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I. CHEMISTRY AND METALLURGY.—Beeswax and its Adulterations.  —Chemical 
ingredients.—Detection of adulterations. 7064

      Phenol in the Stem, Leaves, and Cones of Pinus Sylvestris. 
      —A discovery bearing on the flora of the Carboniferous
      epoch and the formation of petroleum. 7065

      The School of Physics and Chemistry of Paris.—With
      engraving of laboratory. 7065

      Some Relations of Heat to Voltaic and Thermo Electric
      Action of Metals in Electrolysis.—By G. Gore. 7070

II.  Engineering, mechanics, etc.—Air Refrigerating
      Machine.—5 figures. 7071

      A Gas Radiator and Heater. 7071

      Concrete Water Pipes. 7071

      The Sellers Standard System of Screw Threads.  Nuts, and
      Bolt Heads.—A table. 7072

      An English Railway Ferry Boat.—3 figures. 7072

      The Problem of Flight and the Flying Machine. 7072

III.  Technical.—Concrete Buildings for Farms.—How to construct
      them. 7063

      What Causes Paint to Blister and Peel?—How to prevent it. 7063

      Olive Oil.—Difficulties encountered in raising an olive
      crop.—Process of making Oil. 7064

IV.  Electricity.  Etc.—Telephony and Telegraphy on the Same
      Wires Simultaneously.—4 figures. 7067

The Electric Marigraph.—An apparatus for measuring the height of the tide.—With 
engravings and diagrams showing the Siemens and Halske marigraph and the 
operation of the same. 7068

      Delune & Co.’s System of Laying Underground Cables.—2
      figures. 7069
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      Electricity Applied to Horseshoeing.—Quieting an unruly
      animal.—3 engravings. 7069

      Esteve’s Automatic Pile.—1 figure. 7070

      Woodward’s Diffusion Motor. 7070

V. Astronomy.—Lunar Heat.—Its reflected and obscure
      heat.—Trifling influence of the moon upon wind and
      weather.—By Prof.  C.A.  Young. 7073

VI.  Natural history.—The Long-haired Pointer “Mylord.” 
      —With engraving. 7073

VII.  Horticulture, etc.—Apple Tree Borers.—Protection
      against the same. 7074
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      Keffel’s Germinating Apparatus.—With engraving. 7074

      Millet.—Its Cultivation. 7074

VIII.  Miscellaneous.—Puerta del Sol, Madrid, Spain.—With
      engraving. 7063

      Dust-free Spaces.—A lecture delivered by Dr. Oliver J.
      Lodge before the Royal Dublin Society. 7067

* * * * *

PUERTA DEL SOL, MADRID.

Puerta del Sol, or Gate of the Sun, Madrid, is the most famous and favorite public 
square in the Spanish city of Madrid.  It was the eastern portal of the old city.  From this 
square radiate several of the finest streets, such as Alcala, one of the handsomest 
thoroughfares in the world, Mayor, Martera, Carretas, Geronimo.  In our engraving the 
post office is seen on the right.  Large and splendid buildings adorn the other sides, 
which embrace hotels, cafes, reading rooms, elegant stores, etc.  From this square the 
street railway lines traverse the city in all directions.  The population of the city is about 
400,000.  It contains many magnificent buildings.  Our engraving is from Illustrirte 
Zeitung.

[Illustration:  The Puerta del Sol, Madrid, Spain (From a Photograph.)]

* * * * *

CONCRETE BUILDINGS FOR FARMS.

Buildings made of concrete have never received the attention in this country that they 
deserve.  They have the merit of being durable and fire-proof, and of not being liable to 
be blown down by violent winds.  It is very easy to erect them in places where sand and 
gravel are near at hand and lime is comparatively cheap.  Experiments made in 
England show that coal screenings may be employed to good advantage in the place of 
sand and gravel.  Mr. Samuel Preston, of Mount Carroll, Ill., has a dwelling and several 
other buildings made of concrete and erected by himself.  They were put up in 1851, 
and are in excellent condition.  In The Farmers’ Review he gives the following directions
for building concrete walls: 

First, secure a good stone foundation, the bottom below frost, the top about one foot 
above ground.  Near the top of the foundation bed in 2x4 scantling edgewise 
transversely with the walls, at such distances apart as the length of the planks that form 
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the boxes to hold the concrete may require, the ends of the scantling to run six inches 
beyond the outside and inside of the wall.  Now take 2x6 studding, one foot longer than 
the height of the concrete walls are to be, bolt in an upright position in pairs to each end 
of the 2x4 scantling, and, if a foot wall is to be built, sixteen inches apart, as the box 
plank will take up four inches.  To hold the studding together
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at the top, take pieces of 2x6 lumber, make two mortises in each piece large enough to 
slip easily up and down on the studding, forming a tie.  Make one mortise long enough 
to insert a key, so that the studding can be opened at the top when the box plank are to 
be raised.  When the box plank are in position, nail cleats with a hole in each of them on
each side of the studding, and corresponding holes in the studding, into which insert a 
pin to hold the plank to the studding.  Bore holes along up in the studding, to hold the 
boxes when raised.

To make the walls hollow, and I would do it in a building for any purpose, use inch 
boards the same width of the box plank, one side planed; put the two rough sides 
together with shingles between, nailing them together with six-penny nails; place them 
in the middle of the wall, the thin end of the shingle down.  That gives them a bevel and 
can be easily raised with the boxes.  To tie the wall together, at every third course place 
strips of boards a little shorter than the thickness of the wall; cut notches in each so that 
the concrete will fill in, holding all fast.  The side walls being up, place two inch planks 
on top of the wall upon which to rest the upper joists, put on joist and rafters, remove 
the box plank, take inch boards for boxes, cut to fit between joists and rafters, and fill 
with concrete to upper side of rafters, which makes walls that will keep out cold and 
damp, all kinds of vermin, and a roof which nothing but a cyclone can remove.  In 
making door and window frames, make the jambs two inches narrower than the 
thickness of the walls, nailing on temporary two inch strips.

Make the mortar bed large enough to hold the material for one course; put in unslaked 
quicklime in proportion to 1 to 20 or 30 of other material; throw into it plenty of water, 
and don’t have that antediluvian idea that you can drown it; put in clean sand and 
gravel, broken stone, making it thin enough, so that when it is put into boxes the thinner 
portion will run in, filling all interstices, forming a solid mass.  A brick trowel is necessary 
to work it down alongside the boxing plank.  One of the best and easiest things to carry 
the concrete to the boxes is a railroad wheelbarrow, scooping it in with a scoop shovel.  
Two courses a week is about as fast as it will be safe to lay up the walls.

* * * * *

The Medical Summary recommends the external use of buttermilk to ladies who are 
exposed to tan or freckles.

* * * * *

WHAT CAUSES PAINT TO BLISTER AND PEEL?

How to prevent it.
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This subject has been treated by many, but out of the numerous ideas that have been 
brought to bear upon it, the writers have failed to elucidate the question fully, probably 
owing to the fact that in most parts they were themselves dubious as to the real cause.  
Last year W.S. gave a lengthy description in the Building News, in which he classified 
blistering and peeling of paint into one of blistering only.  He stated in the beginning of 
his treatise the following: 
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“The subject of blistering of paint has from time to time engrossed the attention of 
practical men; but so far as we can follow it in the literature pertaining to the building 
trade, its cause has never been clearly laid down, and hence it is a detail enshrouded in
mystery.”

W.S. dwells mostly, in his following explanations on blistering paints, on steam raised in 
damp wood.  Also an English painter, according to the Painters’ Journal, lately reiterates
the same theory, and gives sundry reasons how water will get into wood through paint, 
but is oblivious that the channels which lead water into wood are open to let it out 
again.  He lays great stress on boiled oil holding water in suspense to cause blistering, 
which is merely a conjecture.  Water boils at 212 deg.  F. and linseed oil at 600 deg.  F., 
consequently no water can possibly remain after boiling, and a drop of water put into 
boiling oil would cause an explosion too dangerous to be encountered.

It will be shown herewith that boiled oil, though in general use, is unfit for durable 
painting, that it is the cause of most of the troubles painters have to contend with, and 
that raw linseed oil seasoned by age is the only source to bind pigments for durable 
painting; but how to procure it is another trouble to overcome, as all our American raw 
linseed oil has been heated by the manufacturers, to qualify it for quick drying and an 
early market, thereby impairing its quality.  After linseed oil has been boiled, it becomes 
a poor varnish; it remains soft and pliable when used in paint, giving way to air pressure
from the wood in hot weather, forming blisters.  Turpentine causes no blistering; it 
evaporates upon being exposed, and leaves the paint in a porous condition for the gas 
in the wood to escape; but all painters agree that blistering is caused by gas, and on 
investigation we find two main sources from which gas is generated to blister paint—-
one from the wood, the other from the ingredients of the paint.  The first named source 
of gas is started in hot weather by expansion of air confined in painted wood, which 
presses against the paint and raises blisters when the paint is too soft to resist.  Tough, 
well-cemented paint resists the pressure and keeps the air back.  These blisters mostly 
subside as soon as the air cools and returns to the pores, but subsequently peel off.

W.S. and others assert that damp in painted wood turns into steam when exposed to 
sun heat, forming blisters, which cannot be possible when we know that water does not 
take a gaseous form (steam) at less than 212 deg.  F. They have very likely been 
deluded by the known way of distilling water with the aid of sunshine without 
concentrating the rays of the sun, based upon the solubility of water in air, viz.:  Air 
holds more water in solution (or suspension) in a warmer than in a cooler degree of 
temperature; by means of a simple apparatus sun-heated air is guided over sun-heated
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water, when the air saturated with water is conducted into a cooler, to give up its water 
again.  But water has an influence toward hastening to blister paint; it holds the 
unhardened woodsap in solution, forming a slight solvent of the oil, thereby loosening 
the paint from the wood, favoring blistering and peeling.  There is a certain kind of 
blister which appears in certain spots or places only, and nowhere else, puzzling many 
painters.  The explanation of this is the same as before—soft paint at these spots, 
caused by accident or sluggish workmen having saturated the wood with coal oil, wax, 
tar, grease, or any other paint-softening material before the wood was painted, which 
reacts on the paint to give way to air pressure, forming blisters.

The second cause of paint blistering from the ingredients of the paint happens between 
any layer of paint or varnish on wood, iron, stone, or any other substance.  Its origin is 
the gaseous formation of volatile oils during the heated season, of which the lighter coal
oils play the most conspicuous part; they being less valuable than all other volatile oils, 
are used in low priced japan driers and varnishes.  These volatile oils take a gaseous 
form at different temperatures, lie partly dormant until the thermometer hovers at 90 
deg.  F. in the shade, when they develop into gas, forming blisters in airtight paint, or 
escape unnoticed in porous paint.  This is the reason why coal-tar paint is so liable to 
blister in hot weather; an elastic, soft coal-tar covering holds part of its volatile oil 
confined until heated to generate into gas; a few drops only of such oil is sufficient to 
spoil the best painted work, and worse, when it has been applied in priming, it settles 
into the pores of the wood, needing often from two to three repetitions of scraping and 
repainting before the evil is overcome.  Now, inasmuch as soft drying paint is unfit to 
answer the purpose, it is equally as bad when paint too hard or brittle has been used, 
that does not expand and contract in harmony with the painted article, causing the paint 
to crack and peel off, which is always the case when either oil or varnish has been too 
sparingly and turpentine too freely used.  Intense cold favors the action, when all paints 
become very brittle, a fact much to be seen on low-priced vehicles in winter time.  Damp
in wood will also hasten it, as stated in blistering, the woodsap undermining the paint.

To avoid peeling and blistering, the paint should be mixed with raw linseed oil in such 
proportions that it neither becomes too brittle nor too soft when dry.  Priming paint with 
nearly all oil and hardly any pigment is the foundation of many evils in painting; it leaves
too much free oil in the paint, forming a soft undercoat.  For durable painting, paint 
should be mixed with as much of a base pigment as it can possibly be spread with a 
brush, giving a thin coat and forming a chemical combination called soap.  To avoid an 
excess of oil, the following coats need
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turpentine to insure the same proportion of oil and pigment.  As proof of this, prime a 
piece of wood and a piece of iron with the same paint; when the wood takes up part of 
the oil from the paint and leaves the rest in proportion to harden well, where at the same
time the paint on iron remains soft.  To be more lucid, it need be explained, linseed oil 
boiled has lost its oleic acid and glycerine ether, which form with the bases of pigments 
the insoluble soap, as well as its albumen, which in boiling is thrown out.  It coagulates 
at 160 deg.  F. heat; each is needed to better withstand the action of wind and weather, 
preventing the dust from attaching itself to a painted surface, a channel for ammonia in 
damp weather to dissolve and wash off the paint.  In later years linseed oil has been 
extracted from linseed meal by the aid of naphtha and percolation, the product of a very 
clear, quick drying oil, but lacking in its binding quality, no doubt caused by the naphtha 
dissolving the fatty matter only, leaving the glycerine and albumen in the meal.

All pigments of paint group according to their affinity to raw linseed oil into three 
classes.  First, those that form chemical combinations, called soap.  This kind is the 
most durable, is used for priming purposes, and consists of lead, zinc, and iron bases, 
of which red lead takes up the most oil; next, white lead, the pure carbonate Dutch 
process made, following with zinc white and iron carbonates, as iron ore paint, Turkey 
umber, yellow ocher; also faintly the chromates of lead—chrome-green and chrome-
yellow, finishing with the poorest of all, modern white lead, made by the wet or vinegar 
process.  The second class being neutrals have no chemical affinity to linseed oil; they 
need a large quantity of drier to harden the paint, and include all blacks, vermilion, 
Prussian, Paris, and Chinese blue, also terra di Sienna, Vandyke brown, Paris green, 
verdigris, ultramarine, genuine carmine, and madderlake.  The last seven are, on 
account of their transparency, better adapted for varnish mixtures—glazing.  The third 
class of pigments act destructively to linseed oil; they having an acid base (mostly tin 
salt, hydrochloride of tin, and redwood dye), form with the gelatinous matter of the oil a 
jelly that will neither work well under the brush nor harden sufficiently, and can be used 
in varnish for glazing only; they are not permanent in color, and among the most 
troublesome are the lower grades of so-called carmines, madderlakes, rose pinks, etc., 
which contain more or less acidous dyes, forming a soft paint with linseed oil that once 
dry on a job can be twisted or peeled off like the skin of a ripe peach.  All these 
combinations of paint have to be closely observed by the painter to insure his success.
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Twenty-five years ago a house needed to be painted outside but once in from five to 
seven years; it looked well all the time, as no dust settled in the paint to make it 
unsightly.  Painters then used the Dutch-process-made white-lead, a base and raw 
linseed oil, a fat acid, which formed the insoluble soap.  They also put turpentine in the 
following coats, to keep up the proportions of oil and pigment.  All held out well against 
wind and weather.  Now they use the wet-process-made white lead, neutralized by 
vinegar, with oil neutralized by boiling, from the first to the last coat, and—fail in making 
their work permanent.

W.S., in the Building News, relates an unaccountable mysterious blistering in a leaky 
house, where the rainwater came from above on a painted wood wall, blistering the 
paint in streaks and filled at the lower ends with water, which no doubt was caused by 
the water soaking the wood at the upper ends where there was no paint, and following it
down through the fibers, pushed and peeled off the soft, inadhesive paint.  Green, 
sappy, and resinous wood is unfit for durable painting, and to avoid blistering and 
peeling wood should be well seasoned and primed with all raw linseed oil, some drier, to
insure a moderately slow drying, and as much of a base pigment as the painter can 
possibly spread (much drier takes up too much oil acid, needed for the pigment base to 
combine with), which insures a tough paint that never fails to stand against blistering or 
peeling, as well as wind, weather, and ammonia.

The coach, car, and house painter can materially improve his painting where his needs 
lie by first oiling the wood with raw oil, then smoothing the surface down with lump 
pumicestone, washing it with a mixture of japan drier or, better yet, gold sizing and 
turpentine, wiping dry, and following it up with a coat of white lead, oil, and turpentine.  
The explanation is:  the raw oil penetrates the wood and raises the wood fibers on the 
surface to be rubbed down with pumicestone, insuring the best surface for the following 
painting:  to harden the oil in the wood it receives a coat of japan drier, which follows 
into the pores and there forms a tough, resinous matter, resisting any air pressure that 
might arise from within, and at the same time reacts on the first coat of lead as a drier.  
This mode insures the smoothest and toughest foundation for the following painting, 
and may be exposed to the hottest July sun without fear of either blistering or peeling.

Louis Matern.

Bloomington, Ill.

* * * * *

OLIVE OIL.

The following particulars with regard to the production of olive oil in Tuscany have been 
furnished to Mr. Consul Inglis by one of the principal exporters in Leghorn: 
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The olive oil produced in Tuscany from the first pressing of the fruit is intended for 
consumption as an article of food.  Hence, great attention is paid both to the culture of 
the olive tree and the process of making oil.
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The olive crop is subject to many vicissitudes, and is an uncertain one.  It may be taken 
as a rule that a good crop does not occur more frequently than once in three years.  A 
prolonged drought in summer may cause the greater part of the small fruit to fall off the 
trees.  A warm and wet autumn will subject the fruit to the ravages of a maggot or worm,
which eats its way into it.  Fruit thus injured falls to the ground prematurely, and the oil 
made from it is of very bad quality, being nauseous in taste and somewhat thick and 
viscous.  Frost following immediately on a fall of snow or sleet, when the trees are still 
wet, will irretrievably damage the fruit, causing it to shrivel up and greatly diminishing 
the yield of oil, while the oil itself has a dark color, and loses its delicate flavor.

The olive tree in Tuscany generally blossoms in April.  By November the fruit has 
attained its full size, though not full maturity, and the olive harvest generally commences
then.  The fruit, generally speaking, is gathered as it falls to the ground, either from 
ripeness or in windy weather.  In some districts, however, and when the crop is short, 
the practice is to strip the fruit from the trees early in the season.  When there is a full 
crop the harvest lasts many months, and may not be finished till the end of May, as the 
fruit does not all ripen simultaneously.

Oil made early in the season has a deeper color, and is distinguished by a fruity flavor, 
with a certain degree of pungency; while as the season advances it becomes lighter in 
color, thinner in body, and milder and sweeter in taste.  Oil made toward the close of the
harvest in April or May from extremely ripe fruit is of a very pale straw color, mild and 
sweet to the taste, though sometimes, if the fruit has remained too long on the trees, it 
may be slightly rancid.  Oil very light in color is much prized in certain countries, notably 
France, and hence, if it also possesses good quality, commands a higher price in the 
Tuscan markets.

The fruit of the olive tree varies just as much in quality as does the grape, according to 
the species of the tree itself, the nature of the soil, exposure, and climate of the locality 
where it grows.  Some varieties of the olive tree largely grown, because thought to be 
better suited to the special conditions of some districts, yield a fruit which imparts a 
bitter taste to the oil made from it; such oil, even when otherwise perfect, ranks as a 
second rate quality.

The highest quality of oil can only be obtained when the fruit is perfectly and uniformly 
sound, well ripened, gathered as soon as it has dropped from the trees, and crushed 
immediately with great attention.  Should the fruit remain any time on the ground, 
particularly during wet weather, it deteriorates fast and gets an earthy taste; while if 
allowed to remain an undue length of time in the garners it heats, begins to decompose,
and will yield only bad oil.
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The process of making oil is as follows:  The fruit is crushed in a stone mill, generally 
moved by water power; the pulp is then put into bags made of fiber, and a certain 
number of these bags, piled one upon another, are placed in a press, most frequently 
worked by hand; when pressure is applied, the oil flows down into a channel by which it 
is conveyed to a receptacle or tank.

When oil ceases to flow, tepid water is poured upon the bags to carry off oil retained by 
the bags.  The pulp is then removed from the bags, ground again in the mill, then 
replaced in the bags, and pressed a second time.  The water used in the process of 
making oil must be quite pure; the mill, press, bags, and vessels sweet and clean, as 
the least taint would ruin the quality of the oil produced.

The oil which has collected in the tank or receptacle just mentioned is removed day by 
day, and the water also drained off, as oil would suffer in quality if left in contact with 
water; the water also, which necessarily contains some oil mingled with it, is sent to a 
deposit outside, and at some distance from the crushing house, which is called the 
“Inferno,” where it is allowed to accumulate, and the oil which comes to the surface is 
skimmed off from time to time.  It is fit only for manufacturing purposes.

After the second pressing the olive-pulp is not yet done with; it is beaten up with water 
by mechanical agitators moved by water-power, and then the whole discharged into 
open-air tanks adjoining the crushing house.  There the crushed olive kernels sink to the
bottom, are gathered up and sold for fuel, fetching about 12 francs per 1,000 kilos, while
the debris of the pulp is skimmed off the surface of the tank and again pressed in bags, 
yielding a considerable quantity of inferior oil, called “olio lavato,” or washed oil, which, if
freshly made, is even used for food by the poorer classes.  The pulp then remaining has
still further use.  It is sold for treatment in factories by the sulphide of carbon process, 
and by this method yields from seven to nine per cent. of oil, of course suitable only for 
manufacturing purposes.  Only the first two pressings yield oil which ranks as first 
quality, subject of course to the condition of the fruit being unexceptionable.  New oil is 
allowed to rest a while in order to get rid of sediment; it is then clarified by passing 
through clean cotton wool, when it is fit for use.

The highest quality of olive oil for eating purposes should not only be free from the least 
taint in taste or smell, but possessed of a delicate, appetizing flavor.  When so many 
favorable conditions are needed as to growth, maturity, and soundness of the fruit, 
coupled with great attention during the process of oil-making, it is not to be wondered at 
that by no means all or even the greater part of the oil produced in the most favored 
districts of Tuscany is of the highest quality.  On the contrary, the bulk is inferior and 
defective.
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These defective oils are largely dealt in both for home consumption and export, when 
price and not quality is the object.

In foreign countries there is always a market for inferior, defective olive oil for cooking 
purposes, etc., provided the price be low.  Price and not quality is the object, so much 
so that when olive oil is dear, cotton-seed, ground-nut, and other oils are substituted, 
which bear the same relation to good olive oil that butterine and similar preparations do 
to real butter.

The very choicest qualities of pure olive oil are largely shipped from Leghorn to 
England, along with the very lowest qualities, often also adulterated.

The oil put into Florence flasks is of the latter kind.  Many years back this was not the 
case, but now it is a recognized fact that nothing but the lowest quality of oil is put into 
these flasks; oil utterly unfit for food, and so bad that it is a mystery to what use it is 
applied in England.  Importers in England of oil in these flasks care nothing, however, 
about quality; cheapness is the only desideratum.

The best quality of Tuscan olive oil is imported in London in casks, bottled there, and 
bears the name of the importers alone on the label.  There is no difficulty in procuring in 
England the best Tuscan oil, which nothing produced elsewhere can surpass; but 
consumers who wish to get, and are willing to pay for, the best article must look to the 
name and reputation of the importers and the general excellence of all the articles they 
sell, which is the best guarantee they can have of quality.

* * * * *

BEESWAX AND ITS ADULTERATIONS.

Beeswax is a peculiar waxy substance secreted only by bees, and consisting of 80.2 
per cent. carbon, 13.4 per cent. hydrogen, and 6.4 per cent. oxygen.  It is a mixture of 
myricine, cerotic acid, and cerolein, the first of which is insoluble in boiling alcohol, the 
second is soluble in hot alcohol and crystallizes out on cooling, while the third remains 
dissolved in cold alcohol.

Although we are unable to produce real beeswax artificially, there are many imitations 
which are made use of to adulterate the genuine article, and their detection is a matter 
of considerable difficulty.  Huebl says (Dingl.  Jour., p. 338) that the most reliable 
method of estimating the adulteration of beeswax is that proposed by Becker, and 
known as the saponification method.

The quantity of potassic hydrate required to saponify one gramme or 15 grains of pure 
beeswax varies from 97 to 107 milligrammes.  Other kinds of wax and its substitutes 
require in some cases more and in others less of the alkali.  This method would, 
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however, lead to very erroneous conclusions if applied to a mixture of which some of the
constituents have higher saponification numbers than beeswax and others higher, as 
one error would balance the other.
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To avoid this, the quantity of alkali required to saponify the myricine is first ascertained, 
and then that required to saturate the free cerotic acid.  In this way two numbers are 
obtained; and in an investigation of twenty samples of Austrian yellow beeswax, the 
author found these numbers stood to each other almost in the constant ratio of 1 to 
3.70.  Although this ratio cannot be considered as definitely established by so few 
experiments, it may serve as a guide in judging of the purity of beeswax.

The experiment is carried out as follows:  3 or 4 grammes of the wax that has been 
melted in water are put in 20 c.c. of neutral 95 per cent, alcohol, and warmed until the 
wax melts, when phenolphthaleine is added, and enough of an alcoholic solution of 
potash run in from a burette until on shaking it retains a faint but permanent red color.  
The burette used by the author is divided in 0.05 c.c.  After adding 20 c.c. more of a half
normal potash solution, it is heated on a water bath for 3/4 hour.  Then the uncombined 
excess of alkali is titrated with half normal hydrochloric acid.  The alcohol must be 
tested as to its reaction before using it, and carefully neutralized with the acid of 
phenolphthalein.

To saturate the free acid in 1 gramme of wax requires 19 to 21 milligrammes of potassic
hydrate, while 73 to 76 milligrammes more are necessary to saponify the myricine 
ether.  The lower numbers in the one usually occur with low numbers for the other, so 
that the proportions remain 1 to 3.6 or 1 to 3.8.

For comparison he gives the following numbers obtained with one gramme of the more 
common adulterants: 

----------------+ - ---------+ - ---------+ - --------+ - -----
--+
|     To    |     To    |   Total  |         |
| n e u t r alize |   conve r t  | s a po nifi-|         |
|  t h e  a cid. | t h e  e t h er. |  c a tion.  |  R a tio. |
----------------+ - ---------+ - ---------+ - --------+ - -------+
Jap a n e s e  w ax    |      2 0    |    2 0 0     |    2 2 0    |   1 0     |
Ca r n a u b a  w ax    |       4    |     7 5     |     7 9    |   1 9     |
Tallow          |       4    |    1 7 6     |    1 8 0    |   4 4     |
S t e a r ic  a cid     |     1 9 5    |      0     |    1 9 5    |   0 /19 5  |
Rosin            |     1 1 0    |      1 .6   |    1 1 2    |   0 .0 1 5  |
Pa r affine        |       0    |      0     |      0    |   0      |
Ce r e sin e         |       0    |      0     |      0    |   0      |
Yellow b e e s w ax  |      2 0    |     7 5     |     9 5    |   3 .75   |
----------------+ - ---------+ - ---------+ - --------+ - -------+
p r e >

The  a u t ho r  d e d u c e s  t h e  following  co nclusions  a s  t h e
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r e s ul t s  of t h e s e  inves tig a tions: 

1 .   If t h e  n u m b e r s  ob t ain e d  lie  b e t w e e n  t h e s e
limit s,  1 9  to  2 1,  7 3  to  7 6,  9 2  to  9 7,  a n d  3.6  to  3.8
r e s p e c tively, i t m ay b e  a s s u m e d  t h a t  t h e  b e e s w ax is
p u r e ,  p rovide d  it a l so  co r r e s pon ds  to  b e e s w ax in it s
p hysical p ro p e r ti e s.

2 .   If t h e  s a po nifica tion  figu r e s  fall b elow 9 2
a n d  ye t  t h e  r a tio  is co r r e c t ,  i t is a d ul t e r a t e d  wi th
so m e  n e u t r al  s u b s t a n c e  like  p a r affine.

3.   If t h e  r a tio  is a bove  3.8,  it is ve ry p ro b a ble
t h a t  Japa n e s e  o r  c a r n a u b a  w ax o r  g r e a s e  h a s  b e e n  a d d e d.
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4.   If t h e  r a tio  falls  b elow 3.6,  s t e a r ic  a cid
o r  r e sin  h a s  b e e n  u s e d  a s  t h e  a d ul t e r a n t .

*       *       *       *  
    *

PHENOL IN THE STEM, LEAVES, AND CONES OF 
PINUS SYLVESTRIS.

A discov ery  b earing  on  t h e  floraof  t h e  carbonif erous  e poc h  and t h e  
for m a tion  of  p e troleu m .

By A.B.  Griffi t hs , P h.D., F.C.S.  M e m b r e
d e  la  Socie t e  Chi miqu e  d e  Pa ris, M e d allis t  in  Ch e mis t ry
a n d  Bot a ny, e t c .

H aving  foun d,  in s m all q u a n ti tie s,  a lcohols  of t h e
C_{ n } H_{2 n-7 }  s e rie s,  las t  s u m m er, in  t h e  s t e m,  a cicula r
leaves,  a n d  con e s  of Pinus  sylve s tris , I wis h
in t his  p a p e r  to  s ay a  few wo r d s  on  t h e  s u bjec t .

Fi r s t  of all, I took a  n u m b e r  of con e s ,  c u t  t h e m  u p
into  s m all pi ec es ,  a n d  pl ac e d  t h e m  in a  la r g e  gl a s s
b e a k er, t h e n  n e a rly filled  it wi th  dis tilled  w a t er,
a n d  h e a t e d  to  a bo u t  8 0  d e g.   C., ke e pin g  t h e  d e coc tion
a t  t his  t e m p e r a t u r e  for  a bo u t  h alf a n  ho ur, I occ asion ally
s ti r r e d  wi th  a  gl as s  r od,  a n d  t h e n  allow e d  it  to  cool,
a n d  filt e r e d.   This  filt r a t e  w a s  t h e n  eva po r a t e d
n e a rly to  d ryn e s s,  w h e n  a  s m all q u a n ti ty of six-side d
p ris m s  c rys t allized  ou t ,  w hich  s u b s e q u e n tly w e r e  foun d
to  b e  t h e  hyd r a t e  of p h e nol (C_{6 } H_{ 5 } H o )_{2 } H_{2 }O. 
Its  m el ting  poin t  w a s  foun d  to  b e  1 7.2  d e g.   C.
F u r t h er, t h e  c rys t als  al r e a dy r efe r r e d  to  w e r e  dissolved
in e t h er, a n d  t h e n  allow e d  to  eva po r a t e ,  w h e n  long
colo rle s s  n e e dle s  w e r e  ob t ain e d,  w hic h,  on  b eing  pl ac e d
in a  d ry  t e s t  t u b e  a n d  t h e  t u b e  pl ac e d  in a  w a t e r
b a t h  k e p t  a t  4 2  d e g.   C., w e r e  foun d  to  m el t;
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a n d  on  m a king  a  c a r eful co m b us tion  a n alysis  of t h e s e
c rys t als , t h e  following  co m posi tion  w a s  ob t ain e d:  

Ca r bon      7 6 .6
Hyd rog e n     6 .4
Oxyg e n      1 7.0
-----
1 0 0.0

This  gives  C_{6 } H_{6 }O, w hic h  is t h e  for m ula  for  p h e nol.

On  dis solving  so m e  of t h e s e  c rys t als  in w a t e r  (excess)
a n d  a d ding  fe r ric  c hlo rid e,  a  b e a u tiful viole t  colo r
w a s  imp a r t e d  to  t h e  solu tion.   To a no t h e r  a q u eo u s
solu tion  of t h e  c rys t al s  w as  a d d e d  b ro min e  w a t er,
a n d  a  w hi t e  p r e cipi t a t e  w a s  ob t ain e d,  consis ting  of
t rib ro mo p h e nol.  An a q u eo us  solu tion  of t h e  c rys t al s
im m e dia t ely coa g ula t e d  alb u m e n.

All t h e s e  r e a c tions  s how  t h a t  t h e  p h e nol occ u r s  in
t h e  fre e  s t a t e  in t h e  con e s  of t his  pl a n t .   In
t h e  s a m e  m a n n e r  I t r e a t e d  t h e  a cicula r  le aves,  a n d
po r tions  of t h e  s t e m  s e p a r a t ely, bo t h  b ein g  p r eviously
c u t  u p  in to  s m all pi ec e s,  a n d  fro m  bo t h  I ob t ain e d
p h e nol.

I h ave  a s c e r t ain e d  t h e  r el a tive  a m o u n t  of p h e nol in
e a c h  p a r t  of t h e  pl a n t  op e r a t e d  u po n;  by  h e a tin g  t h e
s t e m  wit h  w a t e r  a t  8 0  d e g.   C., a n d  filt e rin g,
a n d  r e p e a ting  t his  op e r a tion  u n til t h e  a q u eo u s  filt r a t e
g ave  no  viole t  colo r  wi th  fe r ric  chlo rid e  a n d  no  w hi t e
p r e cipi t a t e  wi th  b ro min e  w a t er.

I foun d  va rious  q u a n ti ti es  a cco r din g  to  t h e  a g e  of
t h e  s t e m.   The  olde r  po r tions  yielding  a s  m u c h
a s  0.10 2 1  p e r  c e n t ,  w hile  t h e  you n g  po r tions  only
g ave  0.06 5 4  p e r  c e n t .   The  leave s  yielding  a c co r din g
to  t h ei r  a g e ,  0 .0 9 3 6  a n d  0.0 31 5  p e r  c e n t .;  a n d  t h e
con e s  also  g ave  va rying  a m o u n t s,  a cco r ding  to  t h ei r
m a t u ri ty, t h e  a m o u n t s  va rying  b e t w e e n  0.07 7 4  a n d  0.02 9 3.
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Two m e t ho ds  w e r e  u s e d  in t h e  q u a n ti t a tive  e s ti m a tion
of t h e  a m o u n t  of p h e nol.  The  fir s t  w a s  t h e  n e w
volu m e t ric  m e t hod  of M. Ch a n d elon  (B ulle tin  d e
la S o cie t e  Ch e mi q u e  d e  Paris , July 2 0,  1 8 8 2;  a n d
Deu t sc h-A m ericanish e  Apo t h e k er  Z ei t u n g , vol.
iii., No. 1 2,  S e p t e m b e r  1,  1 8 8 2), w hich  I h ave  foun d
to  b e  ve ry s a tisfac to ry.  The  p roc e s s  d e p e n d s
on  t h e  p r e cipi t a tion  of p h e nol by a  dilu t e  a q u e o us
solu tion  of b ro min e  a s  t rib ro mo p h e nol.  The  s econ d
m e t ho d  w a s  to  ext r a c t ,  a s  al r e a dy s t ale d,  a  know n
w eig h t  of e a c h  p a r t  of t h e  pl a n t  wi t h  w a t er, u n til
t h e  las t  ex t r a c t  gives  no  viole t  colo r  wi th
fe r ric  c hlo rid e,  a n d  no  w hi t e  p r e cipi t a t e  wi th  t h e
b ro min e  t e s t  (which  is c a p a ble  of d e t ec ting  in a  solu tion
t h e  1/60 0 0 0  p a r t  of p h e nol).  The  a q u eo us  ex t r ac t
is a t  t his  poin t  ev a po r a t e d,  t h e n  e t h e r  is a d d e d,  a n d
finally t h e  e t h e r e al  solu tion  is allow e d  to  eva po r a t e .  
The  r e sidu e  (ph e nol) is w eig h e d  di r ec tly, a n d  fro m
t his  t h e  p e r c e n t a g e  c a n  b e  a s c e r t ain e d.   By t his
m e t ho d  of ext r a c tion,  t h e  oil of t u r p e n tin e ,  r e sin s,
e t c ., con t ain e d  in Pinus  sylve s tris  do
no t  p a s s  in to  solu tion,  b e c a u s e  t h ey a r e  insoluble
in w a t er, ev e n  w h e n  boiling;  w h a t  p a s s e s  in to  solu tion
b e side s  p h e nol is a  lit tl e  t a n nin,  w hich  is p r a c tic ally
insoluble  in  e t h er.

