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PREFACE.

Awmong the discoveries due to chance and perfected
by man’s intellect, the invention of Glass is certainly
one of the most important.

Besides the fact that Glass satisfies a considerable
number of our most ordinary wants, it is also to its
power that we must attribute in a great degree the
ever-progressive march of science; and indeed it is
by multiplying indefinitely the strength of man’s organ
of sight, that Glass lays bare the most hidden works
of creation to his investigation.

Thanks to its aid, there are no longer any impene-
trable mysteries for science ; by degrees everything is
seen, studied, explained, and analyzed. Two exam-
ples, taken from the extremes of creation, the infinitely
great and imperceptibly small, will sufficiently prove
this. The Telescope, which brings the heavenly bod-
ies within the range of the astronomer’s study; and
the Microscope, which may be said to be still more
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uvseful, inasmuch as it is the light of all natural science,
and the source of the most curious and important dis-
coveries. It shows us much, the existence of which
we did not even suspect ; it opens a new world before
us; the most imperceptible atom of nature assumes a
body and increases so much in size, that where there
was apparently nothing we see myriads of beings.

Both these exawmples certainly deserve the name
of Marvels; but they are not the only wonders work-
ed by Glass, which obeys every wish of man, and lends
itself to all his wants and fancies.

Does not our every-day life profit by its benefits?
Light is admitted to our houses by means of glass,
which yet excludes the inclemencies of the seasons;
our forms are reproduced in looking-glasses; glass
lustres double the lights in a chandelier by their nume-
rous reflections ; and if we glance into a dining-room,
glass is still before us in the shape of decanters and
drinking-glasses of pure and graceful shapes.

So many different appliances are none the less
marvellous because we are accustomed to see them
every day,and they do not the less deserve to have
each of them their story told. This is the work we
have underiaken.

If, notwithstanding our researches, and all the care
we have taken in their classification, the reader still
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fiuds something forgotten, or even some errors (and
we are far from thinking our work is exempt from
them), he must kindly forgive them in consideration
of all that our subject embraces.

The fear which obliges us to this avowal will sur-
prise no one when we say that one of the most learn-
ed men of our period, M. Péligot, treating the question
of Glass under its different chemical and practical
forms, says to his readers: “I am under no illusion as
to the imperfections of my work,* but I hope that al-
lowance will be made for the difficulties found in col-
lecting the scattered documents on glass working, a
manufacture which lives in tradition, which avoids
publicity, and on which, if T except the articles in en-
cyclopeedias and chemical treatises, no complete work
has been attempted for more than a century and a
half.”

If, through an excess of modesty, M. Péligot claims
the reader’s indulgence for himself, who has certainly
less need of it than any one else, how can we, at the
commencement of this book, forbear to solicit a great-
er and more necessary indulgence ?

* Da Douse legons sur U Art de la Verrerie.






THE

WONDERS OF GLASS-MAKING.

CHAPTER I.

INTRODUCTION.

Few questions have been more discussed than that
of the origin of glass. Are we indebted for it to
Pheenicia, Phrygia, Thebes, or Sidon? Or, going
back into ages long before the foundation of these
kingdoms, must its invention, as many writers main-
tain, be fixed at a period when men, having discov-
ered fire and submitted to its action natural bodies,
either separately or together, observed, among other
phenomena, the vitrifaction of certain masses ?

To admit this last opinion is to recognize as the
inventor Tubal-Cain,* son of Lamech and Zillah, who,
according to tradition, was the eighth man after
Adam, and who is mentioned in Genesis iv. 22 as
“an instructor of every artificer in brass and iron.”

This acknowledged antiquity was certainly suffi-

* Born in the year of the world 130 (3870 B.c.), which would carry
the discovery of glass back 5739 years,
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ciently venerable to content the most scrupulous
when M. Reimann, a German sevant, maintained that
the translation from the Hebrew was defective, and
that it should be read that Tubal-Cain had only taught
the engraving on copper and on iron.

This readng, which only represents the son of
Lamech and Zillah as an artist embellishing iron and
bronze worked by others before his time, would oblige
us to go back still further in order to find the first
smelter of metals, and in the attempt to obtain such
a problematic result, we should not have left to us
more than a hundred years to the commencement of
the world. 'We, therefore, request the permission of
our readers to quit these suppositions, and to come as
quickly as possible to facts attested by actnal remains,
for after all this antediluvian erudition, we remain in
utter ignorancec as to the date of the discovery of
glass.

Before, however, coming to the remains themn-
gelves, we must give our readers the account given by
Pliny * of the accidental manner in which glass was
discovered. ¢ It is said,” narrates the classic writer,
“ that some Pheenician merchants, having landed on

* Tacitus gives the same account as Pliny, kot iz & simpler manner,
for leaving unexplained the process of melting employed, and entirely
suppressing the mention of the cooking vessels, he merely states that
some sand found at the mouth of the Belus, a river which flows into
the sca of Judaea, when mixed with nitre and melted by fire, produced
glass.

The shore, though of moderate extent, still affords an inexhaustihle
wpply of sand.
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the coast of Palestine, near the mouth of the river
Belus, were preparing for their repast, and not find-
ing any stones on which to place their pots, took
some cakes of nitre from their cargo for that purpose.
The nitre being thus submitted to the action of fire,
with the sand on the shore, they together produced
transparent streams of an unknown fluid, and such
was the origin of glass.”

This opinion’ with some variation is repeated on
the authority of Flavius Josephus, by Palissy, in his
Traité des eaux et fontaines (p. 156).

“Some say that the children of Israel, having set
fire to some forest, the fire was so fierce that it heated
the nitre with the sand, so as to make them melt and
run down the slopes of the hills; and that thencefor-
ward they sought to produce artificially what had
been effected by accident in making glass.”

The account, which is moreover éiven by Pliny
on hearsay only, and which he is therefore unable to
. certify, has found, and still finds, a great number of
disbelievers among chemists, who cannot understand,
or who rather explicitly deny that at any period it
was possible to liquefy in the open air substances
which, in our day and with our improved processes,
car. only be fused by means of furnaces constructed
expressly for the purpose, and which concentrate a
heat of 1000° to 1500° centigrade (Fahr. 1832° to
2732°).

It is then impossible for us to decide either the
seientific question or the claim to prior invention
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among the productions (found in great numbers in
our museums) that, while dating back to an extremely
early epoch, bear no indication of the place or date
of their manufacture, which alone could enable us to
range them in chronological order.

We will therefore merely begin with those objects
which, from the place of their discovery or from the
inseriptions they bear, belong, according to our actual
knowledge, to remote antiquity.

Reference will first be made to the Theban glass-
makers represented in the paintings on the tombs of
Beni-Hassan, which are supposed to date about two
thousand years before the Christian era. Certain
writers even believe them to have been executed dur-
ing the reign of Ousertasen I. (3500 B.c.).

The accompanying illustra-
tion (Fig. 1) represents a The-
ban crouching at the foot of a
furnace, and apparently taking
from it the molten glass. The
next (Fig. 2) shows two others
seated on the ground, each hold-
ing a blow-pipe, very similar in
all respects to those used at the -
present day. At the end of
each of the tubes, which are turned towards a fire, is
some glass which the men are beginning to blow.
And in the third illustration are two glass-makers,
also with blow-pipes, blowing a vase, the mouth of
which touches the ground.

Fig. 1.—Theban Glass-maker.
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Such an early date (3500 B.c.) cannot be admitted
altogether without question, since it is uncertain
whether the paintings were executed during the reign
of Ousertasen I. or his successors.

Fig. 2.—Theban Glass-makers,

While stating authoritatively that glass-making
was practised at Thebes, let us take another example
which will be indisputable, for the necklace bead of

Fig. 3.—Theban Glass-makers.

which we give an illustration (Fig. 4) bears the name
of the queen for whom it was made, and, consequent-
ly, the date of its fabrication. This glass bead was
found at Thebes, by Captain Hervey of the Royal
Marines ; and a description of it has been given by
Sir Gardner Wilkinson,* in which he states that this

* ¢The Manners and Custows of the Ancient Egyptians.” Vol iii.
p. 88. Xd. 1847,
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“monlded ” bead of very advanced art bears the
hieroglyphic legend of the queen impressed upon it
in sunken characters,

Fig. 4,—Bead of a Fig. 5.—Inscription in Hieroglyphies.,
Royal Necklace.

This legend round the aa has in the engraving
been extended, so as to enable the reader to see the
whole of it at once. I'or the translation of it we are
indebted to M. Théodulfe Devéria, son of the cele-
brated Achille Devéria, already well-known in the
seientific world for his ability in deciphering hiero-
glyphics.

We give his own words :

“Only the first line of this legend is legible. It
may be translated without difficulty as follows :—
¢The good goddess (i.e., the queen) Ra-ma-ka, the
loved of Athor, protectress of Thebes.” Ra-maka
was the first name of the Queen Hatasou, the wife
of Thoutmes III., who reigned in the eighteenth
dynasty (1500 B.c., according to the chronology of
Brugsch).”

Here then we see Thebes with this mannfacture
without any precise date, but cxhibiting an advanced
art 3367 years ago.

Thebes, as we shall chortly see, was not the only
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town in Egypt which practised with success the manu-
facture of glass; for Pliny boasts of the glass-manu-
factures of Sidon, and Herodotus and Theophrastus
sing the praises of the marvellous productions of the
Tyrians.

The fame of these different manufactures in glass
could not remain unknown to the Romans; accord-
ingly, scarcely had Cesar Augustus subdued Egypt
(26 B.c.), than he ordered that glass should form part
of the tribute to be imposed on the conquered.

This tax, far from having been, as one might have
thought, a cause of ruin for Egypt, became a source
of wealth to all her glass manufactories ; for Rome,
always eager of novelty, having patronised these new
productions, the result was that the Egyptians devoted
themselves to a very large export trade, of which they
preserved the monopoly until the reign of Tiberius
(14 a.p.), at which period, according to Pliny, this
industry began to be cultivated at Rome.

The Romans, gifted with a quick intelligence, by
employing the processes used in Egypt, taught them
by Egyptian artists allured to Rome, or by pupils
who had been sent to their new province, made such
rapid progress that in a short time their productions
rivalled the most beautiful specimens which the Egyp-
tians had formerly brought them, both in shape,.color,
and the cutting of the glass.

A single quotation from Pliny (Book xxxvi. chap.
24) will at once make us appreciate the immense im-
portance of the Roman glass manufactures, and give



a8 WONDERS OF GLASS-MAKING.

us an idea of the luxury which was displayed by one
Scaurus on being appointed to the post of eedile.

“T will not permit, however, these two Caiuses,
or two Neros, to enjoy this glory even, such as it is;
for I will prove that these extravagant follies of theirs
have been surpassed, in the use that was made of his
wealth by M. Scaurus, a private citizen. Indeed, T
am by no means certain that it was not the edileship
of this personage that inflicted the first great blow
upon the public manners, and that Sylla was not
guilty of a greater crime in giving such unlimited
power to his stepson, than in the proseription of so
many thousands. During his sedileship, and only for
the temporary purposes of a few days, Scaurus exe-
cuted the greatest work that has ever been made by
the hands of man, even when intended to be of ever-
lasting duration ; his Theatre, I mean. This building
consisted of three storeys, supported upon three hun-
dred and sixty columns; and this, too, in a city which
had not allowed without some censure one of its
greatcst citizens to crect six pillars of Hymettian
marble. The ground-story was of marble, the second
of glass, a species of luxury which ever since that
time has been quite unheard of, and the highest of
gilded wood. The lowermost columns, as previously
stated, were eight and thirty feet in height; and,
placed between these columns, as already mentioned,
were brazen statues, three thousand in number, The
area of this theatre afforded accommodation for eighty
thousand spectators; and yet the Theatre of Pom-



Fig. 6.—Roman Glass.
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peius, after the City had so greatly increased, and the
inhabitants had become so vastly more numerous, was
considered abundantly large with its sittings for forty
thousand only. The rest of the fittings of it, what
with Attalic vestments, pictures, and other stage
properties, were of such enormous value that, after
Scaurus had had conveyed to his Tusculan villa such
parts thereof as were not required for the enjoyment
of his daily luxuries, the loss was no less than one
hundred millions of sesterces, when the villa was
burnt by his servants in a spirit of revenge.”

This sum is equivalent to eight hundred and forty
thousand pounds sterling, or $4,200,000 in gold.

It would be wrong to infer from the folly of Scau-
rus that the Roman glass-makers manufactured such
objects as these only ; for being both artists and men
of commeree, if they made objects of art (and of this
we will presently give a proof), they never forgot
that industry can only live on condition that its pro-
ducts, appealing to all, supply a general want. The
immense quantity of glass objects which are fonnd in
Roman tombs, and of which we are going to speak,
prove that glass for ordinary use was very common
in Rome.

To support this assertion we will give our readers
a complete inventory, in three distinct categories, of
the glass objects which were discovered in 1837, in a
Roman tomb at Baccalcone.

We will first speak of those which, from being
found in all tombs, appear to be the result of a cus
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tom then general, and afterwards of those objects in
daily use which were only left in the tombs at the
pleasure of the relations, who placed with the dead
the objects he had used or for which he had a particu-
lar regard.

Every one knows that this veneration for tokens
of remembrance still exists at the present time. The
following extract from ¢ Des coutumes et cérémonies
observées par les Romains,” ¥ shows us the use of
each of these different objects.

“In order to burn the body, a funeral pile was
erected in the shape of an altar, and composed of
very combustible wood. Around this was placed
gsome cypress-wood. The body, sprinkled with the
most precious perfumes (Fig. 6, bottles Nos. 2, 3, 7,
8, 9), was then placed on the pile, and the nearest
relations of the deceased, turning their faces away,
set fire to it. The most costly garments of the dead
and his weapons were also thrown upon it; the rela-
tions cut their hair and threw it on the funeral pile.
Whilst the body was burning, human blood was
spilled before the pile (cup No. 4). This appeased,
as they believed, the manes of the deceased. When
the body was consumed, the flames were extinguished
with wine (vase No. 5), and the relations enclosed the
bones and ashes in an urn (No. 1), in which were
mingled flowers and odoriferous liquid perfumes.”

We think that the object represented by No. 6,

* Translated from the Latin of Nieupoort, by the Abbé Desfon.
taines. Paris, Nyon, 1740, p. £08.
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and of which we have not yet spoken, is only a bottle
representing a bird. Vessels ot this shape are often
met with.

Let us leave this sad spectacle for a much more
cheerful subject—a Roman lady’s toilet. There we
shall find proof that, if the ancients have endowed us
with a great number of wonders, they Lave been well
avenged by transmitting to their descendants that
tashion, now, alas! too common, which in spite of all
the skill of the painter, absolutely deceives only the
person who uses it—that of painting the skin. Yes,
readers, the Roman ladies of the Decaderce painted
themselves, and it even appears that they were per-
fect mistresses of the art. The first object which we
will notice is a hollow colored glass ball (Fig 7, No.
1) which contained the paint, and the necessary ad-
junct of which is a twisted glass wand (No. 4), flat-
tened at each end, which served to spread the color
on the face.

As we do not pretend to maintain as a general
assertion that the ancients have invented everything,
we seize this opportunity of according to France the
honor of having substituted a hare’s foot for the glass
wand. And this, as we are told by a person well
gkilled in the matter, is at the present time super-
seded by a little ball of very fine cotton wool.

We have previously said that Roman glass fur-
nished a great many articles for domestic use. We
do not indeed pretend that those which we offer to
the reader represent the whole of them ; but they

3
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will suffice to prove that the Romans possessed at
least a great number similar to those which we use at
the present time.

In plate 8, page 39, No. 1 represents an amphora
with two lLandles, and beside it (No. 2) one of those
amphoras without handles which were designated by
Petronius amplora vitrea (glass amphora), and which,
as we see, presents a great resemblance to onr bottles.

Connected with the subject of bottles, let us next
call the reader’s attention to the fragment of a drink-
ing glass (No. 8) which, broken as it is, offers a great
similarity to those which we now use (see the chap-
ters headed Bottles and Drinking Glasses). Near it
is a jug (No. 4) with one handle, used, it is said, to
contain preserved fruits, which were doubtless served
in the dish (No. 5). When Gaul Lad fallen under the
Roman power, the first care of the conqueror was to
introduce into that country her laws, manners, and
customs, as well as her different manufacturcs.
Amongst these last, the only one which must now
occupy us—the art of glass making—is certainly one
of those which were the most widely diffused. In
fact, the excavations made with so much care some
years ago in the ancient provinces of France, have
brought to light a very large quantity of glass objects,
—similar as regards substance and mode of manufac-
ture, as well as shape, to those found in the Roman
tombs ; so that one would be led to consider Rome ag
the only place of their manufacture, had not the dis-
covery of an infinite number of Gallic glass-manufae:



Fig. T.—Roman Glass,






INTRODUCTION. 317

tures by the natives proved that the Gauls were at an
early period great rivals to the Roman glass-makers
(not only in common objects, but also in works of
art). We will give one example only, the Strasbourg
vase (Fig. 9), which, by the difficulty of its manufac-
ture, indicates a very advauced state of art.

The following description of it is given by M.
Schweighauser, librarian to the town of Stras-
bourg :—*

“The vase, surrounded with a kind of network
of red-colored glass,} and bearing an inseription in
green glass, was found in 1825, in a coffin, disinterred
by chance near the glacis of Strasbourg, by a garden-
er. It has been placed by my care in the museum
belonging to our public library, where it is admired
by all who see it. It was broken by the clumsy curi-
osity of the man who found it, and a part of the in-
scription is missing. IHowever, the name of MAXI-
MIANVS AVGVSTVS can be distinguished. This
was without doubt MAXIMIANUS HERCULIUS}
who often dwelt amongst the Gauls, and whose med-
als are very frequently found in our district. This
emperor had probably eccived the vase as a present,

* ¢ Notice sur quelques monuments gallo-romains du département
de Bas-Rhin.! Vol. xvi. p. 95 des ¢ Mémoires de la Société royale des
antiquaires de France.,! 1842.

t By colored glass the writer evidently means colored in the mass,
or enamelled.

1 A Roman emperor who was born in Panuonia about the year 250,
and died at Marseilles in 810.
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and had given it away to some friend, who died in
the vicinity of Argentoratum (Strasbourg), and with
whoui it was buried as a precious object.”

Fig. 9.—The Strasbourg Vase.

The numerous glass-works, established both in
Gaul and Spain, existed up to the period when, civili-
sation being driven back by the barbarians who car-
ried fire and pillage into Rome, they fell, like every
other industry, into such decay, that the processes of
the manufacture were lost to the West.



,—Roman Glass.

Fig. 8
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It is said that nothing absolutely perishes, and the
words are truc as regards glass-making ; for if it died
in the West, it was revived in the East under Con-
stantine 1.,¥ who having transferred the scat of the
empire to Byzantium (Constantinople), hastened to
attract to himself the artists and workmen of the
West, who found in that new empire aid and protec-
tion, and, moreover, an immensce market for all kinds
of industries, to such a degree that, in order to facili-
tate their export trade, the glass-makers were collect-
ed near the harbor. Theodosius II.t desiring to
encourage this branch of connnerce, even exempted
the glass-makers fromn all personal taxes. With such
protection, the art of glass-making could not but
prosper; and its productions obtained such a reputa-
tion that they were offercd as presents to the princes
and kings of the West.

In spite of these successes attained by Byzantium,
the time came when the West again resumed its old
industry. Venice reclaimed it, and at her summons
the East gave up, about the fourtecnth eentury, the
nearly exclusive monopoly which her glass-makers
had exteuded over the West.

* Constantine I, surnamed the Great, a Roman emperor, the son
of Constantius Chlorus and Helena, was born at Naissus in Upper
Meesia, a.n. 274, and died a.p. 337.

1 Theodosius I1., the son of Arcadius, a Roman emperor, born a.p.
399, and reigned from .. 408 to 450.
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VENETIAN GLASS.

According to the Italian writers Carlo Marin *
and the Count Filiasi, the birth of Venetian glass-
making was nearly contemporary with the foundation
of the city, which is attribnted, as is known, to the
emigration of some families from Aquileia and Pa-
dua, who fleeing from the armies of Attila, canie and
took refuge on the islands of the lagoons about the
year 420.

While admitting the possibility of such an anti-
quity for the manufacture, we will pass to a better
known epoch, which will permit us to follow the art
in its progress to perfection.

The period we shall take for our starting point,
and which is certainly one of the most brilliant in the
history of the Venetian Republic, is that in which its
navy, rivalling those of Pisa and Genoa, after having
subdued the maritime towns of Istria and Dalmatia,
carried to Asia not only merchandise, bnt pilgrims to
the Holy Land and Crusaders on their way to fight
against the infidels.

In the year 830 Constantine I. had, as we have
said, attracted to the East the most fumous artists of
the West, and Venice nine centuries afterwards snm-
moned in her turn Greek artists to come to her. It
is from this period, in fact (the end of the thirteenth

* Carlo Marin, ‘Storia civile e politica del commercio de’ Vene
ziani.’



INTKODUCTION. 42

century), that the records of the republic prove both
the importance of the numerous glass-works existing
in Venice, and the interest which she attached to that
art ; such an interest that, as Carlo Marin said, ¢ she
loved it as the apple of her eye.”

Is this love, so much admired and so much ex-
tolled by certain writers, as disinterested as they have
been pleased to say? or rather does it not resemble
that of a certain Persian prince, who whenever he
took a fancy to any one, had him chained up so that
he could not leave the palace?

It is this question which we are going to examine,
hoping to prove in a very few words that there is
justice in this comparison between the Persian prince
and the Venetian republic.

Venice being at that time the only place where
objects in glass were manufactured, every foreign
country was forced to ‘apply to her; and thanks to
the numerous demands, as well as the continnal and
immense exportations, of which a fellow-citizen gave
the idea, foreign gold accumulated at Veuice. This
kind of commerce alrcady offered iminense advan-
tages to this eminently comniercial republic; it was
only necessary to find means to assure them for the
future ; so it was to attain this end, and of conrse fu
love of the glass-makers, that the chief conncil ordered
it to be proclaimed that it would punish with confis-
cation any one who exported from Venice, not manu-
factured articles which were to be turned into gold
for her advantage, but the primary materials of which
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glass is composed, receipts for its manufacture, and
even broken glass; in one word, everything which
might enable other countries to enter into competi-
tion with Venice in the least degree. This first step
had hardly been taken towards this monopoly, when
the chief council, which appears not to have had an
unlimited confidence in the oath sworn by the glass.
makers with regard to this law, promulgated a second
law (a.p. 1289), which taking as a pretext the proba-
ble fires which would be occasioned by the numerons
furnaces of the glass-makers (the number of which
had already greatly increased), ordered them to quit
Venice, and establish themselves on the little island
of Murano, which is only separated from the city by
a narrow strip of sea.

