less

There is a remedy in removine and refilling the safety plug
once in six munths or once a year. But perhaps a bidter
rethod would be to discard the use of inass—composition—
and substitnte wronght-iron, of & similat character to that of
the boiler plate  Lin1s the core to be tused. It issurronnded
by brass, a compound of wich tin 38 an important compo-
nent.  With the action of heat theremay be a chemical action
that destroys or impairs the fusibility of the tin ; expericnce
scemns to point this way.

The recommendation of the Locomotive that the core for
recerving the fusible filling should b tapered from the nside
of the boiler to the outside of the plug, the larger diameter
being inside the boiler, is a reasonable one, and will commend
itself to engincers.
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TaE picreing of the Arlberg Tunnel was unexpectedly com.
pleted on Teuesday afternoon last week, In length the new
tunnel rauks third among the great tunnels of the world, its
length being 10,270 metres, while the Mont Cenis Tunnel is
12,328, aud the St. Gothard 14,900 metres. DBut whils the
excavation of the first Justed 1o Juss than fourteen years and a
half, and that of the second abouy cight, the Arlberg Tunnel
will have taken, when vaulted und ready to receive the first
locomotive, not more than four years, thavkatothe experience
acquired during the coustruction of the first two Alpine tun.
uels, and to some inuovations which constitute apother impor-
tant step iu the art of engineering required for the construction
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of large tunnels, The engineer of the 8t. Gothard Tunnel
introduced dynamite for blowing up therocks, already pierced
through by the boring machine, which useful tool was natu.
rally not Xistegnrded in the construrtion of the new tunnsl,
It wasali ouly natural that the Ferroux penussion boring
machine, first introduced at the Mont Cenis works, shauld be
again employed, under the supervision of the inventor himself,
who in the mean time had considerably improve:l his powerfut
bortng instrument ; but tnis time the Brandt turning borer,
fiest employed at the works of St. Gothard, was allowed to
compete with the Ferroux percussion borer, the former being
used in boring on the tunnel’s westorn sile, and the latteron
the eastern. To this end, several strenins from the heights of
the snow-crver~d Arlberg were gnthered on the eastern side
into reservoirs from which two turbines and thrao water col.
umns were directed to the mrchines, which compressed the air
to five atmospheres, with which the Ferroux borer was worked ;
while on the western side pumper water was pressed through
mpes to the tension of over a lundred atinnspheres, to work
Braudt turning borer, which cuts eylindrical blocks of rock
from the mountaing, The eastern entrance to the Aribery
Tunnel —uamely, St. Anton—is 1300 metres ahove the level of
the sea, while the western entrauce is only 1215 metres, by
which difference a zooll ventilation of the future railway tunnel
seems secured. The vaulting and all other necessary works
will be finished at the latest on August 1, 1884,

JoixnTs o SANATORY Pipes, xrc.—Tnsteud of the rocket end
usually attached to pipes, Mr. A. B Wren, makey his cylindri.
cal, or rectangular, throughout their entire length. To form
the joint, the end of one pipe enters the other forabont an inch.
For about an inch froi 1t+ extremity one end of the pipe is re-
duced to ahout half its thickness by removal of substince from
its exterior. Siwmilarly, for about the length of an inch from
the other extremity of a pipe, it is reduced to about half its
thickuess by removal of substanca from the interior. The ine
terior aud exterinr angles thus formed by the removal of sub-
stance are shightly roundad, to facilitate the opening of the
joint wheu uecessary. One end of a pipe heing introduced
1nto the end of auother, the joint is sustained, held frwmly in
p sit1o 1, and rendered water-tight by a bandage of canvas, or
other smtable material, well saturated with tar, paratlio-wax,
or other suitable matenal, stretched tightly rouud it. The
Jomnt, when u-ed for sanatory or other pipes for conveying
water, ia further strengthened by being coated wide plastic ce-
ment, or other suitable material,and a collar pips drawn
tightly over the cemented joint. A hole may be mude at the
top of this collar, for the admiwion of plastic mnterial if
thought desirab:e. When used a8 & joint for electric wire
conductors, the collar 13 dinided longitudinally into halves,
One half is placed under the jnunt to prevent tipping, the
other half being placed over it tor protection, aud no cement
18 requued.  Wheo examination of the electric wire may
be required, the upper half is removed, & sharp knife passed
along the joint separates the bandage, and the joint is opeuned,
After the examination the joint is clo.ed, a fresh saturated
baudage applied, and the half collar replaced.