F ro m  t his  inves tiga tion  it  will b e  s e e n  t h a t  p h e nol
exis t s  in  va rious  p ropo r tions  in  t h e  fre e  s t a t e  in
t h e  leaves ,  s t e m,  a n d  con e s  of Pinus  s ylve s t ris ,
a n d  a s  t his  co m po u n d  is a  p ro d uc t  in  t h e  di s tilla tion
of coal, a n d  a s  g eologis t s  h av e  to  a  c e r t ain  ext e n t
di r e c t  evid e nc e  t h a t  t h e  flor a  of t h e  Ca r bo nife ro us
e poc h  w a s  e s s e n ti ally c ry tog a mo us,  t h e  only p h a e no g a mo us
pla n t s  w hich  cons ti t u t e d  a ny fea t u r e  in  “th e
co al for e s t s”  b eing  t h e  conife r a e ,  a n d  a s  coal
is t h e  fossil r e m ains  of t h a t  gig a n tic  flor a  w hich
con t ain e d  p h e nol, I t hink  my discove ry of p h e nol in
t h e  conife r a e  of t h e  p r e s e n t  d ay  fu r t h e r  s u p po r t s ,
fro m  a  ch e mic al poin t  of view, t h e  views  of g eologis t s
t h a t  t h e  co nife r a e  exis t e d  so  fa r  b a ck  in  t h e  wo rld’s
his to ry a s  t h e  C a r bonife rou s  a g e .
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I t hink  t his  discove ry al so  s u p po r t s  t h e  t h eo ry t h a t
t h e  o rigin  of p e t role u m  in n a t u r e  is p ro d u c e d  by m o d e r a t e
h e a t  on  coal o r  si mila r  m a t t e r  of a  veg e t a ble  o rigin.  
For  w e  know  fro m  t h e  r e s e a r c h e s  of F r e u n d  a n d  Peb al
(A n n.   Ch e m .   Phar m. , cxv. 1 9), t h a t
p e t role u m  con t ain s  p h e nol a n d  it s  ho mologu e s ,  a n d
a s  I h ave  foun d  t his  o r g a nic  co m po u n d  in t h e  conife r a e
of to-d ay, it  is p ro b a ble  t h a t  p e t rol eu m  in ce r t ain
a r e a s  h a s  b e e n  p ro d uc e d  fro m  t h e  conife r s  a n d  t h e  flor a
g e n e r ally of so m e  p ri m a eval for e s t s .   I t  is s t a t e d
by n u m e ro us  c h e mis t s  t h a t  “pe t role u m  al mos t
alw ays  con t ain s  solid  p a r affin” a n d  si mila r
hyd roc a r bo ns.   P rofe sso r s  Sc ho rle m m e r  a n d  Thor p e
h ave  foun d  h e p t a n e  in Pin us,  w hich  h e p t a n e  yielde d
p ri m a ry h e p tyl-alcohol, a n d  m e t hyl-p e n tyl-c a r binol,
exa c tly a s  t h e  h e p t a n e  ob t ain e d  fro m  p e t role u m  do e s
(A n nale n  d e  Ch e mi e , ccxvii., 1 3 9,  a n d  clxxxviii.,
2 4 9;  a n d  B erich t e  d er  De u t sc h e n  Ch e misch e n  Ges ellsc haf t ,
viii., 1 6 4 9); a n d,  fu r t h er, p e t rol eu m  con t ains  a  la r g e
n u m b e r  of hyd roc a r bo ns  w hich  a r e  foun d  in coal. 
Again,  M e n d elejeff, Beils t ein,  a n d  o t h e r s  (B ulle tin
d e  la S o cie t e  Ch e mi q u e  d e  Paris , No. 1 ,  July 5,
1 8 8 3),  h ave  foun d  hyd roc a r bo ns  of t h e—

27



Page 14

C_{ n } H_{2 n 2 + } ,  C_{ n } H_{ 2 n-6 },

al so  hyd roc a r bo n s  of t h e  C_{n } H_{ 2 n }  s e ri e s  in t h e
p e t role u m  of Baku,  Ame rica n  p e t rol eu m  con t aining  si mila r
hyd roc a r bo ns.

I t hink  all t h e s e  fac t s  give  ve ry g r e a t  w eig h t  to
t h e  t h eo ry t h a t  p e t rol eu m  is of o r g a nic  o rigin.

On  t h e  o t h e r  h a n d,  Be r t h elo t,  fro m  his  syn t h e tic  p rod uc tion
of hyd roc a r bo ns,  b elieves  t h a t  t h e  in t e rio r  of t h e
glob e  con t ain s  alkaline  m e t al s  in t h e  fr e e
s t a t e ,  w hich  yield  a c e tylides  in  t h e  p r e s e n c e  of c a r bo nic
a n hyd rid e,  w hich  a r e  d e co m pos e d  in to  a c e tylen e  by
a q u eo u s  vapor.  Bu t  it  h a s  b e e n  al r e a dy p rove d
t h a t  a c e tylen e  m ay  b e  polym e rize d,  so  a s  to  p rod uc e
a ro m a tic  c a r bide s ,  o r  t h e  d e riva tives  of m a r s h  g a s ,
by  t h e  a b s o r p tion  of hyd ro g e n.   Be r t h elo t’s
view, t h e r efo r e,  is too  ima gin a tive; for  t h e  p r e s e n c e
of fr e e  a lkaline  m e t al s  in t h e  e a r t h’s
in t e rio r  is a n  u n p roved  a n d  ve ry imp rob a ble  hypo t h e sis. 
Byas son  s t a t e s  t h a t  p e t role u m  is for m e d  by t h e  a c tion
of w a t er, c a r bo nic  a n hyd ride ,  a n d  s ulph u r e t e d  hyd ro g e n
u po n  inc a n d e s c e n t  iron.   M e n d elejeff t hinks  it
is for m e d  by t h e  a c tion  of a q u e o us  va po r  u po n  c a r bid e s
of i ron;  a n d  in his  a r ticle,  “Pe t role u m,  t h e
Ligh t  of t h e  Poo r” (in  t his  m o n t h’s—Fe b r u a ry—n u m b e r
of Good Words ), Si r  Lyon  Playfair, K.C.B.,
F.R.S., e t c ., holds  opinions  simila r  to  t hos e
of M e n d elejeff.

Taking  in  conside r a tion  t h e  fac t s  t h a t  solid  p a r affin
is foun d  in p e t role u m  a n d  is also  foun d  in co al, a n d
fro m  my ow n  wo rk  t h a t  p h e nol exis t s  in  Pinus  s ylve s t ris ,
a n d  h a s  b e e n  foun d  by o t h e r s  in co al w hich  is p ro d u c e d
fro m  t h e  d e co m position  of a  flor a  con t aining  n u m e ro u s
gig a n tic  conife r a e  allied  to  Pinu s,  a n d  t h a t  p e t role u m
con t ain s  p h e nol, a n d  e a c h  (i.e., p e t role u m  a n d  coal)
con t ain s  a  n u m b e r  of hyd roc a r bo n s  co m mo n  to  bo t h,
I a m  incline d  to  t hink  t h a t  t h e  b al a nc e  of evid e nc e
is in favor  of t h e  hypo t h e sis  t h a t  p e t role u m  h a s  b e e n
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p ro d uc e d  in n a t u r e  fro m  a  veg e t a ble  so u rc e  in  t h e  in t e rio r
of t h e  glob e.   Of cou r s e ,  t h e r e  c a n  b e  no  p r a c tical
o r  di r e c t  evide nc e  a s  to  t h e  o rigin  of p e t role u m;
t h e r efo r e  “th eo ri e s  a r e  t h e  only ligh t s  wi th
w hich  w e  c a n  p e n e t r a t e  t h e  obsc u ri ty of t h e  u nk now n,
a n d  t h ey a r e  to  b e  value d  jus t  a s  fa r  a s  t h ey illumin a t e
ou r  p a t h .”

In  conclusion,  I t hink  t h a t  t h e r e  is a  con n ec ting
link b e t w e e n  t h e  old  pin e  a n d  fir  for e s t  of bygon e
a g e s  a n d  t h e  o rigin  of p e t role u m  in n a t u r e .—Ch e mical
N e w s .
*       *       *       *  
    *

THE SCHOOL OF PHYSICS AND CHEMISTRY OF 
PARIS.

Rec e n tly w e  p aid  a  visi t  to  t h e  N e w  M u nicip al Sc hool
of P hysics  a n d  Ch e mis t ry t h a t  t h e  ci ty of Pa ris  foun d e d
in 1 8 8 2,  a n d  t h a t  is now  in op e r a tion  in  t h e  la r g e
b uilding  of t h e  old  Rollin  Colleg e .   This  e s t a blish m e n t
is on e  of t hos e  t h a t  s u p ply a  long-fel t  w a n t  of ou r
ti m e,  a n d  w e  a r e  h a p py to  m a k e  it know n  to  ou r  r e a d e r s .  
The  objec t  for  w hic h  it w a s  d e sig n e d  w a s,  in t h e  in t e n tion
of it s  foun d e r s,  to  give  you n g  p eo ple  w ho  h ave  jus t
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g r a d u a t e d  fro m  t h e  high e r  p ri m a ry  sc hools  s p e ci al
ins t r uc tion  w hic h  s h all b e  a t  onc e  scie n tific a n d  p r a c tic al,
a n d  w hich  s h all fi t t h e m  to  b e co m e  e n gin e e r s  o r  s u p e rin t e n d e n t s
in labo r a to rie s  con n ec t e d  wit h  c h e mical a n d  p hysical
ind us t ri e s.   To r e a c h  s uc h  a  r e s ul t  i t h a s  b e e n
n ec es s a ry  to  give  t h e  t e a c hin g  a n  e s s e n ti ally p r ac tic al
c h a r a c t er, by  p e r mi t ting  t h e  p u pils  to  p roc e e d  of
t h e m s elves  in m a nip ula tions  in  w ell fi t t e d  labo r a to ri es.  
I t  is u po n  t his  impo r t a n t  poin t  t h a t  w e  s h all no w
m o r e  p a r ticula rly d w ell; b u t ,  b efo r e  m a king  know n
t h e  g e n e r al  m o d e  of t e ac hin g,  w e  wis h  to  q uo t e  a  few
p a s s a g e s  fro m  t h e  sc hool’s official p ro g r a m m e:  
“Many questions and problems, in physics as well as in chemistry, find their solution 
only with the aid of mathematics and mechanics.  It therefore became necessary, 
through lectures bearing upon the useful branches of mathematics, to supplement the 
too limited ideas that pupils brought with them on entering the school.  Mathematics and
mechanics are therefore taught here at the same time with physics and chemistry, but 
they are merely regarded in the light of auxiliaries to the latter.
   “The  s t u die s  ex t e n d  ove r  t h r e e
ye a r s .   E ac h  of t h e  t h r e e  divisions
   (1s t ,  2 d,  a n d  3 d  ye a r s)  includ e s
t hi r ty  p u pils.

   “During  t h e  t h r e e  fir s t  s e m e s t e r s ,
p u pils  of t h e  s a m e  g r a d e
   a t t e n d  lec t u r e s  a n d  go  t h ro u g h  m a nip ula tions
in c h e mis t ry,
   p hysics,  m a t h e m a tics,  a n d  d r a u g h tin g
in co m m o n.

   “At t h e  e n d  of t h e  t hi rd  s e m e s t e r
t h ey a r e  divide d  in to  1 0
   p hysical a n d  2 0  c h e mic al s t u d e n t s .
“From this moment, although certain courses still remain wholly or partially common to 
the two categories of pupils (physical and chemical), the same is no longer the case 
with regard to the practical exercises, for the physical students thereafter manipulate 
only in the physical laboratories, and the chemical only in the chemical laboratories; 
moreover, the manipulations acquire a greater importance through the time that is 
devoted to them.“At each promotion the three first semesters are taken up with general 
and scientific studies.  Technical applications are the subject of the lectures and 
exercises of the three last semesters.  At the end of the third year certificates are given 
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to those pupils who have undergone examination in a satisfactory manner, and 
diplomas to such as have particularly distinguished themselves.”
Whe n  p u pils  h ave  b e e n  r e c eived  a t  t h e  sc hool, af t e r
p a s sing  t h e  n ec es s a ry  ex a min a tion,  t h ei r  ti m e  of wo rking
is divide d  u p  b e t w e e n  lec t u r e s  a n d  q u e s tionings  a n d
diffe r e n t  labo r a to ry m a nipula tions.

The  cou r s e  of lec t u r e s  on  g e n e r al  a n d  a p plied  p hysics
co m p ris e s  hyd ros t a tics  a n d  h e a t  (P rof.  Do m m e r),
el ec t rici ty a n d  m a g n e ti s m  (Prof.  H os pi t alie r),
a n d  op tics  a n d  a co us tics  (Prof.  Baille). 
Lec t u r e s  on  g e n e r al  c h e mis t ry a r e  d elive r e d  by P rofs.  
Sc h ul tze n b e r g e r  a n d  H e n ning er, on  a n alytical c h e mis t ry
by P rof.  Silva,  on  ch e mis t ry a p plied  to  t h e  ind us t ri es
by P rof.  H e n nin g e r  (for  ino rg a nic) a n d  P rof. 
Sc h ul tze n b e r g e r  (for  o r g a nic).  The  lec t u r e s  on
p u r e  a n d  a p plied  m a t h e m a tics  a n d  m e c h a nics  a r e  d elive r e d
by P rofs.   Levy a n d  Roze.
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[Illus t r a tion:  GENERAL VIEW OF A LABORATORY AT
THE PARIS SCHOOL OF P HYSICS AND CHE MISTRY.]

The  p u pils  occ u py t h e m s elves  r e g ula rly eve ry d ay,
d u ring  h alf t h e  tim e  s p e n t  a t  t h e  sc hool, wi t h  p r a c tic al
wo rk  in a n alytical a n d  a p plie d  ch e mis t ry a n d  p hysics
a n d  g e n e r al  c h e mis t ry.  This  p r a c tic al wo rk  is
a  co m ple m e n t  to  t h e  va rious  lec t u r e s ,  a n d  h a s  r efe r e n c e
to  w h a t  h a s  b e e n  t a u g h t  t h e r ein.   O nc e  o r  t wic e
p e r  w e ek  t h e  p u pils  s p e n d  t h r e e  ho u r s  in  a  s ho p  d evo te d
to  wood  a n d  m e t al wo rking,  a n d  lea r n  ho w  to  t u r n,
forg e ,  file, a djus t ,  e t c .

The  sc hool’s c a bine t s  a r e  no w  p rovide d  wi th
t h e  b e s t  ins t r u m e n t s  for  s t u dy, a n d  a r e  d aily b e co ming
rich e r  t h e r ein.   The  c h e mic al labo r a to rie s  a r e
no n e  t h e  less  r e m a r k a bly o r g a nize d.   In  t h e  a cco m p a nying
c u t  w e  give  a  view of on e  of t h e s e—t h e  on e
t h a t  is u n d e r  t h e  di r ec tion  of Mr. Sc h ul tze n b e r g er,
p rofe sso r  of c h e mis t ry a n d  di r ec to r  of t h e  n e w  sc hool. 
E a c h  p u pil h a s  his  ow n  pl ac e  in fron t  of a  la r g e  t a bl e
p rovide d  wi th  a  s t a n d  w h e r e o n  h e  m ay  a r r a n g e  all t h e
p ro d uc t s  t h a t  h e  h a s  to  e m ploy.  Be n e a t h  t h e  work-t a bl e
h e  h a s  a t  hi s  di spos al a  clos e t  in  w hic h  to  pl ac e
his  a p p a r a t u s  af t e r  h e  is t h ro u g h  u sing  t h e m.  
E a c h  p u pil h a s  in fron t  of hi m  a  w a t e r-fauc e t ,  w hic h
is fixed  to  a  ve r tical colu m n  a n d  pl ac e d  ove r  a  sink.  
Alongsid e  of t hi s  fauc e t  t h e r e  is a  do u ble  g a s  b u r n er,
w hich  m ay b e  con n e c t e d  wi th  fu rn a c e s  a n d  h e a ting  a p p a r a t u s
by m e a n s  of r u b b e r  t u bing.   A s p e ci al h all, wit h
d r a u g h t  a n d  ve n til a tion,  is s e t  a p a r t  for  p r e cipi t a tions
by s ulp h u r e t e d  hyd ro g e n  a n d  t h e  p r e p a r a tion  of c hlo rine
a n d  o th e r  ill-s m elling  a n d  d el e t e rious  g a s e s .  
The  g r e a t  a m o u n t  of ligh t  a n d  s p a c e  p rovid e d  s ec u r e
t h e  b e s t  of con di tions  of hygie n e  to  t his  fine  a n d
vas t  labo r a to ry, w h e r e  youn g  p eo ple  h ave  all t h e  n e c e s s a ry
r e q uisi t e s  for  b e co min g  t r u e  c h e mis t s .—La
N a t ur e.
*       *       *       *  
    *
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DUST-FREE SPACES.[1]

   [Foot no t e  1:   Lec t u r e  to  t h e
Royal Dublin Socie ty by Dr. Olive r  J.
   Lodg e,  April 2 ,  1 8 8 4.]

Within  t h e  las t  few ye a r s  a  sing ula r  in t e r e s t  h a s
a r is e n  in t h e  s u bjec t  of d u s t ,  s mok e,  a n d  fog,  a n d
s eve r al  scie n tific r e s e a r c h e s  in to  t h e  n a t u r e  a n d
p ro p e r ti e s  of t h e s e  p h e no m e n a  h ave  b e e n  r e c e n tly con d u c t e d .  
I t  so  h a p p e n e d  t h a t  a t  t h e  ti m e  I r e c eived  a  r e q u e s t
fro m  t h e  s ec r e t a ry  of t his  socie ty to  lec tu r e  h e r e
t his  af t e r noon  I w a s  in t h e  mid dle  of a  r e s e a r c h  con n e c t e d
wi th  d u s t ,  w hich  I h a d  b e e n  c a r rying  on  for  so m e  m o n t hs
in conjunc tion  wi th  Mr. J.W.  Cla rk,  De mo n s t r a to r
of P hysics  in  U nive r si ty Colleg e,  Live r pool, a n d  w hich
h a d  led  u s  to  so m e  in t e r e s ting  r e s ul t s.   I t  s t r uck
m e  t h a t  possibly so m e  so r t  of a ccou n t  of t his  inves tig a tion
mig h t  no t  b e  u n a cc e p t a ble  to  a  lea r n e d  body s uc h  a s
t his,  a n d  a cco r dingly I t el eg r a p h e d  off to  Mr. Moss
t h e  ti tl e  of t his  af t e r noon’s lec t u r e .   Bu t
now  t h a t  t h e  ti m e  h a s  co m e  for  m e  to  a p p ro ac h  t h e
s u bjec t  b efo r e  you, I find  mys elf conscious  of so m e
mis givings,  a n d  t h e  mis givings  a r e  foun d e d  u po n  t his
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g ro u n d:   t h a t  t h e  s u bjec t  is no t  on e  t h a t  lend s
its elf e a sily to  exp e ri m e n t al  d e m o n s t r a tion  b efor e
a n  a u die nc e.   M a ny of t h e  exp e ri m e n t s  c a n  only
b e  m a d e  on  a  s m all s c al e,  a n d  r e q ui r e  to  b e  w a tc h e d
clos ely.  Ho w ever, by h elp  of di a g r a m s  a n d  by
no t  confining  mys elf too  clos ely to  ou r  s p e ci al inves tig a tion,
b u t  d e aling  so m e w h a t  wi th  t h e  wid e r  s u bjec t  of d u s t
in  g e n e r al, I m ay  ho p e  to  r e n d e r  mys elf a n d  my s u bjec t
in t elligible  if no t  ve ry e n t e r t aining.

Fi r s t  of all, I d r a w  no  dis tinc tion  b e t w e e n  “dus t”
a n d  “s mok e.”  I t  wo uld  b e  possible
to  d r a w  s uc h  a  dis tinc tion,  b u t  it wo uld  h a r dly b e
in a cco r d a nc e  wi th  u s a g e.   Dus t  mig h t  b e  d efine d
a s  s mok e  w hich  h a d  s e t tl e d,  a n d  t h e  t e r m  s mok e  a p plied
to  solid  p a r ticles  s till s u s p e n d e d  in t h e  air. 
Bu t  a t  p r e s e n t  t h e  t e r m  “s moke” is a p plied
to  solid  p a r ticles  p ro d uc e d  by co m b u s tion  only, a n d
“dus t” to  p a r ticles  owing  t h ei r  floa ting
exis t e nc e  to  so m e  o th e r  c a u s e .   This  is evide n tly
a n  u n e s s e n tial  dis tinc tion,  a n d  for  t h e  p r e s e n t  I
s h all u s e  ei t h e r  t e r m  withou t  dis tinc tion,  m e a nin g
by d u s t  o r  s mok e,  solid  p a r ticle s  floa ting  in t h e
air.  The n  “fog”; t his  diffe r s  fro m
s m ok e  only in t h e  fac t  t h a t  t h e  p a r ticle s  a r e  liquid
ins t e a d  of solid.   And t h e  t h r e e  t e r m s  d u s t ,  s m ok e,
a n d  fog,  co m e  to  m u c h  t h e  s a m e  t hin g,  only t h a t  t h e
la t t e r  t e r m  is a p plied  w h e n  t h e  s u s p e n d e d  p a r ticle s
a r e  liquid.   I do  no t  t hink,  how ever, t h a t  w e
u s u ally a p ply t h e  t e r m  “fog” w h e n  t h e
liquid  p a r ticles  a r e  p u r e  w a t e r ;  w e  c all it  t h e n  m o s tly
ei t h e r  mis t  o r  clou d.   The  n a m e  “fog,”
a t  a ny r a t e  in tow ns,  c a r ri es  wi t h  it  t h e  ide a  of
a  hid eous,  g r e a sy co m po u n d,  consis ting  of s m ok e  a n d
mis t  a n d  s ulp h u r  a n d  filth,  a s  u nlike  t h e  mis t s  on
a  Highlan d  m o u n t ain  a s  a  cou n t ry m e a do w  is u nlike
a  ci ty slu m.   N ev e r t h ele s s,  t h e  fine s t  cloud  o r
mis t  t h a t  eve r  exis t e d  consis t s  sim ply of li t tle  glob ule s
of w a t e r  s u s p e n d e d  in air, a n d  t h u s  for  ou r  p r e s e n t
p u r pos e  diffe r s  in no  impor t a n t  r e s p ec t  fro m  fog,
d u s t ,  a n d  s moke.   A cloud  o r  mis t  is, in fac t,
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fine  w a t e r-d u s t .   R ain  is coa r s e  w a t e r-d u s t  for m e d
by t h e  a g g r e g a tion  of s m alle r  glob ules,  a n d  va rying
in finen e s s  fro m  t h e  Sco tc h  mis t  to  t h e  t ropical d elug e.  
I t  h a s  oft e n  b e e n  a sk e d  how  it is t h a t  cloud s  a n d
mis t s  a r e  a bl e  to  floa t  a bo u t  w h e n  w a t e r  is so  m u c h
h e avie r  (800  tim e s  h e avie r)  t h a n  air.  The  a n s w e r
to  t his  is e a sy.  I t  d e p e n d s  on  t h e  r e sis t a nc e
o r  viscosi ty of fluids,  a n d  on  t h e  s m allnes s  of t h e
p a r t icles  conc e r n e d.   Bodie s  falling  fa r  t h ro u g h
fluids  a c q ui r e  a  “te r min al veloci ty,”
a t  w hich  t h ey  a r e  in  s t a bl e  e q uilib riu m—t h ei r
w eig h t  b eing  ex ac tly e q u al  to  t h e  r e si s t a nc e—a n d
t his  t e r min al veloci ty is g r e a t e r  for  la rg e  p a r ticles
t h a n  for  s m all; cons e q u e n tly w e  h ave  all so r t s  of
r ain  veloci ty, d e p e n ding  on  t h e  size  of t h e  d ro ps;
a n d  la rg e  p a r ticle s  of d u s t  s e t tl e  m o r e  q uickly t h a n
s m all.  Clou d-s p h e r ule s  a r e  falling  t h e r efo r e,
b u t  falling  ve ry slowly.

To r e cog nize  t h e  p r e s e n c e  of d u s t  in  ai r  t h e r e  a r e
t wo  p rincip al t e s t s;  t h e  fir s t  is, t h e  obvious  on e
of looking  a t  i t wi th  ple n ty of ligh t,  t h e  w ay on e
is a c c u s to m e d  to  look for  a ny t hing  el s e;  t h e  o th e r
is a  m e t ho d  of Mr. John  Aitke n’s, vi z .,
to  obs e rve  t h e  con d e n s a tion  of w a t e r  vapor.

35



Page 18

Take  t h e s e  in o r d er.  Wh e n  a  s u n b e a m  e n t e r s  a
d a rk e n e d  roo m  t h ro u g h  a  c hink, it  is co m m o nly s aid
to  b e  r e n d e r e d  visible  by t h e  m o t e s  o r  d u s t  p a r ticles
d a n cing  in it; b u t  of cou r s e  r e ally it is no t  t h e  m o t e s
w hich  m a k e  t h e  s u n b e a m  visible,  b u t  t h e  s u n b e a m  t h e
m ot e s.   A d u s t  p a r ticle  is illu min a t e d  like  a ny
o th e r  solid  sc r e e n ,  a n d  is a bl e  to  s e n d  a  s ufficie n t
frac tion  of ligh t  to  ou r  eyes  to  r e n d e r  i ts elf visible.  
If t h e r e  a r e  no  s uc h  p a r ticle s  in t h e  b e a m—not hin g
b u t  cle ar, invisible  ai r—t h e n  of cou r s e
no t hing  is s e e n,  a n d  t h e  b e a m  plu n g e s  on  its  w ay q ui t e
invisible  to  u s  u nle s s  w e  pl ac e  ou r  eye s  in it s  co u r s e .  
In  o th e r  wo r d s,  to  b e  visible,  ligh t  m u s t  e n t e r  t h e
eye.   (A conc e n t r a t e d  b e a m  w a s  p a s s e d  t h ro u g h
a n  e m p ty t u b e ,  a n d  t h e n  o r din a ry ai r  le t  in.)

The  o t h e r  t e s t ,  t h a t  of Mr. Aitke n,  d e p e n d s  on  t h e
con d e n s a tion  of s t e a m.   Whe n  a  je t  of s t e a m  finds
its elf in d u s ty air, it  con d e n s e s  a ro u n d  e a c h  d u s t
p a r t icle  a s  a  n ucle us ,  a n d  for m s  t h e  w hi t e  visible
clou d  pop ul a rly c alle d  s t e a m.   In  t h e  a b s e nc e  of
n u clei Mr. Aitke n  h a s  s how n  t h a t  t h e  s t e a m  c a n no t
con d e n s e  u n til it is hig hly s u p e r s a t u r a t e d ,  a n d  t h a t
w h e n  it do e s  it  con d e n s es  s t r aig h t  in to  r ain—t h a t
is, in to  la r g e  d ro ps  w hich  fall.  The  con d e n s a tion
of s t e a m  is a  m o r e  d elica t e  t e s t  for  d u s t  t h a n  is
a  b e a m  of ligh t .   A c u rious  illus t r a tion  of t h e
a c tion  of n u clei in  con d e n sing  m ois t u r e  h a s  jus t  occu r r e d
to  m e ,  in  t h e  exp e ri m e n t—w ell know n  to  c hild r e n—of
w ri ting  on  a  r e a so n a bly cle a n  window-p a n e  wi t h,  s ay,
a  blu n t  wood e n  poin t,  a n d  t h e n  b r e a t hin g  on  t h e  gl a s s;
t h e  con d e n s a t ion  of t h e  b r e a t h  r e n d e r s  t h e  w ri ting
legible.   No  dou b t  t h e  n u clei a r e  p a r ti ally wip e d
a w ay by t h e  w ri ting,  a n d  t h e  m ois t u r e  will con d e n s e
in to  la r g e r  d ro ps  wi t h  les s  ligh t-sc a t t e ring  pow e r
alon g  t h e  w ri t t e n  line s  t h a n  ove r  t h e  g e n e r al  s u rfac e
of t h e  p a n e  w h e r e  t h e  n uclei a r e  pl e n tiful, a n d  t h e
d ro ps  t h e r efo r e  n u m e ro us  a n d  min u t e .   Mr. Aitke n
poin t s  ou t  t h a t  if t h e  ai r  w e r e  eve r  q ui t e  d u s tle s s,
vapo r  could  no t  con d e n s e ,  b u t  t h e  ai r  would  g r a d u ally
g e t  in to  a  ho r ribly s u p e r s a t u r a t e d  con di tion,  so aking
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all ou r  w alls  a n d  clo t h e s ,  d rip ping  fro m  eve ry  le af,
a n d  p e n e t r a tin g  eve ryw h e r e ,  ins t e a d  of falling  in
a n  ho n e s t  s how er, a g ains t  w hich  u m b r ellas  a n d  sla t e
roofs  a r e  so m e  p ro t ec tion.   Bu t  le t  u s  u n d e r s t a n d
w h a t  so r t  of d u s t  it is w hich  is n e c e s s a ry for  t his
con d e n sin g  p roc e s s.   I t  is no t  t h e  d u s t  a n d  s m ok e
of tow n s,  it is no t  t h e  d u s t  of a  cou n t ry ro a d;  all
s uc h  p a r ticles  a s  t h e s e  a r e  g ro ss  a n d  la r g e  co m p a r e d
wi th  t hos e  w hich  a r e  a bl e  to  a c t  a s  con d e n s e r s  of m ois t u r e .  
The  fine  d u s t  of Mr. Aitke n  exis t s  ev e ryw h e r e ,  eve n
in t h e  u p p e r  r e gions  of t h e  a t m os p h e r e ;  m a ny of i t s
p a r t icles  a r e  of ul t r a-mic ros copic  fine n e s s ,  on e  of
t h e m  m u s t  exis t  in eve ry  r aind ro p,  n ay, eve n  in eve ry
s p h e r ule  of a  mis t  o r  clou d,  b u t  it  is only occ a sion ally
t h a t  on e  c a n  find  t h e m  wit h  t h e  mic roscop e.   I t
is to  s uc h  p a r ticles  a s  t h e s e  t h a t  w e  ow e  t h e  blu e
of t h e  sky, a n d  ye t  t h ey  a r e  s ufficie n tly g ro s s  a n d
t a n gible  to  b e  c a p a ble  of b ein g  fil t e r e d  ou t  of t h e
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ai r  by a  p a ck e d  m a s s  of co t ton-wool.  S uc h  d u s t
a s  t his, t h e n,  w e  n e e d  n eve r  b e  af r aid  of b ein g  wi thou t .  
Withou t  i t t h e r e  could  b e  no  r ain,  a n d  exis t e nc e  would
b e  insu p po r t a ble,  p e r h a p s  impossible; b u t  it  is no t
m a n ufac t u r e d  in tow n s;  t h e  s e a  m a k e s  it; t r e e s  a n d
wind  m a k e  it; b u t  t h e  kind  of d us t  m a d e  in tow n s  ri se s
only a  few h u n d r e d  ya r ds  o r  so  in to t h e  a t m os p h e r e ,
floa ting  a s  a  c a no py o r  p all ove r  t hos e  u nfor t u n a t e
r e gions,  a n d  sinks  a n d  s e t tl es  m o s t  of it a s  soon  a s
t h e  ai r  is q uie t ,  b u t  sc a r c ely a ny of it  eve r  r i s e s
in to  t h e  u p p e r  r e gions  of t h e  a t mos p h e r e  a t  a ll.

Dus t ,  t h e n ,  b ein g  so  u nive r s ally p r evale n t,  w h a t  do
I m e a n  by d u s t-fre e  s p a c e s?   H ow  a r e  s uc h  t hings
pos sible?   And w h e r e  a r e  t h ey  to  b e  foun d?  
In  1 8 7 0  Dr. Tynd all w a s  exa mining  d u s ty ai r  by m e a n s
of a  b e a m  of ligh t  in w hich  a  s pi ri t-la m p  h a p p e n e d
to  b e  b u r ning,  w h e n  h e  no tic ed  t h a t  fro m  t h e  fla m e
t h e r e  po u r e d  u p  to r r e n t s  of a p p a r e n tly t hick bl ack
s m ok e.   H e  could  no t  t hink  t h e  fla m e  w a s  r e ally
s m oky, b u t  to  m a k e  s u r e  h e  t ri ed,  fir s t  a  Buns e n  g a s
fla m e  a n d  t h e n  a  hyd ro g e n  fla m e.   They all s how e d
t h e  s a m e  effec t,  a n d  s m ok e  w a s  ou t  of t h e  q u e s tion.  
H e  t h e n  u s e d  a  r e d-ho t  pok er, a  pl a tin u m  wi r e  igni t e d
by a n  el ec t ric  c u r r e n t ,  a n d  ul tim a t ely a  flask  of
ho t  w a t er, a n d  h e  foun d  t h a t  fro m  all w a r m  bodie s
exa min e d  in d us ty ai r  by  a  b e a m  of ligh t  t h e  u p s t r e a min g
convec tion  c u r r e n t s  w e r e  d a rk.   N ow, of cou r s e
s m ok e  wo uld  b e h ave  ve ry diffe r e n tly.  Dus ty ai r
it s elf is only a  kind  of s mok e,  a n d  it  looks  b righ t ,
a n d  t h e  t hicke r  t h e  s mok e  t h e  b rig h t e r  i t looks; t h e
black n e s s  is si m ply t h e  u t t e r  a b s e nc e  of s m ok e;  t h e r e
is no t hing  a t  all for  t h e  ligh t  to  illumin a t e ,  a cco r din gly
w e  h ave  t h e  bla nk n e s s  of s h e e r  invisibility. 
H e r e  is a  fla m e  b u r ning  u n d e r  t h e  b e a m,  a n d,  to  s how
w h a t  r e al  s mok e  looks  like,  I will b u r n  al so  t his  s pi ri t
la m p  filled  wi th  t u r p e n tin e  ins t e a d  of alcohol. W h y
t h e  conve n tion  c u r r e n t s  w e r e  fr e e  fro m  d u s t  w as  u nk now n;
Tynd all t ho u g h t  t h e  d u s t  w a s  b u r n t  a n d  cons u m e d;  Dr.
F r a nkla n d  t ho u g h t  it  w a s  sim ply ev a po r a t e d.
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In  1 8 8 1  Lord  Rayleigh  took t h e  m a t t e r  u p ,  no t  feeling
s a tisfied  wi th  t h e s e  explan a tions,  a n d  r e p e a t e d  t h e
exp e ri m e n t  ve ry c a r efully.  H e  no t e d  s eve r al n e w
poin t s,  a n d  hi t  on  t h e  c a pi t al  ide a  of s e ein g  w h a t
a  cold  bo dy did.   F ro m  t h e  cold  bo dy t h e  d e sc e n din g
c u r r e n t  w a s  jus t  a s  d a rk  a n d  d u s t-fre e  a s  fro m  a  w a r m
body.  Co m b u s tion  a n d  ev a po r a tion  expla n a tions
s uffe r e d  t h ei r  d e a t h-blow.  But  h e  w a s  u n a ble  to
s u g g e s t  a ny o t h e r  expla n a tion  in t h ei r  roo m,  a n d  so
t h e  p h e no m e no n  r e m ain e d  cu rious  a n d  u n explaine d.