It will be easily nnderstood that from this concen-
tration of all the glass-makers there naturally result-
ed a system of espionage, which rendered the task of
the police much easier, and supported in a still more
certain manner the monopoly which the republie
strove to maintain. Since we are on the question of
monopoly, we think that we could not make its im-
portance better understood than by placing before our
readers a docament which, emanating from the Coun-
cil of Ten, will enable them to judge for themselves
of the severity—we might even say the infamy—of a
decree which, not content with punishing the inno-
cent in order to reach the guilty, did not even shrink
from assassination. This document, which is to be
found in the * Histoire de la République de Ve-
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nise,” by M. Daru, is given by M. J. Labarte as fol-
Tows :—* _

*On the 13th February, 1490, the supervision of
the manufactories in Marano was confided to tho
chief of the Council of Ten, and on the 27th Octo-
ber, 1547, the council reserved to itself the right of
watching over the factories, in order to prevent the
art of glass-making from passing into foreign coun-
trics.” These precauntions, however, not appearing
suflicient to the Council of Ten, the State Inquisition,
in the twenty-sixth article of its Statutes, announced
the following decision :—

“If a workman carries his art into a foreign coun-
try, to the detriment of the Republic, an order to
return will be sent to him.

“If he does not obey, his nearest relations will be
put in prison.

“If in spite of the imnprisonment of his relations
he should persist in remaining abroad, an emissary
will be charged to kill him.”

In order to prove that this law did not stop at
simple intimidation, M. Daru adds that in a docu-
ment in the records of the foreign affairs, there are to
be found two cases of assassination, of which the vic-
tims were workmen whom the Emperor Leopold had
attracted to Germany.

To these documents of unimp&@e\authen-
ticity, we may add some others of a much more re-

* Histoire des arts industriels au moyen 4ge et & I'époque de la
Renaissance,’ vol. iv. p, 562.
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cent date, such as the decrees of the High Council of
the 22nd March and the 13th April, 1762, which not
only confirmed the provisions previously made, but
which added fresl rigor to the old laws, both against
the workmen wlho cstablished themselves in a foreign
country, and against those who divulged the sccret
of the manufacture. We shall then have a precise
idea of the pretended protection afforded to the glass-
makers of Murano by the Venetian Republie.

We think that we have presented the question of
the monopoly in its true light. Now we will go back
and consider the art, so to speak, from its artistic be-
ginning at Venice.

Amongst the most illustrious glass-makers we
must place in the first rank Angelo Beroviero (15th
century), who is justly regarded as having made the
greatest step in the art of glass-making, aided, how-
ever, by Paolo Godi da Pergola, a celebrated Vene-
tian chemist, who gave him a number of receipts for
the coloring of glass. These receipts were of such
importance to Beroviero, who alone possessed them,
that for fear doubtless lest his memory should deceive
him, he had them all carefully written in a manu-
seript, which he kept hidden from every one.

“One is never betrayed except by one’s friends,”
says an old proverh, and we are about to give a fresh
proof of its sad truth.

Beroviero had a danghter named Marietta, and
employed a young man as a workman named Gior-
gio, or rather ¢“il Ballerino,” as he was called, in con-
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sequence of a deformity in his feet; a deformity, says
tradition, which made his whole person so ungainly,
that it was to his simple and candid look that he must
have owed his being accepted by Bercvicro, who was
nearly as suspicious as the Republic. Whether Gior-
gio fell in love with the young Marietta, or whether
Marietta shut her eyes to the deformity of the young
workman, the legend does not say: all that we are
told is that ¢/ Ballerino one day seized upon the
manuseript volume, which it appears was confided to
the care of Marietta, and copied the whole of it.

Having finished this work, Giorgio, armed with
the second copy, the existence of which the over-con-
fident Beroviero was far from suspecting, demanded
and obtained, in place of the enormous price he
should get by the sale of the book, the hand of Mari-
etta, together with a handsome dowry, by the aid of
which he constructed a furnace that brought him con-
siderable gains.

We have previously spoken of a certain Venctian
who, by the accounts which he gave to his fellow glass-
makers, largely increased the exportation of a portion
of the glass manufactures generally, but especially of
that class which we will designate by the name of
¢lass-jewellery, sueh as trinkets, false pearls, imita-
tion precious stones, &e. In connection with this
subject we have another legend, which is the more
probable as the facts narrated are entirely in accord:
ance with the manners of the Venetians, who, as is
known, were born traders.
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There were at Veniee, about the year 1250, twe
brothers, one named Matteo Polo and the other Nieo-
lo. Both were navigators, or rather perhaps mer-
chants passing their lives in visiting the most com-
mercial eities of those distant lands which at that
time were commonly known as the barbarian eoun-
tries.

Nicolo had a son who, following the adventurous
life of his father and his unele, became that illustri-
ous Marco Polo,* who after attaching himself (1271)
to the service of Kublai Khan, became governor of
the rrovinces nnder the dominion of that prince.

On his return to Venice (1295) Marco hastened to
informn his fellow-citizens, who were dauntless mari-
ners, as well as enterprising merchants, not only of
the manners but also of the taste of the people of
Tartary, India, and China, for false pearls and imita-
tion gems. Nothing more was required to exeite the
inventive mind of the Venetians. . Thus whilst Do-
minieo Miotti endowed Venice with the invention of
blowing false pearls, which had been lost for many
centuries, Christopher Briani on his side revived an
art formerly carried to great perfection, the produec-
tion of colored glass and aventurine.

Such efforts necessarily brought their reward, and
it is to the pearls and colored glass in imitation of
precious stones that Venice owed in a great part the
wealth which she gathered from both hemispheres.

#* A celebrated Venetian traveller who was born about 1250, and
died in 1323,
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GERMAN GLASS.

In spite of the rigorons and tyrannical ordinances
of the Venetian authorities, of which we have given
an idea, light began at length to dawn upon other
countries ; and Germany, the first to shake off the
monopoly which weighed on her as well as on all the
other states, began to produce objects in glass not
resembling those of Marano in shape and ornament,
but so dissimilar that we may say that she created a
new industry. In fact, leaving to Venice her fine
and light filigree work, Germany only decorated her
glasses with paintings in enanel, generally represent-
ing coats of arms (see page 143).

The most ancient vase, which represents the coat
of arms of the Elector Palatine, bears the date of
1553. It is exhibited in the Knnstkammer of Berlin.

~ Amongst the artists in glass-making who were the
most renowned in Germany, were Johann Schaper
of Nuremberg (1661 to 1666), . Benchert (1677),
Johann Keyll (1675), and the Saxon chemist, Kunkel
(died 1702), to whom Germany is indebted for nu-
merous receipts for the coloring of glass, and among
others for that of the beautiful ruby red.

BOHEMIAN GLASS.

The industrial start was given in the West, for to
Germany sncceeded Bohemia, which entered the in-
dustrial lists not-only with glass of much greater
clearness than that of the manufacturers of Italy and

4
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Germany, but also with a decorative system: up to
that time unknown—engraving on glass—invented it
is believed ahout 1609, by Gaspar Lehmann, and con-
tinued by his pupil George Schwanhard. The taste,
or rather the fashion, which caused the Venetian and
German glass-manufactures to be abandoned for the
engraved glass of Bohemia, became so widely spread
in the seventeenth century, that Bohemian engravers
decorated certain Venetian objects of the fifteenth
and sixteenth centuries with engravings executed
either by the lathe or by the diamond. This union
of two industries, separated by more than a century,
and moreover united on the same objects, gives rise
to a great uncertainty as to their origin.

As this question interests numerous amateurs at
the present time, we will quote the words of M. J.
Labarte,* who in this matter is one of the sawvans
whose opinion is of the greatest weight.

“There is in the Musée de Cluny a glass with a
high stem, engraved with a full-length portrait of the
Prince Frederick of Nussau,t with a German inserip-
tion. There is also another glass bearing the Spanish
arms; a goblet on which is represented a hunting
scene, with a Dutch inseription, and the date 1664 ;
and a large glass with the arms of the seven United

* Sce the work before mentioned, ¢ Histoire des Arts industriels,’
&e, vol. iv., p. 594.

t Henry Frederick of Nassau, the Prince of Orange, succeeded his
brother Maurice, a.p. 1625, as chief of the Republic. He died a.i
16417,
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Provinces. All these engravings are made by the
diamond.”

These Venetian vases, which were not engraved
until more than a century after their manufacture,
must not, therefore, be taken for Boliemian glass.

Boliemian glass having numecrous partizans iu
Europe, we think it would be-agrceable to our read-
ers to learn the opinion of M. Godard, manager of
the manufactory at Baccarat.®

“The great manufacture of Bohemia is of glass,
but it is glass which, while produced at a very low
price, is white and clear enough to make it a formi-
dable rival both to the glass and erystal of other
countries.

“The greater part of the Bohemian glass factories
have been established for the sole purpose of utilizing
the woods, which would have no value were it not for
the introduction of this industry. It is for the same
reason that a certain number of glass factories and
furnaces were established in France about one hun-
dred or one hundred and fifty years ago, in the mid-
dle of the forest districts. But the increasing wealth
of the country has multiplied the wants and devel-
oped these industries to such a degree, that the woods
have become much sought after, and very dear. In
Bohemia, on the contrary, the increase of wealth has
been slower by far; the people have remained poor
and without requirements, or without the means of

* ¢ Extract from the Inquiry into the Treaty of Commerce with Eng
tand,’ 1861. ¢ Imprimerie Impériale,’ p. 553.



32 WONDERS OF GLASS-MAKING.

satisfying them ; the woods therefore are still nearly
without value; and the spirited, skilful, and intelli:
gent Bohemian workman reccives wages which can
scarcely be realised by a resident in France, and the
sinallness of which is in all cases to be deplored.*

“ There being hardly any consumption of glass in
Bohemia, the country exports nearly all its products
to the richer provinces of Austria, and to all Ger-
many, to Switzerland, Italy, the East, Russia, Amer-
ica, &e.

“This industry has become quite popular in the
country, where it guarantees to a considerable part
of the population an occupation which does not make
them rich, but helps to keep them from want, and at
the same time procures a revenue for the large land-
owners by the use of their woods.

“These numerous establishments, of quite a rus-
tic construction, generally placed in the middle of the
forests, produce ordinary glass wares, objects destined
t. be highly worked or richly engraved, and colored
glasses, which are decorated with gilding and paint-
ings. Long experience in the mannfacture of colored
glass has made these workmen most skilful in this
branch, and they are guided in case of need by the
advice of men of information who have made a pro-

* In France the wages of a glass-maker cannot be estimated at less
than four or five franes a day, and those of an engraver at less than six
to ten francs; while in Bohemia one to two francs a day is the maxi-
mum. Since this was written the wages of the French glass-makers
have been increased,
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fession of the search after and sale of processes and
improvements in glass-making ; and rich lords ad-
vanee the necessary capital, when it is required, in
order to ensure the success of the manufactories es
tablished on their property.*

“ Glass-cutting and lustre-making constitute spe-
cial trades, carried on in huts on small streams, with
wheels of the simplest construction.

¢ The engraving, gilding, and painting also form
separate trades, which are all exercised with the same
parsimony in the priee of the workmanship.

“ Finally, all these products are collected by ecom-
mercial houses, which distribute them among the
various markets,

“Tt is difficult to compare these products with
ours as regards ordinary articles. The material is not
the same. The Bohemian glass is pure, white, light,
and agrecable to the hand. It has not the brillianey
of our crystal, and it is liable to turn yellow with
time. DBohemia has preserved its shapes, which en-
tirely differ from ours,} and which (perhaps because
they are foreign) are appreciated by certain purchas-
ers to such a degree that we are somctimes obliged to
imitate them.

“Its process of manufacture differs most widely

* The same has happened in France. See the chapter on ¢ Gentle
men Glass-makers,”’ page 6°.

+ “Certain glass-works imitate in form and moulding the manufac
ture of Bohemia, such as the establishment of Valerysthal and some
of the glass-works of Lorraine.”



54 WONDERS OF GLASS-MAKING.

from that of other countries. In order to facilitate
and shorten the work of the furnaces, the rims of the
goblets, glasses with stems, &e., are cut with the cut-
ter’s wheel which, in England, Belgium, and France
are eut with the glass-maker’s shears; and the work-
men having been long accustomed to this kind of
work, have acqnired a talent which cannot be found
among any other nation for produncing articles @ ca-
lotte, that is to say, articles of which the top is taken
off by the cutter instead of being opened by the glass-
blower. These edges which are c¢ut are not so well
rounded, are les: agreeable for use, and more likely
to get chipped, than those which are formed by heat.
But they have a neater and more satisfactory look to
the cye, the objects are more even, the workman
being freed from the care which he is obliged to take
in or del to prevent breaking them when opening
them with his nippers. The majority of the purchas-
ers prefer onr edges, but it is casy to get accustomed
to the Bohemian edges, which do not prevent the sale
of the articles. But the great advantage of the
manufacturers of Bohemia is the low price at which
they can produce ware.

“There is among the fancy articles and colored
glasses of Bohemia an originality which is not always
in aecordance with good taste, but which is valued
and sought after by purchasers on account of its
strangeness. It is Bohemia which has given birth to
that kind of product, which agrees more with the
German taste than with the French ; and she has the
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right of seniority over us, an advantage \\ludn is 8o
precious and so important in commerce.

¢ The productions of that country are less finished
in detail than ours; the defective ohjects are put np
for sale with the others; the mouths of bottles and
other like objects are made with a carelessness which
would not be tolerated in France. With these de-
feets, which, while they would cause our articles to
be rejected, are accepted as inhierent to the Bohemian
articles, these productions have a brillianey, richness,
and originality, which charm all the more as they are
at the same time very moderate in price.”

“ Although in competition with Bohemia we sell
colored erystals to forcign countries, and althongh
the particular qualitics of our mannfacture are es-
teemed there, if our frontiers were opened to the glass
wares of that conutry, considerable qnantities of them
would inevitably enter. Perhaps this taste wounld be
extinguished in a few years, and the preference which
we endeavor to merit wonld be given to ns; bnt till
then we should experience a considerable prejndice.”

Since we are visiting foreign countries, although
very rapidly, we will not now stop at France without
saying something about the glass manufactures of
Belginum and England. An anonymous writer, but a
very competent one, shall treat of those of Belgium,
leaving Messrs. Chance Brothers, of Birmningham, te
speak to us of the glass-works of England.*

* ¢Extract from the Inquiry into the Treaty of Commerce with
England, 1861. ‘Imprimerie Impériale,’ pp. 551-596.
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BELGIAN GLASS.

“The organization and condition of Belgian glass:
works resemble those of France much more than any
other.

“This manufacture is carried on in Belginm in
establishments erected on a large scale. Baccarat
was originally a colony of a Belgian glass manufac-
tory, which at the time of the separation of that
country, in 1815, established a branch ecstablishment
in France, in order to preserve its French patronage.

“The principal advantage of the position of the
Belgian glass-works is that they are placed over the
coal mines of that country, which rival those of Eng-
land ; and that the lead which is extracted from the
mines, like their coal, is not subject to expense of
carriage nor payment of duty.

“The Belgians are especially to be feared on ac-
count of a manufacture of demi-crystal, whicli is not
carried on in France, and in which they imitate all
the shapes of our common crystals; at about the same
price as glass.

“Tt is in this kind of production, intermediate be-
tween crystal properly so called and glass, that they
are very skilful, which enables them to export great
quantities as a substitnte for crystal.

“ Belgium greatly imitates in demi-crystal the
French shapes in ordinary crystals, and offers them at
a much lower price. They are generally not nearly
8o well executed as the French crystal. The system
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adopted in Belgium is to manufacture very quickly,
so that it may be done very cheaply; and it is ir
this respect that it is formidable to the French glass
manufacture.”

ENGLISH GLASS.

The crystal trade in England is organized on a
plan totally different from that pursued in France;
in the former country the system resembles much
more closely that followed in the manufacture of the
ordinary glass-ware of France.

“ Goblets made of common glass are not generally
used in England, where the poorest as well as the rich-
est families make use only of c¢rystal, which material
forms with them the substitute for our common glass.

“In this country there are about eighty crystal
works, containing from one hundred to one hundred
and twenty furnaces, and producing for the market
crystal to the value of at least 1,600,000¢. sterling, or
$8,000,000 in gold. Not one half of this is réquired
for home consumption ; the remainder is destined for
exportation, and prepared according to the require-
ments and customs of each of the nations among
whom England carrics on its extensive commerce.

¢ Most of these establishments are furnished in a
very plain manner, like many of our own common
glass-works, with little capital and few general ex-
penses. They buy their first materials already pre-
pared in special factorics devoted to this work only,
and to which the very numerous small crystal works
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form an important class of customers. A master
assembles several hauds; sometimes he is his own
chief workman. Ile coustructs a furnace near some
of the inexhaustible coal mines of Newcastle or Bir-
mingham ; the first materials he buys on credit; a
few moulds are ordered if he intends to undertake
moulding ; and thus he makes the crystal in ordinary
use with scarcely any other expense than the price
of fuel, the first materials, and the labor.

“If the crystal is to be cut, he sells it to those
who undertake the cutting as a separate branch ; that
intended for exportation is sold to houses with a large
foreign connection. Each factory, in consequence of
its restricted limits compared with the importance of
this trade in England, is thus enabled to confine itself
to a particular brauch of the manufacture, to acquire
therein great dexterity, and be always certain of find-
ing a market for its productions.

¢ This system does not offer to the producer great
opportunities for acquiring profit, but it enables him
to supply at very low prices, of which home compe-
tition and the necessity for selling do not always per-
mit him to derive permanent advantage.

“There are in England more important and com-
plete crystal works, especially such as are employed
in the production of what are properly termed fancy
crystals, in which articles they have acquired un-
doubted superiority ; but English crystal ware is,
however, quite as formidable in its small factories as
n the great establishments.”
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We were about to close the article relating tc
England, when M. J. Labarte, who by his minute
labors leaves nothing new to be said, tells us that the
introduction of glass, the manufacture of which was
unknown or neglected in England during the whole
of the middle ages, had becen mtroduced there by 2
certain Cornelius de Lannoy, who being invited to
London by Queen Elizabeth, was the first to produce
works in glass. According to the same scholar, it
was during her reign that Jean Quarre, native of
Antwerp, accompanied by workmen from his own
country, established there a manufactory of the same
kind as those already existing in Irance.

FRENCH GLASS-WARE.,

To repeat here what we have said already, © that
the Romans had established numerous glass-works in
Gaul,” would be doubtless to trace the origin of this
art to a very remote period ; but it must be admitted
that if the manufacture of ordinary objects, common
even in material and form, continued without inter-
ruption, it certainly was not the same with that which
may be termed elaborate fancy glass-ware. We will
mention, for example, the glass found at Strashourg
(page 37); and the excavations made in hundreds of
places, especially in Normandy, prescnt us for the
most part only with forms which, being still in daily
use, are repeated everywhere.

Let us come at once to the reign of Clotaire I,
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(6th century), for it is here that we shall find one of
the earliest notices of glass objects being nsed at the
tables of the great. The proof exists in a letter writ-
ten to Queen Radegonde, wife of Clotaire 1., by For-
tunatus, at that time bishop of Poitiers, in which he
describes to her in the following terms a repast at
which he had been present.  « Each kind of food was
served up on a different material. The meat on sil-
ver dishes ; the vegetables on dishes of marble; the
fowls on g¢lass dishes; the fruit in painted baskets ;
and the milk in black earthenware pots shaped like a
saucepan.” Whilst fully allowing that this bill of
fare cannot in luxury and profusion of dishes be com-
pared with that of official banquets of which the
newspapers much too often present us with a list as
long as it is devoid of interest, yet it will be allowed
that our ancestors even already were conversant with,
and indulged in luxury at table.

Fromn the sixth century let us pass to the four-
teenth, and we shall then see how important the
manufacture was five hundred years ago.

A document drawn up, on the glass-maker’s privi-
lege being accorded in 1338 by Humbert, Dauphin
of Viennois, to a certain Guionet, who was about to
follow his trade on the lands of’ the Dauphin, is inter-
esting, not only as presenting us in succession with
the objects of glass then in use, but still further, as
showing us that my lord the Dauphin of Viennois
did not confer his favors gratuitonsly.

“The Dauphin resigns to Guionet a part of the



INTRODUCTION. 61

forest of Chambarant, in order that he may establish
a glass manufactory there, on condition that the lat-
ter supply annwually for his hounse, one hundred dozen
glasses in the form of bells, twelve dozen small glass-
es with wide tops, twenty dozen goblets or cups with
feet, twelve amphore, thirty-six dozen chamber uten-
sils, twelve large porringers, six dishes, six dishes
without edges, twelve pots, twelve ewers, five small
vessels called gofefles,* one dozen salt-cellars, twenty
dozen lamps, six dozen chandeliers, one dozen large
cups, one dozen small barrels, and lastly, six large
casks for carrying wine.”

A total for my lord of two thousand four hundred
and thirty-five objects annnally !

Does this very full list enumerate all the objects
of glass used in the fourteenth century ? One might
be led to believe it; and yet we ask ourselves how
our ancestors could, we will not say invent, but at
least revive, certain of those glass trinkets which we
frequently find in the Roman or Gallo-Roman tombs.
When turning over the inventory of the department.
al archives previous to 1790,} we found: “ 1592, to
Florent Bongart, glass-maker, the sum of nine livres
tournois, as payment for a small glass service which
we sold to Henry, Dauphin of Viennois, for Made-
moiselle Diane, his natural daughter.”

* In spite of our researches we have been unable to discover the
meaning of this word. Might it not be compared to glass in the form
of a gondola, and described further on.

{ Department of Seine-et-Marne, Series E., Titles of Families, E.,
57 case.
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The houschold of my lord the Dauphin of Vien
nois being amply furnished, and Mademoiselle Diane
having her little service, nothing further remains for
us but to refer the reader to the following pages, in
which we shall give the origin (as far as possible), to-
gether with the mode of manufacturing the principal
objeets due to the glass-maker’s art. But there is still
one historical point to which we invite his attention,
viz.: What is to be understood by a “ gentleman
glass-maker? ”

GENTLEMEN GLASS-MAKERS.

According to the testimony of several authors, the
general opinion admitted even in the present day is
that formerly the mere trade of a glass-maker carried
nobility with it; in a word, that every cominon glass-
maker was ennobled by the mere fact of the nature
of lLis trade.

~ Since such a prerogative—however impolitic it

must have been, by doing the most flagrant and un-
merited injustiee to other important branches of in-
dustry—has been, and is still admitted as an histori-
cal fact, let us examine for a moment, as briefly as
possible, on what ground this nobility rests, if it ever
existed, and what could have been the origin of the
error.

The two principal offenders, in our opinion, are a
poet and a celcbrated potter ; the first,* by saying in
his epigram against the poet Saint Amand—

# Francois Maynard, French poet, born at Toulouse in 1582, and
lied 1648.
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% Votre noblesse est mince,
Car ce w'est pas d’un prince,
Daphnis, que vous sortez;
Gentilhomme de verre,

Si vous tombez A terre,
Adieu vos qualités ;" *

and the second,} by employing this phrase in his im-
mortal work : L’ Art de la verrerie est noble, et ceua
qui y besongnent sont nobles.}

First, we undertake to establish that we are far
from believing that a common glass-maker, more than
any other manufacturer, ever merited or even ever
obtained letters of nobility. Passing over these very
rare exceptions, we are concerned here only with the
corporation as a whole; in short, we shall endeavor
to prove that, in Fraunce, the condition, the art even,
if you like, of the glass-maker did never of necessity
confer nobility on every one practising it.