BESSEMERIZING COPPER MATTEY, — Pierre Manhés clrims to
have overcome all the difficulties in Bescemetizing copper
matte, and to have charge of au establishment which 1+, at the
present time, successfully waking copper on & comuercial
scale. He melis the ore in a suitable cupola furnace, casting
the matte pro luced iuto a Manhés converter, when, under the
action of » high pressure blast, it is rapidly trausformed iato
98 070 10 99 070 black copper  Tne M inhés works consist of
three cupolas of twenty-five to thirty tous’ capacity per day;
two small cupolas for remelting the matte 11 case of need ;
three Mauhés converters, treating a ton and a haif of matte at
cach operation, aud each making tweuty-two to twen-
ty-four operations per day; and the necessary blowing-
engines. Manhés claims that cost of labor is reduced to a
minimum, because operations last only a few minutes, and
large quantities of metal are haudled. The cost of fuel is low ;
becausv uo fuel iy needed to brini the matte forward to black
copper, except that used (or the blowing-engine. The saving
1 cost over the Welsh or Swansea process, according to local
couditions, is from 50 0;0 to 75 0,0.

ECONOMICAL PUMPING-ENQINES.—Mr. C. T. Porter reports
the duty of the Gaskill engines at Saratoga as 106,000,000
pounds, raised one foot high, per 100 pounds of hand.picked
coal. The Corliss engines at Pettaconsett, Providence, R.1.,
gave a duty of 118,271,000 ; and the Pawtucket engines have
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an average, for the year 1832, of 118,500,000. The slip of
valves iy reduced to one-half of one per cont.

EcoNoMY oF sTEAM-BOILERS. — William Kent reports, to the
American socrety of mechanical engineers, the results of a so-
ries of tests of fuels in various ways, and under various forms
of boilers. He gives the following as relative values of fuels
deterwived by burning under the Babeock & Wilcox boilers : ~

Welsh bitum....... veresesssssersssce 108.6,
Scotch bitun,evcoe tesasesecesocessee 109 5.

Cambria, Penn,, semi-bitum,ceeeeeeiese 9.8,
Pirtsburgh, Penn., bitum,... 99.5.
Ohio bitum ..iveeieeereonse 84.9.
Vancouver's Island..coveveveesnsrevess 85,7

PREVENTING THE FREEZING OF WATER IN WATER CLOSETS:
According to this invention, the inventor, Mr. J. W. Blakey»
applies a 1eceptacle or box at any suitable or convenient posi-
tion between the water main and the point where such water
is discharged, and fills the receptacle or box with rock or
other salt, The water pipe is coupled or attached to each
end of this receptacle or box, so that any water that cumnes
from the main to the discharging poiut has to pass through
the box. The pipe connections are moreover so arranged
that a portion only of the salt is exposed to the rush of
the water, and so that only a suitable portion of the salt is
taken up each time. The water pasung through the box tukes
up the required qunantity of salt which has the effect of pre-
venting 1t Ireezing. A salt.supply receptacle is arranged in
connection with the box and a valve for recharging the latter
theiefrom as required.

HAEDENING S0FT LIMESTONES WITH ¥LUOSILICATES.—The
apphication of alkaliny silicates to the exterior of buildings, in
order to prevent the deterioration of the stone, has not beeu
attended with satisfactory results. H. L. Kessier proposes to
use & soluti n ot fluosilicates of bases whose oxides and car.
bonates are inwluble in a free state, When soft limestone is
satuiated with a concentrated solution of a finosilicata of ma.
guesiuwm, aluminum, zine, or lead, » very considerable degres
of induration 1 soon reached, and the 1esulting products, ex-
cept the liberatvd carbonte anbydride, are less soluble than the
stone itself. No varnish 1s formed, and therefore no danger
anses fiom expansicn of trost beneath it. The process has
resisted the severe tests of winter. Colors may be wutroduced
satisfactorily.