In  t his  s t a t e  Mr. Cla rk  a n d  I took t h e  m a t t e r  u p  las t
s u m m er, a n d  c ri tic ally exa min e d  all so r t s  of hypo t h e s es
t h a t  s u g g e s t e d  t h e m s elves,  Mr. Cla rk  following  u p
t h e  p h e no m e n a  exp e ri m e n t ally wi t h  g r e a t  inge n ui ty
a n d  p e r s eve r a n c e .   On e  hypo t h e sis  af t e r  a no t h e r
s u g g e s t e d  it s elf, s e e m e d  hop eful for  a  tim e,  b u t  ul tim a t ely
h a d  to  b e  disc a r d e d.   So m e  die d  q uickly, o t h e r s
ling e r e d  long.  In  t h e  exa min a tion  of on e  el ec t rical
hypo t h e sis  w hic h  s u g g e s t e d  it s elf w e  c a m e  a c ros s  va rious
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c u rious  p h e no m e n a  w hich  w e  ho p e  s till to  follow u p.[2]
It  w a s  so m e  m o n t hs  b efo r e  w h a t  w e  now  b elieve  to  b e
t h e  t r u e  expla n a tion  b e g a n  to  d a w n  u po n  u s .   M e a n w hile
w e  h a d  a c q ui r e d  va rious  n e w  fac t s,  a n d  fir s t  a n d  for e mos t
w e  foun d  t h a t  t h e  d a rk  pl a n e  ri sing  fro m  a  w a r m  bo dy
w a s  only t h e  u p s t r e a min g  po r tion  of a  d u s t-fre e  coa t
p e r p e t u ally b ein g  r e n e w e d  on  t h e  s u rf ac e  of t h e  body. 
Le t  m e  d e s c rib e  t h e  a p p e a r a nc e  a n d  m o d e  of s e ein g
it  by  h elp  of a  di a g r a m.  (For  full d e s c rip tion  s e e
Philosop hical M a ga zine  for  M a r c h,  1 8 8 4.)
[Footnote 2:  For instance, the electric properties of crystals can be readily examined in 
illuminated dusty air; the dust grows on them in little bushes and marks out their poles 
and neutral regions, without any need for an electrometer.  Magnesia smoke answers 
capitally.]
S u r ro u n din g  all bodie s  w a r m e r  t h a n  t h e  ai r  is a  t hin
r e gion  fr e e  fro m  d u s t,  w hich  s how s  its elf a s  a  d a rk
s p ac e  w h e n  exa min e d  by looking  alon g  a  cylind e r  illumin a t e d
t r a n sve r s ely, a n d  wi th  a  d a rk  b a ckg ro u n d.   At
hig h  t e m p e r a t u r e s  t h e  coa t  is t hick; a t  ve ry low t e m p e r a t u r e s
it  is a b s e n t ,  a n d  d u s t  t h e n  r a pidly collec t s  on  t h e
ro d.   On  a  w a r m  s u rf ac e  only t h e  h e avy p a r ticle s
a r e  a bl e  to  s e t tl e—t h e r e  is evid e n tly so m e
a c tion  t e n din g  to  d rive  s m all bo die s  a w ay.  An
exc es s  of t e m p e r a t u r e  of a  d e g r e e  o r  t wo  is s ufficie n t
to  e s t a blish  t his  d u s t-fre e  coa t ,  a n d  it is e a sy  to
s e e  t h e  d us t-fre e  pl a n e  ri sing  fro m  it.  The  a p p e a r a n c e s
m ay al so  b e  exa min e d  by looking  alon g  a  cylind e r  to ward
t h e  sou rc e  of ligh t,  w h e n  t h e  d u s t-fre e  s p a c es  will
a p p e a r  b rig h t e r  t h a n  t h e  r e s t .   A ro d  of el ec t ric
ligh t  c a r bo n  w a r m e d  a n d  fixed  ho rizon t ally a c ro s s  a
b ell-ja r  full of d e n s e  s mok e  is ve ry s ui t a bl e  for  t his
exp e ri m e n t ,  a n d  by m e a n s  of a  lens  t h e  d us t-fre e  r e gions
m ay b e  t h us  p rojec t e d  on  to  a  sc r e e n .   Diminish e d
p r e s s u r e  m a k e s  t h e  coa t  t hick er.  Inc r e a s e d  p r e s s u r e
m a k e s  it  t hin n er.  In  hyd rog e n  it is t hicker, a n d
in c a r bo nic  a cid  t hinn er, t h a n  in  air.  We h ave
also  s ucc e e d e d  in obs e rving  it in liquids—for
ins t a nc e,  in w a t e r  holding  fine  ro u g e  in s u s p e n sion,
t h e  solid  bo dy b eing  a  m e t al  s t e a m  t u b e.   Qu a n ti t a tive
d e t e r min a tions  a r e  no w  in p ro g r e s s .
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[Illus t r a tion:  Fig.  1  a n d  Fig.  2]

Fig.  1  s how s  t h e  a p p e a r a n c e  w h e n  looking  alon g  a  cop p e r
o r  c a r bo n  ro d  la t e r ally illu min a t e d;  t h e  p a t h s  of
t h e  d u s t  p a r ticle s  a r e  ro u g hly indica t e d .   Fig.
2  s ho ws  t h e  co a t  on  a  s e mi-cylind e r  of s h e e t  cop p e r
wi th  t h e  conc ave  side  t u r n e d  tow a r d  t h e  ligh t .

I t  is difficul t  to  give  t h e  full expla n a tion  of t h e
d u s t  fr e e  s p ac e s  in a  few wor ds ,  b u t  w e  m ay  s ay  ro u g hly
t h a t  t h e r e  is a  m olec ula r  bo m b a r d m e n t  fro m  all w a r m
s u rfac e s  by m e a n s  of w hich  s m all s u s p e n d e d  bo die s
g e t  d rive n  ou t w a r d  a n d  ke p t  a w ay fro m  t h e  s u rfac e.  
I t  is a  so r t  of diffe r e n ti al  bo m b a r d m e n t  of t h e  g a s
m olec ule s  on  t h e  t wo  fac es  of a  d us t  p a r ticle  so m e w h a t
a n alogous  to  t h e  a c tion  on  Mr. Crook es’ r a dio m e t e r
van e s .   N e a r  cold  s u rfac es  t h e  bo m b a r d m e n t  is ve ry
fee ble,  a n d  if t h ey a r e  cold  e no u g h  it a p p e a r s  to
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a c t  tow a r d  t h e  body, d riving  t h e  d u s t  inw a r d—a t
a ny r a t e ,  t h e r e  is no  ou tw a r d  bo m b a r d m e n t  s ufficien t
to  ke e p  t h e  d u s t  a w ay, a n d  bodie s  cold e r  t h a n  t h e
a t m os p h e r e  s u r ro u n ding  t h e m  soon  g e t  d u s ty.  Thus
if I hold  t his  pi ec e  of gl as s  in a  m a g n e siu m  fla m e,
o r  in a  t u r p e n tin e  o r  c a m p ho r  fla m e,  it  q uickly g e t s
cove r e d  wi th  s mok e—w hi t e  in t h e  on e  c a s e,
bl ack  in t h e  o t h er.  I t ak e  t wo  conical flasks
wi th  t h ei r  s u rf ac e s  bl acke n e d  wi th  c a m p ho r  bl ack,
a n d  filling  on e  wit h  ice,  t h e  o t h e r  wi th  boiling  w a t er,
I co rk  t h e m  a n d  p u t  a  b ell ja r  ove r  t h e m,  u n d e r  w hich
I b u r n  so m e  m a g n e siu m  wi r e;  in a  q u a r t e r  of a n  ho u r
o r  so  w e  find  t h a t  t h e  cold  on e  is w hi t e  a n d  ho a ry,
t h e  ho t  on e  h a s  only a  few la rg e r  s p e cks  of d us t  on
it, t h e s e  b eing  of s uc h  size  t h a t  t h e  bo m b a r d m e n t  w a s
u n a ble  to  s u s t ain  t h ei r  w eigh t ,  a n d  t h ey  h ave  s e t tl e d
by g r avit a tion.   We t h u s  s e e  t h a t  w h e n  t h e  ai r
in  a  roo m  is w a r m e r  t h a n  t h e  solids  in it—a s
will b e  t h e  c a s e  w h e n  s toves,  g a s-b u r n e r s ,  e t c .,
a r e  u s e d—t hin gs  will g e t  ve ry d u s ty; w h e r e a s
w h e n  w alls  a n d  objec t s  a r e  w a r m e r  t h a n  t h e  ai r—a s
will b e  t h e  c a s e  in s u n s hin e,  o r  w h e n  op e n  fir e pl ac es
a r e  u s e d,  t hings  will t e n d  to  k e e p  t h e m s elves  m o r e
fre e  fro m  d u s t .   Mr. Aitke n  poin t s  ou t  t h a t  soo t
in a  chim n ey is a n  illus t r a tion  of t his  kind  of d e posi tion
of d u s t ;  a n d  a s  a no t h e r  illus t r a tion  it  s t r ikes  m e
a s  jus t  pos sible  t h a t  t h e  di r tin e s s  of s now  d u ring
a  t h a w  m ay  b e  p a r tly d u e  to  t h e  bo m b a r d m e n t  on  to
t h e  cold  s u rf ac e  of d u s t  ou t  of t h e  w a r m e r  ai r  a bove.  
Mr. Aitke n  h a s  ind e e d  s u g g e s t e d  a  so r t  of p r a c tic al
d u s t  o r  s m ok e  fil t e r  on  t his  p rinciple,  p a s sin g  ai r
b e t w e e n  t wo  s u rfac e s—on e  ho t  a n d  on e  cold—so
a s  to  vigorously bo m b a r d  t h e  p a r ticles  on  to  t h e  cold
s u rfac e  a n d  leave  t h e  ai r  fr e e .

But  w e  h ave  foun d  a no t h e r  a n d  a p p a r e n tly m u c h  m o r e
effec t u al  m o d e  of cle a rin g  ai r  t h a n  t his .   We
do  it by disc h a r gin g  el ec t rici ty in to  it.  I t
is e a sily possible  to  el ec t rify ai r  by m e a n s  of a  poin t
o r  fla m e,  a n d  a n  el ec t rified  bo dy h a s  t his  cu rious
p ro p e r ty, t h a t  t h e  d u s t  n e a r  it  a t  onc e  a g g r e g a t e s
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tog e t h e r  in to  la rg e r  p a r ticles.   I t  is no t  difficul t
to  u n d e r s t a n d  w hy t his  h a p p e n s;  e a c h  of t h e  p a r ticles
b eco m e s  pola rized  by ind uc tion,  a n d  t h ey  t h e n  cling
tog e t h e r  e n d  to  e n d,  jus t  like  iron  filings  n e a r  a
m a g n e t .   A fee ble  c h a r g e  is oft e n  s ufficien t  to
s t a r t  t his  co a g ula ting  a c tion.   And w h e n  t h e  p a r ticles
h ave  g row n  in to  big  on e s,  t h ey e a sily a n d  q uickly fall. 
A s t ro n g e r  c h a r g e  forcibly d rives  t h e m  on  to  all e lec t rified
s u rfac e s,  w h e r e  t h ey cling.   A fine  w a t e r  fog
in a  b ell jar, e lec t rified,  t u r n s  fir s t  in to  a  coa r s e
fog o r  Sco tc h  mis t ,  a n d  t h e n  in to  r ain.   S m ok e
also  h a s  it s  p a r ticle s  co a g ula t e d ,  a n d  a  s p a c e  c a n
t h u s  b e  cle a r e d  of i t.  I will illus t r a t e  t his
a c tion  by m a king  so m e  a r tificial fogs  in a  b ell-ja r
fu r nis h e d  wi th  a  m e t al  poin t.   Fi r s t  b u r n  so m e
m a g n e siu m  wir e,  el ec t rify it by a  few t u r n s  of t his
s m all Voss m a c hin e ,  a n d  t h e  s mok e  h a s  b e co m e  s now;
t h e  p a r ticle s  a r e  elon g a t e d ,  a n d  by poin ting  to  t h e
c h a r g e d  ro d  indica t e  t h e  line s  of el ec t ro s t a tic  forc e
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ve ry b e a u tifully; el ec t rify fu r t h er, a n d  t h e  ai r  is
p e rfec tly cle ar.  N ex t  b u r n  t u r p e n tin e,  a n d  el ec t rify
g e n tly; t h e  d e n s e  bl ack  s mok e  coa g ula t e s  in to  bl ack
m a s s e s  ove r  a n  inch  long;  elec t rify fu r t h er, a n d  t h e
gla ss  is cove r e d  wi t h  soo t,  b u t  t h e  ai r  is cle ar. 
Tu r p e n tine  s m ok e  a c t s  ve ry w ell, a n d  c a n  b e  t ri ed
on  a  la r g e r  sc ale; a  r oo m  filled  wi th  t u r p e n tin e  s mok e,
so  d e n s e  t h a t  a  g a s-ligh t  is invisible  insid e  it,
b e gin s  to  cle a r  in a  mi n u t e  o r  t wo  af t e r  t h e  m a c hin e
b e gins  to  t u r n ,  a n d  in a  q u a r t e r  of a n  ho u r  on e  c a n
go  in a n d  find  t h e  w alls  t hickly cove r e d  wi th  s t r in gy
blacks,  no t a bly on  t h e  g a s-pip es  a n d  eve ryt hin g  m os t
e a sily c h a r g e d  by induc tion.   N ex t  fill a  b ell-ja r
full of s t e a m,  a n d  el ec t rify, p aying  a t t e n tion  to
ins ula tion  of t h e  s u p ply poin t  in t his  c a s e .  
In  a  few s eco n ds  t h e  ai r  looks  cle ar, a n d  t u r nin g  on
a  b e a m  of ligh t  w e  s e e  t h e  globule s  of w a t e r  d a ncing
a bo u t ,  no  long e r  fine  a n d  im p alp a ble,  b u t  s e p a r a t ely
visible  a n d  r a pidly falling.   Fin ally, m a k e  a
London  fog by b u r nin g  t u r p e n tin e  a n d  s ulph ur, a d din g
a  li t tl e  s ulp h u ric  a cid,  ei t h e r  di r e c tly a s  vapo r
o r  indi r ec tly by  a  t r a c e  of ni t ric  oxide,  a n d  t h e n
blowing  in s t e a m.   Elec t rify, a n d  it soon  b e co m e s
cle ar, al t hou g h  it lakes  a  lit tl e  long e r  t h a n  b efor e;
a n d  on  r e moving  t h e  b ell-ja r  w e  find  t h a t  eve n  t h e
s m ell of SO2  h a s  dis a p p e a r e d ,  a n d  only a  li t tl e  vapo r
of t u r p e n tine  r e m ains.   Simila rly w e  c a n  m a k e
a  Widn e s  fog  by s ulp h u r e t e d  hyd ro g e n,  c hlo rin e,  s ulph u ric
a cid,  a n d  a  lit tl e  s t e a m.   P rob a bly t h e  s t e a m  a s sis t s
t h e  cle a ring  w h e n  g a s e s  h ave  to  b e  d e al t  wit h.  
I t  m ay  b e  possible  to  cle a r  t h e  ai r  of t u n n els  by
si m ply di sc h a r ging  el ec t rici ty in to  t h e  ai r—t h e
elec t rici ty b eing  s u p plied  by H ol tz m a c hin es ,  d rive n
s ay by s m all t u r bin e s—a  ve ry h a n dy for m
of pow er, difficul t  to  g e t  ou t  of o r d er.  Or  pos sibly
so m e  hyd ro-el ec t ric  a r r a n g e m e n t  mig h t  b e  d evise d  for
t h e  loco motive  s t e a m  to  do  t h e  wo rk.   I eve n  hop e
to  m a k e  so m e  imp r e s sion  on  a  Londo n  fog, di sc h a r ging
fro m  ligh t nin g  con d u c to r s  o r  c a p tive  b alloons  c a r rying
fla m e s,  b u t  it  is p r e m a t u r e  to  s ay a ny thing  a bo u t
t his  m a t t e r  ye t.   I h ave,  how ever, cle a r e d  a  roo m
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of s m ok e  ve ry q uickly wi th  a  s m all h a n d  m a c hin e .

It  will n a t u r ally s t r ike  you  how  closely allied  t h e s e
p h e no m e n a  m u s t  b e  to  t h e  fac t  of pop ul a r  scie nc e  t h a t
“thu n d e r  cle a r s  t h e  air.”  Ozon e  is
u n do u b t e dly g e n e r a t e d  by t h e  flas h e s,  a n d  m ay h av e
a  b e n eficial effec t ,  b u t  t h e  d u s t-coa g ula ting  a n d
d u s t-exp elling  po w e r  of t h e  el ec t rici ty h a s  a  m u c h
m o r e  r a pid  effec t ,  t ho u g h  it m ay  no t  a c t  till t h e
clou d  is di sch a r g e d.   Conside r  a  clou d  el ec t rified
sligh tly; t h e  mis t s  a n d  clouds  in it s  vicini ty b e gin
to  co a g ula t e ,  a n d  go  on  till la rg e  d ro ps  a r e  for m e d,
w hich  m ay b e  h eld  u p  by el ec t ric al a c tion,  t h e  d rop s
d a n cing  fro m  on e  clou d  to  a no t h e r  a n d  t h u s  for ming
t h e  ve ry d e n s e  t h u n d e r  clou d.   The  coa g ula tion
of c h a r g e d  d ro ps  inc r e a s e s  t h e  po t e n ti al, a s  P rof. 
Tait  poin t s  ou t ,  u n til a t  len g t h—flas h—t h e
clou d  is di sch a r g e d,  a n d  t h e  la r g e  d ro ps  fall in a
violen t  s how er.  Mo r eover, t h e  r a pid  excu r sion
to  a n d  fro of t h e  d ro ps  m ay  e a sily h av e  c a u s e d  t h e m
to  eva po r a t e  so  fas t  a s  to  fre eze,  a n d  h e n c e  w e  m ay
g e t  h ail.
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While  t h e  clou d  w a s  el ec t rified,  i t a c t e d  ind uc tively
on  t h e  e a r t h  u n d e r n e a t h ,  d r a win g  u p  a n  op posi t e  ch a r g e
fro m  all poin t s,  a n d  t h us  el ec t rifying  t h e  a t m os p h e r e .  
Whe n  t h e  disc h a r g e  occu r s  t his  a t m os p h e ric  el ec t rifica tion
e n g a g e s  wi th  t h e  e a r t h ,  cle a rin g  t h e  ai r  b e t w e e n,
a n d  d riving  t h e  d u s t  a n d  g e r m s  on  to  all expos e d  s u rf ac e s.  
In  so m e  s uc h  w ay al so  it m ay  b e  t h a t  “thu n d e r
t u r n s  milk sour,” a n d  ex e r t s  o t h e r  p u t r efac tive
influe nc e s  on  t h e  bo die s  w hich  r e c eive  t h e  g e r m s  a n d
d u s t  fro m  t h e  air.

Bu t  w e  a r e  now  no  long e r  on  s afe  a n d  t ho rou g hly explo r e d
t e r ri to ry.  I h ave  allow e d  mys elf to  foun d  u po n
a  b a si s  of exp e ri m e n t al  fac t,  a  s u p e r s t r uc t u r e  of
p r a c tic al a p plica tion  to  t h e  explan a tion  of t h e  p h e no m e n a
of n a t u r e  a n d  to  t h e  u s e s  of m a n.   The  b a si s  s e e m s
to  m e  s t ro n g  e no u g h  to  b e a r  m os t  of t h e  s u p e r s t r u c t u r e,
b u t  b efo r e  b eing  s u r e  it will b e  n e c e s s a ry  a c t u ally
to  p u t  t h e  m e t hod s  in to  op e r a tion  a n d  to  exp e ri m e n t
on  a  ve ry la r g e  sc ale.   I hop e  to  do  t his  w h e n
I c a n  g e t  to  a  s ui t a ble  pl ac e  of op e r a tion.   Live r pool
fogs  a r e  poo r  affai r s ,  a n d  no t  wo r t h  cle a ring  off. 
M a n c h e s t e r  fogs  a r e  m u c h  b e t t e r  a n d  m o r e  fre q u e n t ,
b u t  t h e r e  is no t hing  to  b e a t  t h e  r e al  a r ticle  a s  foun d
in Londo n,  a n d  in London  if pos sible  I in t e n d  to  rig
u p  so m e  la rg e  m a c hin e s  a n d  to  s e e  w h a t  h a p p e n s.  
The  u n d e r g ro u n d  r ailway also  offe r s  it s  s uffoca ting
m u r kin es s  a s  a  m os t  t e m p tin g  field for  exp e ri m e n t ,
a n d  I wish  I w e r e  a bl e  al r e a dy to  t ell you  t h e  a c t u al
r e s ul t  ins t e a d  of b ein g  only in a  posi tion  to  indica t e
pos sibili ti e s.   Whe t h e r  a ny t hin g  co m e s  of it  p r a c tically
o r  no t ,  it  is a n  ins t r uc tive  exa m ple  of how  t h e  s m alles t
a n d  m os t  u n p ro mising  b e gin nings  m ay, if only followe d
u p  long  e no u g h,  lea d  to  s u g g e s tions  for  la r g e  p r a c tical
a p plica tion.   Whe n  w e  b e g a n  t h e  inves tig a tion
in to  t h e  d u s t-fre e  s p a c es  foun d  a bove  w a r m  bodies ,
w e  w e r e  no t  only wi t ho u t  exp e c t a tion,  b u t  wi tho u t  ho p e
o r  ide a  of a ny so r t ,  t h a t  a nyt hing  w a s  likely to  co m e
of it; t h e  p h e no m e no n  it s elf poss e ss e d  it s  ow n  in t e r e s t
a n d  c h a r m.
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And so  it  m u s t  eve r  b e .   The  d evot e e  of p u r e  scie nc e
n eve r  h a s  p r a c tical d evelop m e n t s  a s  his  p ri m a ry ai m;
oft e n  h e  no t  only do e s  no t  know, b u t  do e s  no t  in  t h e
lea s t  c a r e  w h e t h e r  his  r e s e a r c h e s  will eve r  lea d  to
a ny b e n eficial r e s ul t .   In  so m e  min ds  t his  p a s sive
igno ring  of t h e  p r a c tical go e s  so  fa r  a s  to  b e co m e
a c tive  r e p ulsion; so  t h a t  so m e  sing ula rly bia s e d  min ds
will no t  e n g a g e  in a ny thing  w hic h  s e e m s  likely to
lea d  to  p r a c tical u s e.   I r e g a r d  t his  a s  a n  e r ror,
a n d  a s  t h e  sig n  of a  w a r p e d  judg m e n t,  for  af t e r  all
m a n  is to  u s  t h e  m o s t  impo r t a n t  p a r t  of n a t u r e ;  b u t
t h e  sys t e m  works  w ell n eve r t h ele s s ,  a n d  t h e  division
of labo r  a cco m plis h es  it s  objec t .   On e  m a n  inves tig a t e s
n a t u r e  imp elled  sim ply by  his  ow n  g e nius ,  a n d  b e c a u s e
h e  feels  h e  c a n no t  h elp  i t; it  n eve r  occ u r s  to  him
to  give  a  r e a so n  for  o r  to  jus tify his  p u r s ui t s .  
Anot h e r  s u b s e q u e n tly u tilizes  his  r e s ul t s,  a n d  a p plies
t h e m  to  t h e  b e n efit  of t h e  r a c e .   M e a n w hile,  how ever,
it  m ay  h a p p e n  t h a t  t h e  ye t  u n a p plied  a n d  u nf r ui tful
r e s ul t s  evoke  a  s n e er, a n d  t h e  q u e s tion:   “Cui
bo no?” t h e  only a n s w e r  to  w hich  q u e s tion  s e e m s
to  b e:   “No on e  is wis e  e no u g h  to  t ell b efo r e h a n d
w h a t  gig a n tic  d evelop m e n t s  m ay  no t  s p ring  fro m  t h e
m os t  insignifica n t  fac t.”

47



Page 24

*       *       *       *  
    *

TELEPHONY AND TELEGRAPHY ON THE SAME 
WIRES SIMULTANEOUSLY.

For  t h e  las t  e ig h t e e n  m o n t hs  a  sys t e m  h a s  b e e n  in
a c tive  op e r a tion  in Belgiu m  w h e r e by t h e  o r din a ry  t ele g r a p h
wi re s  a r e  u s e d  to  convey t ele p ho nic  co m m u nica tions
a t  t h e  s a m e  ti m e  t h a t  t h ey a r e  b eing  e m ploye d  in t h ei r
o r din a ry wo rk  of t r a n s mi t ting  t el eg r a p hic  m e s s a g e s .  
This  sys t e m,  t h e  inve n tion  of M.  Van Ryss elb e r g h e,
w hos e  p r evious  d evices  for  di minishing  t h e  evil effec t s
of induc tion  in t h e  t el e p ho n e  s e rvice  will b e  r e m e m b e r e d,
h a s  la t ely b e e n  d e s c ribe d  in  t h e  Journal Telegrap hiqu e
of Be r n e ,  by  M.J.  Ba n n e ux of t h e  Belgi an  Teleg r a p h
Dep a r t m e n t .   Ou r  infor m a tion  is d e rive d  fro m  t his
a r t icle  a n d  fro m  o t h e r s  by  M. H os pi t alier.

The  m e t ho d  p r eviously a do p t e d  by  Van Ryss elb e r g h e,
to  p r eve n t  ind uc tion  fro m  t aking  pl ac e  b e t w e e n  t h e
t ele g r a p h  wi r e s  a n d  t hos e  r u n ning  p a r allel to  t h e m
u s e d  for  t ele p ho n e  work,  w a s  b ri efly a s  follows: 
The  sys t e m  of s e n ding  t h e  do t s  a n d  d a s h e s  of t h e  cod e—u s u ally
do n e  by d e p r e s sin g  a n d  r aising  a  key w hich  s u d d e nly
t u r n s  on  t h e  c u r r e n t  a n d  t h e n  s u d d e nly t u r n s  it  off—w a s
m o dified  so  t h a t  t h e  cu r r e n t  s ho uld  ris e  g r a d u ally
a n d  fall g r a d u ally in it s  s t r e n g t h  by t h e  in t rod uc tion
of s ui t a bl e  r e sis t a nc es .   Thes e  w e r e  in t rod uc e d
into  t h e  ci rc ui t  a t  t h e  m o m e n t  of closing  o r  op e ning
by a  si m ple  a u to m a tic  a r r a n g e m e n t  wo rk e d  ex ac tly a s
b efo r e  by  a  key.  The  r e s ul t ,  of t h e  g r a d u al  op e ning
a n d  g r a d u al  closing  of t h e  ci rcui t  w a s  t h a t  t h e  c u r r e n t
a t t ain e d  it s  full s t r e n g t h  g r a d u ally ins t e a d  of s u d d e nly,
a n d  di ed  a w ay al so  g r a d u ally.  And a s  induc tion
fro m  on e  wi r e  to  a no t h e r  d e p e n d s  no t  on  t h e  s t r e n g t h
of t h e  cu r r e n t ,  b u t  on  t h e  r a t e  a t  w hic h  t h e  s t r e n g t h
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c h a n g e s ,  t his  ve ry sim ple  m o difica tion  h a d  t h e  effec t
of s u p p r e s sing  ind uc tion.   La t e r  Van Ryss elb e r g h e
c h a n g e d  t h es e  a r r a n g e m e n t s  for  t h e  s till si m ple r  d evice
of in t rod ucing  p e r m a n e n tly in to  t h e  ci rc ui t  e i t h e r
con d e n s e r s  o r  els e  elec t ro-m a g n e t s  h aving  a  hig h  coefficien t
of s elf-ind uc tion.   The s e ,  a s  is w ell know n  to
all t el e g r a p hic  e n gin e e r s ,  r e t a r d  t h e  ri s e  o r  fall
of a n  el ec t ric  c u r r e n t;  t h ey  fulfill t h e  con di tions
r e q ui r e d  for  t h e  wo rking  of Van Ryss elb e r g h e’s
m e t ho d  b e t t e r  t h a n  a ny o t h e r  d evice.

H aving  go t  t h us  fa r  in hi s  d evices  for  d e s t roying
ind uc tion  fro m  on e  line  to  a no t h er, Van Ryss elbe r g h e
s a w  t h a t ,  a s  a n  im m e dia t e  cons e q u e nc e,  it mig h t  b e
conclud e d  t h a t ,  if t h e  t el e g r a p h  cu r r e n t s  w e r e  t h u s
m o dified  a n d  g r a d u a t e d  so  t h a t  t h ey  p ro d uc e d  no  ind uc tion
in a  n eig h bo ring  t el ep ho n e  line,  t h ey  would  p ro d uc e
no  sou n d  in t h e  t el ep ho n e  if t h a t  ins t r u m e n t  w e r e
its elf joine d  u p  in  t h e  t el eg r a p h  line.   And s uc h
w a s  foun d  to  b e  c a s e .   Why t hi s  is so  will b e  m o r e
r e a dily co m p r e h e n d e d  if it b e  r e m e m b e r e d  t h a t  a  t el ep ho n e
is s e n si tive  to  t h e  c h a n g e s  in  t h e  s t r e n g t h  of t h e
c u r r e n t  if t hos e  ch a n g e s  occ u r  wi th  a  fr eq u e n cy of
so m e  h u n d r e d s  o r  in so m e  c a s e s  t ho us a n d s  of tim e s
p er  s econ d .  On  t h e  o t h e r  h a n d,  c u r r e n t s
vib r a tin g  wi t h  s uc h  r a pidi ty a s  t his  a r e  u t t e rly inco m p e t e n t
to  affec t  t h e  m oving  p a r t s  of t el eg r a p hic  ins t r u m e n t s ,
w hich  c a n no t  a t  t h e  m o s t  b e  wo rk e d  so  a s  to  give  m o r e
t h a n  2 0 0  to  8 0 0  s e p a r a t e  sig n als  p er  m i n u t e .
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[Illus t r a tion:  Fig.  1]

[Illus t r a tion:  Fig.  2]

The  si m ple s t  a r r a n g e m e n t  for  c a r rying  ou t  t his  m e t ho d
is s how n  in Fig.  1 ,  w hich  illus t r a t e s  t h e  a r r a n g e m e n t s
a t  on e  e n d  of a  line.   M  is t h e  Mo rs e  key for
s e n din g  m e s s a g e s ,  a n d  is s how n  a s  in it s  posi tion  of
r e s t  for  r e c eiving.   The  c u r r e n t s  a r riving  fro m
t h e  line  p a s s  fi r s t  t h ro u g h  a  “g r a d u a ting”
el ec t ro m a g n e t ,  E2,  of a bo u t  5 0 0  oh m s  r e si s t a nc e ,  t h e n
t h ro u g h  t h e  key, t h e nc e  t h ro u g h  t h e  el ec t ro m a g n e t ,
R, of t h e  r ec eiving  Mo r s e  ins t r u m e n t ,  a n d  so  to  t h e
e a r t h.   A con d e n s er, C, of 2  mic rofa r a ds  c a p a ci ty
is al so  in t rod uc e d  b e t w e e n  t h e  key a n d  e a r t h .  
The r e  is a  s econ d  “g r a d u a ting” el ec t ro m a g n e t ,
E 1,  of 5 0 0  oh m s  r e si s t a nc e  in t ro d uc e d  b e t w e e n  t h e
s e n din g  b a t t e ry, B, a n d  t h e  key.  Wh e n  t h e  key,
M, is d e p r e s s e d  in o r d e r  to  s e n d  a  sign al, t h e  c u r r e n t
fro m  t h e  b a t t e ry  m u s t  c h a r g e  t h e  con d e n s er, C, a n d
m u s t  m a g n e tize  t h e  co r e s  of t h e  t wo  el ec t ro m a g n e t s ,
E 1  a n d  E 2,  a n d  is t h e r e by r e t a r d e d  in r ising  to  it s
full s t r e n g t h.   Cons e q u e n tly no  sou n d  is h e a r d
in a  t el e p ho n e,  T, ins e r t e d  in  t h e  line-ci rc ui t .  
N ei t h e r  t h e  c u r r e n t s  w hich  s t a r t  fro m  on e  e n d  no r
t hos e  w hic h  s t a r t  fro m  t h e  o t h e r  will affec t  t h e  t ele p ho n e s
ins e r t e d  in t h e  line.   And, if t h e s e  cu r r e n t s  do
no t  affec t  t ele p hon e s  in t h e  a c t u al  line,  it is cle a r
t h a t  t h ey will no t  affec t  t ele p ho n es  in n eig h bo ring
lines.   Also t h e  t el e p hon e s  so  inse r t e d  in t h e
m ain  line  mi g h t  b e  u s e d  for  s p e a king  to  on e  a no t h er,
t hou g h  t h e  a r r a n g e m e n t  of t h e  t ele p hon e s  in  t h e  s a m e
a c t u al  line  wo uld  b e  inconve nie n t .   Acco rdingly
M. Van Ryss elb e r g h e  h a s  d evise d  a  fu r t h e r  m o difica tion
in w hich  a  s e p a r a t e  b r a n c h  t ak e n  fro m  t h e  t ele g r a p h
line  is m a d e  av ailable  for  t h e  t ele p ho n e  s e rvice.  
To u n d e r s t a n d  t his  m a t t er, on e  o t h e r  fac t  m u s t  b e
explaine d.   Telep honic conve r s a tion  c a n  b e  c a r ri e d
on,  eve n  t hou g h  t h e  a c t u al  m e t allic co m m u nica tion  b e
s eve r e d  by t h e  ins e r tion  of a  con d e n s er.  Ind e e d,
in  q ui t e  t h e  e a rly d ays  of t h e  Bell t ele p ho n e,  a n

50



op e r a to r  in t h e  S t a t e s  u s e d  a  con d e n s e r  in t h e  t ele g r a p h
line  to  e n a ble  him  to  t alk t h ro u g h  t h e  wi r e.   If
a  t el e p honic  s e t  a t  T1 (Fig. 2) co m m u nic a t e  t h ro u g h
t h e  line  to  a  di s t a n t  s t a tion,  T2, t h ro u g h  a  con d e n s er,
C, of a  c a p a ci ty of h alf a  mic rofa r a d,  conve r s a tion
is s till p e rfec tly a u dible,  p rovide d  t h e  t el e p ho nic
sys t e m  is on e  t h a t  a c t s  by induc tion  cu r r e n t s .  
And since  in t his  c a s e  t h e  in t e r posi tion  of t h e  con d e n s e r
p r eve n t s  a ny con tinuo us  flow of c u r r e n t  t h rou g h  t h e
line,  no  p e r c e p tible  w e ak e nin g  will b e  fel t  if a  s h u n t
S, of a s  hig h  a  r e si s t a n c e  a s  5 0 0  oh m s  a n d  of g r e a t
el ec t ro m a g n e tic  r i gidi ty, t h a t  is to  s ay, h aving  a
hig h  coefficie n t  of s elf-ind uc tion,  b e  pl ac e d  a c ross
t h e  ci rc ui t  fro m  line  to  e a r t h .   In  t his , a s  w ell
a s  in t h e  o th e r  figu r e s,  t h e  t ele p hon e s  indica t e d  a r e
of t h e  Bell p a t t e r n ,  a n d  if s e t  u p  a s  s how n  in Fig.
2,  wi thou t  a ny b a t t e ry, wo uld  b e  u s e d  bo t h  a s  t r a n s mi t t e r
a n d  r e c eive r  on  Bell’s o rigin al pl a n.   But
a s  a  m a t t e r  of fac t  a ny o rdin a ry  t el e p ho n e  mig h t  b e
u s e d.   In  p r a c tice  t h e  Bell t ele p hon e  is no t  a dva n t a g eo us

51



Page 26

a s  a  t r a n s mi t t er, a n d  h a s  b e e n  a b a n do n e d  exc e p t  for
r e c eiving; t h e  Blake,  Ader, o r  so m e  ot h e r  m o difica tion
of t h e  mic rop hon e  b ein g  u s e d  in conjunc tion  wit h  a
s e p a r a t e  b a t t e ry.  To avoid  co m plica tion  in t h e
d r a win gs,  how ever, t h e  sim ple s t  c a s e  is t ak e n.  
And it m u s t  b e  u n d e r s tood  t h a t  ins t e a d  of t h e  single
ins t r u m e n t  s how n  a t  T1 o r  T2, a  co m ple t e  s e t  of t ele p ho nic
ins t r u m e n t s,  including  t r a n s mit t er, b a t t e ry, ind uc tion-coil,
a n d  r e c eive r  o r  r ec eive r s,  m ay  b e  s u b s ti t u t e d .  
And if a  s h u n t ,  S, of 5 0 0  oh m s  pl ac e d  a c ross  t h e  ci rc ui t
m a k e s  no  diffe r e n c e  to  t h e  t alking  in t h e  t ele p ho n es
b ec a u s e  of t h e  in t e r posi tion  of t h e  s e p a r a tin g  con d e n s er,
C, it  will r e a dily b e  u n d e r s tood  t h a t  a  t el e g r a p hic
sys t e m  p ro p e rly “g r a d u a t e d,” a n d  h aving
also  a  r e sis t a n c e  of 5 0 0  oh m s,  will no t  affec t  t h e
t ele p ho n e s  if in t e r pos e d  in t h e  pl ac e  of S. This a r r a n g e m e n t
is s how n  in Fig.  3 ,  w h e r e  t h e  “g r a d u a t e d”
t ele g r a p h-s e t  fro m  Fig.  1  is in t e r c al a t e d  in to  t h e
t ele p ho nic sys t e m  of Fig.  2 ,  so  t h a t  bo t h  wo rk  si m ul t a n eo u sly,
b u t  ind e p e n d e n tly, t h ro u g h  a  single  line.   The
co m bin e d  sys t e m  a t  e ac h  e n d  of t h e  line  will t h e n
con sis t  of t h e  t ele p ho n e-s e t ,  T1, t h e  t el e g r a p h  ins t r u m e n t s
(co m p rising  b a t t e ry, B1, key, M 1  a n d  Mor s e  r e c eiver,
R1), t h e  “g r a d u a tin g” el ec t ro m a g n e t s,
E 1,  a n d  E 2,  t h e  “g r a d u a ting” con d e n s er,
C1,  a n d  t h e  “se p a r a tin g”  con d e n s er, C2. 
I t  w a s  foun d  by a c t u al exp e ri m e n t s  t h a t  t h e  s a m e  a r r a n g e m e n t
w a s  good  for  line s  va rying  fro m  2 8  to  2 0 0  miles  in
len g t h.   A single  wi r e  b e t w e e n  Brus s els, Gh e n t ,
a n d  Os t e n d  is no w  r e g ul a rly e m ploye d  for  t r a n s mission
by t el e g r a p h  of t h e  o r din a ry m e s s a g e s  a n d  of t h e  t ele m e t eo rog r a p hic
sign als  b e t w e e n  t h e  t wo  obs e rva to ri e s  a t  t hos e  pl ac es ,
a n d  by t el e p ho n e  of ve r b al  sim ul t a n eo us  co r r e s po n d e nc e,
for  on e  of t h e  Gh e n t  n e w s p a p e r s .   A s till m o r e
in t e r e s ting  a r r a n g e m e n t  is possible,  a n d  is indic a t e d
in Fig.  4 .   H e r e  a  s e p a r a tin g  con d e n s e r  is in t rod uc e d
a t  t h e  in t e r m e dia t e  s t a tion  a t  Ghe n t  b e t w e e n  e a r t h
a n d  t h e  line,  w hich  is t h e r e by c u t  in to  t wo  ind e p e n d e n t
s ec tions  for  t el e p honic  p u r pos es ,  w hile  r e m aining
for  t ele g r a p hic  p u r pos e s  a  single  u n divide d  line  b e t w e e n
Bruss el s  a n d  Os t e n d.   Brus s els  c a n  t ele g r a p h  to
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Ost e n d,  o r  Os t e n d  to  Brus s els,  a n d  a t  t h e  s a m e  tim e
t h e  wi r e  c a n  b e  u s e d  to  t ele p ho n e  b e t w e e n  Ghe n t  a n d
Os t e n d,  o r  b e t w e e n  Ghe n t  a n d  Brus s els,  o r  bo t h  s ec tions
m ay b e  sim ul t a n eo u sly u s e d .