As regards the two authorities antagonistic to our
opinion, we give the text of onc of numerous decrees
which were issued against the plcbeians on all occa-
sions when they attempted to lay claim to nobility.

Here is the text of a decree of the Cour des Aides,
at Paris, in September, 1597.

“ . . . from the mere fact of working and trad-

* ¢ Your nobility is puny, for you are not descended from a prince,
Daphnis ; gentleman of glass, should you fall to the ground, then fare-
well to your dignity.”

+ Bernard Palissy, born in the diocese of Agen, about 1510, died
in Paris, 1589,

1 Glass-making is a noble art, and those engaged in it are noble
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ing in glass-ware, the glass-makers could not claim to
have acquired nobility or right of exemption ; nor,
on the other hand, could the inhabitants of the local-
ity assert that a nobleman was doing anything derog-
atory to his title by being a glass-maker.”

From this enactment, repeated on each new at-
tempt at usurpation, the natural consequence is, that
the ordinary glass-maker did not acquire nobility,
and that the nobleman did not forfeit his by devoting
himseif to the glass trade. A still more recent proof
is found in Article 2 of the privilege granted to Du
Noyer, by Louis X1V., 1665, to found the manufac-
- tory at St. Gobain: “ Du Noyer may take as co-part-
ners, even nobles and ecclesiastics, without it being
derogatory to their nobility.”

In support of our assertions, let us further cite an
article of a decrce issued by the Venetian senate,
which certainly of all past governments is that which
has accorded the greatest number of plelogatlves to
glass-makers

“The Scnate decides that the marriage of a noble-
man with the danghter of a glass-maker is contracted
with the condition that the title of nobility be trans.
mitted to their issue.”

Nobility then is for the son of a noble; but as is
seen, plebeian rank is still for the father-in-law.

The question of plebeians not having a right to
nobility, as well as that of non-forfeiture for the no-
blemen being thus clearly settled, let us see what
advantages accompanied the privileges generally con-



INTRODUCTION. 65

ferred on noblemen, a favor of which we will shortly
mention the canse.

These privileges are all mentioned in the letters-
patent of November 24, 1598, conferring on Baltha-
sar de Belleville, applying equally to him and his
brother nobles, the permission to establish a glass-
house in Normandy, and declaring them exempt trom
all excise, subsidies, imposts, customs, taxes on land,
barriers, highways, tolls, commissions, bandage, robin-
1ge, district, passage, and bridge and river dues.

In a word, the gentlemen glass-makers were then
released from all existing imposts, which it is evident
were rather numerous.

Was this favor—monopoly even, if you like—
granted to nobility, prejudicial to plebeian glass-
makers, as several writers have affirmed? We be-
lieve the contrary. Whilst allowing even that the
nobles profited by the labor of the plebeian, it is to
the nobleman alone that the common glass-makers
owed their establishment and afterwards their for-
tune.

In order to discover the origin of this association,
we must go back to that remote period when the
nobleman readily sold his castle in order to support
the dignity of his escutcheon in a tournament; or
even to those warlike times when every subject hast-
ened to place at his king’s service the vassals on his
domain, both great and small, armed and equipped at
his own expense. We shall then see many of them

b
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returning to these domains covered equally with glory
and debt, that is, ruined.

This condition, sad for any one, was disastrons tc
the nobility, for it is known that the law formally ex-
clnded them, and that under pain of forfeiture of
title, from commeree, by which alone they could have
retrieved their fortune.

However ardently the kings of France might wish
to abolish a law which pressed heavily on those alone
who had sacrificed everything in the service of their
country, this desire was paralysed by the pride of the
other nobles, who, still rich, compelled them to main-
tain in all its rigor a law in which, for fear of a snb-
terfuge or oversight being found, all the trades then
known were mentioned. At last this law shared the
fate of everything not adapted to the times; and if
it did not fall at once into disuse, a new importation,
and consequently one not specified in the list of pro-
hibited trades, glass-making, appeared, which allowed
the kings, whilst still adhering to the ancient law, to
profit by its silence relating to glass-making, and thus
to open a resource as indispensable to the rising trade
as to the re-establishment of the nobleman’s fortune.

Such, in our opinion, is the real origin of the
“gentlemen glass-makers,” who, being nobles by
birth, and no longer in dread of the law of forfeiture,
in consideration of certain dues, delivered up their
forests to the plebeian glass-makers. The latter,
thanks to the nobles, found therein everything which
they required, that is, space adapted to their trade,
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wood, without which they could not work, and still
turther, all the profits aceruing from the exemptions,
which being accorded to the lord alone, formed wha.
in the present day would be known under the name
of common capital (apport ou fonds social).

From the preceding then we conclude that, with
some very rare exceptions, the title of gentlemen
glass-makers ” was granted only to nobles who had
the monopoly worked on their estate.

In the most rapid manner possible, we have noted
the principal stages of the glass-making trade. Let
us now fix our attention, not on all the objects pro-
duced by it, the list of which would be endless, but
simply on those most in use, giving the origin of
each, its mode of fabrication, as well as its successive
stages of development.



CHAPTER-I1.
ON THE COMPOSITION OF GLASS.*

M. A. Coonmv, Member of the Institute, in his ex-
cellent work, entitled * La Manufacture de St. Go-
bain,” + has treated the dry subject of the composi-
tion of glass in a manner at once so clear and terse,
that for the benefit of the reader we request the au-
thor’s permission to transeribe here his own words :—

“ The theory of the manufacture of common glass
and of glass mirrors is, like all nature’s secrets, at
once simple and beantiful.

Tt has been the gracious will of the Creator that
everything which is useful should at the same time
be very abundant; but in order to make labor in-
cumbent on us, He has been pleased to conceal His
favors—it is for us to discover them, The materials
required for the manufacture of glass are to be met

* Fach kind of glass having its peculiar composition, in order to
avoid unnecessary trouble, we have considered it best to notify each of
«<hem under the head of the object described. Thus, to learn the com-
position of window glase, mirrors, and all other objects, reference has
only to be made to each of these articles, Flint-glass and crown-glass
will be treated under the head of optics.

t Paris, Douniol, 1868, page 12.
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with everywhere, but in an impure and mixed con-
dition, like nearly all natural substances.

“ Silica is the chief component of glass. Potash
or soda and lime are mixed with the silica to obtain
window and plate glass ; add oxide of iron and you
have bottle glass; substitute oxide of lead and you
obtain crystal ; replace it by oxide of tin and you
produce enamel. The union of the fusible bases,
potash, soda, and lead, with silicic acid, form com-
pounds which are also fusible; the infusible bases,
lime, alumina, magnesia, produce infusible com-
pounds; but combined with fusible and infusible
bases, the silicic acid forms multiple silicates which
melt very readily. Plate-glass is precisely one of
these mixtures of three elements. It is composed of
silica, soda, and lime.*

“@ilica exists everywhere. Rock crystal, sand-
stone, sand, flint, are composed of silica; it is also
found in the ashes of plants, volcanic streams, and
mineral springs. Sugar resembles glass, and this
likeness is not deceptive. Melt the ashes of the
sugar-cane, and you have glass: for with the silica,
they contain both potash and lime.

® Nearly iu this proportion :—

SilicAeseureeernscnecnrsons A SRR 73
AT 503000000038 00e00 SoGa0a000 90 18
BOTRAYCYe 515 ¢ o SToroe e [a e Torays| Seva atatoleTelelere atorate 12

s 100

(Péligot, * Douze legons sur ’Art de la Verrerie,’ page 58.)
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“ Calcareous substances compose perhaps one half
of the crust of the globe. Lime is in our bones; it
is also in vegetables and straw, in the human skele
ton and common earth ; it is found everywhere—even
more widely distributed than silica.

“Soda also is found in nature. It has long been
obtained by the combustion of certain marine plants;
in the present day it is produced very easily by arti-
ficial means. Potash which may be employed instead
of soda, is not less common and widely known ; it
exists in all ashes.

“ Here then we have the key to all those profound
mysteries of Murano, Bohemia, and St. Gobain. A
mirror is a valuable object produced from the com-
monest materials. To assist the memory, let me thus
suin up the preceding remarks. When warming your
feet, if you look at yourself in the mirror, remember
that the mirror which adorns your mantelpiece ean
e manufactured by the help of that same mantel-
piece and the fireplace beneath: the stones furnish
the silex, the ashes the potash, the marble lime, an 1
the fire is the only mysterious agent required for the
transformation. ¢ Glass,” according to the old saying,
¢ is the offspring of fire.””

The materials being thus well known, we should
have nothing further to add than to say by what
means the fusion is obtained. Before doing so, how-
aver, we consider it indispensable to place before the
reader a small vocabulary of the most ordinary words
employed in glass-making ; for like évery science and



ON THE COMPOSITION OF GLASS., 1)

art, so glass-making has its technical language, with
which it is necessary to become acquainted for a
thorough understanding of the work.

VOCABULARY.

Annealing.—This is the name given to one of the
most important operations in the glass-making trade,
for without annealing none of its productions could
resist the least blow or change of temperature. To
remove this defect, which necessarily results from
cooling too suddenly, each of the objects when fin-
ished is placed, whilst still at red heat, in an especial
furnace, where it is left to eool gradually. Accord-
ing to M. Péligot, the frequent breaking of lamp
glasses, especially when used for the first time, must
be attributed to imperfeet annealing,.

Blowing-iron.—A hollow iron tube. One of its
extremities (that which the glass-blower holds in his
hand) is furnished with a wooden eovering. Of all
the glass-blower’s tools, the blowing-iron is donbtless
the most indispensable. By its aid alone the blowing
of the glass is performed, which, as will be seen, is
the method employed in the manuficture of nearly
every object of glass.

And as one may be convinced by referring to the
plate (page 25) representing Theban glass-blowers, its
use goes back to the most remote antiquity.

The blowing-iron measures from six to nine feet
m length. ,

Boy.—Name indiscriminately given to the work-
man who assists the blower.
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Colcars.—Furnaces for annealing the plate glass.

Lritting.—By this word, the object of which, as
will be seen, plays a very important part in the fusion
of glass, is meant the operation which counsists of
causing the vitreous substances to undergo a heat not
only sufficiently powerful to remove any vapor and
to consume any combustible substances therein, but
still further to cause the fusion to begin.

The pots containing the frit are those which,
placed at the sides of the furnace (see Fig. 10, page
74), undergo a less violent heat than the melting-pots
which occupy the centre of the furnace.

Glass-house.—The workshop.

Ladle.—Of these there are two kinds: one serves
to transfer the glass from a large pot to other smaller
ones ; the other to skimn the glass while in fusion.

Marver.—Plate of cast or wrought iron, on which
the blower prepares the glass.

Pouty.—A long rod of solid iron, serving either
for drawing the glass out only, or twisting it to a fine
thread. (See Filigree Glass Wares.) By drawing
out the glass it is intended to obtain a much longer,
and consequently a much finer thread than that from
which it comes. To obtain this result, the boy ap-
plies his pouty to the glass whilst still in fusion and
adhering to the blower’s pipe, and going backwards,
he draws the pouty with him, whilst the blower, who
holds the tube in his hand, proceeds in a contrary
direction, or even remains stationary.

Rake.—An iron instrument with the upper part
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of wood, used for stirring the frit and vitreous matter
in the pots.

Refining, see Skimming.

Shears.—They serve to cut the glass whilst still
malleable.

Skimming.—The action of removing foreign mat-
ter floating on the glass. The operation is sometimes
known under the name of r¢fining.

Working-hole.—Name given to a kind of small
windows which, opening and shutting at will, are
placed over the pots in order that the workman may
in succession introduce and withdraw the vitrifiable
matter which he reqguires.

Now that we are acquainted with the materials
from which glass is made,* and have learnt the signi-
fication of the techmical words employed by glass-
makers, we have only to enter their vast workshop,
known among them by the name of glass-house.

THE FURNACES.

On entering the glass-house, the first thing which
strikes us is the union of several buildings, assnming
either a circular or rectangular form.

These are the furnaces, serving at once for the
fritting and fusion.

Having to furnish a temperature between 1800
and 2700 degrees Fahrenheit, these furnaces are cn-
tirely constructed of fire-proof bricks, made of infusi-
hle clay and a cement obtained from the pulverisa-

® See page 69.
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tion of old pots, which are themselves manufactured
from the same clay. In Irance this is generally
obtained at Forges-les-Eaux, Seine-Inférieure.

lnit}m i : | /i\ x HJ' !

Fig. 10.—Glass Furnace.

Each furnace contains from eight to ten pots,
which being placed on a stand, are by this means sur-
rounded by the flames.

It is necessary for the manufacture that the work-
man should be enabled to gain constant access to the
pots. For this purpose an opening called a working-
hole is made in the furnace opposite each pot; by
means of this the workman can not o:ly fill his pots,
and watch the fusion of the first materials, but also
take the glass from them.

We may remark that the fire of the glass-maker’s
furnaces is never extinguished. When a pot is empty,
fresh vitrifiable materials are at once introduced
through the working-hole, so that the manufacture
ceases only when the furnace is so worn that a new
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one must be constructed. A furnace lasts bu one or

two years at the most.

POTS.

The first material of which the pots are made is
the same as that of the bricks of the furnace; we
have therefore only to explain their manufacture.

)

Fig. 11.—Pots,

“The pots which serve for melting the glass,”
says the learned M. A. Pdligot,* ¢ vary in form and
dimension, being either round, oval, or rectangular.
For crystal made at the coal-mine, they are closed
and shaped like a retort, with a very narrow neck.
Their height varies from eighteen inches to three feet,
and when baked, their sides are from two to three
inches in thickness, and the bottom four inches.
Large pots generally contain ten or twelve hundred-
weight of melted glass.

After having remained from four to eight months
in a room heated from 90 to 100 degrees Fahrenheit,
they undergo a second trial, which consists of sup-

* ¢ Douze lecons sur ’Art de la Verrerie.’






CHAPTER IIL

WINDOW GLASS.

HISTORIOAL.

DoEs the use of glass as a means of preserving
the interior of houses from the severity of the seasons
go back to an indefinite period ? or is it, as many per-
sons think, a comparatively modern invention ?

For a long time this question remained undeter-
mined, for if on the one hand Winckelinann * plead-
ed the cause of antiquity, other scientific men, and
by far the greater number, considered it a much more
modern invention. This question, sustained as vehe-
mently by the German archaologist as it was contest-
ed by his opponents, was in danger of for ever re-
maining in obscurity, when suddenly antiquity her-
self, tired doubtless of a discussion which threatened

* John Joachim Winckelmann, one of the most celebrated antiqua
ries of modern times, was the only son of a poor shoemaker of Stein.
dalt (Brandenburg), and was born in that town on December 9th, 1717,
He was assassinated at Trieste, on June 8th, 1768, by Francis Arcan.
geli, who suffered for his crime on the 20th of the same month, He
left several remarkable works, amongst which we may mention the
! Uistory of Art.
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her own honor, decided the question by proving that
she had possessed window glass. And, indeed, the
researches made at Pompeii have brought to light
panes of glass which have remained fastened to their
frames, although buried for more than seventeen hun-
dred years under ashbes.

To prevent a false idea being formed of the qual-
ity of Pompeian glass, we shall place before the read-
er the result of the chemical analysis made of it by
M. Claudet, and also the formmula now in use. From
this comparison, if we bear in mind the continual
advance of science, we shall see what state the glass
of antiquity had attained.*

Formula
Analysis . by M. Paligot,
of Pompeian glass, for window glass
by M. Claudet. now used.
Silica.eeseiiiearasas 6943 6906
L1300 6 000,900 6.0 6B 0 06C 724 13:04
Soda...oovvriiieiinns 17-31 152
Alumina .. ... ..., . 358 18
Oxide of Iron.......... 115
Oxide of Manganese .... 0'39 odlog
Copper........e.......Traces
99+07 991

It is scarcely possible to conceive that such a use-

# From what we have said of the Pompeian glass, it must not be
concluded that, at that remote period, the windows of every house wer:
glazed. The rarity of the window glass found in the ruins would rather
tend to prove the contrary; but even considering the fact &s very ex.
ceptional te the general custom, it is not the less proved that the
ancients knew how to make window glass.
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ful application of glass, which introduces light into
our dwellings, and whilst allowing the regenerating
rays of the sun to enter fiercely, and also protccting
us from the frosts of winter, lengthens our life by
doubling the duration of the day, should ever have
been forgotten. And yet such was the case, for win-
dow glass disappeared entirely for several centuries,
dnring which time it was replaced by wooden shut-
ters, by semi-transparent stones, by skins, and lastly
by oiled paper.

To find the first mention of glass being used to
close, not dwelling-houses, but merely the narrow
windows of churches, we must go back to the fourth
century ; for the most aneient anthor who mentions
them is Lactantius,* who says: “. . . that our soul
sees and distinguishes objects by the eyes of the body
as through windows filled with glass.” And yet we
must not imagine that they were panes of glass such
as we now know; for those of which this writer
speaks were only small round pieces possessing little
transparency, which were termed cives. As for
dwelling-houses, the use of windows forined by a col-
lection of small pieces of glass fastcned together by
lead does not go back further than the fourtcenth cen-
tury, and even then it was so rare that the windows
of palaces were not all provided with them.

In the accounts of Jean Avin, receiver-general of
Anvergne, we read :—

* Lactantius, born in Africa in the middle of the third century,
died at Treves, 325 a.p.
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“In preparation for Madame la Duchesse de Berry
going (1413) to Montpensier, to have certain frames
made for the windows of the said castle, to have
them filled with oiled linen in default of glass.”

Another example may be taken froimn the brilliant
and luxurious court of the powerful dukes of Bur-
gundy, for whose palace there were commanded
(1467) “twenty picces of wood to make frames for
paper, serving as chamnber windows.”

These two quotations show the absence of glass
even in the dwellings of princes, and we can now
show the reader their rarity and the value still at-
tached to them a century later.

In the document dated 1567, drawn up by the
steward of the duke of Northumberland, we find the
following :—

¢ And because during high winds the glass in this
and the other castles of his lordship are destroyed, it
would be well for the glass in every window to be
taken out and put in safety when his grace leaves.
And if at any time his grace or others should live at
any of the said places, they can be put in again with-
out much expense; whilst as it is at present, the de-
struction would be very costly, and would demand
great repairs.”

As a last proof of how recent is the general use
of glass, it will suflice to say that at the close of the
eightecnth century, not a hundred years ago, there
existed, not only in provincial towns, but also in Paris
itself, a corporation of makers of window-sashes,
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whose trade was to fill windows, not with glass, but
merely with pieces of oiled paper. From this doubt-
less arose the old French proverb, “The albey is
poor, the windows are only of paper.”

Now that we have become acquainted with the
antiquity of glass, the different materials of which it
is composed, the construction of the melting furnaces,
the use of the pots, and have also learnt the meaning
of such terms as frit, annealing, and fusion, which are
the three principal operations in the glass-maker’s art,
we have only to occupy ourselves with the manufac-
ture itself.

MANUFACTURE OF PLAIN OR FLUTED WINDOW GLASS,

Window glass may be manufactured by two very
different processes, one of which produces what is
termed crown glass, the other cylinder glass.

As the former process has not been employed in
France for a long time, we shall only speak of the
second.®

Before passing on, however, we think it better to
rectify an erroneous opinion, very generally received,
which attributes to Hugh Drolenvaux, superintendent
of roads and bridges in Alsace, the first introduction
into France of this method of blowing glass. It will
be sufficient to compare the process given by the
monk Theophilus (thirteenth century), in his “ Essay

* Flint glass and crown glass being now especially used in the fab
rication of optical glasses, we refer the reader to that article.
8
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on diverse arts,” with what we shall say of that now
in use, to recognize that Hugh Drolenvaux only re-
vived a method which had fallen into disuse.

We quote the words of the monk Theophilus
(Book II. Chap. 6) :— '

“ At the first hour in the morning, take an iron
pipe, and if you wish to make sheets of glass, plunge
the extremity of this pipe into a pot filled with glass.
Turn the pipe in your hand until as much glass as
you wish is collected round it, then taking it out, put
it to your mouth and blow a little ; removing it im-
mediately, you put it to your cheek, so as not to draw
the flame into your mouth when taking breath. Keep
a smooth stone also before the window (of the fur-
nace), on which you can beat the hot glass a little, in
order to give it the same thickness all over ; you must
alternately blow and remove the pipe with great
rapidity. When it presents the form of a long hang-
ing bladder, bring the extremity of it to the flame,
the glass soon melts, and you perceive an opening.
Taking a wooden tool destined for this use, give the
opening the size of the centre of the glass. After-
wards join the edges together, that is to say, the
apper and lower sides, in such a manner that there
may be an opening on each side of the junction.
Immediately touch the glass near the tube with a
damp wooden instrument, shake it a little, and it will
be detached. Heat the pipe in the flame of the fur-
nace until the glass which is on it becomes liquefied ;
place it quickly on the edges of the glass which you
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have united, and it will adhere; take it at once and
expose it to the flame of the furnace until the glass
around the opening from which you have taken the
pipe becomes liquid. With a round piece of wood
you must dilate this opening like the preceding one;
and by bringing together the edges in the middle,
and separating the pipe with the damp wooden tool,
give it to an assistant, who, introducing some wood
into the opening, will carry it to the annealing oven,
which should be moderately heated. The kind of
glass thus made is pure and white.”

According to M. Péligot, ordinary window glass
is composed of,

Y000 08048 08dod 0000 adbA6A0 0300 d 69-06
1B NS 0 O Ao B b 50 8 6. 6 o A6 13:04
Soda. .. .. i RGN <Y, S 152
ATUMING s S ore e el Forsrs o rolehTors oY 5l otots 18
99-1

These different substances having undergone a
first fusion by means of the frit, are poured into pots
placed in the centre of the furnace, where they re-
main until they are perfectly melted, and have
attained a pasty consistency, which is produced by
the gradual lowering of the fire.

Then the workman and his assistant begin their
labors, which we shall endeavor to make the reader
understand by placing before him the different trans-
formations that glass must undergo, from the moment
in which the assistant, armed with his pipe, takes the
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first glass from the pot, until the sheet of glass, en
tirely finished by the blower, is ready for use.

Sheet glass, made from cylinders obtained by
blowing, being employed for a number of objects in
glass, we shall call our reader’s special attention to
this chapter, to which, however, we shall take care to
refer him whenever necessary.

Before each glass pot two men are placed, the
workman and his assistant.

The functions of the assistant, who has to do the
rough part of the work, are to gather from the melt-
ing-pot with his pipe a certain quantity of the melt-
ing matter; to turn and return it on a small table of
either marble or iron (see Fig. 19, page 129); to make
it round by a slow and circular movement; then,
lastly, to heat it again at the opening of the furnace.