SimrLe aND CompoUND ENOINES ON SforT Routes.—Mr.
Boulvin has determined a series of formulas expressing the
relations between size of vessel, weights carried, and distances
traversed, and the weights of the simple and the compound
engine, and finds, that, for shurt r-utes, the best form of en-
gine is the single cylinder rather than the compound. Ile
tinds that for lines fromn twenty to sixty miles in length, as
tho e frcu Dover to Culais and from Ostend to Dover, a gain
of a knot an hour may be obtained by the use of the simple
engine instead of the compound, in cousequence of the saving
in weight of machinery. On loug routes the economy is on
the side of the compound engine, in consequence of the saving
in weight of fuel. The later practice of Kuglish constructors
bas been in azoordanee with this resalt, and with the princi-
plesinvolved in the work of Mr. Boulvin, He constructs curves
showing the equations grapbically, sud illustratas their use by
examples.

HEAVY KNGINES AND AMERICAN RAILROAL-TRACKS.—Mr.
0. Chanute states that heavy *‘consolidation” engines do not
injure the track more than the lighter engines formerly did.
Traina bave been lengthened frow 22 cars in 1874 to 88 iu
1883 ; aud the weights hauled, from 108 to 228 tous. By
strengthening draw-heads, links, and pins, acadonts from
breaking apart of trains have been diminished, and the cost of
haulage Las been reduced fiom oue cent to a half-cent per ton
per mile.

M. P. Tinox has lately shiown at the Industijal Sciepce
Society of Lyons a new semi-incandescent lump, giving the
brilliancy of an arc light. This is attained by having two car-
bon rods, slightly inclined to ons another, brought down on
toa small prism of chalk, and separeted from one another by a
small rod of the same muterisl. The current passes through
the chalk rod muking it incandescent. By this meaus the
light is rendered steadier than an ur light, aund it is said to
have the same brilliancy.

AND THE INDUSTRIAL ARTS.
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MADOOANY STAIN.—A very good and cheap method of pre-
paring mahogany stain is to boil one pound ot logwood in four
quaris of water, and add a double handful of walnut peelings.
Boil again, take out the chips, and add oue pint of vinegar. Tuis
docs best for beech wool. Aunother method is to grind burnt
sienna in ale or vinegir, make it thin, spread on with a brash,
aud, while wet, it may be grained and shaded with the same,
using burnt umber. For black walnut use the same, using
burni umber. For yellow stain, grind and mix with ale or
vinegar, aloes or gamboge ; or, make a stain by boiling cur-
cuma in water.

NATURE- PRINTING.—A novel style of printing from natural
ohjects hus just been perfected by Mr. Thos Stonywood. In
this process the impressions are taken dire. tly from the objects
themselves, thereby possessing a vigour aml & freshnes, to
which mere copying, however artistically done, could naver
sttain, Articles as diverss as a gpider’s web and a mutton
chop are reproduced with almost photographic exuctitude,
round objects and flit heing copred with equil facihtv. Thus
leaves are copied with exquistte effects. As impressions of
both large and small specimens can be transferred and on anv
substance, many chanue's are opened lor the employment of
this ingenious method of printing.

CREDIT TO AN AMERICAN NATORALIST.—In an official ro,
ort by M. Bouchen.Braudelv, secretary of the ¢ llege o
rance, tho author states thit ha hae learned by two years of
study that the sexes of the Poitugucse oyster are confined to
separate iudividuals; that after this discovery he conceived
that it might be possible to artaficially fertilize the eggs of this
mollusk ; aud that, after two years more of experimenting, this
attempt has been successful. ~Awmericans will be intereated to
learn that in 1879 an American naval officer, Lieut. Francis
Winslow, who was stationed at G:braltar for a few weeks, de
termined the unis«xuality of the Portugueso oyster, aud reared
it trow artificially fertil:zad eggs.  f1is results were printed in
the American naturalis in 1879 ur 1880 ; but, as [ have noop-
gnrtuuity for reference ut present, I cannot give the exact
ate.