[Illus t r a tion:  Fig.  3]

[Illus t r a tion:  Fig.  4]

It  would  a p p e ar, t h e n,  t h a t  M.  Van Ryss elb e r g h e  h a s
m a d e  a n  a dva nc e  of ve ry ext r ao r din a ry  m e ri t  in d evising
t h e s e  co m bin a tions.   We h av e  s e e n  in r e c e n t  ye a r s
how  d u plex t el e g r a p hy s u p e r s e d e d  single  wo rking,  only
to  b e  in  t u r n  s u p e r s e d e d  by t h e  q u a d r u plex sys t e m.  
M ul tiplex t ele g r a p hy of va rious  kinds  h a s  b e e n  a c tively
p u r s u e d,  b u t  c hiefly on  t h e  o th e r  side  of t h e  Atlan tic
r a t h e r  t h a n  in t hi s  cou n t ry, w h e r e  ou r  fas t-s p e e d
a u to m a tic  sys t e m  h a s  p rove d  q ui t e  a d e q u a t e  hi th e r to. 
Whe t h e r  w e  s h all s e e  t h e  a do p tion  in t h e  U ni t e d  King do m
of Van Ryss elb e r g h e’s sys t e m  is, how ever, by
no  m e a n s  c e r t ain.   The  e s s e n c e  of it consis t s
in  r e t a r ding  t h e  t el eg r a p hic  sig n als  to  a  d e g r e e  q ui t e
inco m p a tible  wi th  t h e  fas t-s p e e d  a u to m a tic  t r a n s mission
of t ele g r a p hic  m e s s a g e s  in w hich  ou r  Pos t  Office  sys t e m
exc els.  We a r e  no t  likely to  s poil ou r  t ele g r a p hic
sys t e m  for  t h e  s ak e  of sim ult a n eo us  t ele p ho ny, u nle s s
t h e r e  is so m e t hing  to  b e  g ain e d  of m u c h  g r e a t e r  a dv a n t a g e
t h a n  a s  ye t  a p p e a r s .—N a t ur e.
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*       *       *       *  
    *

THE ELECTRIC MARIGRAPH.

For  r e gi s t e ring  t h e  h eig h t  of t h e  t id e  a t  eve ry ins t a n t ,
hyd ro g r a p hic  s e rvice s  g e n e r ally a do p t  q ui t e  a  si m ple
m a rig r a p h.   The  a p p a r a t u s  consis t s  in p rinciple
of a  cou n t e r pois e d  floa t  w hos e  ri sing  a n d  falling
m otion,  r e d uc e d  to  a  t e n t h,  by  m e a n s  of a  sys t e m  of
too t h e d  w h e els,  is t r a n s mit t e d  to  a  p e ncil w hich  m oves
in fron t  of a  ve r tical cylind er.  This cylind e r
its elf m oves  a ro u n d  it s  axis by m e a n s  of a  clockwork
m e c h a nis m, a n d  a cco m plish e s  on e  e n ti r e  r evolu tion  eve ry
t w e n ty-fou r  ho u r s .   By t his  m e a n s  is ob t ain e d  a
c u rve  of t h e  tide  in  w hich  t h e  ti m e s  a r e  t ak e n  for
a b s cis s e s  a n d  t h e  h eig h t s  of t h e  s e a  for  o rdin a t e s .  
H ow eve r  lit tl e  s uc h  m a rig r a p h s  h ave  h a d  to  b e  u s e d ,
g r e a t  d efec t s  h ave  b e e n  r e co g nized  in t h e m.   Whe n
w e  co m e  to  c h a n g e  t h e  s h e e t  on  t h e  cylind e r  (an d  s uc h
c h a n g e  s ho uld  b e  m a d e  a t  lea s t  onc e  ev e ry fift e e n
d ays), t h e r e  is a n  in t e r r u p tion  in t h e  c u rve.  
I t  is n e c e ss a ry, b e sid es,  to  p e rfo r m  office  wo rk  of
t h e  m o s t  d e t ailed  kind  in  o r d e r  to  r efe r  to  t h e  s a m e
origin  all t h e s e  c u rves,  w hich  a r e  in t e r c ros s e d  a n d
oft e n  s u p e r pos e d  in c e r t ain  p a r t s  u po n  t h e  o rigin al
s h e e t .   In  o r d e r  to  r e n d e r  s uc h  a  di se n t a n gle m e n t
pos sible,  it is indisp e n s a ble  to  m a rk  by h a n d,  a t
lea s t  onc e  eve ry t w e n ty-fou r  ho u r s,  u po n  e a c h  cu rve,
t h e  d a t e  of t h e  d ay co r r e s po n ding  to  it.  I t  is
e q u ally u s eful to  ve rify t h e  exa c t n e s s  of t h e  indica tions
give n  by t h e  a p p a r a t u s  by  m a king  r e a ding s  s eve r al
ti m es  a  d ay on  a  sc ale  of tide s  pl ac e d  along sid e  of
t h e  floa t .   Nin e  ti m e s  ou t  of t e n  t h e  ri s e  of
t h e  w av es  r e n d e r s  s uc h  r e a ding s  ve ry difficul t  a n d
t h e  con t rol a b solu t ely illuso ry.

All t h e s e  con di tions  u ni t e d,  a s  w ell a s  o t h e r s  t h a t
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w e  n e glec t  in t his  b ri ef disc ussion,  n e c e s si t a t e  a
s u rveillanc e  a t  eve ry  ins t a n t .   The  r e s ul t  is
t h a t  t h e s e  m a rig r a p h s  m u s t  b e  ins t all ed  in a  s p eci al
s t r uc t u r e ,  ve ry n e a r  t h e  b a nk,  so  a s  to  b e  r e a c h a ble
a t  all tim e s,  a n d  t h a t  t h e  indica tions  t h a t  t h ey  give
a r e  alw ays  vitia t e d  by  e r ror, sinc e  t h e  op e r a tion
is p e rfo r m e d  u po n  a  level a t  w hich  a r e  exe r t e d  dis tu r bing
influe nc e s  t h a t  a r e  no t  foun d  a t  a  kilom e t e r  a t  s e a.  
I t  w e r e  to  b e  d e si r e d  t h a t  t h e  floa t  could  b e  isola t e d
by pl acing  it a  c e r t ain  di s t a n c e  fro m  t h e  s ho r e,  a n d
t r a n s mi t  it s  indica tions,  by  m e a n t  of a  pl ay of c u r r e n t s,
to  a  r e gi s t e ring  a p p a r a t u s  si t u a t e d  u po n  t e rra
fir m a .

In  t h e  cou r s e  of on e  of his  lec t u r e s  p u blis h e d  in
t h e  Dec e m b e r  n u m b e r  (1883) of t h e  Ele k t ro t ec h nisc h e
Z ei t sc hrif t , Mr. Von H efn e r-Alten eck  t ells  u s
t h a t  s uc h  a  d e sid e r a t u m  h a s  b e e n  s u p plied  by  t h e  fir m
of Sie m e n s  & H alske .   This  m a rig r a p h,  cons t r uc t e d
on  a n  o rd e r  of t h e  Ge r m a n  Admir al ty, gives  t h e  level
of t h e  s e a  eve ry t e n  min u t e s  wi th  a n  a p p roxim a tion
of 0.1 2  p e r  ce n t .,  a n d  t h a t  too  for  a  diffe r e nc e  of
8  m e t e r s  b e t w e e n  t h e  hig h e s t  a n d  lowe s t  s e a .  
The  a p p a r a t u s  consis t s,  a s  w e  s aid  a bove,  of a  floa t
a n d  r e gis t e rin g  d evice,  con n ec t e d  wi t h  e a c h  o t h e r
by m e a n s  of a  c a ble.   This  la t t e r  is for m e d  of
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t h r e e  o r din a ry con d uc to r s  cove r e d  wi t h  g u t t a  p e r c h a
a n d  s u r ro u n d e d  wi t h  a  lea d e n  s h e a t h,  w hich  la t t e r
is it s elf p ro t e c t e d  a g ains t  a c cide n t  by  m e a n s  of a
s t ro n g  cove rin g  of i ron  wi r e  a n d  h e m p.   The  r e t u r n
is effec t e d  t h ro u g h  t h e  e a r t h .   We s h all e n t e r
in to  d e t ails  conc e r ning  e a c h  of t h e s e  t wo  a p p a r a t u s
in-s ucc e s sion,  by  b e gin nin g  wi th  t h e  floa t,  of w hic h
Fig.  1  gives  a  g e n e r al  view, a n d  Fig.  2  a  di ag r a m m a tic
sk e t c h.   The  floa t  m oves  in  a  c a s t  i ron  cylind er,
h aving  a t  it s  low e r  p a r t  a  la r g e  n u m b e r  of a p e r t u r e s
of s m all di a m e t er, so  t h a t  t h e  m o tion  of t h e  w aves
do es  no t  p e r c e p tibly influe nc e  t h e  level of t h e  w a t e r
in t h e  in t e rio r  of t h e  cylind er.  I t  is a t t a c h e d
to  a  cop p e r  r ibbon,  B, w hos e  o th e r  ex t r e mi ty is fixed
to  t h e  d r u m,  T. The  ribbon  winds  a ro u n d  t h e  la t t e r
in  t h e  rising  m o tion  of t h e  floa t,  owing  to  a  s pi r al
s p rin g  a r r a n g e d  so  a s  to  a c t  u po n  t h e  d r u m.   The
t e n sion  of t his  s p rin g  go es  on  inc r e a sing  in  m e a s u r e
a s  t h e  floa t  d e s c e n d s.

[Illus t r a tion:  FIG. 1.—FLOAT OF  SIEME N S
AND HALSKE’S MARIGRAPH.]

[Illus t r a tion:  FIG. 2.]

This  diffe r e n c e  in t e n sion  is u tilized  for  b al a ncing
a t  eve ry ins t a n t  t h e  w eigh t  of t h e  rib bon  u n wo u n d,
a n d  t h u s  c a using  t h e  floa t  to  im m e r s e  its elf in t h e
w a t e r  to  a  cons t a n t  d e g r e e .   The  ribbo n,  B, is
p rovide d  t h ro u g ho u t  it s  leng t h  wi th  e q uidis t a n t  a p e r t u r e s
t h a t  ex ac tly co r r e s po n d  to  t a p p e t s  t h a t  p rojec t  fro m
t h e  ci rc u mfe r e nc e  of t h e  w h e el, R. Whe n  t h e  floa t
m oves  it s  posi tion,  t h e  w h e el, R, b e gins  to  t u r n  a n d
c a r ri e s  alon g  in doing  so  t h e  pinion,  w, w hich  r evolves
ove r  t h e  too t h e d  w h e els,  s 1,  s 2,  a n d  s 3.   The  t hickn es s
of w  is e q u al  to  t h a t  of t h e  t h r e e  w h e els, s 1,  s 2,
a n d  s 3,  a n d  a  s p e ci al s p rin g  s e c u r e s  a t  eve ry  ins t a n t
a n  in tim a t e  co n t a c t  b e t w e e n  t h e  pinion  a n d  t h e  s aid
w h e els.   Thes e  la t t e r  a r e  ins ula t e d  fro m  e a c h
o th e r  a n d  fro m  t h e  axle  u po n  w hich  t h ey  a r e  keye d,
a n d  co m m u nic a t e ,  e a c h  of t h e m,  wi th  con d u c to r s,  I.,
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II., a n d  III.  They a r e  so  for m e d  a n d  m o u n t e d
t h a t ,  in  e a c h  of t h e m,  t h e  too t h  in on e  co r r e s po n d s
to  t h e  in t e r s p a c e  in t h e  t wo  o th e r s .   As a  r e s ul t
of t his,  in  t h e  m o tion  of t h e  pinion,  w, t h e  la t t e r
is n eve r  in  con t a c t  wi th  b u t  on e  of t h e  t h r e e  w h e els,
s 1,  s 2,  a n d  s 3.

If w e  a d d  t h a t  t h e  line s,  I., II., a n d  III. a r e  u ni t e d
a t  t h e  s ho r e  s t a tion  wi t h  on e  of t h e  pole s  of a  pile
w hos e  o th e r  pole  is con n ec t e d  wi th  t h e  e a r t h,  a n d
t h a t  w  co m m u nica t e s  wit h  t h e  e a r t h  t h ro u g h  t h e  in t e r m e diu m
of R, a n d  t h e  body of t h e  a p p a r a t u s,  it  is e a sy  to
s e e  t h a t  in a  ve r tical m o tion  of t h e  floa t  in on e
di r e c tion  w e  s h all h ave  cu r r e n t s  s ucc e e din g  e a c h  o t h e r
in t h e  o rd e r  I., II., III., I., II., e t c ., w hile
t h e  o rd e r  will b e co m e  III., II., I., III., II., e t c .,
if t h e  di r e c tion  of t h e  floa t’s m o tion  h a p p e n
to  c h a n g e.

[Illus t r a tion:  FIG. 3.]

[Illus t r a tion:  FIG. 4.]
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In  o r d e r  to  u n d e r s t a n d  how  a  va ri a tion  in  c u r r e n t s
of t his  kind  c a n  b e  a p plied  in g e n e r al  for  p rod ucin g
a  ro t a ry  m o tion  in t h e  t wo  di r e c tions,  it  will only
b e  n e c e s s a ry  to  r efe r  to  Figs.  3  a n d  4.   The  co n d uc to r s ,
L1, L2, a n d  L3 co m m u nica t e  wi th  t h e  bob bins  of t h r e e
el ec t ro m a g n e t s ,  E 1,  E2,  a n d  E3,  w hos e  poles  a r e  b e n t
a t  r igh t  a n gle s  to  t h e  ci rcu mfe r e nc e  of t h e  w h e el,
R. The r e  is n eve r  b u t  on e  pole  opposi t e  a  too t h.  
The  dis t a nc e  b e t w e e n  t wo  cons ec u tive  pole s  m u s t  b e
e q u al  to  a  m ul tiple  of t h e  pi tch  inc r e a s e d  (Fig.  3)
o r  di minis h e d  (Fig. 4)  by  on e-t hi rd  t h e r eof. 
I t  will b e  s e e n  u po n  a  sim ple  ins p e c tion  of t h e  figu r e s
t h a t  R will r evolve  in t h e  di r ec tion  of t h e  h a n d s
of a  w a tc h  w h e n  t h e  c u r r e n t s  follow t h e  o r d e r  L1,
L2, L3, e t c ., in t h e  c a s e  s ho w n  in Fig.  3 ,  w hile
in t h e  c a s e  s how n  in Fig.  4  t h e  ro t a ry  m o tion  will
b e  in t h e  con t r a ry  di r ec tion  for  t his  s a m e  o rd e r  of
c u r r e n t s .   Bu t,  in  bo t h  c a s e s,  a n d  t his  is t h e
impor t a n t  poin t,  t h e  di r e c tion  of r o t a tion  c h a n g e s
w h e n  t h e  o r d e r  in t h e  s ucc e s sion  of c u r r e n t s;  is inve r t e d .  
Fig.  6  gives  a  p e r s p e c tive  view of t h e  r e gis t e rin g
a p p a r a t u s,  a n d  Fig.  5  r e p r e s e n t s  it  in di a g r a m.  
It  will b e  a t  onc e  s e e n  t h a t ,  t h e  too t h e d  w h e el, r,
is r e d u c e d  to  its  sim ple s t  exp r e s sion,  sinc e  it  consis t s
of t wo  t e e t h  only.  The  el ec t ro-m a g n e t s  a r e  a r r a n g e d
a t  a n  a n gle  of 1 2 0  d e g.,  a n d  for  a  c h a n g e  of cu r r e n t
t h e  w h e el, r, d e s c rib e s  a n  a n gle  of 6 0  d e g., t h a t  is
to  s ay, a  sixth  of a  ci rc u mfe r e nc e .   The  m o tion
of r  is t r a n s mit t e d,  by m e a n s  of t h e  pinion,  d ,  a n d
t h e  w h e el, e ,  to  t h e  w h e el, T. For  a  on e-m e t e r  va ria tion
in level t h e  w h e el, T, m a k e s  on e  co m ple t e  r evolu tion.  
I t  is divide d  in to  1 0 0  e q u al  p a r t s ,  a n d  e a c h  a r c  t h e r efo r e
co r r e s pon ds  to  a  diffe r e nc e  of on e  ce n tim e t e r  in t h e
level, a n d  c a r ri e s,  e n g r ave d  in p rojec tion,  t h e  co r r e s pon ding
n u m b er.  As a  cons e q u e n c e,  t h e r e  is u po n  t h e  e n ti r e
ci rc u mfe r e n c e  a  s e ri e s  of n u m b e r s  fro m  to  9 9.  
The  axle  u po n  w hich  t h e  w h e el, T, is keye d  is p rolon g e d,
on  t h e  side  op posi t e  e ,  by a  t h r e a d e d  p a r t ,  a ,  w hich
a c t u a t e s  a  s tyle t ,  g .   This la t t e r  is h eld  a bove
by a  ro d,  I, w hich  is con n e c t e d  wi th  a  fork  m ova ble
a ro u n d  a  ve r tic al axis, s how n  in Fig.  6 .   The

58



r e c tiline a r  m o tion  of g  is 5  m m.  for  a  va ria tion  of
on e  m e t e r  in level.  I t s  to t al  t r avel is cons e q u e n tly
4 0  m m.   The  s h e e t  of p a p e r  u po n  w hich  t h e  indica tions
a r e  t ak e n,  a n d  w hich  is s how n  of a c t u al  size  in Fig.
7,  win ds  a ro u n d  t h e  d r u m,  P, a n d  r e c eives  it s  m o tion
fro m  t h e  cylind er, W. This s h e e t  is cove r e d  t h ro u g ho u t
its  leng t h  wi th  fine  p r e p a r e d  p a p e r  t h a t  p e r mi t s  of
t aking  t h e  imp rin t s  by  imp r e s sion.

[Illus t r a tion:  FIG. 5]

[Illus t r a tion:  FIG. 6—RECEIVER OF
SIEME N S  AND HALSKE’S MARIGRAPH.]

[Illus t r a tion:  FIG. 7]
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This  s t a t e d ,  t h e  pl ay of t h e  a p p a r a t u s  m ay  b e  e a sily
u n d e r s tood.  Eve ry t e n  min u t e s  a  r e g ula ting  clock
clos es  t h e  ci rc ui t  of t h e  local pile,  B2, a n d  e s t a blish e s
a  con t a c t  a t  C. The  el ec t ro-m a g n e t ,  E 4,  a t t r ac t s  it s
a r m a t u r e ,  a n d  t h us  a c t s  u po n  t h e  lever, h ,  w hich  p r e s s e s
t h e  s h e e t  of p a p e r  a g ain s t  t h e  s tyle t  in fron t  t h a t
s e rves  to  m a rk  t h e  level of t h e  low es t  w a t e r s ,  a n d
a g ain s t  t h e  s tyle t ,  g ,  a n d  t h e  w h e els,  T a n d  Z. In
falling  b a ck, t h e  lever, h ,  c a u s e s  t h e  a dva nc e,  by
on e  no tc h,  of t h e  r a t c h e t  w h e el  t h a t  is m o u n t e d  a t
t h e  ext r e mi ty of t h e  cylind e r  W, a n d  t h us  dis plac e s
t h e  s h e e t  of p a p e r  a  dis t a n c e  of 5  m m.   The  w h e el,
Z, c a r ri e s  e n g r av e d  in p rojec tion  u po n  it s  ci rc u mfe r e n c e
t h e  ho u r s  in Rom a n  figu r e s ,  a n d  m oves  forw a r d  on e
division  ev e ry 6 0  mi n u t e s .   The  m o tion  of t his
w h e el  is likewis e  con t rolled  by  t h e  cylind er, W.

It  will b e  s e e n  u po n  r efe r ring  to  Fig.  7 ,  t h a t  t h e r e
is ob t ain e d  a  ve ry s h a r p  c u rve  m a rk e d  by poin t s.  
We h ave  a  g e n e r al  view on  consid e rin g  t h e  c u rve  it s elf,
a n d  t h e  h eig h t  in  m e t e r s  is r e a d  di r ec tly.  The
frac tions  of a  m e t er, a s  w ell a s  t h e  tim e s,  a r e  in
t h e  m a r gin.   Thus,  a t  t h e  poin t,  a ,  t h e  a p p a r a t u s
gives  a t  3  o’clock a n d  2 0  mi n u t e s  a  h eig h t  of
tid e  of 4 .28  m.  a bove  t h e  level of t h e  low es t  w a t er.

This  a p p a r a t u s  mig h t  possibly op e r a t e  w ell, a n d  ye t
no t  b e  in a c co r d  wi th  t h e  r e al  indic a tions  of t h e
floa t,  so  it h a s  b e e n  judg e d  n ec es s a ry  to  a d d  to  it
t h e  following  con t rol.

Eve ry ti m e  t h e  floa t  r e a c h e s  3  m e t e r s  a bove  t h e  level
of t h e  low es t  tid e,  t h e  ci rcui t  of on e  of t h e  line s
t h a t  is op e n  a t  t his  m o m e n t  (t h a t  of line  I, for  exa m ple)
clos es  a t  C (Fig.  2), in to  t his  n e w  ci rcui t  t h e r e
is in t e r pos e d  a  consid e r a ble  r e sis t a nc e ,  W, so  t h a t
t h e  e n e r gy of t h e  c u r r e n t  is w e ak e n e d  to  s uc h  a  poin t
t h a t  it in nowis e  influe nc e s  t h e  no r m al t r avel of
t h e  w h e el, r.  At t h e  s ho r e  s t a tion,  t h e r e  is
pl ac e d  in d evia tion  a  g alvanoscop e,  K, w hos e  n e e dle
is d eflec t e d.   I t  s uffice s,  t h e n ,  to  t ak e  d a t u m
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poin t s  u po n  t h e  r e gi s t e ring  a p p a r a t u s ,  u po n  t h e  w h e el,
T, a n d  t h e  sc r ew, a ,  in s uc h  a  w ay a s  to  a s c e r t ain
t h e  m o m e n t  a t  w hich  t h e  s tyle t ,  g ,  is going  to  m a rk
3  m e t e r s.   At t his  m o m e n t  t h e  ci rc ui t  of t h e  g alva nos cop e,
K, is clos e d,  a n d  w e  a sc e r t ain  w h e t h e r  t h e r e  is a
d evia tion  of t h e  n e e dle.

As t h e  s e a  g e n e r ally ri s e s  to  t h e  h eig h t  of 3  m e t e r s
t wic e  a  d ay, i t is possible  to  con t rol t h e  a p p a r a t u s
t wic e  a  d ay, a n d  t his  is fully s ufficien t .

I t  a lw ays  b elon gs  to  p r ac tice  to  judg e  of a n  inve n tion.  
Mr. Von H efn e r-Alten eck  t ells  u s  t h a t  t wo  of t h e s e
a p p a r a t u s  h ave  b e e n  s e t  u p—on e  of t h e m
a  ye a r  a go  in t h e  po r t  of Kiel, a n d  t h e  o t h e r  m o r e
r e c e n tly a t  t h e  Isle  of Wang e roog  in t h e  No r t h  S e a—a n d
t h a t  bo t h  h av e  b e h ave d  exc elle n tly sinc e  t h e  ve ry
firs t  d ay  of t h ei r  ins t alla tion.   We s h all a d d
no t hing  to  t hi s, since  it  is evide n tly t h e  b e s t  e ulogiu m
t h a t  c a n  b e  a cco r d e d  t h e m.—La L u mier e
Elec triqu e.
*       *       *       *  
    *

DELUNE & CO.’S SYSTEM OF LAYING 
UNDERGROUND CABLES.
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In  r e c e n t  ti m es  co nsid e r a ble  a t t e n tion  h a s  b e e n  p aid
to  t h e  s u bjec t  of laying  t ele g r a p h  c a ble s  u n d e r g ro u n d,
a n d  va rious  m e t ho ds  h av e  b e e n  d evise d.   In  so m e
c a s e s  t h e  c a ble s  h av e  b e e n  cove r e d  wi t h  a n  a r m o r  of
iron,  a n d  in o t h e r s  t h ey  h ave  b e e n  inclos e d  in c a s t-iron
pip e s.   For  t el e p ho nic  s e rvice  t h ey  a r e  g e n e r ally
inclos e d  in lea d e n  t u b e s .   Wh a t  t his  ex t e r n al
e nvelope  s h all b e  t h a t  is to  p ro t e c t  t h e  wi r e s  fro m
inju ry is a  q u e s tion  of t h e  high es t  impo r t a n c e,  sinc e
no t  only t h e  s u bjec t  of p ro t ec tion  is conc e r n e d,  b u t
al so  t h a t  of cos t .   I t  is t h e r efo r e  in t e r e s ting
to  no t e  t h e  effo r t s  t h a t  a r e  b eing  m a d e  in t his  line
of el ec t ric  ind us t ry.

[Illus t r a tion:  FIG. 1.   S ec tion  of t h e  Pipe
Op e n.]

[Illus t r a tion:  FIG. 2.   S ec tion  of t h e  Pipe
Clos e d.]

M e s s r s.  Delun e  & Co. h ave  r e c e n tly t ak e n  ou t  a  p a t e n t
for  a n  a r r a n g e m e n t  consis ting  of pip es  m a d e  of b e ton.  
The  a n n exe d  c u t s,  bo r ro w e d  fro m  L’Elec trici t e ,
r e p r e s e n t  t his  n e w  sys t e m.   The  pipe s ,  w hic h  a r e
p rovide d  wi th  a  longi tu din al  op e nin g,  a r e  pl ac e d  e n d
to  e n d  a n d  cou ple d  wi th  a  c e m e n t  sle eve.   The
c a ble s  a r e  p u t  in pl ac e  by sim ply u n win ding  t h e m  a s
t h e  wo rk  p roc e e d s,  a n d  t h u s  all t h a t  t r a c tion  is do n e
a w ay wi t h  t h a t  t h ey  a r e  s u b mi t t e d  to  w h e n  c as t  i ron
pip e s  a r e  u s e d.   Wh e n  onc e  t h e  c a ble s  a r e  in pl ac e
t h e  longit udin al op e ning  is s top p e d  u p  wi t h  c e m e n t
m o r t ar, a n d  in t hi s  w ay a  ve ry tigh t  con d ui t  is ob t ain e d
w hos e  h a r d n e s s  inc r e a s e s  wi th  tim e.   The  value
of t h e  sys t e m  t h e r efo r e  d e p e n d s,  a s  in  all c e m e n t
wo rk,  on  t h e  c a r e  wi th  w hich  t h e  m a n ufac t u rin g  is
do n e.

Exp e rim e n t s  h ave  b e e n  m a d e  wi th  t h e  sys t e m  a t  Toulous e ,
by  t h e  Minis t e r  of Pos t  Office s  a n d  Teleg r a p h s,  a n d
a t  Lyons,  by  t h e  Ge n e r al  Socie ty of Telep ho n e s.  
H e r e ,  a s  wi th  all si mila r  q u e s tions,  no  opinion  c a n
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b e  p ro nou nc e d  u n til af t e r  a  p rolong e d  exp e ri e nc e .  
Bu t  w e  c a n no t  h elp  s e t tin g  for t h  t h e  a dv a n t a g e s  t h a t
t h e  sys t e m  offe r s.   Thes e  a r e ,  in  t h e  fir s t  pl ac e,
a  s aving  of a bo u t  5 0  p e r  c e n t .  ove r  iron  pip e,  a n d
in t h e  s econ d,  a  b e t t e r  ins ul a tion,  a n d  cons e q u e n tly
a  b e t t e r  p ro t ec tion  of t h e  cu r r e n t s  a g ain s t  all kinds
of dis tu r b a n c e,  sinc e  a  no n-con d u c tin g  m a s s  of c e m e n t
is h e r e  s u b s ti t u t e d  for  m e t al.

*       *       *       *  
    *

ELECTRICITY APPLIED TO HORSE-SHOEING.

“The r e  is no t hing  n e w  b u t  w h a t  h a s  b e e n  forgo t t e n,”
s aid  M a ri e  Antoine t t e  to  h e r  milliner, M dlle. 
Be r tin,  a n d  w h a t  is t r u e  of fas hion  is al so  so m e w h a t
so  of scie nc e.   S ho ein g  r e s tive  ho r s e s  by  t h e  aid
of el ec t rici ty is no t  n ew, exp e ri m e n t s  t h e r eo n  h aving
b e e n  p e rfo r m e d  a s  long  a go  a s  1 8 7 9  by Mr. Defoy, w ho
op e r a t e d  wi th  a  s m all m a g n e to  m a c hin e .

But  t h e  two  p ho tog r a p h s  r e p ro d uc e d  in Figs.  1  a n d
2  h ave  a p p e a r e d  to  u s  c u rious  e no u g h  to  b e  s u b mi t t e d
to  ou r  r e a d e r s,  a s  illus t r a tin g  Mr. Defoy’s
m e t ho d  of op e r a tin g  wi th  a n  u n r uly a ni m al.

[Illus t r a tion:  FIG. 1.—THE HORSE RECEIVING
THE CURRENT.]

The  b a t t e ry  u s e d  w a s  a  s m all Gr e n e t  bich ro m a t e  of
po t a s h  pile,  w hich  w a s  e a sy to  g r a d u a t e  on  a ccou n t
of t h e  d e p t h  to  w hich  t h e  zinc  could  b e  im m e r s e d.  
This  pile  w a s  con n e c t e d  wi th  t h e  induc to r  of a  s m all
Ruh m korff coil, w hos e  a r m a t u r e  w a s  con n e c t e d  wit h  a
s n affle-bi t  pl ac e d  in t h e  ho r s e’s m o u t h.
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[Illus t r a tion:  FIG. 2.—THE HORSE CONQUERED.]

This  bi t  w a s  a r r a n g e d  a s  follows  (Fig. 3):  The
t wo  con d u c to r s,  w hich  w e r e  u ncove r e d  for  a  leng t h
of a bo u t  t h r e e  c e n tim e t e r s  a t  t h ei r  ex t r e mi ty, w e r e
plac e d  opposi t e  e a c h  o th e r  on  t h e  t wo  join t s  of t h e
s n affle, a n d  a bo u t  five o r  six c e n ti m e t e r s  a p a r t .  
The  m o u t h-pi ec e s  of t h e  bi t  h a d  p r eviously b e e n  inclos e d
in a  pi ec e  of r u b b e r  t u bing,  in o rd e r  to  ins ula t e
t h e  ext r e mi tie s  of t h e  con d uc to r s  a n d  p e r mi t  t h e  r e co m posi tion
of t h e  cu r r e n t  to  t ak e  pl ac e  t h rou g h  t h e  a ni m al’s
ton g u e  o r  p al a t e .

E a c h  of t h e  b a r e  e n d s  of t h e  con d uc to r s  w a s  p rovide d,
u n d e r  a  ci rcula r  b r a s s  liga t u r e ,  wi t h  a  s m all d a m p
s pon g e,  w hich,  s u r ro u n din g  t h e  m o u t h-pi ec e ,  s ec u r e d
a  p e rfec t  con t ac t  of e ac h  e n d  of t h e  ci rc ui t  wi t h
t h e  ho r s e’s m o u t h .

[Illus t r a tion:  FIG. 3.—ARRANGEM E NT
OF THE BIT]

The  ho r s e  h aving  b e e n  led  in, d efe n d e d  hi m s elf vigorously
a s  long  a s  a n  e n d e avo r  w a s  m a d e  to  r e m ove  his  s ho e s
by t h e  o r din a ry  m e t ho d,  b u t  t h e  cu r r e n t  h a d  a c t e d
sc a rc ely fift e e n  s econ d s  w h e n  it b e c a m e  pos sible  to
lift  his  fee t  a n d  s t rike  his  s ho es  wi th  t h e  h a m m er.