When these four operations are terminated, the
part of the assistant ceases, and that of the workman
begins.

It is in these terms that M. Péligot describes the
work of the glass-maker :—

“ The workman at first blows lightly, drawing out
the vitreous mass a little, so as to give it the form of
a pear (Fig. 12, No. 1) ; he balances his cane (No. 2),
then raises it so as to gather the glass (No. 3); he
afterwards blows harder at short intervals, and gives
it a movement backwards and forwards like the clap-
per of a bell, so as to lengthen the pear, which
assumes a cylindrical form ; he raises it rapidly over
his head, then gives it a complete and rapid rotatory
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movement, in order to lengthen it (No. 4), whilst giv-
ing it an equal thickness in every part.

Fig. 12.—-Blowing of Sheet Glass.

“ When the cylinder is made, the blower brings
it back to the opening of the furnace so as to soften
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the end ; when it is sufliciently hot, it is pierced with
an iron point. By the balancing movement the open-
ing is increased ; the glass is pared with a sort of
wooden plate ; the edges separate, and the top of the
cylinder has disappeared (No. 5).

“ When the cylinder has become firm, it is placed
on a wooden rest (No. 6). The end of the pipe is
touched with a cold iron rod ; it separates immediate-
ly from the cylinder, which has already lost its bul-
lion point, when a thread of hot glass is wound round
it, and the part thus heated is touched with a cold
iron rod. Thus we have now on the rest a cylinder
open at each end. It is opened (No. 7) by passing a
red hot iron rod down the interior in a straight line;
one of the heated extremities being wetted with the
finger, the glass bursts open. The same result may
be attained by using a diamond attached to a long
handle, which is passed down the interior of the
cylinder by the side of a wooden ruler. This method,
which is followed in Belgium, gives a straighter cut,
and consequently involves less loss.”

A perfectly plane surface has to be obtained from
these split cylinders. To do this, they are taken to
an oven which is heated to a dark red, and is termed
the flattening oven. Here every cylinder is placed
either on a sheet of thick glass, or on a slab of refrac-
tory earth, which has been previously powdered with
gypsum or sulphate of antimony, in order to prevent
the glass adhering to it. A workman, assisting the
natural effect of heat, which tends to flatten the
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cylinders, makes a first gentle pressure on them with
a long wooden pole; afterwards a wooden plane is
passed over them, and lastly the polissoir, a wooden
instrument which, moved lightly over the surface,
makes it perfectly plane.

All the cylinders having become sheets of glass,
the oven is hermetically closed ; they remain in it
several days, until they are sufficiently annealed and
ready for use.

We must add that a rather recent discovery
(1824), due to M. Robinet, a glass-blower in the
manufactory at Baccarat, has founded a new era in
the fabrication of all objects obtained by blowing.

The cylinders being produced as we have just
seen by the breath of the workman, the objects blown
can only attain a size proportionate to human strength,
which is naturally very limited. ~Struck by this in-
convenience, as well as affected by the effects of this
labor, which not only exhausted young men, but also
deprived those workmen who were weakened with
age of all means of gaining a livelihood, M. Robinet
substituted an implement for a workman by invent-
ing a pump, by which eylinders of large dimensions
may be manufactured.

M. Péligot describes it in these terms: “ It is a
small brass cylinder, closed at one end, in the interior
of which there is an iron spring ; in the lower part is
a egort of wooden piston, with an opening covered
with leather, retained in its place by a bayonet fast-
ening pierced with a hole. The mouth of the pipe.
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which is held vertically, is brought into contact with
the piston ; the air contained in the cylinder is com-
pressed by a rapid movement given to the spring,
and then injected to the glass which is being made.”

This invention, doubly valuable both to humanity
and trade, is now known by the name of the Zobinet
Pump. It has procured for its inventor a gold
medal, adjudged by the Société d’Encouragement,
and a pension from the directors of Baccarat.

FLUTED WINDOW GLASS.

The composition and manufacture of fluted win-
dow glass are exactly the same as for ordinary glass.
The only difference is that the cylinder, instead of
being made in the air, is blown in a eylindrical monld
of cast iron, flated in the interior, which impresses on
the glass these flutings, preserved afterwards through
the operation of blowing. For flutings crossed in
squares, a mould is used, formed of two parts; which
are separated when the cylinder is withdrawn



CHAPTER 1IV.
MIRRORS AND LOOKING-GLASSES.

Pae use of mirrors, abstracting them from their
material, and considering them merely as rendering,
by reflection, the exact image presented to them, goes
back to the commencement of the human species, if
we are to believe Milton, as Eve was the “ret to use
them.

% That day I oft remember, when from sleep
I first awaked, and found myself reposed
Under a shade on flowers, much wondering, where
And what T was, whence thither brought, and how.
Not distant far from thence, a murmuring sound
Of waters issued from a cave, and spread
Into a liquid plain, then stood unmoved,
Pure as the expanse of Heaven. I thither went,
With unexperienced thought, and laid me down
On the green bank, to look into the clear
Smooth lake, that to me seemed a second sky.
As I bent down to look, just opposite,
A shape within the watery gleam appeared,
Bending to look on me: I started back,
It started back; but pleased, I soon returned,
Pleased it returned as soon, with answering looks
Of sympathy and love. There I had fixed
Mine eyes till now, and pined with vain desire,
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Had not a voice thus warned me: ‘ What thou secst,
What there thou seest, fair creature, is thyself;
With thee it came and goes.””

If to the name ot Eve we add that of the beauti-
ful Narcissus, who drowned himself in his mirror for

Fig. 13.—Egyptian Mirrors.

love of himself; and also that of Mahomet, who ad-
mired himself in a bucket of water, we shall no doubt
have mentioned the three most illustrious partisans

of the aquatic mirror.
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As it was not always easy, even in tl ose remote
times, to have in one’s own house a sheet of trans
parent water, it was replaced by something more
portable, and there was then invented, at a time
which cannot be known even approximately, the mir
rors of polished metal which are first mentioned in
the Old Testament. ¢ Moses made the laver of brass,
and the foot of it of brass, of the looking-glasses of
the women assembling, which assembled at the doov
of the tabernacle of the congregation.” (Exodus
xxxviii. 8.)

Three types may be noticed in the form of the
Egyptian mirrors, which passed from Egypt to Greece
and Rome. According to Plutarch (Life of Numa
Pompilius), ¢ it was with a convex metal mirror that
the Vestals relighted the sacred fire.” DBefore attain-
ing, however, to this degree of luxury, these mirrors
must have passed through several rudimental stages
both in form and style: indeed, the earliest metal
mirrors, which have no ornaments whatever, are gen-
erally of the shape of an egg cut in half, the face of
the cup alone being polished.

If these mirrors possessed the advantage of being
more portable than those of Eve, Narcissus, and Ma-
homet, they had the inconvenience, not only of being
of great weight, but also of deforming the features
and even perhaps of making them look older. Such
a crime was unpardonable ; these enemies to beauty
had to be replaced by others, and the mirrors of
obsidian were substituted for them, which Pliny de-
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scribes as a black stone,  sometimes transparent, but
of such a dull transparency, that when used as a mir-
ror it renders rather the shadow than the image of
the objects.”

Whilst fully granting that in the time of this
author mirrors were made of metal, obsidian, or even
of lapis specularis, must we blindly, and without
venturing a criticism, adopt the opinion generally
entertained, that glass mirrors are of modern inven-
tion, because the ancients did not know the process
of plating, which alone can turn a piece of glass into
a mirror ¢

The ancients are our masters in everything, what-
ever may be said to the contrary., Let us then en-
deavor to restore the honor of this invention to them
who originated—however defective their knowledge
of it may have been—the first idea of what modern
industry assisted by science has now brought to such
perfection.

As there are now no remains to be found, alas!
of these ancient looking-glasses, we can only support
our opinion by quotations from ancient writers, whose
authority we hope will convince our readers of the
antiquity of glass mirrors.

Pliny speaks of mirrors in several places. After
those charming lines, ¢ The discovery of mirrors be-
longs to those who first perceived their own image in
the eyes of their fellow-men,” he looks at the ques-
tion from an historical point of view, and leaves no
doubt as to the use of these mirrors; for, after hav-
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ing enumerated the different means employed in the
fabrication of glass, which prove that in his time, and
even before him, glass-makers ¢ sometimes blew glass,
sometimes fashioned it on the lathe, and sometimes
carved it like silver,” he adds: “Formerly Sidon was
celebrated for its glass works ; glass mirrors had even
been invented there.”

These words, glass mirrors, naturally implying
the idea of glass reflecting an image, must we not
necessarily allow that the ancients possessed a kind
of plating which we do not know, and which, whether
differing from our own or else identical with it, yet
constituted a mirror ¢

The want of plating being the only point on
which those authors rest who refuse the invention of
looking-glasses to the ancients, let us see if we can-
not find something in antiquity which disproves this
assertion.

Aristotle, nearly four centuries before Pliny, is the
first who alludes to the subject. He tells us: “If
metals and stones are to be polished to serve as mir-
rors, glass and crystal have to be lined with a sheet
of metal to give back the image presented to them.”

And indeed, it a piece of colorless glass be placed
on an opaque slab, even if it were only of black mar-
ble or slate, we have immediately a mirror, not in-
deed so limpid as those which decorate our drawing-
rooms, but which will reproduce not merely the out-
iine of the object, but also its different colors.

If to the words of Aristotle we add in thought
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the certain improvements which the reflections of the
philosopher have necessarily always suggested to the
glass-makers of his time, we can no longer refuse to
admit that a plating, or lining even, being shown to
have been in use, glass mirrors, far from being, as is
asserted, a modern invention, go back to a very re
mote period.

The fact of the antiquity of glass mirrors being
thus established, as we are unable to follow the suc
cessive improvements in the manufacture, we will
pass at once to the fourteenth century, to Venice,
which, enjoying for centuries the exclusive and uni-
versal monopoly of glass-making, forms naturally a
link to unite antiquity to modern times.

According to Lazari ¥ it was only in the fourteenth
century that the Venetians, following the advice of
Aristotle, conceived the idea of replacing mirrors of
polished metal by mirrors of glass, at the back of
which they placed a metallic sheet.

The idea, or rather we should say its renovation,
was progressive, and yet, whether it was that routine
was against it, or that the result did not come up im-
mediately to what was expected, it was abandoned,
and metal mirrors became more fashionable than ever.
They continued to be used until the two Muranezians,
Andrea and Domenico d’Anzolo dal Gallo, who knew,
or who had perhaps discovered for themselves, the
method of manufacture already followed in Germany

# ¢Notizia delle opere d'arte et d’antichitd della raccolta Correr.
Venezia, 1859,
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- aud Flanders, addressed (1507) to the Council of Ten
a petition, in which they said, ¢ that, possessmng the
secret of making good and perfect mirrors of crystal-
line glass, a precious and singular thing unknown to
the whole world, except to one glass manufactory in
Germany, which, associated with a Flemish house,
enjoyed the monopoly of this manufacture, and sold
its productions in the East and West at excessive
prices ; and desiring to place Murano in a position to
establish a competition which could not but be very
profitable to the Republic, they demanded that an ex-
clusive privilege should be granted to them in all the
territory of the Republie during twenty-five years.”

As this privilege promised to be profitable to the
Republic, and possibly to assure her the means to
monopolise another of the prodnctions of glass-mak
ing, it was granted for twenty years.

The sucecess of this enterprise surpassed all the
hopes that had been entertained ; consequently, the
twenty years of privilege had scarcely expired, than
there was a perfect rush of persons to embrace this
vew career. The number of mirror-makers became
80 great that in 1564 the Republic was obliged to
separate them from the other glass-makers, and to
establish a separate company for them.

As we have not space to mention here all those
who improved the manufacture, we must be content
with naming Liberale Motta, who about 1680, accord-
ing to Lazari, “ perfected it, and made mirrors of a
size that until then had been unattainable.”
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Before passing on, it will be better to answer a
question which has often been asked us: “ Why are
the mirrors of the fifteenth and sixteenth centuries,
whether manufactured at Venice, Nuremburg, or in
France, always of small dimensions % ”

If our readers will kindly recall what has been
said about window glass, which, blown by man, can
never surpass a very limited size, they will have our
reply, for window glass and mirrors were long ob-
tained by the same process. It was reserved, as we
shall soon see, for French modern industry to invent
a new method of manufacture, which, known under
the name of founding, can alone produce glasses of
an almost unlimited size.

As we shall have to await the latter part of the
sixteenth century to speak of French mirrors (until
that time entirely neglected by fashion, which would
have nothing but Venetian mirrors), let us see if this
general infatuation was deserved.

Although fashion, that tyrannical queen of the
world, scarcely ever takes reason as a companion, we
must allow, were it only for the rarity of the fact,
that this time she was right.

And indeed, could anything have come out from
the hands of those Italians of the fifteenth century,
who all of them artists, were then inventing, so to
speak, the style of the Renaissance, which was at
once 8o rich and so graceful, that did not bear the
impress of that privileged period? As gold, silver,
iron, wood, lead, everything, in short, was material
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for a masterpiece of some sort, it mattered little tc
them whether the mirror was large or small. Iu
their eyes the frame was everything ; it was that only
which they could decorate, either with splendid carv-
ings in wood, or with diamonds, rubies, or pearls.

Such costly frames necessarily appearing exagge-
rated in our century, when a frame more or less badly
gilded is the ne plus ultra of elegance, we must refer
those who would accuse us of exaggeration to the
inventories of the dukes of Burgundy, of Louis of
France, the duke of Anjou, Charles V., Margaret of
Anstria, ete., ete. There only will they be convinced
of the distance that separates the pretended luxury
of the present time, even in the highest classes, from
what was in use in the palaces of the nobles in th
fifteenth and sixteenth centuries.

Unhappily, of all this royal and princely magnifi-
cence there now only remains a cold dry mention.
As for the objects themselves, the crucibles of the
gold merchant can alone tell you how many have
been destroyed in the last two centuries.

Notwithstanding the numbers destroyed during
this artistic raid, brought on by cupidity on the one
side, and kept up on the other by continual changes
of fashion, several specimens have come down to us,
though they are very rare, and one of these will
show our readers what luxury was at the beginning
of the seventeenth century.

We mean the mirror of the Queen Marie de
Medieci, exhibited in the Musée des Souverains at the
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Louvre. The description we give of it, taken from
the catalogue of that museum, will be heightened by
the valuation made of it in 1791, which is contained
in the inventory of the crown diamonds, printed in
1791, by order of the National Assembly (Fig. 14).

No. 102 in the catalogue. It is of rock ecrystal,
and agates, cut, polished, and set in a network of
enamelled gold, form a frame around the glass which
marks its rectangular form.

“This inner frame is surrounded by a larger oune,
every part of which is formed of precious stones ; the
fronton is of sardonyx, the two columus supporting it
of oriental jasper ; the base is highly decorated with
rvamels cut in relief, and the pedestals of the col-

.uns which stand out over this base, the outlines of
which they continue, are covered with slabs of sar-
donyx. Precious stones of the finest water glitter in
the more conspicuous places on the frame, particular-
ly three large emeralds; one of these, placed in the
centre of the fronton, is set in the delicate details of
a gold monnting, enriched with diamonds and rubics;
the two others, placed on the side pedestals of the
base, support helmeted heads or small busts, repre-
senting a warrior and an amazon. The face and neck
are cut in the gem resembling a garnet, which jewel-
lers call hyacinth ; the helmets and the drapery which
surrounds the breast are of enamelled gold, enriched
with diamonds. Emeralds of smaller proportions,
closely pressed against each other, serve as a setting
for two carved stones; one of them, which is at the
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Fig. 14.-——Mirror of Marie de Medici (Louvre).
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top of the whole construction, is an onyx of three
layers, of antique carving; it is the head of a vie-
tory, winged and with a crown of laurel in her hair ;
the other stone is an onyx agate, with threc layers,
carved at the end of the sixteenth century; it is a
female head in profile, draped, having a veil which
falls from the head on to the shoulder, and wearing
on her forehead the crescent of Diana. They are also
cmeralds which in threes decorate the frieze of the
entablature, alternating with twelve small finely
draped heads cut in hard stone of the fifteenth cen-
tury, and which are portraits of the Ceesars.”

The valuation made of this in 1791, was fixed at
a hundred and fifty thousand francs (60007, or
$30,000 gold).

A hundred and fifty thousand franes being about
its intrinsic and venal value, let there be added its
artistic value, that derived from its history, its rarity,
and above all the passion for collecting in our own
days the rich spoils of that time, and we leave the
reader to determine for himself what would now be
the enormous price of such an object.

After such an artistic article of luxury, perhaps
unique in Europe, we must leave the palace of the
king to enter the country house of a rich burgess of
the sixteenth century.

This word burgess, dear readers, need not alarm
you even when we are speaking of art; for we must
not forget that talent, at that time stamping indis-
criminately every object in use, from the greatest to



the smallest, whether it belonged to the suzerain lord
or to the burgess; each one of them, being a product
of the inspiration of the time, became by that fact
alone an original work, unique and almost always
remarkable. -

To be convinced of the truth of our words, and
to appreciate how much we, in the nineteenth cen-
tury, owe to the ancient burgesses, it is only neces-
sary to glanee at these innumerable objeets which,
although destitute of crowns and emblazonment, do
not the less form the glory and wealth of our mu-
seums.

Let us then leave, before the mirror of Marie de
Medieci, that group of spectators who, fascinated as
they appear to be, yet do not dare to say what they
most admire in it, whether the talent of the goldsmith
or the enormous sum it now represents (the mere
doubt says sufficiently clearly what any of them
would do with it if he became its proprietor), and let
us enter the burgess’s house.

Here we find no diamonds or precious stones, but
wood, ivory, iron, aund tin; so if any lovers of the
material have slipped in amongst us, let them lay
aside their scales. Those who are fervent disciples of
the balanee and touchstone, as nothing here has any
value but the ideal, solely due to the talent of the
artist, must now make way for true lovers of art, who
admire and esteem an object without troubling them-
selves whether it is of gold or copper. For those
who love art before everything else, the intrinsic



Fig. 15.—Italian Mirror, with a Frame of Carved Wood (Louvre)
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value of the material is and ever will be a secondary
question, to be treated as worth so much the carat.

Now that * the sellers are driven out of the tem-
ple,” let us gently take down this Italian mirror of
the sixteenth century. KEverything about it marks
its great age; not only does it still bear the solid
coarse iron ring by which it was fastened to the wall,
but it has also preserved its primitive metallic slab,
which confirms us in the opinion that, even posterior
to the invention of glass inirrors, those of metal, less
fragile and consequently easier of transportation, were
still in use.

We must now return to the burgess’s mirror, and
see of what it is composed. (Fig. 15.)

It is a sheet of polished metal in a frame of carved
wood.

Nothing could be more simple or primitive than
this, or more dissimilar from the sumptuous mirror
of Marie de Medici. And yet, notwithstanding its
poverty, we do not hesitate to place it, it not in com-
parison with, yet at all events beside the royal mir-
ror ; for if the one possesses greater riches of mate-
rial, the other possesses as indubitably all that the
genius of man can give to what he touches; and it is
because of this that we offer it to the reader as one
of the most precious specimens of the glorious period
of Italian Renaissance.

Although we are longing to come down to a more
recent time, we must, unless we would be accused of
making omissions, say one word about three other
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different kinds of mirrors, two of which especially
have played an important part both as objects of
fashion and of art. We mean:

Des conseillers muets dont se servent les dames,
Miroirs dans les logis, miroirs chez les marchands,
Miroirs aux poches des galants,
Miroirs aux ceintures des femmes,

which La Fontaine speaks of in his fable of * I’Homme
et son image.”

These portable mirrors were of two different
shapes: some with handles, others almost round and
of small dimensions.

We shall say little of the shape of those hand
mirrors which the women wore at their girdles, for it
would be to repeat almost word for word what we
have said on Egyptian mirrors (page 89), the former
being so to speak only a revival of the latter.

And indeed both of them, necarly always of metal
polished and engraved, only differed in the system of
ornamentation suitable to the different periods. In
Egypt the style was severe; in France it is inspired
by the Gallic spirit of the sixteenth century, not
merely in offering subjects often rather free, but still
more in the legends accompanying them. As there
are exceptions to everything, we shall mention one
which presents none of these inconveniences.

This Venetian mirror (sixteenth century), which
is only four inches high and two wide, of embossed
metal, gold and silver, iz in the form of an X. On
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one side there is a metal mirror, on the other, a Love
with bandaged eyes holding a bow.

The figure of the malicious god (old style) is sur-
rounded by a legend, not new indeed, but too often
true: AMOR DVCITVR EX OCVLI LVMINE
CECVS (Blind Love is led by the Light of the Eye).

Fig. 16.-—-Ivory Box containing a Mirror.—Interior.

Small round glasses, whether of metal or glass,
were enclosed in a round box, usually of ivory, open-
ing into two equal parts, and which we cannot com-
pare better than to the round tobacco boxes used by
our fathers (Fig. 16). The mirror inside being 0 no
interest to us, we will only oceupy ourselves with the
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box containing it, for it possesses all the artistic in-
terest.

Many collections possess separate parts, sometimes
an upper and sometimes a lower half; but a complete
whole mirror is so difficult to find, that during a thirty
years’ search, the indefatigable Sauvageot, a man who
sacrificed everything to complete his collection, could
find but one, which we place before the reader.

If the costumes of the figures were not sufficient
to fix the date of this mirror in the middle of the
fifteenth century, the subjects represented on the two
valves would do so. One of them represents the
attack on the Castle of Love, and the other a lance
combat of two knights at the foot of a tower (Fig.
17).

Both subjects are doubtless taken from some ro-
mance of chivalry then fashionable.

SILVERED LOOKING-GLASSES, WITH A FRAME OF EITHER
SILVERED OR COLORED GLASS.

We must now say a few words about those Vene-
tian glasses which, after having been so long laid by
in lumber-rooms, seem to be once more coming into
fashion, thanks to the revival of artistic taste, which
is leading the present generation to seek for and imi-
tate the works of that period. We mean those look-
ing-glasses, the frames of which are also composed of
glass, cither silvered like the mirror itself, or else col-
ored,
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Fig 17.—Ivory Box containing & Mirror.—Exterior.
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As, owing to the scarcity of original looking-glass-
es of the sixteenth century, it is very difficult to make
a comparison between them and those made in our
own days, we consider it necessary to show the reader
. a glass (Fig. 18) which certainly from its destination
must have been considered perfect: it is that in the
Cluny Museun, which, it is said, was offered by the
Republic of Venice to Henry III., on his return from
Poland.

It is only after having compared it with those of
the present day that we can form a just idea of the
numerous improvements successively introduced into
the manufacture of looking-glasses ; for if it possesses
the merit of being perhaps the largest that could have
been obtained by blowing, it must be acknowledged
that it lcaves much to be desired in respect of purity,
covered as it is with air-bubbles and striee. For the
honor of the Venetian glass-makers, we mmnst add
that these defects, almost unknown at the present
tirne, were inevitable in the method of blowing then
in use.