Cocoa AnD CHocorLaTe.—Many drinkers of these pleasant
beverages are unaware as to the method by wiuch the cocoa
seeds are obtained. Cocod, or cacao, 15 extracted from the seed
of small trees of the gepus theodrama, which, when cultivated,
grows from 12 ft. to 18 ft. lugl.. but to a higher «levation in
their wild state, The flowers are small, aud clust r on the
branches and frunks, the matured fruit appearing as though
artificially attached. OQut of each cluster only one pod ix al-
lowed to mature, and this when full growa is fromn 7 1n. to 10
1n. long by 3 1. to 44 1n. wide. The five cells contain each &
row of from five to ten seeds embedded 1n a pnk, acid pulp,
the cocoa bean. Tne tree 15 indigenous to Mexico, but it can
be cultivated wathin the 25th paral els of latitude, a1 d thrives
at any elevation un ler 2,00y ft., but 1. requires & nich suil, &
warm humid atmosphere, aud protection from cold winds.
The trees are propigated from seeds in a vursery until they
attain a height of from 14 1n. to 18 in., when they are trans-
planted aud carefuliy sheltered by planting other trees shout
thew. Thoy commence to bear about the fitth yeur, but do
not attain meturity uatil the eighth, and continue yielding
fruit for nearly halfa century. There 1s uo specinl time for
harvesting the crop, 23 the trees contiuue beanng all the time,
flowers and fruit »m all stages b ing cariously borve on the
same tree.  But in Venezuela the priucipal gatherings are in
Juue and December. Chocolate is generally wmade trom the
finer vatieties of cocoa seeds, and wus a favourite beverage in
Central America long before Columbus discovered the New
World. Asat present prepared, chocolate is made in cakes,
while cocoa is usually cold in powder, flakes, or nibs. The
constituents of the average cocoa seed are as follows : — Fat,
cocoa butter, 32 ; nitrogenous compouud, 20 ; starch, 20 ; cel-
lulose, 2; theobromine, 2 ; saline substances, 4; water, 10;
cocoa red, essential oil, 10,

Trx following is an illustration of whet private enterprise
may offect for the Veuefit of science. When the Swedish ship
Monark was leaving Swedon 1ast year for Australia the second
officer on board apphed to the Zoological Museurn at Upsala for
the loan of & trawl and some vessels for preserving ‘natural
history objects. The resulty have Leen the collection.of some
130 species of fish, 50 of iusects, some buds, and about 100
varieties of the lowor sea fauns of the Pacific, which hava now
arrived at Upsals.
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A atxan'ge sassafras-loaf.

The observations upon the sassafras-leaves — a re-
ort of which a{»pcarenl in SCIENCE, no. 38 —have
cen continued through the year, with results which

do not differ materially from those already given.
Three other forms, however, have been foundy which
are given in the accompanying outline-engravings,
Fig. 1 shows a peculiar modification of the three-
lobed form, anid differs from it in having the main
central lobe 1educed to a slightly raised emarginate
end to the leaf. At first sight it seemed as if the leaf
had lost its middle luhe by some foraging animal; but
t1 « absence of any roughness in the outline, and other
characteristics of the edges, preclude this view., The
formn shown in ig. 2 helips to confirm the above view,
In tiis we have a thiee-lobed form, with the lateral
lobes unequal, and the central and upper portions of

Fic. 2.

the leaf inverted heart-shaped (obcordate). The mid-
rib has stopped short, and divided into two equal
ts, which run to the tips of the two divergin
obes. If this failure of the mid-rib to extend ha:
taken place earlier, 3 leaf might have been produced

similar to the one shown in fig. 1.

The most interesting of the three new forms is
shown in fig. 3. Here we have a bappy combination
of the three-lobed and the ‘mitten’ form. The man-
ner in which this has been accomplished is simple,
and ;s fully shown by the outline given. The middle
lobe lhias become lobed upon one side, —~a ‘thumb?’
has formed ; and, were the lower portion of the leaf
remmoved, it would leave a ‘mitten’ of good shape.
The whole framework of the leaf has become some-
what distorted: the mid-rib does not take a direct

courss; and the lower lobes are neither equal,'nor at
the same distance from the base of tho leaf.

1t is due the reader to state that these three forms
were all found upon the same shrub,—mnot & large
one, —and that only a slugle specimen of each was

¥Fi16. 1.

discovered, These were all upon the same branch,
though scattered among fifty or so of leaves of the
three formns before described, and which, from their
uniform presence, may be considered norma! Bow
shall thess deviations be viewed t Is the folisge of ths sassa-
fras passing through a period in which different forms of leaves
are being tried to see which is bost adapted to the surround.
ings? It msy be that there is a tendency from the simple
towards the more complex ; and fig. 3 shows the form which
even the philosophic botanist know but little ; but, when one

finds these deviations from the common form, he cannot help
wondering after what end the plant bearing them is striving.

Byro¥ D. HALsTED.