The  exp e rim e n t e r  h aving  t ak e n  c a r e  d u ring  t his  exp e ri m e n t
to  pl ac e  t h e  bo b bin  q ui t e  n e a r  t h e  ho r s e’s e ar,
so  t h a t  h e  could  h e a r  t h e  h u m min g  of t h e  in t e r r u p t er,
u n d e r took a  s eco n d  exp e ri m e n t  in  t h e  following  w ay: 
H aving  d e t a c h e d  t h e  con d uc to r s  fro m  t h e  a r m a t u r e ,  h e
plac e d  hi ms elf in fron t  of t h e  ho r s e  (as  s how n  in
Fig.  2), a n d  b e g a n  to  imit a t e  t h e  h u m min g  so u n d  of
t h e  in t e r r u p t e r  wi t h  his  m o u t h.   The  a ni m al a t
onc e  a s s u m e d  t h e  s t u p efied  posi tion  t h a t  t h e  a c tion
of t h e  cu r r e n t  g ave  hi m  in t h e  fir s t  exp e ri m e n t ,  a n d
allow e d  his  fee t  to  b e  lift ed  a n d  s hod  wi t ho u t  his
eve n  b eing  h eld  by t h e  s n affle.
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The  ho r s e  w a s  for  eve r  af t e r  s u b d u e d,  a n d  ye t  his
vicious n e s s  a n d  his  r e p u g n a n c e  to  s ho eing  w e r e  s uc h
t h a t  h e  could  only b e  s hod  p r eviously by  confining
his  legs  wi th  a  kicking-s t r a p.

It  s hould  b e  no t e d  t h a t  t h e  a c tion  of t h e  induc tion
coil, m o u n t e d  a s  t his  w a s,  w a s  ve ry fee ble  a n d  no t
ve ry p ainful; a n d  ye t  it  w a s  ve ry dis a g r e e a ble  in
t h e  m o u t h,  a n d  g ave  in t his  c a s e  a  s hock wi t h  a  s e ns a tion
of ligh t  b efo r e  t h e  eye s,  a s  w e  h ave  foun d  by exp e ri m e n ting
u po n  ou r s elves.

F ro m  ou r  ow n  m o s t  r ec e n t  exp e ri m e n t s,  w e  h ave  a s c e r t ain e d
t h e  following  fac t s ,  w hich  m ay  g uid e  eve ry ho r s e-ow n e r
in t h e  a p plica tion  of elec t rici ty to  a n  a ni m al t h a t
is oppos e d  to  b eing  s hod:   (1) To a  ho r s e  t h a t
d efe n d s  hi ms elf b ec a u s e  h e  is ir ri t a ble  by  t e m p e r a m e n t ,
a n d  n e rvous  a n d  imp r e s sion a ble  (as  h a p p e n s  wi th  a ni m als
of p u r e  o r  n e a rly p u r e  blood), t h e  s hock m u s t  b e  a d minis t e r e d
fee bly a n d  g r a d u ally b efor e  a n  e n d e avo r  is m a d e  to
t ak e  hold  of his  leg.   The  ho r s e  will t h e n  m a k e
a  jum p,  a n d  t ry to  roll over.  The  jum p  m u s t  b e
follow e d,  w hile  a n  a s sis t a n t  hold s  t h e  b ridle,  a n d
t h e  a c tion  of t h e  cu r r e n t  m u s t  b e  a t  onc e  a r r e s t e d .  
Afte r  t his  t h e  ho r s e  will no t  e n d e avo r  to  d ef en d  hi m s elf,
a n d  hi s  leg  m ay  b e  e a sily h a n dle d.
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(2) Ce r t ain  la rg e ,  h e avy, n a t u r ally u gly ho r s e s  kick
t h ro u g h  s h e e r  vicious n e s s .   In  t his  c a s e ,  w hile
t h e  cu r r e n t  is b eing  give n  it  s ho uld  b e  g r a d u ally
inc r e a s e d  in in t e n si ty, a n d  t h e  ho r s e’s foot
m u s t  b e  s eize d  d u rin g  it s  a c tion.   In  m os t  c a s e s
t h e  p a s s a g e  of a  cu r r e n t  t h ro u g h  s uc h  ho r s e s  (whos e
m u co us  m e m b r a n e  is less  s e n si tive) p ro d uc e s  only a
sligh tly s t u p efied  a n d  con t r a c t e d  posi tion  of t h e  h e a d,
a c co m p a nie d  wi th  a  sligh t  t r e m or.  The  c u r r e n t
m u s t  b e  s h u t  off a s  soon  a s  t h e  ho r s e’s foot
is w ell in on e’s h a n d,  a n d  b e  a t  onc e  r e n e w e d
if h e  e n d e avo rs  to  d ef e n d  hi m s elf a g ain,  a s  is r a r ely
t h e  c a s e .   I t  is a  m a r e  of t his  n a t u r e  t h a t  is
r e p r e s e n t e d  in  t h e  a n n ex e d  figu r e s .

We know t h a t  t his  s a m e  sys t e m  h a s  b e e n  a p plied  for
b ringing  to  a n  a b r u p t  s t a n d s till r u n a w ay ho r s e s ,  h a r n e s s e d
to  ve hicles;  b u t  knowing  t h e  effec t  of a  s u d d e n  s top p a g e
u n d e r  s uc h  ci rc u m s t a nc e s ,  w e  b elieve  t h a t  t h e  r e m e dy
wo uld  p rove  wo r s e  t h a n  t h e  dis e a s e ,  sinc e  t h e  coac h m a n
a n d  vehicle,  in ob e die nc e  to  t h e  laws  of ine r ti a ,  wo uld
con tinu e  t h ei r  m o tion  a n d  p a s s  ove r  t h e  a ni m als,  m u c h
to  t h ei r  d e t ri m e n t .—S ci e nc e  e t  N a t ur e.
*       *       *       *  
    *

ESTEVE’S AUTOMATIC PILE.

Mr. Es t eve  h a s  r e c e n tly d evise d  a  g e n e r a to r  of el ec t rici ty
w hich  h e  cl ai ms  to  b e  e n e r g e tic,  cons t a n t ,  a n d  alw ays
r e a dy to  op e r a t e .   The  a p p a r a t u s  is d e sign e d  for
t h e  p ro d uc tion  of ligh t  a n d  for  a c t u a ting  elec t ric
m o to r s,  la rg e  induc tion  bo b bins,  e t c .

We give  a  d e sc rip tion  of i t h e r e with  fro m  d a t a  co m m u nic a t e d
by it s  inve n tor.

The  a cco m p a nying  c u t  r e p r e s e n t s  a  b a t t e ry  of 6  el e m e n t s ,
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with  a  r e s e rvoir, R, for  t h e  liquid,  p rovide d  a t  it s
low e r  p a r t  wi t h  a  cock for  allowing  t h e  liquid  to
e n t e r  t h e  pile.   The  vess els  of t h e  diffe r e n t
el e m e n t s  a r e  of r e c t a n g ula r  for m.   At t h e  u p p e r
p a r t ,  a n d  in t h e  wide r  s u rf ac e s  of e a c h,  t h e r e  a r e
t wo  t u b e s.   The  fir s t  t u b e  of t h e  fi r s t  ve ss el
r e c eives  t h e  ex t r e mity of a  s afe ty-t u b e,  A, w hos e  o t h e r
ex t r e mi ty e n t e r s  t h e  u p p e r  p a r t  of t h e  r e s e rvoir, R.
This  t u b e  is d e sig n e d  for  r e g ul a ting  t h e  flow of t h e
liquid  in to  t h e  pile.  Whe n  t h e  cock, r, is too
wid ely op e n,  t h e  liquid  mig h t  h ave  a  t e n d e ncy to  flow
ove r  t h e  e d g e s  of t h e  vess el; b u t  t his  wo uld  clos e
t h e  o rifice  of t h e  t u b e ,  A, a n d,  a s  t h e  ai r  wo uld
t h e n  no  long e r  e n t e r  t h e  r e s e rvoir, R, t h e  flow wo uld
b e  s top p e d  a u to m a tically.  The  s econ d  t u b e  of t h e
fir s t  vess el is con n e c t e d  wi th  a  lea d  t u b e ,  1 ,  on e
of t h e  ex t r e mities  of w hich  e n t e r s  t h e  s econ d  ves s el. 
The  o t h e r  t u b e s  a r e  a r r a n g e d  in t h e  s a m e  w ay in t h e
o th e r  vess els.   The  r e n e w al of t h e  liquids  is effec t e d
by dis plac e m e n t ,  in flowing  u p w a r d  fro m  on e  el e m e n t
ove r  in to  a no t h e r;  a n d  t h e  liquids  m a k e  t h ei r  exi t
fro m  t h e  pile  a t  D, af t e r  h aving  s e rve d  six tim e s.  
The  el ec t rod e s  of t h e  t wo  firs t  el e m e n t s  a r e  r e p r e s e n t e d
a s  r e n e w e d  in t h e  c u t ,  in o r d e r  to  s how  t h e  a r r a n g e m e n t
of t h e  t u b e s.

[Illus t r a tion:  ESTEVE’S AUTOMATIC PILE.]
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Di m e n sions .—The  zinc,  2 ,  h a s  a  s u p e rficies
of 1 5x2 0  c e n ti m e t e r s ,  a n d  is c u t  ou t  of t h e  o r din a ry
co m m e rcial s h e e t  m e t al.  I t  m ay  b e  t u r n e d  u p sid e
dow n  w h e n  on e  e n d  h a s  b eco m e  wo r n  a w ay, t h u s  p e r mi t ting
of it s  b eing  e n ti r ely u tilize d.   The  n e g a tive  elec t rod e
is for m e d  of fou r  c a r bo ns,  w hich  h ave,  e a c h  of t h e m,
a  s u p e rficies  of 8x21  c e n ti m e t e r s .   Thes e  fou r
c a r bo ns  a r e  les s  fr agile  a n d  a r e  m o r e  e a sily h a n dle d
t h a n  t wo  h aving  t h e  s a m e  s u rfac e.   Thei r  a r r a n g e m e n t
is s how n  a t  t h e  left  of t h e  figu r e .   They a r e
fixed  to  a  s t r ip  of cop p er, a ,  to  w hic h  is solde r e d
a no t h e r  s t r ip,  L, b e n t  a t  r ig h t  a n gle s.   The r e
a r e  t h u s  two  p ai r s  of c a r bo n  p e r  el e m e n t,  a n d  t h e s e
a r e  si m ply s u s p e n d e d  fro m  a  pi ec e  of wood,  a s  s how n
in t h e  figu r e .   U pon  t his  wood e n  hold e r  will b e
s e e n  t h e  t wo  s t rips,  LL, t h a t  a r e  d e sign e d  to  b e  p u t
in con t ac t  wit h  t h e  zinc  of t h e  s ucc e e ding  el e m e n t
by m e a n s  of pinc h e r s  t h a t  con n e c t  t h e  el ec t rod e s  wi th
on e  a no t h er.  This a r r a n g e m e n t  p e r mi t s  t h e  pile
to  b e  t ak e n  a p a r t  ve ry q uickly.

Charging,  Wor k,  an d  Duration  of  t h e  Pile. —The
inve n to r  h a s  m a d e  a  la r g e  n u m b e r  of exp e ri m e n t s  wi th
solu tions  of bich ro m a t e  of po t a s h  of va rious  d e g r e e s
of s a t u r a tion,  a n d  h a s  foun d  t h e  following  to  give
t h e  b e s t  r e s ul t s:  

Bich ro m a t e  of po t a s h .            1  kilog r a m m e.  
S ulph u ric  a cid                   2  li t e r s .  
Wate r                            8     "

Whe n  a  la rg e r  q u a n ti ty of t h e  s al t  is u s e d,  c rys t alliza tion
occ u r s  in t h e  pile.
Constants and work Constants and work of an element of a round Bunsen having a zinc
of element, 20x30 cm. 16x20 cm.Volts. 1.9 1.8 Resistance. 0.05 0.24 Work disposable 
in the external circuit. 1.839 k. 0.344 k.
The  wo rk  dis pos a ble  in t h e  ex t e r n al ci rc ui t  is d e d u c e d
fro m  t h e  for m ula: 

T =  E  s q u a r e d/(4R
x 9.8 1)

68



It  will b e  s e e n  t h a t  a n  ele m e n t  t h us  c h a r g e d  gives
a s  m u c h  e n e r gy a s  5.3  la r g e  Buns e n  el e m e n t s.

The  b a t t e ry  is c h a r g e d  wi t h  1 0  lit e r s  of solu tion,
a n d  is c a p a ble  of fu r nis hing  for  5  ho u r s  a  c u r r e n t
of 7  a m p e r e s  wi th  a  diffe r e nc e  of po t e n ti al  of 9  volts
a t  t h e  pile  t e r min als.   The  wo rk,  a cco r ding  to
t h e  for m ula  (EI)/g, e q u als  6 .42 2  kilog r a m-m e t e r s;
wi th  a  fee ble r  r e sis t a nc e  in t h e  ext e r n al ci rcui t
it  is c a p a ble  of p ro d u cing  a  cu r r e n t  of 1 9  a m p e r e s
for  a n  ho u r  a n d  a n  h alf.  In  t his  c a s e  t h e  r e si s t a nc e
of t h e  ex t e r n al  ci rc ui t  e q u als  t h e  in t e rio r  r e sis t a nc e
of t h e  pile.   U pon  im m e r sing  t h e  elec t rod e s  in
n e w  liquid,  a n d  wi th  no  r e sis t a nc e  in t h e  ex t e r n al
ci rc ui t ,  t h e  c u r r e n t  m ay  r e a c h  1 0 0  a m p e r e s .   On
r e n e win g  t h e  liquids  d u rin g  t h e  op e r a tion  of t h e  pile,
a  c u r r e n t  of 7  a m p e r e s  is ke p t  u p  if a bo u t  a  li te r
of s a t u r a tion  p e r  ho u r  b e  allow e d  to  p a s s  in to  t h e
b a t t e ry.  Fo r  five ho u r s ,  t h e n,  only 5  lit e r s
a r e  u s e d  ins t e a d  of t h e  1 0  t h a t  a r e  n ec es s a ry  w h e n
t h e  liquid  is no t  r e n e w e d  w hile  t h e  pile  is in a c tion.—La
N a t ur e.
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*       *       *       *  
    *

WOODWARD’S DIFFUSION MOTOR.

The  e n e r gy p rod uc e d  by t h e  p h e no m e n a  of diffusion
is exhibi t e d  in lec t u r e  cou r s e s  by  pl acing  a  b ell
gl a s s  filled  wi t h  hyd rog e n  ove r  a  po ro us  ves s el a t
w hos e  b a s e  is fixed  a  gl as s  t u b e  t h a t  dip s  in to  w a t er. 
The  hyd rog e n,  in diffusing,  e n t e r s  t h e  po rou s  vess el,
inc r e a s e s  t h e  int e r n al  p r e s s u r e ,  a n d  a  n u m b e r  of b u b ble s
e sc a p e s  fro m  t h e  t u b e .   On  wi t h d r a wing  t h e  b ell
gl a s s  of hyd ro g e n,  t h e  la t t e r  b e co m e s  diffus e d  ex t e r n ally,
a  low e r  p r e s s u r e  occu r s  in  t h e  po rou s  vess el, a n d  t h e
level of t h e  w a t e r  r i s e s.

The  a r r a n g e m e n t  d evis e d  by Mr. C.J.  Woodw a r d,
a n d  r e c e n tly p r e s e n t e d  to  t h e  P hysical Socie ty of
London,  is a n  a d a p t a tion  of t his  exp e ri m e n t  to  t h e
p ro d uc tion  of a n  oscilla ting  m o tion  by al t e r n a tions
in t h e  in t e r n al  a n d  ex t e r n al  diffusion  of t h e  hyd ro g e n.

The  a p p a r a t u s,  r e p r e s e n t e d  h e r e with,  consis t s  of a
sc al e  b e a m  a bo u t  t h r e e  fee t  in leng t h  t h a t  s u p po r t s
a t  on e  e n d  a  sc al e  p a n  a n d  w eigh t s,  a n d,  a t  t h e  o t h er,
a  co rk e d  po rou s  vess el  t h a t  c a r ri e s  a  gl a s s  t u b e,
c,  w hic h  dips  in to  a  ves s el con t aining  ei t h e r  w a t e r
o r  m e t hylic alcohol.  Th r e e  o r  fou r  g a s  je ts ,
on e  of w hic h  is s how n  a t  E,  a r e  a r r a n g e d  a ro u n d  t h e
po ro us  ves s el, a s  clos e  a s  pos sible,  b u t  in s uc h  a
w ay a s  no t  to  to uc h  it  d u rin g  t h e  oscilla tion  of t h e
b e a m.   Thes e  g a s  je ts  co m m u nic a t e  wi t h  a  g a so m e t e r
tilled  wi th  hyd rog e n,  t h e  b ell of w hic h  is so  c h a r g e d
a s  to  fu r nis h  a  je t  of s ufficien t  s t r e n g t h .   Expe ri e nc e
will indic a t e  t h e  b e s t  pl ac e  to  give  t h e  g a s  je t s ,
b u t ,  in  g e n e r al, it is w ell to  loca t e  t h e m  a t  n e a r
t h e  c e n t e r  of t h e  po ro us  vess el  w h e n  t h e  b e a m  is ho rizon t al.
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[Illus t r a tion]

It  is now  e a sy  to  s e e  how  t h e  d evice  op e r a t e s .  
Whe n  t h e  hyd rog e n  co m e s  in p r e s e n c e  of t h e  po rou s
vess el  it  b e co m e s  diffus e d  t h e r ein,  a n d  t h e  p r e s s u r e
exe r t e d  in t h e  in t e rio r  t h e n  p ro d u c e s  a n  a s c e n t .  
Whe n  t h e  bo t to m  of t h e  po rous  vess el g e t s  a bove  t h e
je t s,  t h e  in t e r n al  diffusion  c e a s e s  a n d  t h e  hyd rog e n
b eco m e s  diffus e d  ext e r n ally, t h e  in t e r n al  p r e s s u r e
di minis h es ,  a n d  t h e  vess el d e sc e n d s.   The  vess el
t h e n  co m e s  opposi t e  t h e  je t s  of hyd ro g e n  a n d  t h e  s a m e
m otion  occ u r s  a g ain,  a n d  soon  ind efini t ely.  The
wo rk  p ro d u c e d  by t his  m o tor, w hich  h a s  p u r ely a  scie n tific
in t e r e s t ,  is ve ry fee ble,  a n d  m u c h  b elow t h a t  a s sig n e d
to  it  by t h eo ry.  In  o rd e r  to  ob t ain  a  m axim u m,
it  would  b e  n e c e s s a ry  to  co m ple t ely s u r ro u n d  t h e  po ro us
vess el  e a c h  ti m e  wi th  hyd ro g e n,  a n d  af t e r w a r d  r e m ove
t h e  je t s  to  facili t a t e  t h e  a c c es s  of air.  All
t h e  m e c h a nical a r r a n g e m e n t s  e m ployed  for  ob t aining
s uc h  a  r e s ul t  h av e  failed,  b ec a u s e  t h e  fric tion  in t rod uc e d
by t h e  m a n e uv e rin g  p a r t s  al so  in t rod uc e s  a  r e si s t a nc e
g r e a t e r  t h a n  t h e  m o to r  c a n  ove rco m e.   The r e  is
t h e r efo r e  a  w a s t e  of e n e r gy d u e  to  t h e  con tinuo us
flow of hyd ro g e n;  b u t  t h e  a p p a r a t u s,  for  all t h a t ,
con s ti t u t e s  no n e  t h e  les s  a n  o rigin al a n d  in t e r e s tin g
d evice.—La N a t ur e .
*       *       *       *  
    *
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SO ME RELATIONS OF H EAT TO VOLTAIC AND THERM O-ELECTRIC 
ACTION OF METALS
IN ELECTROLYTES.[1]
   [Foot no t e  1:   Re a d  b efor e  t h e
Royal Socie ty, N ov., 1 8 8 3.]

By G. GORE, F.R.S., LL.D.

The  exp e rim e n t s  d e s c rib e d  in  t his  p a p e r  t h row  consid e r a ble
ligh t  u po n  t h e  r e al  c a u s e  of t h e  volt aic  c u r r e n t .  
The  r e s ul t s  of t h e m  a r e  con t ain e d  in t w e n ty t a ble s;
a n d  by co m p a rin g  t h e m  with  e a c h  o t h er, a n d  al so  by
m e a n s  of a d di tion al exp e ri m e n t s ,  t h e  following  g e n e r al
conclusions  a n d  c hief fac t s  w e r e  ob t ain e d.

Whe n  m e t al s  in liquids  a r e  h e a t e d,  t h ey a r e  m o r e  fre q u e n tly
r e n d e r e d  posi tive  t h a n  n e g a tive  in t h e  p ropo r tion
of a bo u t  2 .8  to  1.0; a n d  w hile  t h e  p ropo r tion  in  w e a k
solu tions  w a s  a bo u t  2 .2 9  to  1.0,  in  s t ro n g  on e s  it
w a s  a bo u t  3 .27  to  1.0,  a n d  t his  a cco r d s  wi t h  t h ei r
t h e r mo-el ec t ric  b e h avio r  a s  m e t als  alon e.   The
t h e r mo-el ec t ric  o r d e r  of m e t als  in  liquids  w a s,  wi t h
n e a rly eve ry solu tion,  w h e t h e r  s t ro n g  o r  w e ak,  widely
diffe r e n t  fro m  t h e  t h e r m o-el ec t ric  o r d e r  of t h e  s a m e
m e t al s  alon e.   A conclusion  p r eviously a r r ive d
a t  w a s  also  co nfi r m e d,  vi z ., t h a t  t h e  liquids
in w hich  t h e  ho t  m e t al  w a s  t h e r m o-el ec t ro-posi tive
in t h e  la r g e s t  p ro po r tion  of c a s e s  w e r e  t hos e  con t aining
hig hly el ec t ro-posi tive  b a s e s ,  s uc h  a s  t h e  alkali
m e t al s.   The  t h e r m o-el ec t ric  effec t  of grad ually
h e a ting  a  m e t al  in  a  liquid  w a s  so m e ti m e s  diffe r e n t
fro m  t h a t  of s u d d e nly  h e a tin g  it,  a n d  w a s  occa sion ally
a t t e n d e d  by a  r ev e r s al of t h e  c u r r e n t .

Deg r e e  of s t r e n g t h  of liquid  g r e a tly affec t e d  t h e
t h e r mo-el ec t ric  o r d e r  of m e t als.   Inc r e a s e  of
s t r e n g t h  u s u ally a n d  consid e r a bly inc r e a s e d  t h e  po t e n tial
of m e t al s  t h e r m o-el ec t ro-n e g a tive  in liquids,  a n d
so m e w h a t  inc r e a s e d  t h a t  of t hos e  posi tive  in liquids.

The  el ec t ric  po t e n ti al  of m e t als ,  t h e r m o-el ec t ro-posi tive
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in  w e a k  liquids,  w a s  u s u ally a bo u t  3 .87  tim e s,  a n d
in s t ro n g  on e s  1.8 7  tim e s,  a s  g r e a t  a s  of t hos e  w hic h
w e r e  n e g a tive.   The  po t e n ti al  of t h e  s t ro n g e s t
t h e r mo-el ec t ric  cou ple,  viz ., t h a t  of alu min u m
in w e a k  solu tion  of sodic p hos p h a t e ,  w a s  0.66  volt
for  1 0 0  d e g.   F. diffe r e n c e  of t e m p e r a t u r e ,  o r
a bo u t  1 0 0  tim e s  t h a t  of a  bis m u t h  a n d  a n timony cou ple.

H e a tin g  on e  of t h e  m e t als , ei t h e r  t h e  posi tive  o r
n e g a tive,  of a  volt aic  cou ple,  u s u ally inc r e a s e d  t h ei r
el ec t ric  diffe r e nc e ,  m a king  m os t  m e t al s  m o r e  posi tive,
a n d  so m e  m o r e  n e g a tive; w hile  h e a ting  t h e  s e con d  on e
al so  u s u ally n e u t r alized  to  a  la r g e  ex t e n t  t h e  effec t
of h e a ting  t h e  fi r s t  on e.   The  el ec t rical effec t
of h e a ting  a  volt aic  cou ple  is n e a rly w holly co m pos e d
of t h e  u ni t e d  effec t s  of h e a tin g  e a c h  of t h e  t wo  m e t als
s e p a r a t ely, b u t  is no t  ho w eve r  ex ac tly t h e  s a m e,  b ec a u s e
w hile  in t h e  for m e r  c a s e  t h e  m e t als  a r e  dis similar,
a n d  a r e  h e a t e d  to  t h e  s a m e  t e m p e r a t u r e ,  in t h e  la t t e r
t h ey  a r e  si milar, b u t  h e a t e d  to  diffe r e n t  t e m p e r a t u r e s .  
Also, w h e n  h e a tin g  a  voltaic  p air, t h e  h e a t  is a p plied
to  t wo  m e t al s,  bo t h  of w hich  a r e  p r eviously el ec t ro-pola r
by con t ac t  wi th  e ac h  o th e r  a s  w ell a s  by  con t ac t  wi th
t h e  liquid; b u t  w h e n  h e a tin g  on e  junc tion  of a  m e t al
a n d  liquid  cou ple,  t h e  m e t al  h a s  no t  b e e n  p r eviously
r e n d e r e d  elec t ro-pola r  by con t a c t  wi th  a  diffe r e n t
on e,  a n d  is t h e r efo r e  in a  so m e w h a t  diffe r e n t  s t a t e .  
Whe n  a  volt aic  co m bin a tion,  in  w hic h  t h e  posi tive  m e t al
is t h e r m o-n e g a tive,  a n d  t h e  n e g a tive  on e  is t h e r m o-posi tive,
is h e a t e d ,  t h e  el ec t ric  po t e n tial  of t h e  cou ple  di minish es ,
no twit h s t a n din g  t h a t  t h e  in t e r n al  r e sis t a nc e  is d e c r e a s e d .
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M a g n e siu m  in p a r tic ular, a lso  zinc  a n d  c a d miu m,  w e r e
g r e a tly d e p r e s s e d  in  elec t ro motive  forc e  in  el ec t rolyt e s
by el eva tion  of t e m p e r a t u r e .   Reve r s als  of posi tion
of t wo  m e t als  of a  volt aic  cou ple  in  t h e  t e n sion  s e ri es
by ris e  of t e m p e r a t u r e  w e r e  c hi efly d u e  to  on e  of t h e
t wo  m e t als  inc r e a sin g  in el ec t ro m otive  force  fas t e r
t h a n  t h e  o t h er, a n d  in m a ny  c a s e s  to  on e  m e t al  inc r e a sin g
a n d  t h e  o t h e r  d e c r e a sing  in el ec t ro motive  forc e,  b u t
only in a  few c as e s  w a s  it a  r e s ul t  of si m ul t a n eo u s
b u t  u n e q u al  di min u tion  of po t e n tial  of t h e  t wo  m e t al s.  
With  eigh t e e n  diffe r e n t  volt aic  cou ple s,  by ris e  of
t e m p e r a t u r e  fro m  6 0  d e g.  to  1 6 0  d e g.   F., t h e
el ec t ro motive  forc e  in t w elve  c a s e s  w a s  inc r e a s e d ,
a n d  in six d e c r e a s e d ,  a n d  t h e  ave r a g e  p ro po r tions  of
inc r e a s e  for  t h e  eigh t e e n  ins t a nc e s  w a s  0.1 0  volt
for  t h e  1 0 0  d e g.   F. of el eva tion.

A g r e a t  diffe r e nc e  in c h e mical co m posi tion  of t h e
liquid  w a s  a t t e n d e d  by a  co nsid e r a ble  c h a n g e  in t h e
o r d e r  of t h e  volt a-t e n sion  s e rie s,  a n d  t h e  diffe r e nc e s
of s uc h  o r d e r  in t wo  si mila r  liquids,  s uc h  a s  solu tions
of hyd ric  c hlo rid e  a n d  po t a ssic  c hlo ride,  w e r e  m u c h
g r e a t e r  t h a n  t hos e  p ro d uc e d  in ei t h e r  of t hos e  liquids
by a  diffe r e nc e  of 1 0 0  d e g.   F. of t e m p e r a t u r e .  
Diffe r e n c e  of s t r e n g t h  of solu tion,  like  diffe r e nc e
of co m posi tion  o r  of t e m p e r a t u r e ,  a l t e r e d  t h e  o r d e r
of s uc h  s e ri e s  wi th  n e a rly eve ry liquid; a n d  t h e  a m o u n t
of s uc h  al t e r a tion  by  a n  inc r e a s e  of fou r  o r  five
ti m es  in t h e  s t r e n g t h  of t h e  liquid  w a s  r a t h e r  les s
t h a n  t h a t  c a u s e d  by a  diffe r e nc e  of 1 0 0  d e g.   F.
of t e m p e r a t u r e .   While  also  a  va ri a tion  of s t r e n g t h
of liquid  c a u s e d  only a  m o d e r a t e  a mo u n t  of c h a n g e
of o r d e r  in t h e  volta-t e n sion  s e ri e s,  it  p ro d uc e d
m o r e  t h a n  t h r e e  ti m es  t h a t  a m o u n t  of c h a n g e  in t h e
t h e r mo-el ec t ric  t e n sion  s e ri es.   The  u s u al  effec t
of inc r e a sing  t h e  s t r e n g t h  of t h e  liquid  u po n  t h e
volt a-el ec t ro m otive  forc e  w a s  to  consid e r a bly inc r e a s e
it, b u t  it s  effec t  u po n  t h e  t h e r m o-el ec t ro-m o tive
forc e  w a s  to  la r g ely d e c r e a s e  it.  The  d e g r e e  of
po t e n tial  of a  m e t al a n d  liquid  t h e r m o-cou ple  w a s
no t  alw ays  exa c tly t h e  s a m e  a t  t h e  s a m e  t e m p e r a t u r e
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d u ring  a  ri s e  a s  d u ring  a  fall of t e m p e r a t u r e ;  t his
is a n alogous  to  t h e  va ri a tions  of m el ting  a n d  solidifying
poin t s  of bo die s  u n d e r  s uc h  con di tions,  a n d  also  to
t h a t  of s u p e r s a t u r a tion  of a  liquid  by a  s al t,  a n d
is p ro b a bly d u e  to  so m e  hind e r a n c e  to  c h a n g e  of m olec ula r
m ove m e n t .

The  r a t e  of o r din a ry  ch e mic al co r rosion  of e a c h  m e t al
va rie d  in ev e ry diffe r e n t  liquid; in e ac h  solu tion
al so  it  diffe r e d  wi th  eve ry diffe r e n t  m e t al. 
The  m o s t  ch e mic ally posi tive  m e t als  w e r e  u s u ally t h e
m os t  q uickly co r rod e d,  a n d  t h e  co r rosion  of e a c h  m e t al
w a s  u s u ally t h e  fas t e s t  wi th  t h e  m o s t  a cid  solu tions.  
The  r a t e  of co r rosion  a t  a ny give n  t e m p e r a t u r e  w a s
d e p e n d e n t  bo t h  u po n  t h e  n a t u r e  of t h e  m e t al  a n d  u po n
t h a t  of t h e  liquid,  a n d  w a s  limi te d  by  t h e  m o s t  fee bly
a c tive  of t h e  t wo,  u s u ally t h e  el ec t rolyt e.   The
o r d e r  of r a t e  of co r ro sion  of m e t al s  al so  diffe r e d
in eve ry diffe r e n t  liquid.   The  m o r e  dissimila r
t h e  ch e mic al c h a r a c t e r s  of t wo  liquids,  t h e  m o r e  dive r s e
u s u ally w a s  t h e  o r d e r  of r a pidi ty of co r rosion  of
a  s e ri es  of m e t al s  in t h e m.   The  o r d e r  of r a t e
of sim ple  co r ro sion  in a ny of t h e  liquids  ex a min e d
diffe r e d  fro m  t h a t  of ch e mico-el ec t ric  a n d  s till m o r e
fro m  t h a t  of t h e r m o-el ec t ric  t e n sion.   Co r rosion
is no t  t h e  c a u s e  of t h e r m o-el ec t ric  a c tion  of m e t als
in liquids.
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Out  of fifty-eig h t  c a s e s  of r i s e  of t e m p e r a t u r e  t h e
r a t e  of o r din a ry co r ro sion  w a s  inc r e a s e d  in  eve ry
ins t a nc e  exc e p t  on e,  a n d  t h a t  w a s  only a  fee ble  exc e p tion—t h e
inc r e a s e  of co r ro sion  fro m  6 0  d e g.  to  1 6 0  d e g.  
F. wi t h  diffe r e n t  m e t als  w a s  ext r e m ely va ri abl e,  a n d
w a s  fro m  1.5  to  3 2 1.6  tim e s.   Wh e t h e r  a  m e t al
inc r e a s e d  o r  d ec r e a s e d  in  t h e r m o-el ec t ro m otive  force
by b ein g  h e a t e d ,  it  inc r e a s e d  in r a pidi ty of co r ro sion.  
The  p ro po r tions  in w hich  t h e  m o s t  co r rod e d  m e t al  w a s
al so  t h e  m o s t  t h e r m o-el ec t ro-posi tive  on e  w a s  6 5.57
p e r  c e n t .  in liquids  a t  6 0  d e g.   F., a n d  6 9.12
in t h e  s a m e  liquids  a t  1 6 0  d e g.   F.; a n d  t h e  p ro po r tion
in w hich  it w a s  t h e  m o s t  ch e mico-el ec t ro-posi tive
a t  6 0  F. w a s  8 4.44  p e r  c e n t ,  a n d  a t  1 6 0  d e g.  
F. 8 0 .77  p e r  c e n t .   The  p ro po r tion  of c a s e s  t h e r efo r e
in w hich  t h e  m o s t  ch e mico-el ec t ro-n e g a tive  m e t al  w a s
t h e  m o s t  co r rod e d  on e  inc r e a s e d  fro m  1 5.56  to  1 9.23
p e r  c e n t ,  by a  r i s e  of t e m p e r a t u r e  of 1 0 0  d e g.  
F. Co m p a ri son  of t h e s e  p ro po r tions  s how s  t h a t  co r ro sion
u s u ally influe nc e d  in a  g r e a t e r  d e g r e e  c h e mico-elec t ric
r a t h e r  t h a n  t h e r m o-el ec t ric  a c tions  of m e t als  in liquids.  
N o t  only w a s  t h e  r el a tive  n u m b e r  of c a s e s  in w hich
t h e  volt a-n e g a tive  m e t al  w a s  t h e  m os t  co r rod e d  inc r e a s e d
by ris e  of t e m p e r a t u r e ,  b u t  also  t h e  ave r a g e  r el a tive
loss  by  co r rosion  of t h e  n e g a tive  to  t h a t  of t h e  posi tive
on e  w a s  inc r e a s e d  fro m  3.11  to  6.32.