The frame of colered and white glass bevelled, is
decorated with fleurs-de-lis and palm leaves alternate-
ly. Each of them is fixed on the frame by a screw
with a head.

Now that we have mentioned the principal forms
of mirrors, and have given the reason for their small
size, let us pass to Paris, and see by what means
France succeeded, after many fruitless efforts, in free
ing herself from the tribute rendered to Venice,
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which town, supported by fashion, had cnjoyed the
monopoly in mirrors.

The fashion for looking-glasses was so great, that
in his virelay on Pexcés ou Pon porte toute chose (the
excess to which everything is carried), Regnier Des
marets tells us:

“ Dans leurs cabinets enchantés
L’étoffe ne trouve plus place;
Tous les murs des quatre cotés
En sont de glaces incrustés.
Chaque coté n’est qu'une glace.
Pour voir partout leur bonne grice,
Partout elles (les femmes) veulent avoir
La perspective d’un miroir.”

This luxury, however, was only a fashion renewed
from the Romans. Seneca (Epis. 86) informs us that,
in his time, “the man esteemed himself very poor
who had not his room surrounded with sheets of
glass.”

Being no longer able to tolerate a tribute, as Iu-
miliating for the mirror-makers as rninous for the
country (the importation was estimated at more than
a hundred thousand erowns a-year, an enormous sum
for that time), Lounis XIV., or rather Colbert, re-
curred to the ideas of Henry II. (1551), of Henry
1V,, and of Louis XIII. (1634), and resolved to give
a mortal blow to the importation, by founding at
Paris a large manufactory of looking-glasses in the
Venetian style.

To attain this result, they had to obtain from the
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Fig. 18.—Mirror of Henri III. (Cluny Museum.)
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very prudent and very suspicious Republic the sceret
which she preserved with so much care relative to all
the operations of glass-making.

Two means only could succced—force and cun-
ning.

Colbert, preferring the second means, wrote (1664)
to Francois de Bonzi, bishup of Béziers, at that time
French ambassador to the Republic of Venice, not
only to obtain the sceret of the manufacture, but also
sceretly to hire Venctian workmen for France.

This order, which was very easy to give from
Versailles, was, as we shall see, much more difficult
to execute at Venice. The ambassador, after having
doubtless sounded his way, replied, a short time after,
that to send workmen to France, he ran the risk of
being thrown into the sea.

Such a danger threatening an ambassador of the
court of France, would perhaps have dissuaded any
other minister; but either considering the fears of
the bishop chimerical, or else recognizing them as
real, but without danger to himself, Colbert, who cer-
tainly thought more of his own idea than of the life
of Bonzi, again ordered him not to lose sight of the
instructions he had previously given him.

As Colbert had no doubt thought, the fear of dis-
pleasing him was more powerful than that of being
thrown into the sea, and a short time after (1665) by
force of address, money, and promises, eighteen Ve-
netian workmen, flying from their country, arrived
at Paris.
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These eighteen Venetian glass-makers were suffi
cient to found a glass factory. Colbert at once organ
ized a company which, placed under the orders of
Nicolas du Noyer, receiver-general at Orleans, opened
an establishment (1665) in the Faubourg St. Antoine,
on the site now occupied by the barracks of Reuilly,
under the title of Manufactory of Glass Mirrors by
Venetian Workmen.

Like the commencement of every great industry,
that which we speak of, although patronized by an
all-powerful minister, had to undergo rude shocks
from the discontent of the Venetian workmen, who
accused the court of France of not keeping the prom
ises that had been made to them.

Whether or no this reproach was well founded, it
is none the less true that disorder soon crept into the
establishment, less perhaps through the furtive de-
parture of several of the Venetians, than by the ill-
feeling of those who, engaged to teach pupils, only
appeared to remain in order to hinder the works in-
trusted to them.

Colbert’s great idea was then in peril, when a
chance, as fortunate as it was unexpected, came to his
assistance. In the year 1673 the minister found him-
self in a position to reply to M. de Saint-André, am-
bassador at Venice, who offered him mirror-makers
from Murano: ¢ The manufacture is sufficiently well
established in the kingdon to have no need of them.”
Angd, indeed, ¥rance now sufficed for herself; the
importation of Venetian mirrors had been prohibited
since 1669.
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These are the means by which the French suc
ceeded in making looking-glasses notwithstanding the
ill-will of the Venetians.

The manufacture in the Faubourg St. Antoine
was about to extinguish its furnaces, when M. de
Chamillart informed Colbert that there existed at
Tourlaville, near Cherbourg, a manufactory of white
glass and looking-glass in the Venetian fashion, which,
directed by Richard Lucas, Sieur de Nehoun, enjoyed
a certain reputation.

How conld a simple individnal become master of
a secret refused to the power of Colbert, and how
was it that Colbert did not know of the existence of
this manufactory ¢

Without undertaking to reply here to the second
question, we come at once to the first.

According to the chronicle, several young men of
Strasbourg, having left. their native town in order to
learn the art of glass-making, agreed to take a jour-
ney to Venice, hoping that after having served an
apprenticeship in a mirror manufactory, they might
bring back to France the knowledge and the practice
they would have acquired in a forcign land. Their
hopes -were not however of long duration ; few days
had elapsed since their arrival at Murano, when each
of them had been pitilessly refused by the glass-
makers, for whom every foreigner was an enemy.
Being then unable to learn openly, they had recourse
to ruse; and this, according to the tradition, is the
means they employed. Profiting by the moment
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when the Venetians, jealous even of each other, were
working in all seenrity at their looking-glasses, doors
and windows closed, our young Strasbourgeois,
perched on the roof, and watehing their movements
through skilfully-managed holes, succeeded after
many dangers in learning the secrets, or rather the
tour de main which alone constituted the supremacy
of the glass-makers of Murano.

As skilful now as their masters, the young men
returned to Franece and offered their services to Lucas
de Nehou, who, as may be imagined, eagerly availed
himself of them. It was thus that mirrors in imi-
tation of the Venetian ones were introduced into
France.

To turn the new importation to profit, Colbert
annexed the glass-works of Tourlaville to the royal
manufactory at Paris. Very soon, assisted by this
intellicent minister, Lucas de Nehou freed, thanks to
the title of royal manufactory, from many embarrass-
ments which had paralysed his labors, and provided
with greater privileges, advanced so steadily in his
improvements, that it was from the glass-works of
Tourlaville, dirceted by him, that the ﬁ1 st fine French
looking glasses came.

For a growing industry there are two kinds of
protectors—one of them common enough, who says
to you: You have obtained what you demanded, now
the rest is your own business ; the other much rarer,
who not only enables you to produce, but who, by
Lis social influence, attracts the public towards you.
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Neither of these benefactors was wanting to Richard
de Nehou ; after having met with a Colbert he was
fortunate enough to find a Lonis XIV.

At this period, to have the sovereign in one’s
favor was to attract the court and the town ; and this
was what happened, for as soon as courtiers, rich con-
tractors, and even burgesses learned that their king
had not only had French looking-glasses put in his
carriages (1672), but had even given the order at the
royal manufactory for all those required to decorate
the great gallery at Versailles (from which arose its
name of the gallerie des glaces, which it still bears);
each of them, eager to pay his court to the king and
the minister, hastened, notwithstanding the high price
at which looking-glasses then were, to flock to the
royal manufactory.

An anecdote related by Saint Simon proves that
flattery was not cheap.

“TIn 1699 the countess of Fiesque, who had been
one of the marshals of the camp of Mademoiselle de
Montpensier at the attack on Orleans, and who had
gearcely anything left, because she had allowed every-
thing to be wasted or stolen by her attendants, bought
an extremely fine mirror, at a time when these mag-
nificent glasses were still very rare and very costly.
¢ Well, countess,’ said one of her friends, ¢ where did
you get that 2’ ¢TI had,’ replied she, ¢a troublesome
estate (une méchante terre), which only brought in
corn. I have sold it, and bought this mirror with it.
[Tave T not done wonders?’”
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Thus encouraged by the court and the nobility
the royal manufactory of looking-glasses doubtless
conceived great hopes for the present. But was there
nothing to be feared for the future? Venice still ex-
isted, and braving the severe penalties pronounced
against all introduetion of foreign glass into France,
smuggling, certain of a sale, were it only from the
crities at the court, went on aetively, and did much
harm to French industry.

In order to destroy this disastrous competition,
two things were required : a lower price in the manu-
facture, which might enable them to sell cheaper than
the Venetians, and more perfect work.

It may be remembered that it was Richard Lucas
de Nehou, who died in 1675, that had first dared to
raise the standard of independence against the Vene-
tian monopoly. It was his son, Louis Lucaz de Ne-
hou, who gave it the last blow, first by inventing, in
1688, the method of founding glass, which, as we
shall see, allows the manufacture of glasses of an
almost unlimited size, and afterwards by removing
the establishment from Paris to St. Gobain.

All that we kave said on the manufactory of St.
Gobain, which is certainly the most perfeet example
that we could give of everything that concerns the
making of looking-glasses, having been in great part
extracted from the excellent work of M. Auguste
Cocliin,* a member of the Institute, we ask the au-

* ¢La Manuficture des Glaces de St. Gobain, de 1665 A 1865.
Paris, Douniol, 1866, page 72.
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thor’s permission, in behalf of our readers, to com-
plete this article by quoting his own words.

“The first improvement was the invention of
founding. I believe that there does not exist in all
the wo derful processes employed in manufacture, a
more marvellous operation, or one that requires a
greater mixture of strength, skill, courage, and rapid-
ity.* _

“ When one enters for the first time into one of
the vast glass-honses of St. Gobain at night, the fur-
naces are closed, and the dull sound of a violent
though captive fire alone interrupts the silence.
From time to time a workman opens the working-
hole to look into the furnace at the state of the glass;
long blueish flames then light up the sides of the
annealing ovens, the blackened beams, the heavy
flattening tables, and the mattresses in which half-
naked workmen sleep quietly.

“ Suddenly the hour strikes, the call is beaten on
the iron slabs which surround the furnace, the whistle
of the foreman is heard, and thirty strong men stand
up. The manceuvres begin with the activity and
precision of an artillery movement. The furnaces
are opened, the glowing pots are seized and raised
into the air by mechanical means; they pass like

* According to M. Péligot the St. Gobain glass is composed of,

L O S B 5 O B D o LT O a0 130
) G5 B0 B0R SOBABEE 8% 1 010l o 656 Ao ot 156
B R AB OB o BTt B B0 Soaat as 115



122 WONDERS OF GILASS-MAKING.

hanging globes of fire along the beam, then stop, and
are lowered over the immense cast-iron table, placed
with its roller before the open mouth of the annealing
oven. The signal given, the pot leaus over, and the
beautiful opal liquid, brilliant, transparent, and unc-
tuous, falls and spreads over the table. At a second
signal the roller passes over the red-hot glass ; a work-
man, with his eyes fixed on the fiery substance, skims
off the apparent defects with bold and skiltul hand;
then the roller falls or passes off, and twenty work-
men provided with long shovels quickly push the
glass into the oven, where it is annealed and cools
slowly. The workmen then turn round and begin
again, without disorder, without noise, without rest.
The founding goes on for an hour, the pots are imme-
diately refilled, the furnaces reclosed, darkness again
falls, and the continuous noise of the fire preparing
fresh work is again the only sound heard.

“ When the glass has been placed in the anneal-
ing oven it remains there about three days.

“The process of taking it out is less dramatic
than the casting. And yet it is striking to see twelve
workmen, with no other help than leather bands,
draw out, raise, and carry this large, thin, and fragile
glass, walking in step like soldiers, from the anneal-
.ng oven to the desk (pupitre), placed on wheels and
rails, which will cenvey it still unpolished to the
squaring room, where it will be examined, classified,
cut, and sent to other workrooms to be finished.

“The glass is already beautiful, but opaque; it
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has to become transparent, polished, and perfectly
even. As it has to transmit or refleet light, no defect
in it must disperse or obscure the rays. This fragile
giass has then to be abraded with sand, imbedded in
plaster of Paris, and smoothed with emery against
another glass which is fixed ; it has to be turned, to
smooth the other side, and soaped with the hand, thien
polished by rubbing it with woollen eloth covered
with red oxide of iron, all of which is done by means
of complicated instruments set in movement by steam
or water. Afterwards it has to be raised and exam-
ined a second time, and when it is perfect, sent to the
room where it will be classed, silvered, or cut, and
then sold.”

According to the same author, the plating is done
at St. Gobain in the following manner :—* On an
inclined table smrrounded by gutters, a carefully
cleaned sheet of tin is spread, on which the mercury
is poured. Under a light and rapid hand, the glass,
pushed straight forward, drives before it the surplus
of the metal, and the mercury, shut in between the
tin and the glass, spreads out, adhercs and amalgam-
ates in a few minutes. DBut the glass has to dry for
nearly eight days, nunder heavy weights, which com-
pletes the fixing of the tinfoil.”

Besides the difficulty of beating and flattening the
tin without tearing it, and the excessively high price
of mercury, the method of plating we have just de-
scribed, which is still generally followed, presents a
far more serious inconvenience, for notwithstanding
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all iiaginable precautions, it affects the health of the
workmen in the greatest degree.

Wishing to remedy this danger, M. Petitjean in-
vented, in 1855, a new process of plating, by means
of tartaric acid, nitrate of silver, and ammonia. This
process is beautiful to watch ; two liquids as colorless
as water are poured on the glass, and after a few mo-
ments the silver appears and spreads uniformly over
the glass. Until now glasses silvered in this manner
have presented the inconvenience of becoming cov-
ered with spots, but fresh attempts allow us to hope
that they will be as fine as the quicksilvered glasses,
and will be more largely used. It is said that a mir-
ror is dangerous for any one who looks much in it;
this is unhappily still more true for the workman who
plates it; the new process will deserve at once the
praises of manufacturers and of humanity in gen-
eral.

We cannot better finish this chapter than by giv-
ing a list of the changes of price in looking-glasses,
from 1699 to 1862.

In 1699 the countess of I'iesque gave a mawvaise
terre, which brought in corn, for one mirror.

£ s d 8 cts., in Gold.
In 1702 a yard of glass cost 6 12 0 32 11
In 1802 “ ¢ 8 4 0 39 90
In 1882 o «“ 116 0 8 176

This decrease in price is still more considerable,






CHAPTER V.

BOTTLLES.

HISTORICAL.

Many persons still believe that the ancients, who
rejoiced in so many kinds of luxuiy, were much less
advanced in the ordinary objects of life. To believe
them, we might almost suppose that the earthen or
wooden bowl that Diogenes threw from him as too
luxurious (or at all events as useless, since he could
drink out of the hollow of his hand), was the goblet
generally in use; and that, ignorant of the art of
preserving wines, every guest at the table pressed the
grapes into the cup with his own hands.

By a few quotations from their own writings, we
will endeavor to show that the ancients, who gave a
god to the vine, were too good pagans to preserve
and drink the gifts of Bacchus in vases unworthy the
majesty of the god.

Did the ancients employ bottles and drinking
glasses ?

To these two questions, which have been some-
times answered in the negative, we would unhesitat-
ingly reply: Yes, the ancients did use them; for
Egypt, that glorious old Egypt, has left us bottles
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made of simple glass, and others covered with wicker-
work or papyrus stalks. The latter, which offer the
greatest resemblance to those used for Florence oil,
are still nsed by the Egyptians under the name of
damadjan.

If we pass over many centuries, during which
there is nothing to prove that the manufacture of
bottles had ceased, and come down to the Romans,
we shall there find the similarity still more striking ;
for, as we shall see, there are no longer merely glass
vessels something like our own, but bottles identical
with those we now employ.

Four lines fromm Horace and a few words of Pe-
tronius will prove this :—

“I wish to celebrate the anniversary, and this
happy day will make the cork and the seal of an
amphora fly that was put in the smoke under the
consulate of Tullus.” %

“They immediately bring glass bottles care-
fully sealed; on the neck of each is a label, marked
thus: ¢Opinian Falernian,+ one hundred years
old.” t A

In these quotations, the number of which we

# ¢ orace to Mwcenas,” ode vu., book iii., line 9.

+ The name of Opinian Falernian was given to the Falernian wine
made under the consulate of Opinius (year of Rome, 634). Pliny
(book 1v, chap. iii.) says that in his time some of this Falerniun still
sxisted, At that time it must have been about two hundred years in
ihe bottle.

t Petronius, ¢ Satyricon,” book xxx1V,
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could easily have increased,* do we not find the bot-
tle, the cork, the wax that covers it, and even the
label, to indicate the nature of the wine? In shorrt,
we find the bottle as it is now used.

From the antiquity of bottles must we conclude
that they have been uninterruptedly in general usc
t5 the present day ? If their utility might lead us to
think so, the absence of any object of the kind, and
the silence of authors on the subject, refute that opin-
ion; for the two most ancient documents that we can
quote are, first, one which mentions as the earliest
glass bottle factory in France, that which existed at
Quicangrogne (Aisne), in 1200; and another (the
Rolls of the city of Paris) which (1292) speaks of
some one named ¢ Magy, qui fet des bouteilles” (who
malkes bottles).

If the former document leaves no doubt as to the
sort of Dottles, it is not the same with the latter.
This Macy may have made bottles of other materials
than glass, for we must not forget that in the thir-
teenth and fourtcenth centuries the kings of France
used indiscriminately, either bottles of enamelled sil-
ver or simple leathern bottles, which, imported from
England, were afterwards imitated at Paris. It even
appears that a certain Jehan Petit Fay, a ¢ merchant
following the court” (1469), was commissioned to
supply the court of Louis XI. with them.

* Martial, ¢ Epigrams,” books xmr. cxx. ‘“If the wine of Spolete
had been kept some years in the bottle, you would prefer it to ncw
¥alernian.”
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It was, then, only about the end of the fifteenth
century, or even at the beginning of the sixteenth,
that glass-works becanie so numerous in France as to
replace leathern bottles by glass ones.

MANUFACTURE OF ORDINARY BOTTLES.

Silica, soda or potash, lime, alumina, and oxide
of iron, are the constituent parts of glass bottles.

Although the blower and boy are sufficient for the
manufacture of sheet glass, two more workmen are
required for bottles.

The functions of the several workmen are as fol-
lows. ,

The gatherer takes some glass from the pot and
passes the blowing iron thus laden to an assistant,

—— — -
Tig. 19.—Manufacture of Bottles.—Preparation of the Glass,

who, after having added a fresh quantity of glass,
gives it a rotatory movement, by which means the
9
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glass ball becomes lengthened. The blower then
takes the pipe, places the glass ball in an earthen
mould surrounded with iron bands, blows, and this
mass, just now so shapeless, becomes a bottle.

The bottle is not yet finished however, for the
bottom has to be completed, the neck to be decorated
with the usual small glass band, and the bottle to be
marked with the stamp indicating either the glass
manufactory or the nature of the wine.

The first of these operations is performed by press-
ing the lower part of the bottle with a conical instru-
ment as soon as it comes out of the mould ; the sec-
ond by winding a thick glass thread round the ex-
tremity of the neck ; and the third by adding some
fresh glass at the side of the bottle and stamping it
with a seal.

The claret bottles having flat bottoms are blown
by the Robinet pump, of which we have already spo-
ken, in an iron mould with hinges, invented by M.
Carillon. They are lighter than the usnal bottles,
and although they only weigh about one pound ten
ounces, yet they contain nearly one pint and a gquar-
ter.

France manufactures annually from abont 60,000
tons of bottles (each bottle weighing about two
pounds three ounces), nearly 23,000 tons of which
are for exportation. More than 10,000 tons are re-
quired for champagne alone.

- Whilst fully admitting the great improvements
made in the manufacture of bottles by the skill of
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modern workmen, we must mention three great de-
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Fig. 20.—Mould for Claret Bottles.

fects, their opacity, their want of elegance, and inva-
riable uniformity in shape. These defects, which
doubtless were greater formerly than at the present
time, induced the Italians of the sixteenth century,
who sought elegance, color, form, and artistic work,
to banish these sad-looking bottles from their gay
feasts, and to replace them with splendid bottles of
thin colorless glass, decorated, sometimes with a light
gold lacing, sometimes with fine arabesques in col-
ored enamel, through which the rich colors of their
generous wines might be seen.

From our love, or rather our grateful veneration
for the artists of past times, who, as true and intelli-
gent pioneers, have prepared the way in all the arts
and in every trade, it must not be thought that we
are indifferent to the present state of manufacture or
doubtful of its progress. We would only declare
war against bad taste, against certain manufacturers
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who encourage it, and also against those lovers ot
antiquity who deny the progress.

We declare war then to the bad taste which se
often prevails in all classes of society, which calls
grace what is only affectation, richness of coloring
what is only a monstrous assemblage of colors, and
originality what is only singularity !

War also to the manufacturers who, shamelessly
deserting the standard of art, debase themselves so
far as to truckle to the bad taste of the public!

As for the exclusive admirers of antiquity, al-
though the wrong done by them is of a totally differ-
ent nature, for it is derived from whatever is most
noble in our sentiments, the worship of memories,
must they not be accused of conspiring against mod-
ern industrial®art, not only by denying its progress,
but also by constantly affirming its inferiority to past
ages ? .

And this, too, at the present time, when artistic
instruction is more widely spread than ever, when
manual dexterity has attained an extraordinary de-
gree of excellence, and when chemistry supplies
materials far superior to those which were formerly
nsed! No, we may honor the efforts of the ancients,
and admire their works ; we may recognize them as
our masters ; but let us not forget that notwithstand-
ing the progress we owe to them, and the improve-
ments made by the laborers who have succeeded each
other for ages, we shall always have to work in the
field of intelligence, for in the sciences, the arts and
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manufactures, the only goal that can be assigned is
what man will never reach—perfection.

To prove that industrial art has not degenerated,
we shall offer the reader a specimen of a glass jug
which, certainly from its lightness, the elegance of its
shape and its extreme limpidity, will, we hope, be a
convincing proof that there still exists in France some
manufacturers who make noble efforts to lead the
public taste towards the beautiful.

This glass jug (Fig. 23) which certainly may bear
comparison with any Italian production, was made at

Fig. 22.—Construction of the Jug; Fig. 23.

the crystal works of Clichy-la-Garenne, in 1867, and
it is not by any means a solitary example, as there
are many others as remarkable, which we shall hope
at a proper time to place before the reader.
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As we have already described the method of mak-
ing ordinary bottles, we shall now occupy ourselves
with that used for vases, or bottles having a handle
and foot, for we wish to confute an error generally
received, that these vases are obtained at once by
means of a mould; while, on the contrary, they re-
quire three manual operations, one corresponding to
each of the distinct and very different parts forming
the vase, the body, the foot, and the handle. It is by
taking the vase to pieces that we shall prove it.