The  expla n a tion  m os t  consis t e n t  wi th  all t h e  va rious
r e s ul t s  a n d  conclu sions  is a  kin e tic  on e:   Tha t
m e t al s  a n d  el ec t rolyt e s  a r e  t h ro u g ho u t  t h ei r  m a s s e s
in a  s t a t e  of m olecula r  vib r a tion.   Tha t  t h e  m olec ule s
of t hos e  s u bs t a nc e s ,  b ein g  fric tionle s s  bo die s  in  a
fric tionles s  m e diu m,  a n d  t h ei r  m o tion  no t  b ein g  dis sip a t e d
by con d uc tion  o r  r a di a tion,  con tinu e  inc es s a n tly in
m o tion  u n til so m e  c a u s e  a ri s e s  to  p r eve n t  t h e m.  
Tha t  e a c h  m e t al  (o r  el ec t rolyt e), w h e n  u n e q u ally h e a t e d,
h a s  to  a  c e r t ain  ex t e n t  a n  u nlike  cla s s  of m o tions
in it s  diffe r e n tly h e a t e d  p a r t s ,  a n d  b e h av es  in  t hos e
p a r t s  so m e w h a t  like  t wo  m e t als  (or  el ec t rolyt e s),
a n d  t hos e  u nlike  m o tions  a r e  e n a ble d,  t h ro u g h  t h e
in t e r m e dia t e  con d u c tin g  po r tion  of t h e  s u bs t a nc e ,
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to  r e n d e r  t hos e  p a r t s  el ec t ro-polar.  Tha t  eve ry
diffe r e n t  m e t al  a n d  el ec t rolyt e  h a s  a  diffe r e n t  cl as s
of m o tions,  a n d  in  cons e q u e nc e  of t his, t h ey  al so,
by  con t ac t  alon e  wi th  e a c h  o t h e r  a t  t h e  s a m e  t e m p e r a t u r e ,
b eco m e  el ec t ro-polar.  The  m olec ula r  m o tion  of
e a c h  diffe r e n t  s u bs t a nc e  al so  inc r e a s e s  a t  a  diffe r e n t
r a t e  by ri s e  of t e m p e r a t u r e .

This  t h eo ry  is e q u ally in a g r e e m e n t  wit h  t h e  c h e mico-el ec t ric
r e s ul t s .   In  a cco r d a nc e  wi th  i t, w h e n  in t h e  c a s e
of a  m e t al  a n d  a n  el ec t rolyt e,  t h e  two  cla s s e s  of
m o tions  a r e  s ufficie n tly u nlike,  c h e mical co r ro sion
of t h e  m e t al  by  t h e  liquid  t ak es  pl ac e,  a n d  t h e  volt aic
c u r r e n t  o rigin a t e d  by inh e r e n t  m olec ula r  m o tion,  u n d e r
t h e  con di tion  of con t ac t ,  is m ain t ain e d  by t h e  po r tions
of m o tion  los t  by  t h e  m e t al  a n d  liquid  d u ring  t h e
a c t  of u ni ting  tog e t h er.  Cor ro sion  t h e r efo r e  is
a n  effec t  of m olec ula r  m o tion,  a n d  is on e  of t h e  m o d e s
by w hich  t h a t  m o tion  is conve r t e d  in to  a n d  p ro d u c e s
el ec t ric  c u r r e n t .
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In  a c co r d a nc e  wi th  t his  t h eo ry, if w e  t ak e  a  t h e r m o-el ec t ric
p ai r  consis ting  of a  no n-co r rodible  m e t al  a n d  a n  el ec t rolyt e
(th e  two  b ein g  al r e a dy el ec t ro-pola r  by  m u t u al  con t ac t),
a n d  h e a t  on e  of t h ei r  poin t s  of con t a c t ,  t h e  m olec ula r
m o tions  of t h e  h e a t e d  e n d  of e a c h  s u b s t a n c e  a t  t h e
junc tion  a r e  al t e r e d;  a n d  a s  t h e r m o-el ec t ric  e n e r gy
in s uc h  co m bin a tions  u s u ally inc r e a s e s  by  ri se  of
t e m p e r a t u r e ,  t h e  m e t al  a n d  liquid,  e a c h  singly, u s u ally
b eco m e s  m o r e  el ec t ro  polar.  In  s uc h  a  c a s e  t h e
u n e q u ally h e a t e d  m e t al  b e h av es  to  so m e  ex t e n t  like
t wo  m e t als,  a n d  t h e  u n e q u ally h e a t e d  liquid  like  t wo
liquids,  a n d  so  t h e  t h e r m o-el ec t ric  p ai r  is like  a
fee ble  c h e mico-el ec t ric  on e  of t wo  m e t als  in t wo  liquids,
b u t  wi thou t  co r ro sion  of ei t h e r  m e t al.  If t h e
m e t al  a n d  liquid  a r e  e a c h,  w h e n  alon e,  t h e r m o-el ec t ro-posi tive,
a n d  if, w h e n  in con t ac t,  t h e  m e t al  inc r e a s es  in posi tive
con di tion  fas t e r  t h a n  t h e  liquid  by b ein g  h e a t e d,
t h e  la t t e r  a p p e a r s  t h e r m o-el ec t ro-n e g a tive,  b u t  if
les s  r a pidly t h a n  t h e  liquid,  t h e  m e t al  a p p e a r s  t h e r m o-el ec t ro-n e g a tive.

As also  t h e  p ro po r tion  of c a s e s  is s m all in w hich
m e t al s  t h a t  a r e  posi tive  in t h e  o r din a ry  t h e r m o-el ec t ric
s e ri e s  of m e t al s  only b e co m e  n e g a tive  in t h e  m e t al
a n d  liquid  on e s  (viz., only 7 3  ou t  of 2 8 6  in w e a k
solu tions,  a n d  4 8  ou t  of t h e  s a m e  n u m b e r  in s t ro n g
on e s), w e  m ay  conclud e  t h a t  t h e  m e t als,  m o r e  fre q u e n tly
t h a n  t h e  liquids,  h ave  t h e  g r e a t e s t  t h e r mo-el ec t ric
influe nc e ,  a n d  also  t h a t  t h e  r el a tive  la r g e n e s s  of
t h e  n u m b e r  of ins t a nc es  of t h e r m o-el ec t ro-posi tive
m e t al s  in t h e  s e ri e s  of m e t al s  a n d  liquids,  a s  in
t h e  s e rie s  of m e t als  only, is p a r tly a  cons e q u e n c e
of t h e  ci rcu m s t a n c e  t h a t  r i s e  of t e m p e r a t u r e  u s u ally
m a k e s  s u b s t a n c e s—m e t al s  in p a r ticula r—elec t ro-posi tive.  
The s e  s t a t e m e n t s  a r e  also  consis t e n t  wi th  t h e  view
t h a t  t h e  el e m e n t a ry  s u b s t a n c es  los e  a  po r tion  of t h ei r
m olec ula r  a c tivity w h e n  t h ey u ni t e  to  for m  a cid s  o r
s al t s ,  a n d  t h a t  el ec t rolyt e s  t h e r efo r e  h ave  u s u ally
a  les s  d e g r e e  of m olec ula r  m o tion  t h a n  t h e  m e t als
of w hich  t h ey a r e  p a r tly co m pos e d.

The  cu r r e n t  fro m  a  t h e r mo-cou ple  of m e t al a n d  liquid,
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t h e r efo r e ,  m ay  b e  view e d  a s  t h e  u ni t e d  r e s ul t  of diffe r e n c e
of m olec ula r  m o tion,  fi r s t ,  of t h e  t wo  junc tions,
a n d  s eco n d,  of t h e  t wo  h e a t e d  (or  coole d) s u b s t a n c e s;
a n d  in all c a s e s,  bo t h  of t h e r m o- a n d  c h e mico-el ec t ric
a c tion,  t h e  im m e dia t e  t r u e  c a u s e  of t h e  c u r r e n t  is
t h e  o rigin al m olec ula r  vib r a tions  of t h e  s u bs t a n c e s,
w hile  con t a c t  is only a  s t a tic  p e r mi t ting  con di tion.  
Also t h a t  w hile  in  t h e  c a s e  of t h e r m o-el ec t ric  a c tion
t h e  s u s t aining  c a us e  is m olec ula r  m o tion,  s u p plied
by a n  ex t e r n al  sou rc e  of h e a t ,  in t h e  c a s e  of c h e mico-el ec t ric
a c tion  it is t h e  m o tion  los t  by  t h e  m e t al  a n d  liquid
w h e n  c h e mic ally u ni ting  to g e t h er.  The  di r ec tion
of t h e  cu r r e n t  in t h e r m o-elec t ric  c a s e s  a p p e a r s  to
d e p e n d  u po n  w hich  of t h e  t wo  s u b s t a nc e s  co m posing  a
junc tion  inc r e a s e s  in m olec ula r  a c tivity t h e  fas t e s t
by  ris e  of t e m p e r a t u r e ,  o r  d e c r e a s e s  t h e  m os t  r a pidly
by cooling.

*       *       *       *  
    *
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AIR REFRIGERATING MACHINE.

[Illus t r a tion:  IMPROVED AIR REFRIGERATING MACHINE.]

M e s s r s.  J. & E. H all, Da r tfo rd,  exhibi t  a t  t h e  In t e r n a tion al
H e al th  Exhibi tion,  London,  in  con n e c tion  wit h  a  cold
s to r a g e  roo m,  t wo  sizes  of Ellis’ p a t e n t  ai r
r ef rig e r a tor, t h e  la rg e r  on e  c a p a ble  of d elive rin g
5,00 0  cu bic  fee t  of cold  ai r  p e r  ho ur, w h e n  r u n nin g
a t  a  s p e e d  of 1 5 0  r evolu tions  p e r  min u t e ;  a n d  t h e
s m alle r  on e  2,00 0  cu bic  fee t  of cold  ai r  p e r  ho ur,
a t  2 2 5  r evolu tions  p e r  min u t e .   The  s p ecial fea t u r e s
in t h e s e  m a c hin e s  a r e  t h e  a r r a n g e m e n t  of p a r t s ,  by
w hich  g r e a t  co m p a c t n e s s  is s ec u r e d ,  a n d  t h e  a do p tion
of fla t  slide s  for  t h e  co m p r e s sor, ins t e a d  of t h e
o r din a ry b e a t  valves,  w hich  p e r mi t s  of a  high  r a t e
of r evolu tion  wi thou t  t h e  objec tion a ble  noise  w hich
is c a u s e d  by cl acks  b e a ting  on  t h ei r  s e a t s .   The
e n g r aving  s hows  t h e  g e n e r al  a r r a n g e m e n t  of t h e  a p p a r a t u s.  
Figs.  1  to  4  s how  d e t ails  of t h e  co m p r e s sion  a n d  exp a n sion
valves,  w hich  a r e  o rdin a ry  fla t  slide s,  p a r tly b ala nc e d,
a n d  h eld  u p  to  t h ei r  fac es  by  s t ro n g  s p rings  fro m
b e hind.   The  s t e a m,  co m p r e s sion,  a n d  exp a n sion
cylind e r s  a r e  s eve r ally bol t e d  to  t h e  e n d  of a  s t ro n g
fra m e,  w hic h  t ho u g h  a t t a c h e d  to  t h e  coole r  box do e s
no t  for m  p a r t  of i t, t h e  objec t  b eing  to  m e e t  t h e
s t r ain s  b e t w e e n  t h e  cylind e r s  a n d  s h af t  in a s  di r ec t
a  m a n n e r  a s  possible  wi thou t  allowing  t h e m  to  a c t
on  t h e  coole r  c a s tin g.   E a c h  cylind e r  is dou ble
a c ting,  t h e  pis tons  b ein g  cou ple d  to  t h e  s h aft  by
t h r e e  con n ec tin g  ro ds,  t h e  t wo  ou t e r  on e s  wo rking  u po n
c r a nk  pins  fixed  to  ove r h u n g  disks,  a n d  t h e  c e n t e r
on e  on  a  c r a nk  for m e d  in t h e  s h af t.   The  slide
valves  for  all t h e  cylind e r s  a r e  d rive n  fro m  t wo  w eig h
s h af t s ,  t h e  m ain  valve  s h af t  b ein g  a c t u a t e d  by a  follow
c r a nk,  a n d  t h e  exp a n sion  a n d  c u t  off valves  fro m  t h e
c ross h e a d  pin  of t h e  co m p r e s sor.  The  m a c hin e s
m ay b e  u s e d  ei th e r  in  t h e  ve r tical posi tion  a s  exhibi t e d,
o r  m ay b e  fixed  ho rizon t ally; a n d  it is s t a t e d  t h a t
t h e  cons t r uc tion  is s uc h  a s  to  a d mi t  of s p e e d s  of
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2 0 0  a n d  3 0 0  r evolu tions  p e r  mi n u t e  r e s p e c tively for
t h e  la r g e r  a n d  s m alle r  m a c hin e s,  u n d e r  w hich  con di tions
t h e  d elive ry of cold  ai r  m ay  b e  t ak e n  a t  a bo u t  7 ,00 0
a n d  2,6 0 0  c u bic  fee t  p e r  ho ur.  M e s s r s.  H all a lso
m a k e  t hi s  cla s s  of r ef rig e r a to r  wi thou t  t h e  s t e a m
cylind er, a n d  a r r a n g e d  to  b e  d riven  by a  b el t  fro m
a  g a s  e n gin e  o r  a ny exis ting  m o tive  po w er.

*       *       *       *  
    *

A GAS RADIATOR AND HEATER.

[Illus t r a tion:  Fig.  1  & Fig.  2  A GAS RADIATOR
AND H EATER.]

The r e  is now  b eing  in t rod uc e d  in to  Ge r m a ny a  g a s  r a dia to r
a n d  h e a t er, t h e  inve n tion  of H e r r  Wobb e.   I t  consis t s ,
a s  will b e  s e e n  in e n g r aving  a bove,  of a  s e ri e s  of
ve r tical U-s h a p e d  pip e s,  of w ro u g h t  i ron,  5 0  millim e t e r s
(2 inc h e s) in  di a m e t er.  The  t wo  legs  of t h e  U
a r e  of u n e q u al  len g t h;  t h e  long e r  b ein g  a bo u t  5  fee t ,
a n d  t h e  s ho r t e r  3  fee t  (exclusive  of t h e  b e n d  a t  t h e
top).  Ben e a t h  t h e  op e n  e n d  of t h e  s ho r t e r  leg
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of e a c h  pip e  is pl ac e d  a  b u r n er, a t t ac h e d  to  a  ho rizon t al
g a s-pipe ,  w hich  t u r n s  u po n  a n  axis.  The  objec t
of h aving  t his  pip e  ro t a t e  is to  b ring  t h e  b u r n e r s
in to  a n  incline d  posi tion—s ho w n  by t h e
do t t e d  line s  in Fig.  2—for  ligh ting  t h e m.  
On  t u r nin g  t h e m  b a ck  to  t h e  ve r tical posi tion,  t h e
h e a t e d  p ro d u c t s  of co m b u s tion  p a s s  u p  t h e  s ho r t e r
t u b e  a n d  dow n  t h e  long er, w h e r e  t h ey  e n t e r  a  co m m o n
r e c e p t acl e,  fro m  w hich  t h ey  p a s s  in to  t h e  chi m n ey o r
ou t  of doo r s.   S u r ro u n ding  t h e  pipe s  a r e  pl a t e s
of s h e e t  i ron,  incline d  a t  t h e  a n gle  s how n  in Fig.
2.   The  objec t  of t h e  pl a t e s  is to  p r eve n t  t h e
h e a t e d  ai r  of t h e  roo m  fro m  p a s sin g  u p  to  t h e  c eiling,
a n d  s e n d  it  ou t  in to  t h e  roo m.  To p r eve n t  a ny
of t h e  pipe s  a c tin g  a s  chi m n eys,  a n d  b ringin g  t h e
p ro d uc t s  of co m b u s tion  b a ck  in to  t h e  roo m, a s  w ell
a s  to  avoid  a ny b a ck-p r e s s u r e ,  a  d a m p e r  is a t t a c h e d
to  t h e  ou tle t  r e c e p t acle.   The  h e a t e d  g a s  b e co m e s
cooled  so  m u c h  (to a bo u t  1 0 0  d e g.   Fa hr.) t h a t
w a t e r  is con d e n s e d  a n d  p r e cipi t a t e d,  a n d  collec t s
in t h e  vess el b elow t h e  ou tle t .   E ac h  b u r n e r  h a s
a  s e p a r a t e  cock, by  w hic h  it  m ay  b e  ke p t  close d,  h alf-op e n,
o r  op e n.   To obvia t e  d a n g e r  of explosion,  t h e r e
is a  s t r ip  of s h e e t  iron  in  fron t  of t h e  b u r n e r s ,
w hich  p r ev e n t s  t h ei r  b eing  ligh t e d  w h e n  in a  ve r tic al
posi tion; so  t h a t ,  in c a s e  a ny u n b u r n e d  g a s  g e t s  in to
t h e  pip e s,  it  c a n no t  b e  igni t e d,  for  t h e  b u r n e r s  c a n
only b e  ligh t e d  w h e n  incline d  to  t h e  fron t .   In
s t a r ting  t h e  s tove  t h e  b u r n e r s  a r e  ligh t e d ,  in t h e
incline d  posi tion; t h e  c h ain  fro m  t h e  d a m p e r  p ulled
u p;  t h e  b u r n e r s  s e t  ve r tical; a n d,  a s  soon  a s  t h ey
a r e  all d r a wing  w ell in to  t h e  t u b e s ,  t h e  d a m p e r  is
clos e d.   If le s s  h e a t  is d e si r e d,  t h e  cocks  a r e
t u r n e d  h alf off.  I t  is no t  p e r missible  to  e n ti r ely
ex ting uis h  so m e  of t h e  b u r n e r s ,  u nl es s  t h e  u n u s e d
pip e s  a r e  clos e d  to  p r ev e n t  t h e  p ro d uc t s  of co m b u s tion
co ming  b ack  in to  t h e  roo m.  The  cons u m p tion  of
g a s  p e r  b u r n er, full op e n,  wit h  a  p r e s s u r e  of 8/10,
is s aid  to  b e  only 4-3/8  cu bic  fee t  p e r  ho ur.

*       *       *       *  
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CONCRETE WATER PIPES.

Conc r e t e  w a t e r  pip es  of s m all di a m e t er, a cco r din g
to  a  for eig n  co n t e m po r a ry, a r e  u s e d  in p a r t s  of F r a nc e,
no t a bly for  w a t e r  m ains  for  t h e  tow ns  of Coulom mie r s
a n d  Aix-e n-P rove nc e.   The  pipe s  w e r e  for m e d  of
conc r e t e  in  t h e  t r e nc h  it self.  The  m o uld  in to
w hich  t h e  conc r e t e  w a s  s t a m p e d  w a s  s h e e t  iron  a bo u t
t wo  ya r ds  in len g t h .   The  s eve r al  pip es  w e r e  no t
s p eci ally joine d  to  e a c h  o t h er, t h e  join t s  b eing  s e t
wi th  m o r t ar.  The  conc r e t e  consis t e d  of t h r e e
p a r t s  of slow s e t ting  c e m e n t  a n d  t h r e e  p a r t s  of r ive r
s a n d,  mixe d  wi th  five p a r t s  of lim es ton e  d e b ris.  
The  inn e r  di a m e t e r  of t h e  pip es  w a s  nin e  inch e s;  t h ei r
t hickn es s ,  t h r e e  inch e s .   The  ave r a g e  fall is give n
a t  on e  in  five h u n d r e d;  t h e  low es t  s p e e d  of t h e  c u r r e n t
a t  on e  foot  nin e  inch e s  p e r  s e con d.   To facili t a t e
t h e  cle a ning  of t h e  pip es,  m a n-holes  a r e  co ns t r uc t e d
eve ry on e  h u n d r e d  ya r d s  o r  so,  t h e  sid es  of w hich  a r e
al so  m a d e  of co nc r e t e .   The  t r e n c h e s  a r e  a bo u t
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five  fee t  d e e p.   The  wo rk  w a s  do n e  by fou r  m e n,
w ho  laid  dow n  n e a rly t wo  h u n d r e d  fee t  of pip e  in a
wo rking  d ay; t h e  cos t  w a s  a bo u t  nin e ty-t h r e e  c e n t s
p e r  r u n ning  ya r d.   I t  is claim e d  a s  a n  a dva n t a g e
for  t h e  n e w  m e t ho d  t h a t  t h e  pip e s  a d h e r e  clos ely to
t h e  ineq u ali ties  of t h e  t r e nc h,  a n d  t h u s  lie  fi r mly
on  t h e  g ro u n d.   Wh e n  s u b mi t t e d  to  g r e a t  p r e s s u r e ,
how ever, t h ey h av e  no t  p rove d  effec tive,  a n d  t h e  m e t ho d,
con s e q u e n tly, is only s ui t a bl e  for  pipe s  in w hich
t h e r e  is no  p r e s s u r e ,  o r  only a  ve ry t r ifling  on e.

*       *       *       *  
    *

THE SELLERS STANDARD SYSTEM OF SCREW 
THREADS, NUTS, AND BOLT HEADS.

_____________________________________________________
|                                                      |
|                   SCREW THREADS.                     |
|_____________________________________________________|
|         |         |                  |          |        |
|  Dia m.  |Th r e a d s  |     Dia m e t e r      |  Are a  of |  Wid th  |
|   of    |   p e r    |    a t  roo t  of    |  Bolt  a t  |   of   |
|  Sc r ew. |  inch.   |      Thr e a d.      |  r oo t  of |  Fl a t .  |
|         |         |                  |  Thr e a d.  |        |
|________|________|_________________|_________|_______|
|         |         |        |          |          |        |
|    1 /4   |  2 0      |   .185  |    1 3/64  |     .026  |  .006 2  |
|    5 /16  |  1 8      |   .240  |    1 5/64  |     .04 5  |  .007 4  |
|    3 /8   |  1 6      |   .294  |    1 9/64  |     .067  |  .007 8  |
|    7 /16  |  1 4      |   .344  |    1 1/32  |     .09 2  |  .008 9  |
|    1 /2   |  1 3      |   .400  |    1 3/32  |     .125  |  .009 6  |
|    9 /16  |  1 2      |   .454  |    2 9/64  |     .16 1  |  .010 4  |
|    5 /8   |  1 1      |   .507  |    3 3/64  |     .201  |  .011 3  |
|    3 /4   |  1 0      |   .620  |     5/8   |     .301  |  .012 5  |
|    7 /8   |   9      |   .731  |    4 7/64  |     .419  |  .013 8  |
|         |         |        |          |          |        |

84



|  1       |   8      |   .83 7  |    2 7/32  |     .55 0  |  .01 5 6  |
|  1-1/8   |   7      |   .94 0  |    1 5/16  |     .69 3  |  .01 7 8  |
|  1-1/4   |   7      |  1 .06 5  |  1- 1/16  |     .890  |  .017 8  |
|  1-3/8   |   6      |  1 .16 0  |  1- 5/32  |    1 .05 6  |  .020 8  |
|  1-1/2   |   6      |  1 .28 4  |  1- 9/32  |    1 .29 4  |  .020 8  |
|  1-5/8   |   5-1/2  |  1 .38 9  |  1-2 5/64  |    1 .51 5  |  .02 27  |
|  1-3/4   |   5      |  1 .49 1  |  1-3 1/64  |    1 .74 6  |  .02 50  |
|  1-7/8   |   5      |  1 .61 6  |  1-3 9/64  |    2 .05 1  |  .02 50  |
|         |         |        |          |          |        |
|  2       |   4-1/2  |  1 .74 2  |  1-2 3/32  |    2 .30 1  |  .02 77  |
|  2-1/4   |   4-1/2  |  1 .96 2  |  1-3 1/32  |    3 .02 3  |  .02 77  |
|  2-1/2   |   4      |  2 .17 6  |  2-1 1/64  |    3 .71 8  |  .03 12  |
|  2-3/4   |   4      |  2 .42 6  |  2-2 7/64  |    4 .62 2  |  .03 12  |
|         |         |        |          |          |        |
|  3       |   3-1/2  |  2 .62 9  |  2- 5/8   |    5 . 42 8  |  .035 7  |
|  3-1/4   |   3-1/2  |  2 .87 9  |  2- 7/8   |    6 . 50 9  |  .035 7  |
|  3-1/2   |   3-1/4  |  3 .10 0  |  3- 3/32  |    7 .54 7  |  .038 4  |
|  3-3/4   |   3      |  3 .31 7  |  3- 5/16  |    8 .61 4  |  .041 3  |
|         |         |        |          |          |        |
|  4       |   3      |  3 .56 7  |  3- 9/16  |    9 .99 3  |  .041 3  |
|  4-1/4   |   2-7/8  |  3 .79 8  |  3-5 1/64  |   1 1.3 29  |  .04 3 5  |
The  dim e n sions  give n  for  di a m e t e r  a t  r oo t  of t h r e a d s
a r e  al so  t hos e  for  di a m e t e r  of hole  in  n u t s  a n d  di a m e t e r
of lap  d rills.  All bol t s  a n d  s t u ds  3/4  in. di a m e t e r
a n d  a bove,  sc r e w e d  in to  boile r s,  h ave  1 2  t h r e a d s  p e r
inch,  s h a r p  t h r e a d ,  a  t a p e r  of 1/16  in. p e r  1  inch;
t a p  d rill s ho uld  b e  9/64  in. les s  t h a n  no r m al  di a m e t e r
of bol t s.

The  t a bl e  is b a s e d  u po n  t h e  following  g e n e r al  for m ula e
for  c e r t ain  di m e nsions: 

  S ho r t  di a m.  ro u g h  n u t  o r  h e a d  =  1 1/2  di a m.
of bol t  +  1/8.
       "   finish e d
n u t  o r  h e a d  =  1 1/2  di a m.  of bol t  +  1/16.  
  Thickn e ss  ro u g h  n u t  =  dia m e t e r  of bolt .  
  Thickn e ss  finish e d  n u t  =  di a m e t e r  of bol t
— 1/16.  
  Thickn e ss  ro u g h  h e a d  =  1/2  s ho r t  di a m e t er. 
  Thickn e ss  finish e d  h e a d  =  di a m e t e r  of
bolt  — 1/16.

*       *       *       *  
    *
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AN ENGLISH RAILWAY FERRY BOAT.

[Illus t r a tion:  AN E NGLISH  RAILWAY F ERRY BOAT.]

The  illus t r a tions  a bove  r e p r e s e n t  a  dou ble  sc r e w  s t e a m
fe r ry bo a t  for  t r a n s po r ting  r ailw ay c a r ri a g e s ,  vehicle s,
a n d  p a s s e n g e r s ,  e t c ., d e sign e d  a n d  cons t r u c t e d
by M e s s r s.  E d w a r d s  a n d  Sy m e s,  of Cubi t t  Town, London.  
The  h ull is cons t r u c t e d  of iron,  a n d  is of t h e  following
di m e n sions:  Len g t h  6 0  ft.; b e a m  1 6  ft.; ove r  s pon sons
2 5  ft.  The  vess el w a s  fit t e d  wi th  a  p ro p eller,
r u d d er, a n d  s t e e rin g  g e a r  a t  e a c h  e n d,  to  e n a ble  i t
to  r u n  in  ei t h e r  di r e c tion  wi tho u t  h aving  to  t u r n
a ro u n d.   The  bo a t  w a s  d e sign e d  for  t h e  p u r pos e
of wo rking  t h e  t r ain  s e rvice  a c ros s  t h e  b ay of S a n
Jua n,  in t h e  islan d  of P u e r to  Rico, a n d  for  t his  p u r pos e
a  single  line  of s t e el r ails, of m e t e r  g a u g e,  is laid
alon g  t h e  c e n t e r  of t h e  d e ck, a n d  al so  along  t h e  hing e d
pla tfo r m s  a t  e a c h  e n d.   In  t h e  e n g r aving  t h e s e
pla tfo r m s  a r e  s how n,  on e  hois t e d  u p,  a n d  t h e  o t h e r
low e r e d  to  t h e  level of t h e  d e ck.   Whe n  t h e  bo a t
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is a t  on e  of t h e  lan din g  s t a g e s ,  t h e  pl a tfo r m  is lowe r e d
to  t h e  level of t h e  r ails  on  t h e  pi er, a n d  t h e  c a r ri a g e s
a n d  t r u cks  a r e  r u n  on  to  t h e  d e ck  by m e a n s  of t h e
s m all h a uling  e n gin e,  w hich  wo rks  a n  e n dle ss  c h ain
r u n ning  t h e  w hole  leng t h  of t h e  d e ck.  The  t r ucks,
e t c ., b ein g  on  bo a r d ,  t h e  pl a tfo r m  is r ais e d
by m e a n s  of t wo  co m p a c t  h a n d  winc h es  wo rk e d  by wo r m
a n d  wor m-w h e els  in  t h e  posi tions  s how n; t h us  t h e s e
t wo  pla tfo r m s  for m  t h e  e n d  b ulw a rks  to  t h e  bo a t  w h e n
c rossing  t h e  b ay.  O n  a r riving  a t  t h e  opposi t e
s ho r e  t h e  op e r a tion  is r e p e a t e d,  t h e  o t h e r  pl a tfo r m
is low e r e d,  a n d  t h e  h a uling  e n gin e  r u n s  t h e  t r u cks,
e t c ., on  to  t h e  s ho r e.   With  a  load  of 2 5
tons  t h e  d r a u g h t  is 4  ft.

The  s e a t s  s how n  on  t h e  d e ck  a r e  for  t h e  conve nie nc e
of foot  p a s s e n g e r s ,  a n d  t h e  w hole  of t h e  d e ck  is p ro t e c t e d
fro m  t h e  s u n  of t h a t  t ropic al clim a t e  by a  c a nvas
a w nin g.   The  s t e e ring  of t h e  vess el is effec t e d
fro m  t h e  b rid g e  a t  t h e  c e n t er, w hich  ex t e n d s  fro m  sid e
to  sid e  of t h e  vess el, a n d  t h e r e  a r e  t wo  s t e e ring
w h e els  wi t h  ind e p e n d e n t  s t e e ring  g e a r  for  e a c h  e n d,
wi th  locking  g e a r  for  t h e  forw a r d  r u d d e r  w h e n  in m o tion.  
The  m a n  a t  t h e  w h e el  co m m u nic a t e s  wi t h  t h e  e n gin e e r
by m e a n s  of a  s p e akin g  t u b e  a t  t h e  w h e el.  The r e
is a  s m all d e ck  ho us e  for  t h e  u s e  of d e ck  s to r e s,
on  on e  side  of w hich  is t h e  e n t r a n c e  to  t h e  e n gin e
roo m.   The  c ross  b a t t e n s,  s how n  b e t w e e n  t h e  r ails,
a r e  for  t h e  p u r pos e  of ho r s e  t r affic, w h e n  ho r s e s
a r e  u s e d  for  h a uling  t h e  t r ucks,  o r  for  o r din a ry  c a r t s
o r  w a go ns.   The  pl a n  b elow d e ck  s ho ws  t h e  a r r a n g e m e n t
of t h e  b ulkh e a d s,  wi th  a  s m all windla s s  a t  e a c h  e n d
for  lifting  t h e  a n c ho r s ,  a n d  a  s m all h a t c h  a t  e ac h
side  for  e n t r a nc e  to  t h e s e  co m p a r t m e n t s .   The
c e n t r al  co m p a r t m e n t  con t ains  t h e  m a c hin e ry, w hich
con sis t s  of a  p ai r  of co m po u n d  s u rfac e  con d e n sing  e n gin es ,
wi th  cylind e r s  1 1  in. a n d  2 0  in. in di a m e t e r ;  t h e
s h af ting  r u n nin g  t h e  w hole  len g t h  of t h e  vess el, wi th
a  p rop elle r  a t  e a c h  e n d.   S t e a m  is g e n e r a t e d  in
a  s t e el  boile r  of loco motive  for m, so  a r r a n g e d  t h a t
t h e  funn el  p a s s e s  t h rou g h  t h e  d e ck  a t  t h e  sid e  of
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t h e  ves s el; a n d  it is d e sig n e d  for  a  wo rking  p r e s s u r e
of 1 0 0  lb. p e r  s q u a r e  inch.   This  boile r  also
s u p plie s  s t e a m  for  t h e  s m all h a uling  e n gin e  fixed  on
t h e  b ulkh e a d.   Ligh t  to  t his  co m p a r t m e n t  is ob t ain e d
by m e a n s  of la rg e  side  sc u t tl e s  alon g  e a c h  sid e  of
t h e  bo a t  a n d  gla s s  d e ck  ligh t s,  a n d  t h e  iron  g r a tin g
a t  t h e  e n t r a n c e  n e a r  t h e  d e ck  ho u s e .   This  bo a t
w a s  co ns t r u c t e d  in  six pi ec es  for  s hip m e n t ,  a n d  t h e
w hole  p u t  tog e t h e r  in  t h e  b uilde r s’ ya r d.  
The  m a c hin e ry w a s  fixed,  a n d  t h e  e n gin e  d rive n  by
s t e a m  fro m  its  ow n  boiler, t h e n  t h e  w hole  w a s  m a r k e d
a n d  t ak e n  a s u n d er, a n d  s hipp e d  to  t h e  West  Indie s,
w h e r e  it w a s  p u t  tog e t h e r  a n d  foun d  to  a n s w e r  t h e
p u r pos e  in t e n d e d.—E n gin e ering.
*       *       *       *  
    *

[For  THE SCIENTIFIC AMERICAN.]

THE PROBLEM OF FLIGHT, AND THE FLYING 
MACHINE.

As a  r e s ul t  of r e a din g  t h e  va rious  co m m u nic a tions
to  t h e  SCIE NTIFIC AMERICAN a n d  S UPPLEME NT, a n d  Van
N o s trand’s E n gin e ering  M a gazin e , including
d e sc rip tions  of p ropos e d  a n d  t e s t e d  m a c hin e s,  a n d  t h e
r e po r t s  of t h e  Bri tish  Aeron a u tic al Socie ty, t h e  w ri t e r
of t h e  following  conclud e s:  
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Tha t ,  a s  p r e c e d e n t s  for  t h e  cons t r u c tion  of a  s ucc e ssful
flying  m a c hin e,  t h e  inves tig a tion  of so m e  s p e ci e s
of bi r d s  a s  a  b a s e  of t h e  p rinciples  of all is co r r ec t
only in con n e c tion  wi t h  t h e  s p e cie s  a n d  h a bi t s  of
t h e  bi rd;  t h a t  t h e  g e n eral m e c ha nical principle s
of fligh t  a p plica ble  to  t h e  op era tion  of t h e
sa m e  u ni t  of win g  in all s p e ci es  a r e
alon e  a p plica ble  to  t h e  flying  m a c hin e.

Tha t  t h e s e  p rinciple s  of op era tion  do  no t  d e m a n d
t h e  p rinciples  of con s tr uc tion  of t h e  bi rd.

Tha t  a s  t h e  wing  is in  it s  s t roke  a n  a r c  of a  sc r e w
p ro p elle r’s op e r a tion,  a n d  in  it s  a n gle  a  sc r e w
p ro p elle r  bl a d e ,  it s  a ni m al op e r a tion  co m p els  it s
r e cip roc a tion  ins t e a d  of ro t a tion.

Tha t  t h e  s wift e r  t h e  win g  b e a t ,  t h e  m o r e  efficien t
it s  effec t  p e r  u ni t  of s u rf ac e ,  t h e  g r e a t e r  t h e  load
c a r ri e d,  a n d  t h e  s wift e r  t h e  fligh t.

Tha t  t h e  sc r e w  a c tion  b ein g,  in  full fligh t ,  t h a t
of a  sc r e w  p ro p elle r  w hos e  axis  of ro t a tion  for m s
a  sligh t  a n gle  wit h  t h e  ve r tic al, t h e  di s t a nc e  of
fligh t  p e r  vir t u al “r evolu tion” of “sc r e w”
wing  fa r  exc e e ds  t h e  pi tc h  di s t a nc e  of s aid  “sc r ew.”

Tha t  cons e q u e n tly a  bi rd’s fligh t  a n s w e r s  to
a n  icebo a t  clos e  h a ule d;  t h e  wing  force  a n s w e ring
to  t h e  win d , t h e  wing  an gle  to  t h e  sail,
t h e  bi rd’s w eig h t  to  t h e  leew ay fulc r u m
of t h e  ice , a n d  t h e  p a s s a g e  a c ross  di r e c tion
of t h e  win g  flop  to  t h e  fre s h  m o ving
“ine r ti a” of t h e  win d,  bo t h  yielding  a
m axim u m  of force  to  bi rd  o r  ice bo a t .

Tha t  t h e  s p e e d  of reciproca tion  of a  fly’s
wi n g  b eing  e q uivale n t  to  a  scr e w  rota tion
of 9,0 0 0  p e r  min u t e ,  p roves  t h a t  a  scr e w  m ay
b e  r u n  a t  t his  s p e e d  wi tho u t  losing  efficie ncy by c e n t rifug al
vac u u m.
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Tha t  a s  t h e  objec t  of wing  o r  s c r e w  is to  m o u n t
u po n  t h e  ine r ti a  of t h e  p a r ticles  of a  m o bile  fluid,
a n d  a s  t h e  ro t a tion  of s t e a m s hip  p rop elle r s  in  w a t e r—a
fluid  of m a ny ti m e s  t h e  ine r ti a  of ai r—is
already  in  e xc e s s  of t h e  high e s t  s p e e d
h e r e tofo r e  t ri e d  in t h e  p rop elle r s  of m o d e r a t ely s ucc e ssful
flying  m a c hin e s,  it  is pl ain  t h a t  t h e  s p e e d  e m ploye d
in w a t er  m u s t  b e  m a ny ti m e s  exce e d e d  in air .

Tha t  wi th  a  s uf ficie n t  s p e e d  of ro t a tion,  t h e
s u p po r tin g  pow e r  of t h e  ine r ti a  of ai r  m u s t  e q ual
t h a t  of w a t er .

Tha t  a s  m e r e  s p e e d  of r o t a tion  of p ro p elle r  s haf t ,
min u s  bl a d e s ,  m u s t  a b so r b  b u t  a  s m all p ro po r tion  of
pow e r  of e n gin e,  t h e  a d di tion  of bl a d e s  will no t  c a us e
m o r e  r e sis t a nc e  t h a n  t h a t  a c t u ally e nco u n t e r e d  fro m
ine r ti a  of air.

Tha t  t hi s  m u s t  b e  t h e  m e a s u r e  of load  lift ed.

Tha t  wi thou t  slip  of sc r ew, t h e  a c t u al  po w er
exp e n d e d,  will b e  lit tle  in e xc e s s  of t h a t
r e q ui r e d  to  s u p po r t  t h e  m a c hin e  in  w a t er , wi th
a  slow e r  ro t a tion  of sc r ew.

Tha t  in c a s e  t h e  s a m e  po w er  is exp e n d e d  in
w a t e r  o r  air, t h e  only diffe r e nc e  will lie  in t h e
size s  a n d  s p e e d  of e n gin e s  o r  sc r e w s.
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Tha t  t h e  gr ea t er  t h e  s p e e d,  t h e  le ss
w eig h t  of e n gin e ,  boiler, a n d  sc r e w  m u s t  b e ,  a n d  t h e
s t ro n g e r  t h ei r  cons t r uc tion.

Tha t ,  in cons e q u e nc e,  solid  m e t al wo rk e d  dow n,  ins t e a d
of bol t s  a n d  t r u s s  wo rk,  m u s t  b e  u s e d.

Tha t  a s  t h e  bi rd  wing  is a  sc r e w  in a c tion,  a n d  a c t s
direc tly  b e t w e e n  t h e  ine r ti a s  of t h e  load  a n d
t h e  air, t h e  posi tion  a n d  op e r a tion  of t h e  sc r ew,
to  t h e  load,  m u s t  imi t a t e  it.

Tha t ,  in cons e q u e nc e,  m a c hin es  h aving  wing  pl a n e s,
d rive n  agains t  on e  ine r ti a  of ai r  by sc r e w s
a c ting  in  t h e  line,  of fligh t  a g ains t  a no t h e r  ine r ti a
of air, los e  fifty p e r  c e n t .  of u s eful effec t ,  b e sid e s
exposing  to  a  h e a d  wind  t h e  c ros s  s e c tion  of t h e  s t a tion a ry
sc r e w  wing  pl a n e s  a n d  t h e  ro t a tin g  sc r e w  discs; a n d
s u p po r tin g  t h e  d e a d  w eig h t  of t h e  wing  pl a n e s ,  a n d
h aving  all t h e  sc r e w  slip  in  t h e  line  of fligh t ,  a n d
c a r rying  slow a n d  h e avy e n gin e s.

Tha t  a s  a  r e s ul t  of t h e s e  conclusions,  t h e  s u p po r tin g
a n d  p rop elling  po w e r  s ho uld  b e  exp r e s s e d  in  t h e  ro t a tion
of sc r e w s  co m bining  bo t h  func tions,  t h e  posi tion  of
w hos e  pl a n e s  of r o t a tion  to  a  fixed  ho rizon t al  line
of di r e c tion  d e t e r min es  t h e  p ro g r e s s  a n d  s p e e d  of
m a c hin e  u po n  o t h e r  line s.

Tha t  t h e  w hole  w eig h t  c a r ri e d  by t h e  sc r e w s  s ho uld
b e  a t  all ti m es  exac tly b elow t h e  c e n t e r  of g r avity
of t h e  pla n e  of s u p po r t ,  w h e t h e r  it b e  ho rizon t al
o r  incline d.

Tha t  w hile  t h e  p er m a n e n tly  po si tion e d  w eig h t ,
s uc h  a s  t h e  e n gin es ,  fr a m e,  holding  sc r e w s,  e t c .,
m ay b e  rigidly con n e c t e d  to  o r  a ro u n d  t h e  sc r e w  pla n e
of s u p po r t ,  t h e  va ri abl e  posi tione d  w eigh t ,  s uc h  a s
t h e  p a s s e n g e r  a n d  t h e  c ar, s ho uld  b e  con n e c t e d  by
a  fl exible  join t  to  t h e  s aid  pl a n e  of s u p po r t .

91



Cons e q u e n tly, t h e  c a r  m ay  oscilla t e  wi thou t  al t e ring
its  w eigh t  posi tion  u n d e r  ce n t e r  of s u p po r ting  pla n e,
t h u s  avoiding  a n  involun t a ry al t e r a tion  of s p e e d  o r
di r e c tion  of fligh t.

Tha t  to  s t e e r  a  m a c hin e  so  cons t r uc t e d ,  it is m e r ely
n ec es s a ry  to  m ove  t h e  poin t  of a t t a c h m e n t  of c a r  to
m a c hin e  p ro p er, ou t  of t h e  c e n t e r  of pl a n e
of s u p po r t  in t h e  d e si r e d  di r e c tion,  a n d  t h u s  c a u s e
t h e  pl a n e  of s u p po r t  o r  r o t a tion  of p ro p elle r s  to
incline  in t h a t  di r ec tion.

Tha t  t h e  r e s e rvoi r  of pow er, t h e  boiler, e t c .,
s ho uld  b e  pl ac e d  in  t h e  car , a n d  s t e a m  c a r ri e d
to  e n gin e s  t h ro u g h  join t  con n ec ting  c a r  wi th  m a c hin e.

Tha t  a t  p r e s e n t  m a t e ri al exis t s ,  a n d  pow e r  al so, of
s ufficien t  ligh t n e s s  a n d  s t r e n g t h  to  a d mi t  of a  m a c hin e
con s t r u c tion  c a p a ble  of a  limit e d  s ucc e s sful fligh t
in a ny fai r  win d  a n d  di r e c tion.

Tha t  s uc h  m a c hin e  onc e  b uil t ,  t h e  finding  of
a  po w er  for  long  fligh t s  will b e  e a sy, if no t
al r e a dy close  a t  h a n d  in el ec trici t y .

Tha t  t h e  easie s t  d e sign  for  s uc h  act ual
m a c hin e  s hould  b e  a do p t e d ,  leaving  t h e  a d a p t a tion
of t h e  p rinciple s  involved  to  t h e  m a kin g  of m o r e  p e rf ec t
m a c hin e s,  to  a  ti m e  af t e r  t h e  s ucc e ss  of t h e  firs t .

Tha t  s uc h  d e sign  m ay  b e  a  p rop eller, a n d  it s  e n gin e
a t  e a c h  e n d  of a  s t e el  fr a m e  t u b e,  s u p po r ting  t u b e
ho rizon t ally, a  c a r  to  b e  s u p po r t e d  by  a  u nive r s al
join t  fro m  c e n t e r  of s aid  t u b e ,  a n d  t h e  join t  a p p a r a t u s
m ova ble  along  t h e  t u b e  o r  a  s ho r t  dis t a n c e  t r a n sve r s e
to  it, to  al t e r  posi tion  of c e n t e r  of g r avi ty.
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Tha t  t h e  m a c hin e  so  b uil t  mig h t  t r ave r s e  t h e  w a t e r
a s  w ell a s  air.

*       *       *       *  
    *

THE LONGHAIRED POINTER MYLORD.

Poin t e r s  a r e  t r ain e d  to  s e a r c h  for  g a m e,  a n d  to  indica t e
t h a t  t h ey h ave  foun d  t h e  s a m e  by s t a n ding  m o tionless
in fron t  of it, a n d,  w h e n  it  h a s  b e e n  s ho t ,  to  c a r ry
t h e  g a m e  to  t h e  h u n t s m a n.   S eve r al  kinds  of poin t e r s
a r e  know n,  s uc h  a s  s moot h,  long h ai r e d,  a n d  b u s hyh ai r e d
poin t e r s .   The  s m oot h h ai r e d  poin t e r s  a r e  b e t t e r
for  h u n ting  on  hig h  lan d,  w h e r e a s  t h e  long h ai r e d  o r
b u s hyh ai r e d  do gs  a r e  b e t t e r  for  low, m a r s hy co u n t ri es ,
c ross e d  by n u m e ro us  s t r e a m s,  e t c .  Mylord,
t h e  do g  r e p r e s e n t e d  in t h e  a n n exe d  cu t  t ak e n  fro m
t h e  Illus trirt e  Z ei tu n g , is a n  exc ellen t  s p eci m e n
of t h e  long h ai r e d  poin t er, a n d  is ow n e d  by Mr. G.
Borc h er, of Bra u n s c h w eig,  Ge r m a ny.

[Illus t r a tion:  THE LONG HAIRED POINTER, “MYLORD.”]

The  long h ai r e d  poin t e r  is g e n e r ally a bove  t h e  m e diu m
size,  po w e rful, so m e w h a t  long e r  t h a n  t h e  no r m al dog,
t h e  bo dy is n a r row e r  a n d  no t  q ui t e  a s  r o u n d  a s  t h a t
of t h e  s moot h h ai r e d  do g,  a n d  t h e  m u s cle s  of t h e  s ho ulde r s
a n d  hind  legs  a r e  no t  a s  w ell d evelop e d  a n d  no t  a s
p ro min e n t .   The  h e a d  a n d  n e ck  a r e  e r e c t ,  t h e  h e a d
b ein g  s p e cially long,  a n d  t h e  t ail is a l mos t  ho rizon t al
to  t h e  mi ddle,  a n d  t h e n  c u rves  u p w a r d  sligh tly. 
The  long  h ai r  h a n g s  in  w avy line s  on  bo t h  side s  of
his  bo dy.  The  exp r e s sion  of hi s  face  is in t ellige n t ,
b rig h t ,  a n d  good-n a t u r e d ,  a n d  his  s t e p  is ligh t  a n d
al mos t  nois el e s s.

The  poin t e r  is s p e ci ally valu a ble,  a s  i t c a n  b e  e m ploye d
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for  m a ny diffe r e n t  p u r pos e s;  h e  is a n  exc elle n t  dog
for  t h e  woods,  for  t h e  woods m a n  a n d  h u n t e r  w ho  u s e s
only on e  do g  for  diffe r e n t  kinds  of g a m e.   The
in t ellige nc e  of t h e  Ge r m a n  poin t e r  is ve ry g r e a t ,  b u t
h e  do e s  no t  d evelop  a s  r a pidly a s  t h e  En glish  dog,
w hich  h a s  b e e n  r ais e d  for  g e n e r a tions  for  on e  p u r pos e
only.  The  Ge r m a n  poin t e r  h u n t s  ve ry slowly, b u t
s u r ely.  I t  is no t  difficul t  to  t r ain  t his  dog,
b u t  h e  c a n no t  b e  t r ain e d  u n til h e  h a s  r e ac h e d  a  c e r t ain
a g e .

*       *       *       *  
    *

LUNAR HEAT.

By P rofes so r  C.A.  YOUNG.

On e  of t h e  m o s t  in t e r e s tin g  inqui ries  r el a ting  to
t h e  m oon  is t h a t  w hich  d e al s  wi th  t h e  h e a t  s h e  s e n d s
u s ,  a n d  t h e  p ro b a ble  t e m p e r a t u r e  of h e r  s u rf ac e .  
The  p ro ble m  s e e m s  to  h ave  b e e n  fir s t  a t t a ck e d  by Tschi rn h a u s e n
a n d  La Hi r e ,  a bo u t  1 7 0 0;  a n d  t h ey bo t h  foun d,  t h a t
eve n  w h e n  t h e  m oo n’s r ays  w e r e  conc e n t r a t e d
by t h e  m o s t  po w e rful b u r nin g-lens e s  a n d  mi r ro r s  t h ey
could  ob t ain,  i ts  h e a t  w a s  too  s m all to  p ro d uc e  t h e
sligh t e s t  p e r c e p tible  effec t  on  t h e  m os t  d elica t e
t h e r mo m e t e r s  t h e n  know n.   Fo r  m o r e  t h a n  a  h u n d r e d
ye a r s ,  t his  w a s  all t h a t  could  b e  m a d e  ou t,  t hou g h
t h e  exp e ri m e n t  w a s  of te n  r e p e a t e d.

It  w a s  no t  u n til 1 8 3 1  t h a t  M elloni, wi th  his  n e wly-inve n t e d
“th e r m o pile,” [1] s ucc e e d e d  in m a kin g  t h e
lun a r  h e a t  s e n sible; a n d  in 1 8 3 5,  t aking  his  a p p a r a t u s
to  t h e  top  of Vesuvius,  h e  ob t aine d  no t  only p e rc e p tible,
b u t  m e a s u r a ble,  r e s ul t s ,  g e t tin g  a  d evia tion  of fou r
o r  five  divisions  of hi s  g alvano m e t er.
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[Footnote 1:  Probably most of our readers know that the thermopile consists of a 
number of little bars of two different metals, connected in pairs, and having the ends 
joined in a conducting circuit with a galvanometer.  If, now, one set of the junctures is 
heated more than the other set, a current of electricity will be generated, which will 
affect the galvanometer.  The bars are usually made of bismuth and antimony though 
iron and German silver answer pretty well.  They are commonly about half or three-
quarters of an inch long, and about half as large as an ordinary match.  The “pile” is 
made of from fifty to a hundred such bars packed closely, but insulated by thin strips of 
mica, except just at the soldered junctions.  With an instrument of this kind and a very 
delicate galvanometer, Professor Henry found that the heat from a person’s face could 
be perceived at a distance of several hundred feet.  There is however, some doubt 
whether he was not mistaken in respect to this extreme sensitiveness.]
Ot h e r s  r e p e a t e d  t h e  exp e rim e n t  s eve r al  tim e s  b e t w e e n
t his  ti m e  a n d  1 8 5 6,  wi th  m o r e  o r  les s  s ucc es s;  b u t ,
so  fa r  a s  I know, t h e  fir s t  q u a n ti t a tive  r e s ul t  w a s
t h a t  ob t ain e d  in 1 8 5 6  by Piazzi S myt h  d u rin g  his  Tene riffe
exp e di tion.   On  t h e  top  of t h e  m o u n t ain,  a t  a n
el eva tion  of t e n  t ho us a n d  fee t ,  h e  foun d  t h a t  t h e
m oo n’s r ays  affec t e d  hi s  t h e r m o pile  to  t h e  s a m e
ex t e n t  a s  a  s t a n d a r d  c a n dle  t e n  fee t  a w ay.  M a ri e
Davy h a s  sinc e  s how n  t h a t  t his  co r r e s po n ds  to  a  h e a tin g
effec t  of a bo u t  1/13 0 0  of a  Ce n tig r a d e  d e g r e e .

The  s u bjec t  w a s  r e s u m e d  in 1 8 6 8  by Lord  Ross e  in I r ela n d;
a n d  a  long  s e ri es  of obs e rv a tions,  r u n nin g  t h ro u g h
s eve r al  ye a r s ,  w a s  m a d e  by t h e  aid  of his  t h r e e-foot
r eflec to r  (not  t h e  g r e a t  six -foot  ins t r u m e n t ,
w hich  is too  u n wieldy for  s uc h  wo rk).  The  r e s ul t s
of his  wo rk  h ave,  u n til ve ry r e c e n tly, b e e n  a cc e p t e d
a s  a u t ho ri t a tive.   I t  s ho uld  b e  m e n tion e d  t h a t ,
a t  a bo u t  t h e  s a m e  ti m e,  obs e rv a tions  w e r e  al so  m a d e
a t  Pa ris  by M a ri e  Davy a n d  M a r tin; b u t  t h ey a r e  g e n e r ally
looke d  u po n  m e r ely a s  co r ro bo r a tive  of Ross e’s
wo rk,  w hich  w a s  m o r e  el a bo r a t e  a n d  ex t e n sive.  
Ross e  consid e r e d  t h a t  his  r e s ul t s  s how  t h a t  t h e  h e a t
fro m  t h e  m oon  is m ainly obsc ur e,  radia t e d  h e a t ;
t h e  reflec t e d  h e a t ,  a cco r ding  to  hi m,  b ein g
m u c h  less  in a m o u n t .

A m o m e n t’s t hou g h t  will s how  t h a t  t h e  m oo n’s
h e a t  m u s t  consis t  of t wo  po r tions.   Fi r s t ,  t h e r e
will b e  re flec t e d  solar h ea t .  The  a m o u n t
a n d  c h a r a c t e r  of t his  will d e p e n d  in no  w ay u po n  t h e
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t e m p e r a t u r e  of t h e  m oo n’s s u rfac e,  b u t  solely
u po n  it s  r eflec ting  po w er.  And it is to  b e  no t e d
t h a t  m oon- ligh t  is only a  p a r t  of t his  r eflec t e d
r a dia n t  e n e r gy, diffe ring  fro m  t h e  invisible  po r tion
of t h e  s a m e  m e r ely in h aving  s uc h  a  w ave-leng t h  a n d
vib r a tion  p e riod  a s  to  b ring  it  wi t hin  t h e  r a n g e  of
p e rc e p tion  of t h e  h u m a n  eye.
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The  s e con d  po r tion  of t h e  h e a t  s e n t  u s  by t h e  m oo n
is t h a t  w hich  s h e  e mi t s  on  h e r  ow n  a cco u n t  a s  a  w a r m
body—w a r m e d,  of cou r s e ,  m ai nly, if no t
e n ti r ely, by  t h e  a c tion  of t h e  s u n.   The  a m o u n t
of t his  h e a t  will d e p e n d  u po n  t h e  t e m p e r a t u r e
of t h e  m oon’s s u rfac e  a n d  it s  r a di a ting  pow e r;
a n d  t h e  t e m p e r a t u r e  will d e p e n d  u po n  a  n u m b e r  of t hings
(chiefly h e a t-a b so r bin g  pow e r  of t h e  s u rf ac e,  a n d  t h e
n a t u r e  a n d  d e n si ty of t h e  lun a r  a t m os p h e r e ,  a s  w ell
a s  t h e  s u p ply of h e a t  r e c eived  fro m  t h e  s u n), b eing
d e t e r min e d  by a  b al a nc e  b e t w e e n  give  a n d  t ak e.  
So  long  a s  m o r e  h e a t  is r ec eived  in a  s e co n d  t h a n  is
t h row n  off in t h e  s a m e  tim e,  t h e  t e m p e r a t u r e  will
r i s e ,  a n d  vice  v ersa .

I t  is to  b e  no t e d,  fu r t h er, t h a t  t his  s eco n d  co m po n e n t
of t h e  m oon’s t h e r m al  r a di a nc e  m u s t  b e  m ainly
w h a t  is c alled  “obsc u r e”  o r  d a rk  h e a t ,
like  t h a t  fro m  a  s tove  o r  t e ak e t tl e,  a n d  ch a r ac t e rized
by t h e  s a m e  w a n t  of p e n e t r a t ive  pow er.  N o  on e
knows  w hy a t  p r e s e n t;  b u t  i t is a  fac t  t h a t  t h e  h e a t-r a di a tions
fro m  bodie s  a t  a  low t e m p e r a t u r e—r a dia tions
of w hich  t h e  vib r a tions  a r e  r el a tively slow, a n d  t h e
w ave-len g t h  g r e a t—h ave  no  s uc h  pow e r  of
p e n e t r a tin g  t r a n s p a r e n t  m e dia  a s  t h e  hig h e r-pi tc h e d
vib r a tions  w hich  co m e  fro m  inc a n d e sc e n t  bodie s.  
A g r e a t  p a r t ,  t h e r efo r e,  of t his  con ting e n t  of t h e
lun a r  h e a t  is p ro b a bly s top p e d  in t h e  u p p e r  air, a n d
n eve r  r e a c h e s  t h e  s u rf ac e  of t h e  e a r t h  a t  a ll.

N ow, t h e  t h e r mo pile  c a n no t ,  of cou r s e ,  disc ri min a t e
di r e c tly b e t w e e n  t h e  two  po r tions  of t h e  lun a r  h e a t ;
b u t  to  so m e  ex t e n t  it do e s  e n a ble  u s  to  do  so  indir ec tly,
since  t h ey va ry in q ui t e  a  diffe r e n t  w ay wi t h  t h e
m oo n’s a g e .   The  sim ple  re flec t e d
h e a t  m u s t  follow t h e  s a m e  law a s  m oo nligh t ,  a n d  co m e
to  it s  m axim u m  a t  full m oo n.   The  radiat e d
h e a t ,  on  t h e  o th e r  h a n d,  will r e a c h  it s  m axim u m  w h e n
t h e  ave r a g e  t e m p e r a t u r e  of t h a t  p a r t  of t h e  m oo n’s
s u rfac e  t u r n e d  tow a r d  t h e  e a r t h  is high e s t ;  a n d  t his
m u s t  b e  so m e  ti m e  af t e r  full m oo n,  for  t h e  s a m e  so r t
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of r e a so n s  t h a t  m a k e  t h e  ho t t e s t  p a r t  of a  s u m m e r’s
d ay co m e  t wo  o r  t h r e e  ho u r s  af t e r  noon.

The  conclu sion  e a rly r e a c h e d  by Lord  Ross e  w as  t h a t
n e a rly all t h e  lun a r  h e a t  b elon g e d  to  t h e  s eco n d  c a t e go ry—d a rk
h e a t  radiat e d  fro m  t h e  m oo n’s w a r m e d
s u rfac e,  t h e  reflec t e d  po r tion  b ein g  co m p a r a tively
s m all—a n d  h e  e s ti m a t e d  t h a t  t h e  t e m p e r a t u r e
of t h e  ho t t e s t  p a r t s  of t h e  m oo n’s s u rf ac e  m u s t
r u n  a s  hig h  a s  5 0 0  d e g.   F.; w ell u p  tow a r d  t h e
boiling-poin t  of m e r c u ry.  Sinc e  t h e  lun a r  d ay
is a  w hole  m o n t h  long,  a n d  t h e r e  a r e  n ev e r  a ny clou ds
in t h e  lun a r  sky, i t is e a sy to  im a gin e  t h a t  along
tow a r d  t wo  o r  t h r e e  o’clock in  t h e  lun a r  af t e r noo n
(if I m ay  u s e  t h e  exp r e s sion), t h e  w e a t h e r  g e t s  p r e t ty
ho t;  for  w h e n  t h e  s u n  s t a n d s  in t h e  lun a r  sky a s  it
do es  a t  Bos ton  a t  t wo  P.M., i t h a s  b e e n  s hining  con tinuo usly
for  m o r e  t h a n  t wo  h u n d r e d  ho u r s .   On  t h e  o t h e r
h a n d,  t h e  coldes t  p a r t s  of t h e  m oo n’s s u rf ac e ,
w h e n  t h e  s u n  h a s  only jus t  r i s e n  af t e r  a  nig h t  of
t h r e e  h u n d r e d  a n d  for ty ho u r s ,  m u s t  h ave  a  t e m p e r a t u r e
m o r e  t h a n  a  h u n d r e d  d e g r e e s  b elow ze ro.
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Lord  Ross e’s la t e r  obs e rva tions  m o dified  hi s
conclusions ,  to  so m e  ex te n t ,  s howing  t h a t  h e  h a d  a t
fir s t  u n d e r e s ti m a t e d  t h e  p e r c e n t a g e  of sim ple  r eflec t e d
h e a t ,  b u t  wi t ho u t  c a u sing  hi m  to  m a k e  a ny r a dical
c h a n g e  in hi s  ide a s  a s  to  t h e  m axi m u m  h e a t  of t h e  m oo n’s
s u rfac e.

For  so m e  ti m e,  how ever, t h e r e  h a s  b e e n  a  g rowin g  ske p ticis m
a m o n g  a s t rono m e r s ,  r el a ting  no t  so  m u c h  to  t h e  co r r e c t n e s s
of his  m e a s u r e s  a s  to  t h e  co m p u t a tions  by w hich  h e
infe r r e d  t h e  hig h  p e r c e n t a g e  of obsc u r e  r a di a t e d  b e a t
co m p a r e d  wi t h  t h e  r eflec t e d  h e a t ,  a n d  so  d e d u c e d  t h e
hig h  t e m p e r a t u r e  of lun a r  noon.

P rofes so r  Lan gley, w ho  is no w  e n g a g e d  in inves tig a tin g
t h e  s u bjec t ,  finds  hi m s elf co m p elled  to  b elieve  t h a t
t h e  lun a r  s u rfac e  n eve r  g e t s  eve n  co mfo r t a bly w a r m— b e c a u s e
it  h a s  no  bl a nk e t .   I t  r e c eives  h e a t ,  it is t r u e ,
fro m  t h e  s u n,  a n d  p rob a bly so m e  t w e n ty-five  o r  t hi r ty
p e r  c e n t .  m o r e  t h a n  t h e  e a r t h,  sinc e  t h e r e  a r e  no
clou ds  a n d  no  ai r  to  a b so r b  a  la r g e  p ro po r tion  of
t h e  incid e n t  r ays; b u t ,  a t  t h e  s a m e  ti m e,  t h e r e  is
no t hing  to  r e t ain  t h e  h e a t ,  a n d  p r eve n t  t h e  r a di a tion
in to  s p a c e  a s  soon  a s  t h e  s u rfac e  b e gin s  to  w a r m.  
We h ave  no t  ye t  t h e  d a t a  to  d e t e r min e  exac tly ho w
m u c h  t h e  t e m p e r a t u r e  of t h e  lun a r  rocks  would  h ave
to  b e  r ai s e d  a bove  t h e  a b solu t e  ze ro  (-2 7 3  d e g.  
C. o r  -4 5 9  d e g.   F.) in o r d e r  t h a t  t h ey mig h t
t h row  off in to  s p a c e  a s  m u c h  h e a t  in a  s eco n d  a s  t h ey
wo uld  g e t  fro m  t h e  s u n  in a  s econ d.   But  P rofesso r
Lan gley’s obs e rva tions,  m a d e  on  Mo u n t  Whitn ey
a t  a n  el eva tion  of fifte e n  t ho us a n d  fee t ,  w h e n  t h e
b a ro m e t e r  s tood  a t  s eve n t e e n  inch e s  (indica ting  t h a t
a bo u t  fifty-s eve n  p e r  c e n t .  of t h e  ai r  w a s  s till a bove
hi m), s how e d  t h a t  r ocks  expos e d  to  t h e  p e r p e n dicula r
r ays  of t h e  s u n  w e r e  no t  h e a t e d  to  a ny s uc h  ex t e n t
a s  t hos e  a t  t h e  b a s e  of t h e  m o u n t ain  si mila rly expos e d;
a n d  t h e  diffe r e n c e  w a s  so  g r e a t  a s  to  m a k e  it a l mos t
c e r t ain  t h a t  a  m a s s  of r ock  no t  cove r e d  by a  r e a so n a bly
d e n s e  a t mo s p h e r e  could  n eve r  a t t ain  a  t e m p e r a t u r e  of
eve n  2 0 0  d e g.  o r  3 0 0  d e g.   F. u n d e r  sola r  r a dia tion,
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how eve r  long  con tin u e d.

It  m u s t ,  in fac t,  b e  conside r e d  a t  p r e s e n t  ex t r e m ely
do u b tful w h e t h e r  a ny po r tion  of t h e  m oo n’s s u rf ac e
eve r  r e a c h e s  a  t e m p e r a t u r e  a s  hig h  a s  -1 0 0  d e g..

The  s u bjec t ,  u n do u b t e dly, n e e d s  fu r t h e r  inves tiga tion,
a n d  it  is now  r e c eiving  it.   P rofes so r  Lan gley
is a t  wo rk  u po n  it wi th  n e w  a n d  s p e ci ally cons t r uc t e d
a p p a r a t u s,  including  a  “bolom e t e r”  so  s e n si tive
t h a t ,  w h e r e a s  p r evious  exp e ri m e n t e r s  h ave  t ho u g h t  t h e m s elves
for t u n a t e  if t h ey could  g e t  d eflec tions  of t e n  o r
t w elve  g alvano m e t ric  divisions  to  wo rk  wi t h,  h e  e a sily
ob t ains  t h r e e  o r  fou r  h u n d r e d.   We h av e  no  ti m e
or  s p ac e  h e r e  to  d e s c ribe  P rofes so r  Lan gley’s
“bolom e t e r ;” it m u s t  s uffice  to  s ay  t h a t
it  s e e m s  to  s t a n d  to  t h e  t h e r m o pile  m u c h  a s  t h a t  do e s
to  t h e  t h e r m o m e t er.  The r e  is good  r e a son  to  b elieve
t h a t  it s  inven to r  will b e  a bl e  to  a dv a n c e  ou r  knowle d g e
of t h e  s u bjec t  by  a  long  a n d  impo r t a n t  s t e p;  a n d  it
is no  b r e a c h  of confide nc e  to  a d d  t h a t  so  far, a l t ho u g h
t h e  r e s e a r c h  is no t  n e a r  co m ple tion  ye t,  eve ryt hing
s e e m s  to  confir m  t h e  b elief t h a t  t h e  r a di a t e d  h e a t
of t h e  m oon,  ins t e a d  of for ming  t h e  p rincip al p a r t
of t h e  h e a t  w e  g e t  fro m  h er, is r el a tively al mos t
insig nifica n t ,  a n d  t h a t  t h e  lun a r  s u rfac e  now  n eve r
exp e ri e nc e s  a  t ha w  u n d e r  a ny ci rc u m s t a nc e s .
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Sinc e  t h e  s u p e r s ti tion  a s  to  t h e  m oo n’s influe nc e
u po n  t h e  wind  a n d  w e a t h e r  is so  wid e s p r e a d  a n d  d e e p
s e a t e d ,  a  wo r d  on  t h a t  s u bjec t  m ay  b e  in  o rd er. 
In  t h e  fir s t  pl ac e ,  since  t h e  to t al  h e a t  r e c eive d  fro m
t h e  m oon,  eve n  a c co r ding  to  t h e  high e s t  d e t e r min a tion
(th a t  of S myt h), is no t  so  m u c h  a s  0.0 00 0 1  of t h a t
r e c eived  fro m  t h e  s u n,  a n d  sinc e  t h e  only hold  t h e
m oo n  h a s  on  t h e  e a r t h’s w e a t h e r  is t h ro u g h  t h e
h e a t  s h e  s e n d s  u s  (I igno r e  h e r e  t h e  u t t e rly insignifica n t
a t m os p h e ric  tide ), i t  follows  n e c e s s a rily t h a t
h e r  influe nc e  m u s t  b e  ve ry t rifling.   In
t h e  n ex t  pl ac e,  all c a r efully colla t e d  obs e rva tions
s how  t h a t  it is  so,  a n d  no t  only t r ifling,
b u t  g e n e r ally a b solu t ely inse n sible.

For  ex a m ple,  diffe r e n t  inves tig a to r s  h ave  exa min e d
t h e  q u e s tion  of noc t u r n al  cloudin e ss  a t  t h e  ti m e  of
full m oon,  t h e r e  b eing  a  p r ev ale n t  b elief t h a t  t h e
full m oon  “e a t s  u p”  ligh t  clou ds.  
On  co m p a rin g  t hi r ty o r  for ty ye a r s’ obs e rva tions
a t  e a c h  of s eve r al  s t a tions  (Gre e n wich.   Pa ris,
e t c .), it  is foun d  t h a t  t h e r e  is no  g ro u n d  for
t h e  b elief.  And so  in al mos t  eve ry c a s e  of im a gine d
lun a r  m e t eo rological influe nc e.   As to  t h e  coincide nc e
of w e a t h e r  c h a n g e s  wi t h  c h a n g e s  of t h e  m oo n,  it  is
e no u g h  to  s ay  t h a t  t h e  ide a  is a b solu t ely inconsis t e n t
wi th  t h a t  p ro g r e s sive  m ove m e n t  of t h e  “we a t h e r”
a c ross  t h e  cou n t ry fro m  w es t  to  e a s t ,  wi t h  w hich  t h e
Sign al  S e rvice  h a s  no w  m a d e  u s  all so  fa miliar.

P rinc e ton,  April 1 2,  1 8 8 4.

*       *       *       *  
    *

APPLE TREE BORERS.
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The  a p ple  t r e e  bo r e r s  h av e  d e s t roye d  t ho us a n d s  of
t r e e s  in N e w  E n gla n d,  a n d  a r e  likely to  d e s t roy t hou s a n d s
m o r e .   The r e  a r e  t h r e e  kinds  of bo r e r s  w hich  a s s ail
t h e  a p ple  t r e e .   The  ro u n d  h e a d e d  o r  t wo  s t rip e d
a p ple  t r e e  bo r er, S a p er da  can dida , is a  n a tive
of t his  cou n t ry, infe s ting  t h e  n a tive  c r a b s ,  t ho r n
b u s h e s ,  a n d  Jun e  b e r ry.  I t  w a s  fir s t  d e s c ribe d
by Tho m a s  S ay, in 1 8 2 4,  b u t  w a s  p ro b a bly wid ely di s t ribu t e d
b efo r e  t h a t .   In  his  “Ins e c t s  Inju rious  to
F r ui t ,” P rof.  S a u n d e r s  t h us  d e sc rib e s  t h e
bo r e r :  

“In i ts  p e rfec t  s t a t e  it  is a  ve ry h a n d so m e
b e e tl e,  a bo u t  t h r e e-q u a r t e r s  of a n  inch  long, cylind rical
in  for m, of a  p al e  b ro w n  color, wi th  t wo  b ro a d,  c r e a my
w hi t e  s t ri p e s  r u n ning  t h e  w hole  leng t h  of its  bo dy;
t h e  fac e  a n d  u n d e r  s u rfac e  a r e  ho a ry  w hi t e ,  t h e  a n t e n n a e
a n d  legs  g r ay.  The  fe m ale s  a r e  la r g e r  t h a n  t h e
m al e s,  a n d  h av e  s ho r t e r  a n t e n n a e .   The  b e e tle
m a k e s  it s  a p p e a r a n c e  d u rin g  t h e  m o n t hs  of Jun e  a n d
July, u s u ally r e m aining  in conc e al m e n t  d u rin g  t h e  d ay,
a n d  b e co min g  a c tive  a t  d u sk.   The  e g g s  a r e  d e posi t e d
la t e  in June  a n d  d u ring  July, on e  in  a  pl ac e,  on  t h e
b a rk  of t h e  t r e e ,  n e a r  its  b a s e.   Within  t wo  w e eks
t h e  you n g  wo r m s  a r e  h a t c h e d,  a n d  a t  onc e  co m m e n c e  wi t h
t h ei r  s h a r p  m a n dible s  to  g n a w  t h ei r  w ay t h ro u g h  t h e
ou t e r  b a rk  to  t h e  in t e rior.  I t  is g e n e r ally conc e d e d
t h a t  t h e  la rva e  a r e  t h r e e  ye a r s  in  r e ac hin g  m a t u ri ty. 
The  you n g  on e s  lie  for  t h e  fir s t  ye a r  in t h e  s a p wood
a n d  t h e  inn e r  b a rk,  exc ava ting  fla t ,  s h allow c avities,
a bo u t  t h e  size  of a  silve r  dollar, w hich  a r e  filled
wi th  t h ei r  s a w d u s t-like  c a s tings .   The  hole s  by
w hich  t h ey  e n t e r  b eing  s m all a r e  soon  filled  u p ,  t ho u g h
no t  u n til a  few g r ain s  of c a s tin gs  h ave  fallen  fro m
t h e m.   Thei r  p r e s e nc e  m ay, how ever, oft e n  b e  d e t ec t e d
in youn g  t r e e s  fro m  t h e  b a rk  b eco min g  d a rk  colo r e d ,
a n d  so m e ti m e s  d ry  a n d  d e a d  e no u g h  to  c r a ck.”
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On t h e  a p p ro ac h  of win t er, it d e s c e n d s  to  t h e  low e r
p a r t  of it s  b u r row, w h e r e  i t r e m ains  inac tive  u n til
s p rin g.   The  s e co n d  s e a so n  it con tinu e s  it s  wo rk
in t h e  s a p wood,  a n d  in c a s e  t wo  o r  t h r e e  a r e  a t  wo rk
in t h e  s a m e  t r e e  m ay  co m ple t ely gi r dle  it, t h us  d e s t roying
it.  The  t hi rd  yea r  it  p e n e t r a t e s  to  t h e  h e a r t
of t h e  t r e e ,  m a k es  a n  excava tion,  a n d  a w ai t s  it s  t r a n sfo r m a tion.  
The  fou r t h  s p ring  it  co m e s  for th  a  p e rfec t  b e e tl e ,
a n d  lays  its  e g g s  for  a no t h e r  g e n e r a tion.