The design of the vase being given, the glass-
maker takes from the pot with his pipe the amount
of glass he considers necessary, and then marvers and
blows it. As soon as the form (generally ovoid) is
obtained, a second workman fastens to the lower part
of the vase a piece of crystal which has been shaped
by him to form the foot. The vase, which is still
incomplete, having been again heated, repaired, and
the neck widened and cut with the shears,* a third
workman, who has prepared a tube of the shape de-
sired, fastens it to the body and thus forins the han-
dle, which completes the vase.

This is the method of making them, very differ-
ent, as may be seen, from the generally reccived
opinion.

* Glass in & malleable state may be cut very easily with ordinary
shears.



Fig. 28.—Jug (Glass Works of Clichy.)






CHAPTER VL
GOBLETS AND DRINKING-GLASSES.

ArTER bottles we come to goblets and drinking
glasses, which, although they differ in form, name,
and sometimes in material, especially those of olden
time, are nevertheless all employed for the same pur-
pose.

As, since the beginning of the world men must
always have drunk, and as there have always been
some who loved the luxzuries of the table, it must be
admitted, not only that the more refined did not drink
out of the bottle, but also that Diogenes,* who threw
away his bowl (thinking it more convenient to drink
out of the hollow of his hand), did not found a
school.

The probable usc of goblets and glasses being ad-
mitted, let us endeavor to confirm it from history.
Solomon (Proverbs xxiii. 29, 80, 31) is the first writer
whose authority we shall quote. “ Who hath redness
of eyes? They that tarry long at the wine; they
that go to seek mixed wine. Look not thou upon the
wine when it is red, when it giveth his color in the
cup.”

* Diogenes, born at Sinope (Asia), 418 ».c.
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Since the time of the wise man who lived a thou.
sand years before Christ, glass cups have been in use,
for we find them used in marriage ceremonies amongst
the ancient Hebrews. The high priest presented to
the husband and wife a cup filled with wine, which,
after they had both sipped from it, was broken to
atoms.*

Having only to occupy ourselves with glass, we
must, for fear of going beyond the limits marked out
for us, leave on one side the gold and crystal goblets
—which from the Homeric ages had been used either
in sacrifices or in feasts—in order to mention as briefly
as possible the struggle which glass had to sustain
against these two rivals—rivals the more dangerous
as the richness of the material at that time, as well
as in our own, was, and always will be of great im-
portance in the estimation of mankind. Consequent-
ly the struggle was long and stubborn, for if the
cause of the gold and crystal goblets was energetic-
ally sustained by the partisans of ancient customs,
other enthusiasts, less conservative, sang the praises
of the more recent invention.

The triumph of glass appeared certain, when sud-
denly confusion entered the camp of the progression-
ists, Some wished that the purple glass cups, which
were made at Diospolis and Alexandria, should be

o * This ceremony, which is still practised, is a symbol of the fragil-

ity of human nature, which Isaiah describes as follows: “ The grass
withereth, the flower fadeth, but the word of our God shall stand for
ever.”
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exclusively adopted, whilst others voted for those of
which Vopiscus speaks in the Life of Saturninus, and
which were made in Egypt in various colors.

Neither party being willing to make the least con-
cession, the cause of the glass cups would have been
perhaps lost for ever, or at least for an indefinite pe-
riod, when a third party, profiting by the confusion,
proclaimed the introduction of transparent glass.
Such are in fact the words of Pliny when he says,
speaking of glass (Book xxxvii. Chap. 67), ¢ No ma-
terial is more easily handled, or takes colors better;
but the most esteemed is colorless and transparent
glass, because it more resembles crystal. It has even
superseued metal drinking cups.”

Transparent glass having thus gained the day, let
us remain at Rome, whither we have been brought
by Pliny, for we shall find there one of the most
ancient specimens, not of cups but ot drinking glass-
es. Let the reader refer back to Fig. 6, on page 29,
and he will sec that the auncient Romans, whilst per-
haps using only cups, had however also some kinds
of glasses very similar to ours. If this specimen be
not sufficient, we can quote three lines of Horace
(Satire IV. Book ii.), which will not leave any doubt;
for he says,

“ Magna movet stomacho fastidia, seu puer unctis
Tractavit calicen manibus, dum furta ligurrit,
Sive gravis veteri craterss limus adhesit.”

The lines, moreover, with which Boileau is inspired
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when he says, in his description of a ridiculous repast,
* * * * * *

“On a porté partout des verres 3 la ronde
Od les doigts des laquais, dans la crasse tracés
Témoignoient par écrit qu'on les avoit rincés.”

The use of drinking glasses, which the Romans
doubtless received from a more ancient nation, soon
spread throughout Europe, and to such a degree that
glass-works became very numerous.

Not being able to follow here step by step the
successive periods of the establishment of even the
principal centres of glass manufacture, for this would
carry us much too far, we must content ourselver
with pointing out the principal difference which ex
ists among them in the quality of the glass, in the
shape, and the most usual style of ornament.

GERMAN GLASS.

German glasses, of a greenish or yellowish color,
are generally of a cylindrical shape. An enamelled
painting is nearly always to be found on the outside,
representing either portraits, or more often ‘German
coats-of-arms (Fig. 24).

Passing over the ordinary glasses, which, with the
exception of the style of ornament, are very similar
to those which we use (although always of an elon-
gated eylindrical shape), we will oceupy our attention
only with those enormous drinking glasses (wieder-
kommen) which, if they were mounted on carriages,
might be taken for cannons.
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Fig. 24.—German Wiederkommen.
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We have two such different explanations of the
use of the wiederkommen in Germany, that we think
it necessary to give them both. The following is
from Montaigne (Zssais, Liv. . Chap. 2, de U’Iv-
rognerie).

“ Anacharsis * was surprised that the Greeks at
the end of their repast drank ount of a larger glass
than at the beginning. It is, I imagine, for the same
reason that the Germans do it, who, after dinz:r,
commence their regular drinking bouts.” 2

According to these words, the wiederkommen
would mean nothing else than the cup containing the
coup de grdce, which each guest took at the end of
the repast.

Without pretending to doubt the capacity of the
German stomachs, we yet prefer the use dictated by
the meaning of the word. The literal translation of
the word wiederkommen is to come back, and we will
try to prove the real use by facts themselves.

A wiederkommen containing several pints was
presented, at the end of a feast, to the host, who after
having drunk out of it, passed it to his right-hand
neighbor, who in his turn, after having sipped from
it, presented it to the next person, and so on, until
all the guests, who were generally numerous, had
drunk out of the wiederkommen, which came back to
the host empty.

This not very alluring custom, which perhaps

* Diogenes Ladrtius, ¢ Life of Anacharsis)’ L. 1.
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would be very little appreciated by us,* is still in use
at Bruges, for we read in a newspaper of that town :
—In the Flemish taverns, the hostess and the bar-
maids never serve a full glass without taking a sip
from it, and wishing your good health before present-
ing it to youn.”

This custom dated back as far as the time of the
Spanish sway, and was continued during the civil
wars which for so long ravaged that unfortunate
country. At that time poison was often concealed at
the bottom of the glass. The passing round of the
Flemish glass and the wiederkommen, which might
have had the same origin as the former, was then
only, so to say, a momentary assurance of safety
given by the host to each of his guests.

Besides, the custom of drinking all round out of
the same glass at the beginning of the repast is not
modern, for Horace gives us to understand that it
was in use in his time, when he speaks of the coppa
magistra (very large glass).

BOHEMIAN GLASS.

The glass of Bohemia is certainly among the finest
that is made at the present day. Although, in order

* We have just been told by a German that this custom has been
abolished in good society. Only students, at the end of their meals,
pass round a large horn filled with wine, from which each one drinks
in his turn.

[At some of the dinners of the city companies in London, the cus
tom of passing round a loving-cup still prevails, but this cup is gen.
erally of silver, and is always accompanied by a napkin.—TRANSLATOR.]
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to display its quality and clearness, it seldom has any
external color, it has a style of ornament which is
peculiar to itself; we refer to the engraved objects
which are observable on a majority of specimens
(Fig. 32, p. 167).

In order to avoid useless repetitions we refer our
readers to the article on ¢ Cutting and Engraving,”
&c., where the various processes of engraving on
glass will be found fully explained.

VENETIAN AND FRENCH GLASS.

Althongh the drinking-glasses of Germany appear
to have all been formed in the same mould, and in
Bohemia the ornamentation is uniformly produced by
engraving, this is far from being the case in Italy.
For there, thousands of varied shapes show that each
artist, imbued entirely with his own individual idea,
far from imitating his neighbor’s works, endeavors to
produce a fantastical, sometimes even an absurd sin-
gularity, bordering on the impossible, but nearly
always carrying with it that elegance, that stamp of
originality, which pleases and fascinates so much.

We will give a few examples of these shapes.

The first (Fig. 25) represents a glass of which the
bowl, composed of five bosses, one above another, of
gradually increasing dimensions, rests on a stem deco-
rated on each side with a dragon with a crested head
of white glass, whose enfolded body is formed of a
twisted cane in lafticinio (eleven inches in height).

Although the middle part of the second specimen
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(Fig. 26) is somewhat similar to the former, this re-
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Fig. 25.—Venetian Glass,

serablance entirely disappears in the shape, and more
especially in the color of the bodies of the dragons.
In the former they were milk white, here they are
formed by three threads of enamelled yellow, white
and red ; and the crests of the dragons in the former
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Fig. 26.—Venetian Glass,
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are white, while in the latter they are of blue
glass.

The third glass (Fig. 27) has no resemblance to
the preceding ones ; the form is entirely different, the
bowl consists of a white glass cup waved by gentle
flames of light blue set off by streaks of white; and
instead of the dragons, which are almost traditional
in Venetian glass, the red and white spiral stem is
decorated with a large flower with six projecting
petals of a pale blue color, similar to that of the cup,
and supported on either side by five large leaves of
an opaque yellow glass, separated in the middle by
another leaf of a very deep blue color.

In spite of these unquestionable merits, Venetian
glass has had and still has calumniators, who reproach’
it as being not only of little practical utility, but even
impossible to use.

If among these objects of art and of curiosity we
wished only to find common drinking glasses, such as
we ordinarily use, if, in a word, practical use is the
gole thing which ought to be valued in this world,
then certainly the objections would gain the day; but
before entirely condemning such a style of manufac-
ture as this, it is indispensable to know for what use
the object has been made. We will endeavor to point
out the error on which the reproach against Italian
glass rests. :

From the distorted shapes, from the excrescence
of flower ornaments, from the projecting appendages
of animals bearing on their heads large crests made
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with the pucellas; * in short, from the absolute im-

Fig. 27—Venetian Glass.
possibility of making ordinary use of these glasses,

* The pucellas is a pair of tongs used while the glass is still in a
soft state,
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must we not conclude that the Venetians not only
had others of a more common description, but also
that those elaborate works of which we have been
speaking were at that time what they are now, simply

e

Fig. 28.—Glasses (Crystal Works of Clichy).

ornaments to be placed in cabinets with other curiosi-
ties? But between these glasses of very marked
originality, and those low and heavy glasses of cylin-
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drical form which we so commonly use, it was very
desirable to find an intermediate kind, and this was
the more difficult as the problem was to unite two
very distinct qualities of Venetian glass, namely,
ornament and use.

In spite of unheard-of difliculties which will
always be found when we endeavor to unite these
two diametrically opposite aims, it i3 however impos-
sible to deny that the problem has been solved in
modern times ; for not satisfied with having sunbsti-
tuted clear and light crystal glass for the yellowish
glass, filled with streaks and bubbles, of the ancients,
the moderns have also learnt how to give to their pro-
ductions those forms at once pure, slender, and prac-
tical, which are the realization of that great van-
quished diffieulty—useful ornanent.

In order to allow the reader to judge for himself
whether there is any exaggeration in what we have
said, we give an illustration of three glasses as types
of this beantiful modern glass, of which however we
have already seen one example, in the glass jug on
page 137.

Leaving the question of artistic utility to the dis-
cernment of the reader, and putting on one side all
national strife, we must now combat an oft-repeated
assertion—an assertion which goes so far as to deny
the origin of the two Venetian glasses represented in
Fig. 29, under the very specious pretext that cham-
pagne glasses could not have existed in the sixteenth
century, for the simple reason that champagne itself
did not exist at that period.
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One of the glasses is entirely in latticinio filigree,
cut in diamond pattern ; the other, which is colorless,
is decorated towards the foot with the body of a fan-

[tastle animal,

. Towe
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X
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CLAPLANTE

BONNAF QUK

Fig. 29.—Venetian Glass.

The depth of the first is eleven inches, and that

of the latter ten inches.
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To be able to deny that these high glasses were
used in the sixteenth century, it would bLe necessary
to prove that the art of fermenting wine was then
unknown, and also that of making effervescing drinks,
which it would have been customary, considering
their resemblance to our champagne, to drink out of
tall glasses. But in order to verify the date of the
manufacture of these glasses, which we have styled
champagne glasses, it would be sufticient to find even
the smallest growth of champagne at that period:
this would be enough to bafile our adversaries. We
have therefore consulted various writers, and have
found the following passage in the work of Coutant
d’Ovville (Precis d’une histoire générale de la vie des
Francois, page 66). “In the sixteenth century the
wine of Ay was so renowned, that the Emperor
Charles V., Pope Leo X., Franeis I., and Henry
VIIL, king of England, sought after this wine as a
real nectar ; and there is a tradition in the province
that each of these great sovereigns bought a picce of
ground, with a small house, at Ay, whence a wine-
dresser in their employ sent them every year a sup-
ply of this rich wine.”

There being therefore no longer any doubt either
as to the age or the probable or possible use of these
two glasses, there only remains to give the reader a
specimen of the French art during the sixteenth cen-
tury. This glass (Fig. 80), which is to be found in
the collection bequeathed by the late Mr. Felix Slade
to the British Museum, is certainly one of the most
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| remarkable which we know, both as regards its shape
| and the enamelled painting with which it is decorated.

Fig. 30.—French Glass of the Sixteenth Century.

On the cup is the portrait of a nobleman in the
costume of the period of Henry II. of France, who
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is presenting a bouquet to a lady, and in order that
there may be no doubt as to his meaning, we have
IE SVIS A VOVS written on a scroll. Not wish-
ing, as it appears, to be behind-hand in courtesy, the
lady holds a padlocked heart bearing the following
words, MO CEEVR AVES. In a third compart-
ment is a goat (bowc), forming an allusive coat of
arms, explained over again by the legend round the
top part of the glass: IE SVIS A VOVS-JEHAN
BOVCAYV ET ANTOINETTE BOVC.

The rarity of these glasses, especially those with
figures, is explained by two reasons, first, the high
price .of the painting, secondly, the dissimilarity
among them ; for these glasses, bearing the portrait
and often the arms of the owner, and being only used
by him, have very rarely a fellow.

A French proverb, found in Rabelais, ¢ Zoujours
souvient @ IRobin de ses jflutes,” * is held to afford
presumptive proof that a kind of drinking-glass of
large capacity was formerly known as a flite,”
“flites ” being still a familiar French expression for
toping or drinking hard. Robin appears to have
been a toper, who prevented by the gout from con-
tinuing his former excesses, is unable to forget his old
friends, the “ flites,” or capacious drinking vessels.

# ¢ Livre des proverbes Francais,’ by Leroux de Lincy, tome ii., p.
61, under RoBin,



CHAPTER VIIL

GILDING ON GLASS.

THE means of fixing gold to the outside of a glass
were perhaps known and even practised by the an-
cients, who understood a much more difficult process,
namely, how to mix gold with the glass; but in the
absence of actual examples of such work, we will
content ourselves with giving the method employed
at the present time, which, with very little difference,
must be the same as that which was formerly used.
In order to fix a gilt decoration on a glass, a certain
quantity of gold must be dissolved in aqua-regia.
When the gold is dissolved, the solution is treated
either with potash, or better still with sulphate of
protoxide of iron. The precipitate which is formed
is thrown on a filter, and when mixed with a very
small quantity of calcined borax it is reduced to a
paste by means of spirits of turpentine.

After this paste has been applied to the glass by
a brush, the glass is exposed to the fire of a mufile,
which volatilizes the spirits of turpentine and vitri-
fies the borax.

The gold thus firmly fixed on the glass is bur
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nished first by means of blood-stone, and afterwards
with agate.

This method of gilding is, moreover, precisely the
same as that used for gilding porcelain. Since we
are speaking of gilding as used for ornamenting

Fig. 31.—Venetian Glass sprinkled with Gold.

glass, it will not be out of the way to mention an-
other mode of working, which is very rare and much
more difficult to be explained; for although every
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one agrees as to the manner of the exterior applica-
tion of gilding, which we have just explained, it is
certainly not so with regard to the work of which we
are going to speak.

The article in question is a glass jug of Venetian
manufacture, which is decorated with particles of
gold in the glass (I'ig. 31).

The explanation of this kind of work, which, we
repeat, i8 very exceptional, has for a long time en-
gaged the attention of the most competent judges of
the matter, and up to the present time doubt still ex-
ists ; for, according to some, the gold was mixed with
the vitreous paste when it was still in the crucible,
whilst, according to others, the gold dust was not
sprinkled over the glass until it had been blown into
shape.

Since the subject is still open to discussion, we
may be allowed to give our opinion on one point,
which we think has not been sufficiently considered,
viz., the complete smoothness of the vase.

If we admit that the gold was simply applied to
the glass whilst it was still malleable, there must
necessarily have resulted a certain appreciable un-
evenness, if not to the sight at least to the tonch.

As the vase in question has not the slightest
roughness, we must endeavor to find out in what
manner this surface can have been made so smooth,
that no unevenness whateve: can be felt.

There are two ways of producing this result,
which, although they are different in execution, pro-

11






CHAPTER VIIL
GLASS OUTTING AND ENGRAVING.

We have previously seen that the art of mould:
g, cutting, and engraving crystal glass dates back
to a very remote period, for Pliny (Book xxxvi.,
Chap. 66) tells us that  sometimes glass was blown,
sometimes fashioned on a wheel, and sometimes
chased like silver.”

The antiquity of this art being thus ascertained,
let us pass over many centuries and come to the
present time, in order to see what means are em-
ployed in our days.

I.—GLASS CUTTING.

Glass eutting, which generally consists in the pro-
duction of ornaments in relief on the outside, is done
by means of four vertical wheels which are succes-
sively used, and are set in motion either by the work-
man’s foot or by steam power. The first of these
wheels is made of iron, the second of sandstone, the
third of wood, and the fourth of cork.

On the iron wheel when set in motion, the work-
man throws from time to time some sand, which is
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moistened by means of a little wooden trough placed
above the wheel, which lets water drop on to the
sand.

The first operation of rough cutting being finished,
the iron wheel is succeeded by the sandstone wheel,
which is more lightly applied, and adds another de-
gree to the process of cutting: This wheel is then
followed by the wooden one, on which the workmen
throw by turns, sand pulverised by the two preceding
operations, very fine emery,* and lastly putty pow-
der.t

The process of cutting is finished either by the
same wooden wheel sprinkled with dry tin putty
and covered with a piece of woollen stuff, or by
means of the last wheel of cork.

As we have seen then, the entting of glass is
done by grinding it either on the plane and lateral
sides, on the cylindrical part, or even on the cdges
of the wheels whilst in motion.

In consequence of the process of decoration cost-
ing, as is seen, a very great amount of labor, cut
glasses are always very dear, and for this reason a
cheaper method has been discovered by which they
can be roughly imitated. The following is the pro-
cess employed in order to obtain this economical
result. The glass is first blown in a mould, having

* This mineral, principally composed of alumina, takes its name
from the Cape Emery (Isle of Naxos), where it i3 extracted in consid.
erable quantities.

+ Putty powder is a mixture of oxide of lead and tin.
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inside the design which is required, and the cast thus
obtained is finished on the wheel.

It can be understood that by this process the
costly labor of cutting being very much advanced
by the moulding, the manufacturer obtains a very
great economy in time, labor, and even material,
which allows him to offer to the public objects at a
relatively moderate price.

II,—ENGRAVING ON GLASS.

Although engraving on glass produces a result
precisely opposite to cutting, since the work of the
former is cut in, whilst by that of the latter orna-
ments in relief are generally produced, the manner
of execution is very similar; for both are executed
by the aid of a wheel, with certain differences, which
we think it necessary to mention.

Instead of using the wheels which, in the cutting,
grind the glass, the engraver of glass employs a spin-
dle which, terminating in either a tempered steel or
flint point, is fixed to a small drum worked by a
crank. When set in motion the workman takes the
object which he wishes to engrave, and following the
outlines of the design lightly traced out, he presses
the glass more or less against the point of the spin-
dle, according to the depth of the engraving re-
quired.

The difficulties of this work, which, as may be
imagined, requires great sleight of hand added to
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long practice, can only be appreciated when those
works are closely examined on which the artist has
engraved the most complicated scenes on a very
emall space.

It will be well to mention here what M. Labarte
says on this art :—

“From the commencement of the seventeenth
century, certain glass manufactories in Bohemia pro-
duced vases of a correct shape enriched with en-
graved ornaments, representing scenes and very fre-
quently portraits.

“ Distinguished artists were employed in Ger-
many and Italy, in spite of the fragility of the ma-
terial, to decorate these vases, in imitation of those
in rock crystal, with ornaments and arabesque sub-
jects, remarkable for their composition, their purity
of design, and their elaborate execution. Many of
these beautiful engravings deserved to have been
made on a less fragile material.”

Whilst stating here that the art of engraving on
glass has been brought, like all hand labor, to a very
high degree of perfection by the Bohemian artists, it
must yet be acknowledged that amongst their most
beautiful productions a certain degree of monotony
is always to be found, resulting in a great measure
from the multiplicity of lines engraved so close to
one another, that it might almost be thought that
the talent of the engraver consisted in placing the
greatest amount of engraving in the least possible
space. It certainly shows a relative talent; but was
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the aim of engraving on glass, namely, to decorate,
attained? The French artists thought not, and aban-
doning the Bohemian compositions, they substituted
for the castles, the nobles, and peasants with their
microscopical sheep, interlaced flowers, which, by

Fig. 33.—Engraved Flagon (Clichy Glass Works),

their varied compositions, offer, as may be conceive&,
much more pleasing and luminous effects, and create,
so to speak, a new art.

The engraving which we give (Fig. 33) and which
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doubtless supports what we have said, is a copy of a
little flagon emanating from the glass works at
Clichy.

We have seen that manufacturers succeeded in
making cut glasses popular by means of a prelimi-
nary blowing ; there are also imitations of engraved
glasses, and the following is the method of making
them, as described by M. Péligot.

“In order to engrave on glass, fluoric acid is em-
ployed in either a gaseous or liquid state. It is pref-
erable to use it in the latter form. The fluoric acid
is prepared by the ordinary process, by heating in a
leaden retort one part of pulverised fluoride of cal-
cium and three and a half parts of concentrated sul-
phuric acid. The acid is diluted by a third or half
of its volume of water, and is kept in bottles of lead,
or, what is better, gutta-percha.