THE FLAT-HEADED BORER.

The  fla t-h e a d e d  a p ple  t r e e  bo r er, Chrysobo t hris
f e m orata , is al so  a  n a tive  of t his  cou n t ry. 
I t  is a  ve ry a c tive  ins ec t ,  d eligh t s  to  b a sk  in  t h e
ho t  s u ns hin e;  r u n s  u p  a n d  dow n  t h e  t r e e  wi th  g r e a t
r a pidi ty, b u t  flies  a w ay w h e n  m oles t e d .   I t  is
a bo u t  h alf a n  inc h  in leng t h.   “It  is of
a  fla t tis h,  oblon g  for m, a n d  of a  s hining,  g r e e nis h
black  color, e a c h  of it s  wing  c a s e s  h aving  t h r e e  r ai s e d
lines,  t h e  ou t e r  t wo  in t e r r u p t e d  by t wo  imp r e s s e d
t r a n sve r s e  s po t s  of b r a s sy colo r  dividing  e a c h  wing
cove r  in to  t h r e e  n e a rly e q u al  po r tions.   The  u n d e r
side  of t h e  bo dy a n d  legs  s hin e  like  b u r ni sh e d  cop p e r;
t h e  fee t  a r e  s hining  g r e e n.”  This  b e e tle
a p p e a r s  in Jun e  a n d  July, a n d  do e s  no t  confine  it s
wo rk  to  t h e  b a s e  of t h e  t r e e,  b u t  a t t a cks  t h e  t r u nk
in a ny p a r t ,  a n d  so m e ti m e s  t h e  la r g e r  b r a nc h e s .  
The  e g g s  a r e  d e posi t e d  in c r acks  o r  c r evice s  of t h e
b a rk,  a n d  soon  h a t c h.   The  you n g  la rva  e a t s  it s
w ay t h ro u g h  t h e  b a rk  a n d  s a p wood,  w h e r e  i t bo r e s  b ro a d
a n d  fla t  c h a n n els,  so m e ti m e s  gi rdling  a n d  killing
t h e  t r e e .   As it a p p ro ac h e s  m a t u ri ty, it  bo r e s
d e e p e r  in to  t h e  t r e e ,  wo rking  u p w a r d ,  t h e n  e a t s  ou t
to  t h e  b a rk,  b u t  no t  q ui t e  t h ro u g h  t h e  b a rk,  w h e r e
it  c h a n g e s  in to  a  b e e tl e,  a n d  t h e n  c u t s  t h ro u g h  t h e
b a rk  a n d  e m e r g e s  to  p rop a g a t e  it s  kind.   This
ins ec t  is so u g h t  ou t  w h e n  jus t  b e n e a t h  t h e  b a rk,  a n d
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d evou r e d  by wood p e ck e r s  a n d  ins ec t  e n e mies .

Anot h e r  bo r er, t h e  long-ho r n e d  bo r er, L e p tos t ylus
aculif er , is wid ely di s t r ib u t e d,  b u t  is no t  a
co m m o n  ins ec t,  a n d  do e s  no t  c a u s e  m u c h  a n noya nc e  to
t h e  frui t  g ro w er.  I t  a p p e a r s  in Augus t,  a n d  d e posi ts
it s  e g g s  u po n  t h e  t r u nks  of a p ple  t r e e s .   The  la rva e
soon  h a t c h,  e a t  t h ro u g h  t h e  b a rk,  a n d  b u r row  in t h e
ou t e r  s u rf ac e  of t h e  wood  jus t  u n d e r  t h e  b a rk.

PROTECTION AGAINST BORERS.

The  p r a c tic al poin t  is, Wh a t  r e m e die s  c a n  b e  u s e d
to  p r eve n t  t h e  r av a g e s  of t h e  bo r e r s?   The  u s u al
m e a n s  of figh ting  t h e  bo r e r s  is,  to  s e e k  af t e r  t h e m
in t h e  b u r row s,  a n d  t ry  to  kill t h e m  by digging  t h e m
ou t,  o r  by  r e a c hing  t h e m  wit h  a  wi r e.   This s e e m s
to  b e  t h e  m o s t  effec t u al m e t ho d  of d e aling  wi t h  t h e m
af t e r  t h ey h ave  onc e  e n t e r e d  t h e  t r e e,  b u t  t h e  o r c h a r di s t
s ho uld  e n d e avo r  to  p r eve n t  t h e  ins ec t s  fro m  e n t e ring
t h e  t r e e .   For  t his  p u r pos e ,  va rious  w a s h e s  h ave
b e e n  r e co m m e n d e d  for  a p plying  to  t h e  t r e e ,  e i t h e r
for  d e s t roying  t h e  you n g  la rva e  b efo r e  t h ey  e n t e r
t h e  b a rk,  o r  for  p r eve n ting  t h e  b e e tle s  d e posi ting
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t h ei r  e g g s .   I t  h a s  b e e n  foun d  t h a t  t r e e s  w hich
h ave  b e e n  co a t e d  wi th  alkaline  w a s h e s  a r e  avoide d
by b e e tl e s  w h e n  laying  t h ei r  e g g s .   P rof. 
S a u n d e r s  r e co m m e n d s  t h a t  sof t  so a p  b e  r e d u c e d  to  t h e
con sis t e n cy of a  t hick  p ain t ,  by t h e  a d di tion  of a
s t ro n g  solu tion  of w a s hin g  so d a  in  w a t er, a n d  b e  a p plied
to  t h e  b a rk  of t h e  t r e e ,  e s p eci ally a bo u t  t h e  b a s e
o r  collar, a n d  al so  ex t e n d e d  u p w a r d  to  t h e  c ro tc h e s
w h e r e  t h e  m ain  b r a n c h e s  h av e  t h ei r  o rigin.   I t
s ho uld  b e  a p plied  in  t h e  eve nin g  of a  w a r m  d ay, so
t h a t  it m ay  d ry  a n d  for m  a  coa ting  no t  e a sily di ssolved
by t h e  r ain.   This  affor ds  a  p ro t ec tion  a g ain s t
all t h r e e  kinds  of bo r e r s .   I t  s ho uld  b e  a p plied
e a rly in June,  b efo r e  t h e  b e e tl e s  b e gin  to  lay t h ei r
e g g s,  a n d  a g ain  in July, so  a s  to  k e e p  t h e  t r e e  w ell
p ro t e c t e d .

H o n.  T.S.  Gold, of Con n ec ticu t ,  a t  a  m e e ting
of t h e  M a s s a c h us e t t s  S t a t e  Boa r d  of Agricult u r e,  in
r e g a r d  to  p r ev e n tin g  t h e  r ava g e s  of t h e  bo r er, s aid: 

“A w a s h  m a d e  of so a p,  tob a cco  w a t er, a n d  fre s h
cow m a n u r e  min gle d  to  t h e  consis t e ncy of c r e a m,  a n d
p u t  on  e a r ly wi th  a n  old  b roo m,  a n d  allow e d  to  t r ickle
dow n  a bo u t  t h e  roo t s  of t h e  t r e e ,  h a s  p rove d  wi th
m e  a  ve ry exc elle n t  p r eve n tive  of t h e  r ava g e s  of t h e
bo r er, a n d  a  h e al thful w a s h  for  t h e  t r u nk  of t h e  t r e e,
m u c h  to  b e  p r efe r r e d  to  t h e  a p plica tion  of lim e  o r
w hi t e w a s h,  w hich  I h ave  of te n  s e e n  a p plied,  b u t  w hich
I a m  incline d  to  t hink  is no t  a s  d e si r a bl e  a n  a p plica tion
a s  t h e  po t a s h ,  o r  t h e  sod a,  a s  t his  mixtu r e  of sof t
so a p  a n d  m a n u r e .”

J.B.  Moor e,  of Conco r d,  M a s s .,  a t  t h e  s a m e  m e e tin g
s aid,  in r e g a r d  to  t h e  d e s t r uc tion  of t h e  bo r e r :  

“I h ave  foun d,  I t hink,  t h a t  w h ale  oil so a p
c a n  b e  u s e d  s ucc es sfully for  t h e  d e s t r u c tion  of t h a t
ins ec t.   I t  is a  ve ry sim ple  t hing;  it  will no t
h u r t  t h e  t r e e  if you  p u t  it  on  its  full s t r e n g t h .  
You c a n  t ak e  w h ale  oil so a p  a n d  dilu t e  u n til it  is
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a bo u t  a s  t hick  a s  p ain t ,  a n d  p u t  a  co a ting  of it on
t h e  t r e e  w h e r e  t h e  holes  a r e ,  a n d  I will b e t  you  will
n eve r  s e e  a  bo r e r  on  t h a t  t r e e  u n til t h e  n e w  c rop  co m e s.  
I feel c e r t ain  of it, b e c a u s e  I h ave  do n e  it.”

For  bo r e r s ,  t a r r e d  p a p e r  1  o r  2  fee t  wid e  h a s  b e e n
r e co m m e n d e d  to  b e  w r a p p e d  a bo u t  t h e  b a s e  of t h e  t r u nk
of t h e  t r e e ,  t h e  low e r  e d g e  b ein g  1  o r  2  inch es  b elow
t h e  s u rfac e  of t h e  soil.  This p r eve n t s  t h e  t wo-s t ripe d
bo r e r  fro m  laying  it s  e g g s  in t h e  t r e e ,  b u t  wo uld  no t
b e  e n ti r ely effec t u al a g ains t  t h e  fla t-h e a d e d  bo r er,
w hich  a t t a cks  a ny p a r t  of t h e  t r u nk  a n d  t h e  b r a nc h e s.  
By t h e  g e n e r al  u s e  of t h e s e  m e a n s  for  t h e  p r eve n tion
of t h e  r ava g e s  of t h e  bo r e r s ,  t h e  d a m a g e s  do n e  by
t h e s e  ins ec t s  could  b e  b ro u g h t  wit hin  ve ry n a r row  limit s ,
a n d  h u n d r e d s  of valu a ble  a p ple  t r e e s  s ave d.

H.  REYNOLDS, M.D.

Live r m o r e  Falls, M e.

*       *       *       *  
    *

KEFFEL’S GERMINATING APPARATUS.

The  a p p a r a t u s  r e p r e s e n t e d  in  t h e  a n n exe d  cu t  is d e sig n e d
to  s how  t h e  q u ali ty of va rious  co m m e r cial s e e d s ,  a n d
m a k e  know n  a ny fra u d ule n t  a d ul t e r a tions  t h a t  t h ey
m ay h ave  u n d e r go n e.   I t  is b a s e d  u po n  a  di r ec t
obs e rva tion,  of t h e  g e r min a tion  of t h e  s e e d s  to  b e
s t u die d.
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[Illus t r a tion:  KEF FEL’S GERMINATING APPARATUS.]

The  a p p a r a t u s  consis t s  of a  cylind rical vess el con t aining
w a t e r  to  t h e  h eigh t  of 0 .07  m.   Above  t h e  w a t e r
is a  g e r min a tin g  di sk  con t aining  1 0 0  a p e r t u r e s  for
t h e  ins e r tion  of t h e  s e e d s  to  b e  s t u die d,  t h e  g e r min a tin g
e n d  of t h e  la t t e r  b ein g  di r ec t e d  tow a r d  t h e  w a t er. 
Afte r  t h e  s e e d s  a r e  in  pl ac e  t h e  disk  is filled  wit h
d a m p  s a n d  u p  to  t h e  top  of it s  r i m,  a n d  t h e  a p p a r a t u s
is clos e d  wi th  a  cove r  w hich  c a r r ie s  in its  c e n t e r
a  t h e r m o m e t e r  w hos e  b ulb  n e a rly r e a c h e s  t h e  s u rfac e
of t h e  w a t er.

The  a p p a r a t u s  is t h e n  s e t  in a  pl ac e  w h e r e  t h e  t e m p e r a t u r e
is a bo u t  1 8  d e g.,  a n d  w h e r e  t h e r e  a r e  no  c u r r e n t s
of air.  An a cc u r a t e  r e s ul t  is r e a c h e d  a t  t h e
e n d  of a bo u t  t w e n ty o r  t w e n ty-fou r  ho u r s .   As t h e
g e r min a tin g  disk  con t ain s  1 0 0  a p e r t u r e s  for  a s  m a ny
s e e d s,  it is only n e c e s s a ry  to  cou n t  t h e  n u m b e r  of
s e e d s  t h a t  h ave  g e r min a t e d  in o rd e r  to  g e t  t h e  p e r c e n t a g e
of fre s h  a n d  s t al e  on es .

The  a q u e o us  vapo r  t h a t  con tinuo usly m ois t e n s  all t h e
s e e d s,  u n d e r  a b solu t ely ide n tical con di tions  for  e a c h,
b rings  a bo u t  t h ei r  g e r min a tion  u n d e r  good  con di tions
for  a cc u r a cy a n d  co m p a rison.   If i t b e  d e si r e d
to  obs e rve  t h e  s t a r tin g  of t h e  leaves,  it is only n e c e s s a ry
to  r e move  t h e  cove r  af t e r  t h e  s e e d s  h ave  g e r min a t e d .

This  ing e nious  d evice  is c e r t ainly c a p a ble  of r e n d e rin g
s e rvices  to  b r e w e r s ,  dis tille r s ,  s e e d s m e n,  mille r s ,
fa r m e r s ,  a n d  g a r d e n e r s ,  a n d  it m ay p rove  u s eful to
t hos e  w ho  h ave  ho r s e s  to  fee d,  a n d  to  a m a t e u r  g a r d e n e r s ,
since  it  p e r mi t s  of a sc e r t aining  t h e  value  a n d  q u ali ty
of s e e d s  of eve ry n a t u r e .—La N a t ur e.
*       *       *       *  
    *
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MILLET.

The  s e a so n  is now  a t  h a n d  w h e n  fa r m e r s  w ho  h ave  ligh t
land s,  a n d  w ho  m ay  pos sibly find  t h e m s elves  s ho r t
of fodd e r  for  n ex t  win t e r  feeding,  s ho uld  p r e p a r e
for  a  c rop  of mille t .   This  is a  pl a n t  t h a t  r ivals
co r n  for  e n d u rin g  a  d ro u g h t ,  a n d  for  r a pid  g row t h.  
The r e  a r e  t h r e e  pop ula r  va rie tie s  now  b efor e  t h e  p u blic,
b e side s  o t h e r s  no t  ye t  s ufficien tly t e s t e d  for  full
indo r s e m e n t—t h e  coa r s e ,  ligh t  colo r e d  mille t ,
wi th  a  ro u g h  h e a d,  H u n g a ria n  mille t ,  wi th  a  s moo t h,
d a rk  b ro w n  h e a d,  yielding  s e e d s  n e a rly bl ack,  a n d
a  n e w er, ligh t  colo r e d ,  r o u n d  s e e d e d,  a n d  la t e r  va ri e ty,
know n  a s  t h e  golde n  mille t .

H u n g a ri a n  mille t  h a s  b e e n  t h e  po p ula r  va rie ty wi th
u s  for  m a ny ye a r s,  a l t ho u g h  t h e  ligh t  s e e d e d,  co m m o n
mille t  is b u t  sligh tly diffe r e n t  in a p p e a r a n c e  o r
value  for  c ul tiva tion.   They g ro w  in a  s ho r t  ti m e,
eig h t  w e eks  b ein g  a m ply s ufficien t  for  p rod ucin g  a
for a g e  c rop,  t ho u g h  a  cou ple  of w e eks  m o r e  wo uld  b e
r e q ui r e d  for  m a t u ring  t h e  s e e d .   Mille t  s ho uld
no t  b e  sow n  in e a rly s p ring,  w h e n  t h e  w e a t h e r  a n d  g ro u n d
a r e  bo t h  cold.   I t  r e q ui r e s  t h e  ho t  w e a t h e r  of
Jun e  a n d  July to  do  w ell; t h e n  it will ke e p  a h e a d
of m os t  w e e d s,  w hile  if sow n  in April t h e  w e e d s  on
foul lan d  wo uld  s mo t h e r  it.
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Mille t  n e e d s  a bo u t  t wo  m o n t h s  to  g ro w  in, b u t  if sow e d
la t e  in July i t will s e e m  to  “hu r ry  u p,”
a n d  m a k e  a  ve ry r e s p ec t a ble  s howing  in less  tim e.  
We h ave  sow n  it  in Augus t ,  a n d  ob t ain e d  a  p aying  c ro p,
b u t  do  no t  r e co m m e n d  it for  s uc h  la t e  s e e ding,  a s
t h e r e  a r e  o t h e r  pla n t s  t h a t  will give  b e t t e r  s a tisfac tion.  
Golde n  mille t  h a s  b e e n  c ul tiva t e d  b u t  a  few yea r s
in t his  cou n t ry, a n d  a s  yet  is b u t  lit tle  know n,  b u t
fro m  a  few t ri als  w e  h ave  b e e n  q ui t e  favor a bly imp r e s s e d
wi th  it.  I t  is coa r s e r  t h a n  t h e  o t h e r  va rie tie s,
b u t  c a t tl e  a p p e a r  to  b e  ve ry fond  of it n eve r t h el e s s.  
I t  r e s e m bles  co r n  in  it s  g row t h  n e a rly a s  m u c h  a s
g r a s s,  a n d,  co m p a r e d  wi th  t h e  for m er, it  is fine  a n d
soft,  a n d  it  cu r e s  r e a dily, like  g r a s s ,  a n d  m ay  b e
p ack e d  a w ay in h ay m o w s  wi th  p e rfec t  s afe ty. 
I t  is a bo u t  two  w e eks  la t e r  t h a n  t h e  o th e r  mille t s ,
a n d  cons e q u e n tly c a n no t  b e  g row n  in q ui t e  so  s ho r t
a  ti m e,  al t hou g h  it m ay  p rod uc e  a s  m u c h  w eigh t  to
t h e  a c r e,  in a  give n  p e riod,  a s  ei t h e r  of t h e  o t h e r
m o r e  co m m o n  va rie ti es.   A b u s h el of s e e d  p e r  a c r e
is no t  too  m u c h  for  ei t h e r  va rie ty of mille t .—N.E.  
Far m er.
*       *       *       *  
    *

A CATALOGUE con t aining  b rief no tice s  of m a ny impor t a n t
scie n tific p a p e r s  h e r e tofo r e  p u blish e d  in t h e  S UPPLEME NT,
m ay b e  h a d  g r a ti s  a t  t his  office.

*       *       *       *  
    *

THE
SCIE NTIFIC AMERICAN SU PPLEME NT.
PUBLISH ED WEEKLY.

TERMS OF S UBSCRIPTION, $ 5  A YEAR.

S e n t  by  m ail, pos t a g e  p r e p aid,  to  s u b sc rib e r s  in  a ny
p a r t  of t h e  U ni t e d  S t a t e s  o r  Ca n a d a.   Six dolla r s
a  ye ar, s e n t ,  p r e p aid,  to  a ny for eign  cou n t ry.
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*       *       *       *  
    *

All t h e  b a ck  n u m b e r s  of THE SUPPLEME NT, fro m  t h e  co m m e n c e m e n t ,
Jan u a ry 1,  1 8 7 6,  c a n  b e  h a d.   P ric e,  1 0  c e n t s
e a c h.

*       *       *       *  
    *

All t h e  b a ck  volu m e s  of THE SUPPLEM E NT c a n  likewis e
b e  s u p plied.   Two volu m e s  a r e  issu e d  yea rly. 
P rice  of e a c h  volu m e,  $ 2.50,  s ti t ch e d  in p a p er, o r
$ 3.50  bo u n d  in s tiff cove r s.

*       *       *       *  
    *

COMBINED RATES—On e  copy of SCIE NTIFIC AMERICAN
a n d  on e  copy of SCIE NTIFIC AMERICAN S UPPLEME NT, on e
ye ar, pos t p aid,  $ 7.00.

A libe r al  di scou n t  to  books elle r s,  n e w s  a g e n t s,  a n d
c a nvas s e r s .

M U N N  & CO., PUBLIS HERS,
  3 6 1  Broa d w ay, N e w  York, N.Y.

*       *       *       *  
    *

PATENTS.

In  con n e c tion  wi th  t h e  SCIE NTIFIC AMERICAN, M e s s r s
M U N N  & Co. a r e  Solici to r s  of Ame rica n  a n d  For eign
Pa t e n t s ,  h ave  h a d  3 9  ye a r s’ exp e ri e nc e,  a n d
now  h ave  t h e  la rg e s t  e s t a blish m e n t  in t h e  wo rld.  
Pa t e n t s  a r e  ob t ain e d  on  t h e  b e s t  t e r m s .

A s p e ci al no tice  is m a d e  in  t h e  SCIE NTIFIC AMERICAN
of all Inve n tions  p a t e n t e d  t h ro u g h  t his  Agency, wi th
t h e  n a m e  a n d  r e sid e nc e  of t h e  Pa t e n t e e .   By t h e
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im m e n s e  ci rc ul a tion  t h us  give n,  p u blic  a t t e n tion  is
di r e c t e d  to  t h e  m e ri t s  of t h e  n e w  p a t e n t ,  a n d  s ale s
o r  int rod uc tion  of t e n  e a sily effec t e d.
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Any p e r son  w ho  h a s  m a d e  a  n e w  discove ry o r  inven tion
c a n  a s c e r t ain,  fr e e  of c h a r g e ,  w h e t h e r  a  p a t e n t  c a n
p ro b a bly b e  ob t aine d,  by  w ri ting  to  M U N N  & Co.

We al so  s e n d  fre e  ou r  H a n d  Book a bo u t  t h e  Pa t e n t  Laws,
Pa t e n t s ,  Cave a t s ,  Tra d e  M a rks,  t h ei r  cos t s ,  a n d  ho w
p roc u r e d.   Addr es s

M U N N  & CO.,
  3 6 1  BROADWAY, N EW YORK. 
Bra nc h  Office,  cor.  F  a n d  7 t h  S t s.,  Was hin g ton,
D.C.        
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|  4-1/2   |   2-3/4  |  4 .02 8  |  4- 1/32  |   1 2.74 2  |  .04 54  |
|  4-3/4   |   2-5/8  |  4 .25 6  |  4- 1/4   |   1 4 .22 6  |  .047 6  |
|         |         |        |          |          |        |
|  5       |   2-1/2  |  4 .48 0  |  4-3 1/64  |   1 5.7 63  |  .05 0 0  |
|  5-1/4   |   2-1/2  |  4 .73 0  |  4-4 7/64  |   1 7.5 70  |  .05 0 0  |
|  5-1/2   |   2-3/8  |  4 .95 3  |  4-6 1/64  |   1 9.2 67  |  .05 2 6  |
|  5-3/4   |   2-3/8  |  5 .20 3  |  5-1 3/64  |   2 1.2 61  |  .05 2 6  |
|  6       |   2-1/4  |  5 .42 3  |  5-2 7/64  |   2 3.0 97  |  .05 5 5  |
|________|________|_________________|_________|_______|
____________________________________________________________
_
|                                                               |
|                               N UTS.                           |
|___________________ __________________________________________|
|          |           |           |           |          |          |
|  S ho r t    |  S ho r t     |   Long     |   Long     |  Thick-  |  Thick-  |
|  Dia m.   |  Dia m.    |   Dia m.    |   Dia m.   |   n e s s    |   n e s s    |
|  Rou g h.   |  Finis h.   |   Roug h.   |   Roug h.   |  Roug h.   |  Finis h.  |
|          |           |           |           |          |          |
|  (H ex.)  |  (H ex.)   |   (Hex.)  |  (Sq u a r e)  |          |          |
|_________|_________ |__________|__________|_________|_________|
|          |           |           |           |          |          |
|     1 /2   |     7/16   |     3 7/64  |      7 /10  |     1/4   |     3 /16  |
|    1 9/32  |    1 7/32   |     1 1/16  |     1 0/12  |     5 /16  |     1/4   |
|    1 1/16  |     5 /8    |     5 1/64  |     6 3/64  |     3/8   |     5 /16  |
|    2 5/32  |    2 3/33   |      9 /10  |   1- 7/64  |     7 /16  |     3 /8   |
|     7 /8   |    1 3/16   |   1        |   1-1 5/64  |     1/2   |     7 /16  |
|    3 1/32  |    2 9/32   |   1- 1/8   |   1-2 3/64  |     9 /16  |     1/2   |
|   1-1/16  |   1        |   1- 7/32  |   1- 1/2   |     5/8   |     9 /16  |
|   1-1/4   |   1-3/16   |   1- 7/1 6  |   1-4 9/64  |     3/4   |    1 1/16  |
|   1-7/16  |   1-3/8    |   1-2 1/32  |   2- 1/32  |     7/8   |    1 3/16  |
|          |           |           |           |          |          |
|   1- 5/8  |   1-9/16   |   1- 7/8   |   2-1 9/64  |   1       |    1 5/16  |
|   1-1 3/16 |   1- 3/4   |   2- 5/32  |   2- 9/16  |   1-1/8   |  1- 1/16  |
|   2       |   1-1 5/16  |   2- 5/16  |   2-5 3/64  |   1-1/4   |  1- 3/16  |
|   2- 3/16 |   2- 1/8   |   2-1 7/32  |   3- 3/32  |   1-3/8   |  1- 5/16  |
|   2- 3/8  |   2- 5/16  |   2- 3/4   |   3-2 3/64  |   1-1/2   |  1- 7/16  |
|   2- 9/16 |   2- 1/2   |   2-3 1/32  |   3- 5/8   |   1-5/8   |  1- 9/16  |
|   2- 3/4  |   2-1 1/16  |   3- 3/16  |   3-5 7/64  |   1-3/4   |  1-1 1/16  |
|   2-1 5/16 |   2- 7/8   |   3-1 3/32  |   4- 5/32  |   1-7/8   |  1-1 3/16  |
|          |           |           |           |          |          |
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|   3-1/8   |   3- 1/16  |   3- 5/8   |   4-2 7/64  |   2       |  1-1 5/16  |
|   3-1/2   |   3- 7/16  |   4- 1/1 6  |   4-6 1/64  |   2-1/4   |  2- 3/16  |
|   3-7/8   |   3-1 3/16  |   4- 1/2   |   5-3 1/64  |   2-1/2   |  2- 7/16  |
|   4-1/4   |   4- 3/16  |   4-2 9/32  |   6        |   2-3/4   |  2-1 1/16  |
|          |           |           |           |          |          |
|   4-5/8   |   4- 9/16  |   5- 3/8   |   6-1 7/32  |   3       |  2-1 5/16  |
|   5       |   4-1 5/16  |   5-1 3/16  |   7- 1/16  |   3-1/4   |  3- 3/16  |
|   5-3/8   |   5- 5/16  |   6- 7/3 2  |   7-3 9/64  |   3-1/2   |  3- 7/16  |
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|   5-3/4   |   5-1 1/16  |   6-2 1/32  |   8- 1/8   |   3-3/4   |  3-1 1/1 6  |
|          |           |           |           |          |          |
|   6-1/8   |   6- 1/16  |   7- 3/3 2  |   8-4 1/64  |   4       |  3-1 5/16  |
|   6-1/2   |   6- 7/16  |   7- 9/1 6  |   9- 3/16  |   4-1/4   |  4- 3/16  |
|   6-7/8   |   6-1 3/16  |   7-3 1/32  |   9- 3/4   |   4-1/2   |  4- 7/16  |
|   7-1/4   |   7- 3/16  |   8-1 3/32  |  1 0- 1/4   |   4-3/4   |  4-1 1/1 6  |
|          |           |           |           |          |          |
|   7-5/8   |   7- 9/16  |   8-2 7/32  |  1 0-4 9/64  |   5       |  4-1 5/16  |
|   8       |   7-1 5/16  |   9- 9/32  |  1 1-2 3/64  |   5-1/4   |  5- 3/16  |
|   8-3/8   |   8- 5/16  |   9-2 3/32  |  1 1- 7/8   |   5-1/2   |  5- 7/16  |
|   8-3/4   |   8-1 1/16  |  1 0- 5/32  |  1 2- 3/8   |   5-3/4   |  5-1 1/16  |
|   9-1/8   |   9- 1/16  |  1 0-1 9/32  |  1 2-1 5/16  |   6       |  5-1 5/16  |
|_________|__________|__________|__________|_________|______
___|
____________________________________________________________
_
|                                                              |
|                           BOLT H EADS.                        |
|___________________________________________________________
__|
|          |          |           |           |          |          |
|  S ho r t    |  S ho r t    |   Long     |   Long     |  Thick-  |  Thick-  |
|  Dia m.   |  Dia m.   |   Dia m.    |   Dia m.   |   n e s s    |   n e s s    |
|  Rou g h.   |  Finis h.  |   Rou g h.   |   Roug h.   |  Roug h.   |  Finish.  |
|          |          |           |           |          |          |
|  (H ex.)  |  (H ex.)  |   (Hex.)  |  (Squ a r e)  |          |          |
|_________|_________|__________|__________|_________|_______
__|
|          |          |           |           |          |          |
|     1 /2   |     7/16  |     3 7/64  |      7/1 0  |     1 /4   |     3/16  |
|    1 9/32  |    1 7/32  |     1 1/16  |     1 0/12  |    1 9/64  |     1/4   |
|    1 1/16  |     5 /8   |     5 1/64  |     6 3/64  |    1 1/32  |     5/16  |
|    2 5/32  |    2 3/32  |      9 /16  |    1-7/6 4  |    2 5/64  |     3 /8   |
|     7 /8   |    1 3/16  |   1        |   1-1 5/64  |     7/16  |     7 /16  |
|    3 1/32  |    2 9/32  |   1- 1/8   |   1-2 3/64  |    3 1/64  |     1/2   |
|  1- 1/16  |  1        |   1- 7/32  |   1- 1/2   |    1 7/32  |     9 /16  |
|  1- 1/4   |  1- 3/16  |   1- 7/16  |   1-4 9/64  |     5/8   |    1 1/16  |
|  1- 7/16  |  1- 3/8   |   1-2 1/3 2  |   2- 1/32  |    2 3/32  |    1 3/16  |
|          |          |           |           |          |          |
|  1- 5/8   |  1- 9/16  |   1- 7/8   |   2-1 9/64  |    1 3/16  |    1 5/16  |
|  1-1 3/16  |  1- 3/4   |   2- 5/3 2  |   2- 7/16  |    2 9/32  |  1- 1/16  |
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|  2        |  1-1 5/16  |   2- 5/16  |   2-5 3/64  |  1        |  1- 3/16  |
|  2- 3/16  |  2- 1/8   |   2-1 7/3 2  |   3- 3/32  |  1- 3/32  |  1- 5/16  |
|  2- 3/8   |  2- 5/16  |   2- 3/4   |   3-2 3/64  |  1- 3/16  |  1- 7/16  |
|  2- 9/16  |  2- 1/2   |   2-3 1/3 2  |   3- 5/8   |  1- 9/32  |  1- 9/16  |
|  2- 3/4   |  2-1 1/16  |   3- 3/1 6  |   3-5 7/64  |  1- 3/8   |  1-1 1/1 6  |
|  2-1 5/16  |  2- 7/8   |   3-1 3/32  |   4- 5/32  |  1-1 5/3 2  |  1-1 3/16  |
|          |          |           |           |          |          |
|  3- 1/8   |  3- 1/16  |   3- 5/8   |   4-2 7/64  |  1- 9/16  |  1-1 5/16  |
|  3- 1/2   |  3- 7/16  |   4- 1/16  |   4-6 1/64  |  1- 3/4   |  2- 3/16  |
|  3- 7/8   |  3-1 3/16  |   4- 1/2   |   5-3 1/64  |  1-1 5/16  |  2- 7/1 6  |
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|  4- 1/4   |  4- 3/16  |   4-2 9/3 2  |   6        |  2- 1/8   |  2-1 1/16  |
|          |          |           |           |          |          |
|  4- 5/8   |  4- 9/16  |   5- 3/8   |   6-1 7/32  |  2- 5/16  |  2-1 5/16  |
|  5        |  4-1 5/16  |   5-1 3/16  |   7- 1/16  |  2- 1/2   |  3- 3/16  |
|  5- 3/8   |  5- 5/16  |   6- 7/32  |   7-3 9/64  |  2-1 1/16  |  3- 7/1 6  |
|  5- 3/4   |  5-1 1/16  |   6-2 1/32  |   8- 1/8   |  2- 7/8   |  3-1 1/16  |
|          |          |           |           |          |          |
|  6- 1/8   |  6- 1/16  |   7- 3/32  |   8-4 1/64  |  3- 1/16  |  3-1 5/1 6  |
|  6- 1/2   |  6- 7/16  |   7- 9/16  |   9- 3/16  |  3- 1/4   |  4- 3/16  |
|  6- 7/8   |  6-1 3/16  |   7-3 1/32  |   9- 3/4   |  3- 7/16  |  4- 7/16  |
|  7- 1/4   |  7- 3/16  |   8-1 3/3 2  |  1 0- 1/4   |  3- 5/8   |  4-1 1/16  |
|          |          |           |           |          |          |
|  7- 5/8   |  7- 9/16  |   8-2 7/3 2  |  1 0-4 9/64  |  3-1 3/16  |  4-1 5/16  |
|  8        |  7-1 5/16  |   9- 9/32  |  1 1-2 3/64  |  4        |  5- 3/16  |
|  8- 3/8   |  8- 5/16  |   9-2 3/3 2  |  1 1- 7/8   |  4- 3/16  |  5- 7/16  |
|  8- 3/4   |  8-1 1/16  |  1 0- 5/32  |  1 2- 3/8   |  4- 3/8   |  5-1 1/1 6  |
|  9- 1/8   |  9- 1/16  |  1 0-1 9/32  |  1 2-1 5/16    4- 9/16  |  5-1 5/16  |
|_________|_________|__________|__________|_________|_______
__|
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