“The glass is coated with a varnish of wax and
turpentine, which is applied hot by means of a brush.
For designs which should present a certain amount
of fineness, drying linseed oil is used.

“The design is traced with a point, in the same
manner as etching. The transparency of the varnish
of linseed oil permits it to be easily traced. The
part covered with varnish is coated with wax, and
the acid is allowed to eat into the glass for a long or
short period, according to the depth of the engraving
required.* The varnish is removed by washing it in
water and then in diluted alcohol. It is unnecessary

* Douze lecons sur 'Art de la Verrerie, page 19.
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to add that the glass is only touched in those parts
which have been laid bare by the engraver.”

As it is impossible, whatever amount of care may
be taken in this chemical operation, that every part
eaten by the acid should have the sharpness and
clearness of line given by the point of the tool, it
will always be easy to distinguish the work done by
the hand of man from that done by the acid.

Thanks to M. Péligot, the question concerning
these imitations of Bohemian glass being settled, let
us mention, still under the guidance of this writer,
those other glasses which, as they are decorated with
light designs in imitation of muslin or lace, cannot
on account of their extreme vegn'avity be inade by
the hand.






CHAPTER X.
ON GLAS3 COMPOSED OF TWO LAYERS.

Up to the present time we have only spoken of
glass which is throughout of the same color.

The skill of the ancients however did not stop
there, for not content with being able to produce pre-
cious stones in artificial monochromes, they even be-
came able to imitate one of the most rare works of
creation, the onyx, which, as is well known, is a stone
composed of two or three layers of different colors.
The Louvre collection possesses several splendid
objects of this description, extremely rare and not to
be found now-a-days.

Before placing before the reader the illustration
of the Portland Vase, which is the most beautiful
example known of glass of two layers, and before
narrating the history and misfortunes of this chef-
d’ceuvre, let us say a word on the method employed
in obtaining glass with two distinet layers. If a
glass-maker wishes to make a vase or anything of the
kind with alternate white and red streaks, he begins
by taking on the end of his blowing iron a small
quantity of white glass which he rolls on the marver.
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This being done, he then dips this white glass into a
pot containing red glass in a state of fusion ; this lat
ter glass being thus finely coated over the former, the
workman blows the object, and gives whatever form
he wishes to it.

When this is finished, the next thing to be done
is to make the white glass partially reappear, which
has been totally hidden by the red.

This operation presents, as the reader has doubt-
less already foreseen, a very great resemblance to
engraving on glass (page 165). In the latter process
the work consists of tracing a design by cutting away
a part of the vitreous matter ; in the former, where"
the glass is composed of two layers, the method is
exactly the same, since it is only necessary to remove
certain portions of the outer layer in order to make
the under one reappear. The resemblance of these
two processes is the more remarkable as the three
same agents, namely, the flint, the wheel, and fluoric
acid, are used in each of these arts.

As regards the method of cutting away by flint
and the wheel, and eating away by acid, the reader
will understand, without it being necessary for us to
explain, that, in the two former processes the flint
and wheel only touch those parts which are to be
taken away ; and also, that in the process with the
acid, these are the only parts which, as in engraving
on glass, are not coated with a varnish of wax and
turpentine to neutralize the incisive effect of the acid.

We could not better conclude this chapter on
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glass of two layers than by giving a description of
that wonder of wonders, the vase designated by the
archeeologists successively under the names of the
Barberini and the Portland Vase (Fig. 34).

A few words will explain the origin of the two
names, This vase, found about the sixteenth century
in a marble sarcophagus in the environs of Rome,
after having been for more than two centuries the
principal ornament in the gallery of the Princes Bar-
berini at Rome, was bought at a sale by auction by
the Duchess of Portland, for the sum of eighteen
hundred and seventy-two pounds.

Although the legitimate and sole proprietress of
this chef-d’ceuvre, the duchess, who doubtless did not”
recognize the right of hiding from public admiration
such a unique object, lent this vase to the British
Museum, where it is still to be seen. Thus it was
preserved, admired by all the world. One day, how-
ever, there nearly remained nothing more than the
resemblance of it, for a lunatic named Lloyd smashed
it in pieces by the blow of a stick. This injury, com-
mitted by a madman, was repaired by an artist in
such a manner and with such skilfulness, that it is
impossible to distinguish the numerous places where
it is joined together.

This unique vase, which is supposed to have been
made in the time of the Antonines (about 138 years
B.C.), i8 composed of layers of glass one over the
other. The lower one is of a deep biue color and the
other of opaque white, so that the figures stand out
in white on a deep blue back-ground.
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These two layers lying one over the other so
much resemble an onyx,* that for a long time the
archeeologists described this vase as being an ancient
cameo ;t whilst it is now well known that it is, as
we have just said, a glass vase composed of two lay-
ers.

But although the material is perfectly known, we
cannot say as much regarding the subject which it
represents, as authorities still differ on this point.
We will quote here what Millingen says with regard
to it in his Monuments inédits, vol. i., page 27.

“The Portland vase represents (No. 1) the mar-
riage of Peleus and Thetis. The woman seated,
holding a serpent in her left hand, is Thetis, and
the man to whom she is giving her right hand is
Peleus. The serpent recalls the different trans-
formations by means of which she reckoned upon
escaping marriage. The god placed in front of
Thetis is Neptune. A Cupid hovering above them
in the air unites the two lovers. The portico be-
hind Peleus probably signifies the palace of that
prince, or else the sanctuary in which Thetis received
divine honors.

“ On the reverse (No. 2) Thetis is again seen seat-
ed, holding a torch downwards, an emblem of sleep.

* From the Greek ovvf, finger-nail. A species of very fine agate
which is composed of parallel layers of different colors, one of which
resembles the milky color of the nail.

+ From the Italian cameo, a stone composed of dlﬂ‘erent colors and
engraved in relief,



Fig. 84.—Portland Vase,









CHAPTER X1

THE IRIDESCENCE OF GLASS.

PusLic opinion generally attributes that charming
opalescent and nacreous play of color which we see
on a great many specimens of antique glass to the
action of accidental fire, and there are few who do
not consider each piece a rare and fragile survivor of
the Pompeian catastrophe.

In order to prove that fire has nothing to do with
this iridescence, it will suffice to remind the reader
of the fact that the greater part, or even all the an-
tique glass which adorns our museums, came from
the tombs, where it had been placed beside the arms,
jewellery, and garments of the dead.

The presence of garments and jewellery which
bear no signs of any alteration forbids all idea of
firc: we must therefore endeavor to find elsewhere
the cause of this iridescence. Here again M. Péligot
comes to our aid. “ The majority of glass objects,”
says he, “ whose manufacture dates back to a remote
period, have undergone, by the influence of time and
damp, a very marked alteration. All the old glass
which is found in the tombs of the ancient Romans






CHAPTER XIIL

FROSTED GLASB.

Tris name is given to a species of glass or crystal
invented in Bohemia and formerly much used in
Italy ; it imitates as well as possible, by means of
external roughness, the fine arabesques of the thin
coating of ice which in winter nights covers the win-
dows of a room mildly heated in the interior.

Before describing the process of the manufacture
of this glass, we may be allowed to show the reader
a Venetian goblet (Fig. 35) whick, from its elegant
shape and decorated style, rich as well as chaste in
ornamentation, is certainly one of the most faultless
products of the glass works of Murano; for, as we
are about to show, it is the result of several different
operations. Indeed, this goblet with eight lobes is
composed of two equal and horizontal zones; the
upper one, blown and moulded, is decorated at the
top by a wide gilded border, whilst the lower one of
frosted glass rests on a moulded and gilded pedestal.

This kind of glass is now usually employed in the
manufacture of the decanters, known under the name
of brocs a glaces.
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This frostea glass, so original in its appearance,
was long and rightly used merely in white glass,
which color imitates natural 1ce better than any
other. But ignorant, or perhaps forgetful that this
glass representing ice was only an indication, a label,
so to speak, serving to indicate that what the decan-

Fig. 85.—Venetian Frosted Glass (Louvre).

ter contained was frozen, fashion decreed that it was
tired of the white ice of nature, and required some
of another color. Fashion gave the order, and then-
it was that manufacturers invented frosted glass in
yellow, green, lilae, pink, ete.
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The mode of manufacture employed to obtain
this frosted appearance, astonishing as it may appear,
is, as we shall see, very simple. A piece of glass,
white or colored in the mass, being taken from the
pot, is placed on a molten or iron table on which
fragments of pounded glass have been placed. These
fragments adhering to the exterior of the glass whilst
that is still soft, it is again heated, and finally blown.

It will be understood that the fragments of glass
being only attached to the exterior, the interior of the
objeets in frosted glass is quite smooth.

There is yet another method employed in Bohe-
mia, which may be called artistic frosting, for its sys-
tem of ornament is susceptible of infinite varieties, as
it depends entirely on the will of the maker ; whilst
that of which we have spoken above, from the man-
ner of its fabrication can only represent a monochro-
matic frosting, general and without any settled de-
sign.-
This is the process employed to obtain the artistic
frosting.

Instead of rolling the glass when it is still with-
out form on a layer of pounded glass, the object in
course of making is blown, and it is only when it is
nearly completed that the artist, who has pounded
glass of different colors before him, puts it with Ais
hand wherever he desires on the glass when still in
a pasty state.

From this system it follows that the decoration of
the glass is quite under the control of the artist’s
taste.






JHAPTER XIu.

SPUN GLASS.

Waior of you, dear readers (I am only speaking
to those who have seen their fiftieth year), does not
remember, when he was a child, having admired
little houses, sheepfolds with shepherd, shepherdess,
and sheep, and even castles, constructed entirely of
glass threads of different colors ¢

The fashion for this sort of toy, we dare not say
work of art, has already fallen into what everything
else must come to, the most complete oblivion ; and
its abandonment is so great that it would be easier
now for some persons to purchase a house of hewn
stone costing three or four thousand pounds, than to
lay their hand on a little glass house.

As we are not, thank God, amongst those who
cry ww wictis/ we think that in gratitude for the
happiness and wonder this sort of work has caused
us, we must at lcast endeavor to show here that spun
glass has had its reign, and to prove that in skilful
hands it may still possess an artistic interest.

Is spun glass of modern invention? Alas! not
more so than many other things here below. At the



Fig. 36.—Spun Glass (Louvre).






SPUN GLASS. 189

beginning of this century it was only a continuation
of a manufacture which had been long known, and
had been so much esteemed in the commencement of
the sixteenth century, that Fugger, the rich banker
of Augsburg, who, not content with warming his
guest, Charles V., with bundles of cinnamon wood,
lighted them with the bond for a large sum which the
sovereign had borrowed from him, found nothing
rarer or more worthy of being offered to his impe-
rial visitor than a small vessel of molten, spun, cast,
and twisted glass.

From the great resemblance between this descrip-
tion and an object in the Louvre (Fig. 36), it would
be easy to give this vessel an historical interest ; but
that not being a question for us, we will content our-
selves with having shown the antiquity of spun glass
and the esteem in which it was held, and will pass at
once to the method of its manufacture.

If we go into the workroom of the pearl-blower
(Chap. XX1V.), we shall see him seated at a little
table on which his tubes are placed, and a lamp giv-
ing a long jet of flame. Precisely the same appa-
ratus is required by the glass spinner, although the
two works are very different, since the former work-
man has to produce by his breath little balls which
are to become round or ovoid beads, whilst that of
the spinner, on the contrary, is merely to obtain from
a glass tube fine and flexible thread.

The following process is employed to attain this
result. The spinner baving chosen a tube, either
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white or colored, brings one of its extremities to the
lamp. As soon as this part of the tube begins to
soften, the workman seizes it with small pincers, and
stretching out his arms he obtains, owing to the due-
tility of the glass, a thread about a yard long, adher-
ing on one side to the principal tube, and on the
other to the small piece taken off by the pincers.

The spun glass would be limited to this length of
about a yard if means had not been discovered to
prolong it almost indefinitely. This is done by fixing
the extremity of the glass adhering to the pincers to
a small wheel or drum of sheet iron, which is set in
movement and placed at a short distance from the
lamp. Again leated, the principal tube, which is
gradually brought nearer the flame, yields in its turn
to the traction on it, and soon this fine thread, wind-
ing itself round the drum, attains an extraordinary
length. Now that our little sheepfolds, so much re-
gretted, no longer exist, we shall doubtless be asked
of what use these glass threads can be? They are
employed in numerous ways. The glittering dresses
which were formerly worn were made of silk and
glass threads woven together. The aigrets also which
ornament ladies’ bonnets, and are so fine and flexible
that the lightest breeze agitates them, are of spun
glass. The flowing black curls, which, when worn
by a prince, became the admiration of all Paris, were
likewise made of spun glass, curled with irons.

Many readers will probably doubt the truth of
our statements, thinking it impossible that such things
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could be produced in glass. But let the incredulous
go to the Conservatoire des Arts et Métiers at Paris,
and there, in the glass room, they will see a lion of
the size of life, with splendid hair and bristling mane,
stifling a serpent.* Convinced by sight, they will
then acknowledge that in skilful hands spun glass
may produce effects wonderful, not only from their
delicacy, but also from the richness and truth of their
colors.

The Dictionnaire des arts et manufactures speaks
thus of this group and its author. ‘A very clever
enameller of Saumur has made an extremely, inter-
esting application of threads of spun glass, using it
to imitate the hair of animals. He assimilates the
colors to those of natural skins, and after having cut
the threads of a suitable length, he attaches them by
one end on a solid surface, copying the arrangement
of the skin that he wishes to imitate. I have seen
at his house tigers, striped hyenas, and other animals
of natural size, admirably modelled and covered with
the glass hair of which we speak.

“The imitation is so perfect, that these animals
might advantageously replace the stuffed skins, always
injured, which encumber our museums.”

If the idea of imitating the hair of animals with
glass threads is a modern invention, it is certainly not
the case with materials woven with glass, for we find
in the Mémoires de U Académie des Sciences (1713),

* This group, which cost its author, M. Lambourg, thirty years®
lahor, formed a part of the Universal Exhibition of 1855,
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a report of the celebrated Réaumur,* in which he
says: “If they succeed in making glass threads as
fine as those of spiders’ webs, they will have glass
threads of which woven stuffs may be made.”

What was then only a contingent possibility for
the sawan? has since become a reality. Thanks to
modern industry, glass is now drawn as fine and
flexible as the finest thread of the silkworm.

Before concluding this notice of spun glass, it
may be as well to contradict an error held by many
people, who deny that a hollow tube can be length-
ened without destroying the bore. We borrow the
proof to the contrary from the Dictionnaire techno-
logique des arts (Vol. xxii.,, page 216). “ When a
hollow tube of glass is drawn out, the hole remains,
whatever may be the fineness of the thread. M.
Deuchar took a piece of thermometer tube, the inte-
rior diameter of which was very small, and drew it
out into threads. The drum which he employed was
three feet in circumference, and as it turned round
five hundred times in a minute, 30,000 yards of thread
were obtained in an hour, so that the thread was ex-
tremely fine, and its interior diameter scarcely cal-
culable. This thread was, however, hollow, for being
cut into pieces of an inch and a half in length, and
placed in the receiver of an air-pump, with one end
inside and the other out, it allowed the mercury to

* René-Antoine Ferchault de Réaumur, physician and naturalist,
born at Rochelle, in 1683, died in 175%7. He was named member of
the Académie des Sciences in 1708.






CHAPTER XIV.
ON THE THERMOMETER AND ITS ORIGIN.

Every one knows that the thermometer, as its
name indicates, serves to measure the different varia-
tions of temperature. It is generally composed of a
plate marking by its equal divisions the various de-
grees of heat and cold. In the middle is a cylindrical
an? perpendicular glass tube of small diameter, hav-
ing in the interior a small quantity of mercury, or
spirits of wine colored with carmine, either of which
stopping at one of the divisions indicated on the
plate, marks the successive fluctuations of the tem-
perature.

According to M. Libri,* the invention of the
thermometer is due to Galileo ; + according to other
authors to Francis Bacon,} to Fludd,§ to Drebbel,}

® ¢ Histoire des Sciences Math/ matiques, en Italie,” vol. iv., page
189,

t Galileo Galilei, born at Pisa, 1564, died 1642,

1 F. Bacon, born at London, {561, died 1626.

§ Fludd (Robert), physician, born at Milgate, in Kent, 1674, died
1687.

| Drebbel (Cornelius van), born at Alckmaer (Holland), 1572, died
1634,
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or, lastly, to Sanctorius.* The most general opinion
aseribes it to Cornelius Drebbel ; anc. yet to this long
list of supposed inventors, M. Iloefer + adds a fresh
competitor, Van Helmont, who, according to this gen-
tleman, must have originated the idca of the con-
struction of a thermometer. We give the words of
M. Hoefer verbatim.

“Van Helmont, indignant that a certain Heer
should reproach him with having pursued the chi-
mera of perpetual motion, said that he had made use
of an instrument of his own invention, not to seek
perpetual motion, but to prove that water enclosed
in a hollow tube of glass, terminated by 2 ball, rises
and falls according to the temperature of the sur-
rounding medium. This idea thrown out by chance
was one day to be fertile in results.”

If the absence of proofs leaves the rname of the
inventor of the thermometer still undetermined, we
are more fortunate in regard to the date of its ap-
pearance, for it is generally agreed that the first ap-
peared in Germany, under the name of Corneliuns
Drebbel, in 1621.

Although the thermometer was from that time
known and even in use, it must still have been, from
the descriptions we have of it, very far from that
state of perfection to which it has attained in our
times.

* Sanctorius, the latinized name of Santori, a celebrated physician
born at Capo d’Istria 1561, died 1636.
+ Dictionnaire de Chimie, at the word Thermometer,
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Those successive ameliorations and improvements,
arising from the ever-progressive march of science,
have been related by M. Figuier,* in his book on
Grandes inventions, anciennes et modernes

MANUFACTURE OF THE TUBES.

Like everything in glass, tubes are made by the
breath of the workman. If the reader will kindly

Fig. 87.—Drawing out a Glass Tube.

look once more at the plate representing the blowing
of a glass globe destined to become a window pane,
he will have an exact idea of the first stage in the
formation of tubes.

As soon as the workman has blown a ball of the
size desired, another workman fastens his ponty to

* Paris, Hachette, 1861, page 131.
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the side opposite that adhering to the pipe of the
blower, and he walks quickly backwards whilst ¢he
blower remains in the same place. Thanks to the
malleability and ductility of the glass, softened by
the heat, this globe, according to the traction given
ity is lengthened to such a degree that it becomes a
long tube.

It will be seen that the ball blown being hollow,
the tube formed from it preserves also in its centre a
continuous and equal cavity in proportion with the
diameter given to the tube. (See what is said of this
in the article on Spun Glass, page 192.)

To avoid returning to this subject, and before
giving our entire attention to tubes destined for ther-
mometers, we may mention that all straight tubes are
made in the same manner ; but that the spiral tubes
used in chemistry, which often have serpentine forms,
are obtained by means of cast eylinders, around
which the tubes are wound whilst the glass is mal-
leable.

As for thu tubes specially destined for thermome-
ters, let us see in what way they can be filled either
with mercury or aleohol.

The capillarity * of the tube, but still more the
resistance offered by the air it contains, renders the
direct introduction, either of the mercury or the alco-
hol, impossible. This resistance hes therefore to be

* By capillary, from the Latin capillus, & hsir, 13 &1sign fed a tube
whose interior bore is not larger than a hair,
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destroyed by heating, with a spirit lamp, the still emp-
ty reservoir * of the tube.

Nearly all the air being driven out by this first
operation, the open extremity ot the tube at the end
opposite to the reser-
voir is then plunged
into mereury or alco-
liol, and as soon as the
force of the atmos-
pheric air is greater
than that of the small
amount ¢f air which
remains in the tube,
it weighs on the mer-
cury or the aleohol,
which by this pres-
sion rises in the tube.

As soon as a por-

Fig. 35. tion of the mercury

or alcohol has entered

the tube, it is taken up, and then, meeting no more

resistance, the mercury or aleohol falls from its own

weight into the reservoir, which is then again heated

sufficiently to cause the vapors of the substauce con-

tained in the reservoir to drive out completely all the
air that might remain in the tube.

This operation terminated, the open part of the
tube is closed by means ot a laip, and it only re-
mains to graduate it.

* The reservoir, whether spherical or clongated, is a part added to
the tube after the latter is made.
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GRADUATION OF TUBES

The place of the lowest mark indicating cold, and
denoted on the thermometer by a zero, is determined
by means of melting ice. The tube is placed up to
the middle in a cylindrical recipient filled with
pounded ice. (Fig. 39.)

After it has remained there about a quarter of an

Fig. 3Y. Fig. 40.

hour, a line is traced with a diamond on the exact
place where the mercury or alcohol stopped. This
sign indicates the zero of the thermometer.

It may be ecasily understood how by a contrary
process the degrees of heat are marked. The tube
is placed in a stove with the stcam of boiling water,
and the point at whickh the mercury stops becomes






CHAPTER XV.
ON JET.

TrERE are two sorts of jet, one natural, which ie
classed in the family of the lignites (coal), and is of
an intense black, of fine and close texture; the other,
artificial, which taken alonc offers the form of a small
cylindrical black glass tube, obtained, according to
M. Péligot, by a mixture of oxide of copper, cobalt,
and iron.

Although our intention is merely to treat of arti-
ficial jet, tl.c only one in vogue at present, we must
say one word on natural jet; which, if it is now
forgotten, has also had its time of glory, for we can-
not forget that the statue of Meneclaus, carried off
from the temple of Ieliopolis and transported to
Rome during the reign of Tiberias, was formed of
jet.

Now that we have paid, althongh certainly very
briefly, our debt to antiquity, let us examine if the
fashion for artificial jet, employed in our days with
so wuch prodigality as ornaments for dresses, man-
tles, and bonnets, is a new conception.

Although at the risk of being accused of indulg
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ing a mania for antiquity, at the risk too of wound-
ing the national self-love, or of even destroying the
fame of certain patents, we shall endeavor to prove
that jet embroidery as it is now worn, far from being
an innovation, is only a pale and economical iniita-
tion of past fashions.

This is what Savary wrote in 1723, in his Dic-
tionnaire Universel dv Commerce. “ It is with arti-
ficial jet, cut and pierced, and threaded with silk or
thread, that embroideries are made in sufficiently
good taste, but very dear, which are used particu-
larly for ornaments in churches. Trimmings are ulso
made of it in half mourning for men and women, and
sometimes muffs, tippets, and ¢rimmings for robes.
For the latter the jet used is white and black, but
of whatever color it may be, it is ill employed.”

From these words it would be wrong to argue
that jet embroidery only goes back to the period in-
dicated by Savary, for the eighteenth century as well
ag our own lived on the dead, whose inventions it
revived. A single example chosen from amongst a
thousand will prove this. Let us open the inventory
drawn up after the death of Gabrielle d’Estrées (1599),
and we shall find a proof that jet was already in fash-
ion. “ Five small caps of black satin, of which two
are embroidered in jet, one quite full ; a robe of black
satin, with a border of jet over the body and the
gleeves open ; valued at forty crowns.”

“ What matters the precise date of this mode with
which we have endowed the whole of Europe?” will
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say some patentee. “Is it not suflicient for our honor
that it is of I'rench origin ?2”

But this is a fresh error, for not only does the
invention not belong to the sixteenth century any
more than to the eighteenth, but again, it is not more
French than English or German, and to discover its
true origin—by this word we speak of that only as-

Fig. 41.—Xgyptian Breastplate (Louvre).

signed by documents which have come down to us,
and not of the invention itself, which is certainly far
more ancient—we must go back to the old Egypt of
the Pharaohs.

To be convinced of this truth, it is only necessary
to look at the sumptuous objects in the Egyptian






CHAPTER XVL

BEADS FOR NECKLACES, BRACELETS, AND CHAPLETS.

Tur manufacture of beads for necklaces, brace-
lets, and chaplets, whilst presenting great similarity
to that of jet, in as much as both are produced from
tubes of colorless or colored glass picrced through the
centre, yet differ in one particular ; as the former are
simple oblong tubes, while the others must from their
destination receive a form more or less spheroidal.

It is this latter work that we are about to de-
scribe.

The tubes, of a diameter proportioned to that of
the beads which are required, are at first cut into
cylinders of a height equal to their diameter, and are
then placed in a pear-shaped drum of beaten iron
containing a mixture of plaster and plumbago or of
charcoal dust mixed with clay. The drum being
placed on a furnace, the workman gives it a continu-
ous rotatory movement by means of an iron axle
which passes through it, so that the tubes softened
by the heat lose the salient parts of their extremities,
from the constant friction with each other, and take
a spherical form. .

The office of the plaster and charcoal in this work






CHAPTER XVIL

ON THE COLORING OF GLAS8 AND CRYSTAL.

TaE art of coloring glass, which necessarily im
plies a certain knowledge of chemistry, erroncously
denied to the ancients, goes back to an unknown
time.

M. Boudet, the author of an excellent work on
the art of glass-making in Egypt,* informs us ¢ that
the priests of Egypt, who were constantly occupied
with experiments, made in their laboratory some glass
equal to rock erystal ; and profiting by the property
they had discovered in oxides of metallic substances
obtained principally from India, to vitrify under dif-
ferent colors, they conceived and executed the pro-
ject of imitating every species of precious stone,
whether colored, transparent, or opaque, furnished to
them by the commerce of the same country.

“Strabot and all historians agree in asserting

* Description de ¥ Egypte, 2nd edit., Panckoucke, 1829, vol. ix., page
218,

+ This Greck geographer, born at Amasia, in Cappadocia, 50 B.0,,
lived for a long time in Egypt.
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that in Egypt, from time immemorial, there were
manufactured by secret processes some very fine and
very transparent glasses, whose colors were those of
the hyacinth, the sapphire, the ruby, etc. ; that one
of the sovereigns of that country had succeeded in
imitating the precionus stone named Cyanus; that
Sesostris * had caused to be founded or sculptured in
glass of emerald color, a statue which was still seen
at Constantinople under the reign of Theodosius;
that in the time of Apiont there also existed a glass
colossus in the labyrinth of Egypt ; lastly, Pliny says
that with the dross of metals there was made a black
glass which resembled the substance of jet, which
was employed before it was thought of replacing it
by glass.

“Does it requirc more to prove that the Egyp-
tians are the most ancient fabricators of glass, and
that, as they imitated precious stones, they knew how
to prepare the oxides without which they could not
have succeeded in making colored glasses, false jew-
els, and enamels ¢

There exists such a connexion in the coloring
parts, as well as in the method of manufacture of
glass and colored crystal, that, to keep within the
iimits assigned us, and still more to spare the reader
tiresome as well as useless repetitions, we must now,
having proved the antiquity of colored glass, occupy

* Sesostris, or Rameses, began to reign in Egypt about 1643 years
8. C.
t A grammarian, born at Oasis, in Egypt, about 40 years B.a.
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ourselves especially with false stones considered as
an object of adornment.

The imitation of precious stones, first in glass and
then in crystal, goes back, as we have just said, to
an indefinite period; for we find this art employed
by the Egyptians, not only in the enamelled cover-
ings of their innumerable scarabei, and in those of
their long lines of statuettes, but also in the decora-
tion of a number of trinkets, such as earrings and
bracelets, where the paste of colored glass is united
to the purest gold.

Herodotus * (Book ii., Chap. 69) tells us: ¢ Some
of the Egyptians loock upon crocodiles as sacred ani-
mals. Those who live near Thebes and lake Mceris
hold these animals in much vencration. They select
one and teach him to allow himself to be touched by
the hand. They put on him earrings of gold or of
artificial stone, and fasten to his feet little golden
chains.”

From Egypt this science passed to Rome, for
although Pliny (Book xxxvii.,, Chap. 75) does not
indicate the process employed in the manufacture,
he mentions the extraordinary skill which the makers
of false stones had attained in his time. ¢ There is
considerable difficulty in distinguishing genuine stones
from false ; tse more s0 as there has been discovered
a method of transforming genuine stones of one kind
into false stones of another. Sardonyzx, for example,

* Herodotus, who deserves the surname of Father of History, was

born at Halicarnassus, 484 B.c.
14
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18 imitated by cementing together three other pre
cious stones, in such a way that no skill can detect
the fraud ; a black stone being used for the purpose,
a white stone and one of a vermilion color, each of
them, in its way, a stone of high repute. Nay, cven
more than this, there are books in existence, the au-
thors of which I forbear to name, which give instrue-
tions how to stain crystal in such a way as to imitate
emerald and other transparent stones; bow to make
sardonyx of sarda, and other gems in a similar man-
ner. Indeed, there is no kind of frand practised by
which larger profits are made.”

If, as Pliny says, the makers of false stones had
become masters in the art of imitation, it yet appears
that their productions were not so unrecognizable that
an accustomed eye could not discover the fraud. It
is recorded that Cornelia Salonia, the wife of the em-
peror Gallienus, bought from a lapidary a splendid
set of stones which he sold as real but which were
recognized to be false.

To deceive a sovereign has always been a capital
offence, and so Gallienns without any ceremony con-
demned the merchant to be thrown to the lions; an
imperial idea which was all the more happy that it
allowed him at once to avenge the insult offered to
the crown and to offer a spectacle to the Roman
populace. On the day so much desired by all the
Romans, excepting of course our merchant, great and
small filled the circus. Wild beasts and victim were
at their respective posts, and to begin the amusement
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there was only wanting the emperor, who, contrary
to his usual custom in such circumstances, kept them
waiting. Impatience was increasing everywhere ;
cries, even seditious ones for that time, were already
being added to the roarings of the lions, for if the
spectators demanded the emperor, the lions demanded
the merchant. At last, oh thrice happy moment!
the emperor appears and gives the order to open the
cage of the wild beasts. Scarcely is it opened than
there issues from it—a turkey! Yes, reader, a sim-
ple turkey, who, unaccustomed doubtless to the honor
of such a numerous company, scarcely knows how to
behave before his sovercign. At the sight of a fowl
replacing a lion, every one asked in a low voice:
“ By Jupiter, has his majesty lost his senses? or are
they langhing at him ¢”

After having enjoyed the general amazement, and
especially the piteous state of the lapidary, whos
prostration was such that he could not even distin
guish if he had to fight with a lion or a turkey, Gal
lienus, who, happily for the criminal, was in one ot
his rare fits of good humor, caused it to be proclaime !
by a herald that he concidered himself sufficiently
avenged on the merchant, for if the latter had de-
ceived him, the emperor had in his turn deceived the
lapidary.

A cry of “ Long live the Emperor!” grected these
words, but it was a single one, and there is no need
to say from whose mouth it issued.
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The coloring of glass,* as well as other manufac
tures, has had its times of fashion and of neglect.
Not being able to follow step by step its introdue-
tion into other countries, we must confine ourselves
to speaking of that where, it it were not first discov-
ered, the monopoly of its manufacture was certainly
longest prescrved. This is Bohemia, which held it
exclusively until 1837.

And indeed, it can hardly be believed that until
that year, still so near our own time, the belief was
so generally prevslent that Bohemia alone possessed
the secret of coloring glass, that it required no less
than the scientific suthority of M. Dumas and the
support of the Société d’Enconragement to overcome
this prejudice, by proving that the inertia of the
French manufacturers was merely the natural conse-
quence of an unjust prejudice.

In that same year (1837) a meeting for competition
was announced, which was the more numerously at-
tended, as each of the competitors, guided rather by
national pride than by the hope of gaining the pro-
posed prize, had only one thought—that of making
a step forward in the science whose existence even
was denied, by uniting their researches to those of
their rivals.

The prizes were obtained by MM. de Fontenay
and Bontemps.

* The history of painted glass windows will be the subject of a
special work. In this we shall only speak of glass and erystal colored
in the paste, and of the formation of objccts either decorative or uscful,
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Although the works presented at this meeting
proclaimed loudly that France had a right to claim
her share of the ancient discovery; although the
prejudice was destroyed, yet the first practical at-
tempts were certainly met with formidable difficul-
ties ; difficulties, however, which were the natural
consequence of the abandonment of that branch of
French industrial art: we mean the small quantity
of coloring matters which were then at the disposal
of glass-makers, and which gave a certain monotony
to their productions. As goon as this inconvenience
was known, it was not of long duration, for chemistry
coming to the aid of the glass-makers, soon gave them
such a quantity of metallic oxides producing different
colors and shades, that it may now be said that the
palette of the glass-maker is as complete as that of
the painter.

Far be it from us certainly to wish systematically
to praise French industry above that of all other
countries, but at the Exhibition of 1867 any one
might have been convinced that in this braneh, as in
all others, if French glass-workers have found rivals,
they are still unsurpassed in purity and brilliancy of
color as well as in elegancs of form.



CHAPTER XVIIL
ON THE COLORING OF ARTIFICIAL PRECIOUS STONES.

Tuk basis of all precious stones is strass, which is
colored by dissolving in it, when in a state of fusion,
either of certain metallic or other oxides, or of gold,
silver, sulphur, charcoal, etec.

Strass, a crystalline substance very rich in lead,
was produced about the commencement of the pres-
ent century by an artist who gave it his name. The
following are its constituent parts according to M.
Dumas:

MHE0 066000000 000000060030000000006 382
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Alumina, borax, arsenic acid..... .... Traces.

We shall now give the formnulee, according to M.
Péligot, employed for the fabrication of the artificial
precious stones most frequently used, referring the
reader to M. Lancon’s work * for all the others.

Amethyst.—1000 parts of strass and 25 of oxid«
of cobalt.

* I’ Art du Lapidaire, Paris, Garnier, 1880.
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Awenturine—The etymology of this word is not
known. According to some it owes its name to its
resemblance to quartz aventurine, and, according to
others, to the happy awkwardness of a workman who
dropped by accident some filings into a pot contain-
ing glass in a state of fusion. Its manufacture, which
is of Venetian origin, is still monopolized by two or
three glass-makers who work it alone, and keep the
process secret. From this arises the dearness of this
stone, the price of which varies from £1 to £3 the
pound.

According to M. Péligot, “the aventurine is a
yellowish glass, in which there are an infinite number
of small crystals of copper, protoxide of copper, or
silicate of that oxide. When it is polished, this glass
presents, especially in the light, a glittering appear-
ance, which causes its being employed in jewellery.

“Many attempts have been made to discover the
secret of its manufacture. A skilful chemist, M.
Hautefenille, has succeeded by persevering efforts in
making this glass in considerable quantities: he has
just published in the last report of the Société d’En-
couragement (October, 1860) a memoir in which he
freely indicates the processes he has followed.

“ When the glass is very liquid, iron or fine brass
turnings enclosed in paper are added ; these are in-
corporated into it by stirring the glass with a red-hot
iron rod. The glass becomes blood red, opaque, and
at the same time milky and full of bubbles; the
draught of the furnace is then stopped, the ash-pan
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“ The iron rod which is fixed perpendicularly on
the table rcccives a sort of wooden sheath bristling
with small iron points serving to hold the stick firm-
ly which is in the workman’s right hand, and by
means of which the stone is held conveniently on the
wheel, which iz sometimes of lead, sometimes of tin,
copper, or even of wood, and on which is laid emery,
tripoli, pumice, or putty, according to the nature and
hardness of the stones which are to be cut and pol-
ished. When a careful cutting is required for a valu-
able stone, the lapidaries do not hold the cement
sticks in their hands; they use a rather complicated
support calied cadran ; it is fixed on the rod and
receives the extremity of the little wooden handles.
The lapidary is seated on a chair or a stool at the
side, opposite, and in the middle of the mill; he
turns the handle with his left hand, and with the
other he holds his stone on the wheel to cut and pol-
ish it.”



CHAPTER XIX.
FILIGREE GLASS.

TuE name of filigree glass is given to those giass:
es composed of a greater or less number of small
rods, either of opaque white glass, called at Venice
latticinio (milk white), or of glass colored in the mass
and covered with a light coating of white glass.

Although general opinion attributes the invention
of filigree glass to the glass-makers of Venice, we
think it necessary to quote here a sentence of a letter,
written from Rome by the Abbé Barthélemy to the
Comte de Caylus, the 25th of December, 1756 :*
“I am especially pleased with a little ball of a pale
yellow color, with clusters of white enamel ranged
inside perpendicularly around the circumference.”

If, as these words of the learned archszologist
sufficiently demonstrate, the priority of the invention
of filigrec glass belongs to antiquity, it would still be
unjust to deny to the Venetians the happy extension
they have given to this sort of ornament, which takes
an important part in their most prized productions.

* The abbé J, J. Barthélémy, born 1716, at Cassis (Provence), died
at Paris, 1795, was a learned French archiologist, the author of scv-
eral works, amongst others of the Voyage du Jeune Anacharsis.
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The general interest attaching to this kind of
manufacture, long surrounded by mystery, and the:
difficulty felt in understanding by what process the:
glass-makers of Murano succceded in preserving,
without any change or irregularity, those fine and
" delicate designs, either white ox colored, placed in the
centre of a colorless glass, make us hope that the
reader will kindly allow us to enlarge a little on this °
kind of manufacture, so highly prized and now so
rare. )

Before explaining by what means a vaze or any
other object muy be made of many smail isolated
tubes, it is indispensable first to establish the differ-
erce between a cane or simple rod and a filigree.

By cane, the glass-makers of Murano designated
a single thread which, placed in the centre of color-
less glass, passed from the base of the vase to the
upper part, or from the centre to the circumference ;
whilst the name of filigree was applied to the canes
which, having received a twist, have usually a spiral
direction. The same glass-makers named this work
canne ritorte (twisted canen), or riforcimento (twist-

ing).
SIMPLY FILIGREXS,

If we suppose that the workman wishes to place
a thread of colored glass inside colorless glass, he
begins by plunging his blow-pipc into the pot con-
taining the colored glass ; then he rolls what he has
taken out on a sheet of iron called the marver, in
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| order to make it adbere to his pipe whilst giving it
, the form of a small shaft of a column.

When sufliciently cool to present a certain resisi-
ance, this colored glass, still adhering to the pipe, is
‘plunged into a pot containing the colorless glass.
Taken out of the pot and in its turn rolled on the
marver, this second glass, forming a transparent cov-
ering for the former, becomes so firmly attached to it
that together they form a single solid and cylindrical
cane measuring two or three inches in length and
about the same in diameter.

The greatest excellence in the canes consisting in
the tenuity of the thread, it is now necessary to draw
out this trunk of glass so that it may gain in length
what it loses in circumference. The trunk having
been again heated, an assistant fastens a ponty (a rod
of solid iron) to the part of the glass opposite the
workman’s pipe, and walking backwards and in a
contrary direction to the man holding the pipe, he
succeeds, by gradually increasing the distance, and
owing to the ductility of the glass, in obtaining from
that trunk of glass, which a short time before was
only two or three inches in length, a thread 420 yards
long and 54 of an inch in dlamete"

If we suppose, what often occurs, that the thread
is to have a stili smaller diameter, this length, already
go great, may be doubled.*

The glass rod being brought to the required tenu-

* To see the extreme tenuity to which glass may be brought, we
rofer our readers to the article on spun glass.
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ity, the workman breaks it into several parts, accord-
ing to the size of the object he wishes to make.

ITaving thus described the method of making the
simple canes, we must proceed to speak of the twist-
ed filigrees, the manufacture of which naturally offers
many more difficalties than that of a simple straight
thread. The designs being quite arbitrary, and con-
sequently capable of being varied ad infinstum, we
shall only speak of the principal types.

M. Bontemps, formerly director of the erystal
manufactory of Choisy-le-Koy, was the first to pub-
lish an important work on the processes employed by
the glass-makers of Murano in the fabrication of fili-
gree glass. We think it may be acceptable to the
reader to give it in the author’s own words.*

“To obtain canes with spiral threads, which, on
being flattened, produce retwork with equal meshes,
the interior of a cylindrical mould either of metal or
of crucible earth is surrounded with canes of colored
glass alternating with rods of transparent glass.
Then the workman takes at the end of his pipe some
transparent glass, with whirh he forms a massive
cylinder able te pass inte the mould surrounded by
the little rods, and which ie heated to a little below
red heat. After heating the cylinder also, he puts it
into the mould, pushing it down in such a manner as
to press against the rods, which thue adhere to the
transparent glass; he then lifts up his tube whilst

* ¢ FExyosé des moyens employés pour la fabrication des verres fili.
granés.’
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the glass-makers of Muranc in the fabrication of fili-
gree glass. We think it may be acceptable to the
reader to give it in the author’s own words.*

“To obtain canes with spiral threads, which, on
being flattened, produce retwork with equal meshes,
the interior of a cylindrical mould either of metal or
of crucible earth is surrounded with canes of colored
glass alternating with rods of transparent glass.
Then the workman takes at the end of his pipe some
transparent glass, with which he forms a massive
cylinder able te pass into the mould surrounded by
the little rods, and which ie heated to a little below
red heat. After heating the cylinder also, he puts it
into the mould, pushing it down in such a manner as
to press against the rods, which thug adhere to the
transparent glass; he then lifts up his tube whilst

* ¢ Exyosé des moyens employés pour la fabrication des verres fili.
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retaining the mould in its place, and thus lifts the
rods with the cylinder. He heats them again, and
marvers, in «order to render the adhesion more com-
plete. Finally heating the extremity of the cylin-
der, he first cuts off that extremity with the shears,
heats it again, seizes it with pincers and draws it out
with his right hand, while with his left he turns his
pipe rapidly over the arms of his chair. Whilst the
rod is thus becoming lopger, the threads of colored
glass wind spirally around it. When the workman
has completed & rod of the wished-for dimensions,
about a quarter of an inch in diameter, and the lines
are sufliciently closely wound, he cuts it off with his
pineers, heats anew the extremity of the trunk, and
seizing and drawing it out whilst he rolls his pipe
rapidly roun., he thus proceeds to the production of
a new rod, and so on, until the whole column is fin-
ished.”

The canes represented by Fig. 43 were executed
by this process.

“To manufacture cares which, on being flattened,
produce nciwork in squarss, three or four rods of col-
ored glass of a simple thread, alternated with rods
of transparent glass, are placed in a cylindrical
mould having both extremities of the same diame-
ter ; afterwards the interstices in the interior of the
mould are filled up with transparent rods, in order to
retain the colored ones in their position, and then the
operation goe: on as before.”

15



226 WONDERS OF GLASS-MAKING.

The cancs represented by Fig. 43, Nos. 1, 2, were
obtained by this process.

“To obtain canes producing, when flatiened, chap-
let-beads, a globe of glass is blown, the extremity of
which opposite the tube is opened so as to produce a
little open cylinder. It is flattened so as only to ad-
mit canes, and into this sheath there are introduced
five or six canes of single colored threads, alternated
with transparent ones: the end opposite the tube is
heated and closed. Then the workman presses on
the flattened cylinder, whilst an assistant draws up
the air through the tube so as fo take it from the
interior and produce a flat solid mass in which the
colored canes are inserted. The workman places suc-
cessively a small mass of hot transparent glass on
each side of the flattened cylinder, and marvers it in
order to make the mass again cylindrical. He thus
obtains a small column, in the interior of which are
arranged the colored threads on the same diameter.
He afterwards proceeds as for the preceding canes,
by heating and drawing out the extremity whilst he
rolls the tube rapidly over the arms of his chair.

“ By this twisting, the line of colored threads is
presented alternately in front and sideways. and pro-
duces chaplet grains.

“Tt may be understood that the canes of colored
glass placed in the centre of the column, being, from
the twisting, crossed one over the other, seem to pre-
sent chaplet grains formed of threads having an un-
colored space Detween them, which arises from the
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vanes of uncolored glass alternating with the colored
pnes.”

No. 6.

No. 5.

No. 4

Fig. 43.—Specimen of Filigree Canes.

No. 2.

NoHs

The cane represented by Fig. 43, No. 6, is the
production of this work.



228 WONDERS OF GLASS-MAKING.

“It often happens that the chaplet grains are
combined with the squares in the preceding canes,
by using the cylinder prepared for the chaplet grains
to insert in the mould prepared for the canes in
squares.”

The cane represented by Iig. 43, No. 4, was made
by this process.

“ Sometimes a zigzag line is placed in the centre
of a cane. For that a solid cylinder is first preparod
of transparent glass, of half the diameter of that to
be drawn out, and a small colored cane is fastened to
the side of this cylinder ; the whole is covered with
a fresh layer of transparent glass, in order to produce
a cylinder of the necessary dimension to go into the
mould of the canes with threads. The small colored
column, not being in the centre of the cylinder, will
twist spirally round that centre from the movement
of drawing and twisting, and will produce a zigzag
on being flattened.”

The cane represented by Fig. 43, No. 3, is the
production of this labor.

Let us now study the means the glass-makers of’
Murano wmust have employed in the manufacture ot
vases of design, colored inside either by simple latti-
cinio or by filigree. And sitce we have already bor-
rowed so much from others, we will now quote the
words of an archaologist whose labors have made
him an authority in science, M. J. Labarte, who thus
describes this manufacture :—

“ When the workman 1is in possession cf canes of
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colored filigree and transparent colorless glass, he can
proceed thus in the manufacture of vases. He ar-
ranges circularly around an interior partition in a
cylindrical mould of metal or crucible earth, of what-
ever height he requires, as many canes as are neces-
sary to form a circle which shall exactly cover this
partition. These canes are fixed at the bottom of the
mould by means of a little soft earth spread over it.
He may choose them of many colors and of many
patterns, presenting as many different filigree com-
binations ; he may alternate them or separate them
at intervals by canes of transparent colorless glass.
The canes being thus arranged, are heated near the
glass oven, and when they are susceptible of being
touched by hot glass, the workman takes with his
blow-pipe a little transparent colorless glass to make
a small globe, which he introduces into the empty
space left by the circle of canes that cover the par-
tition in the mould; he blows again to cause the
canes to adhere to the globe, and takes the whole out
of the mould. The assistant workman immediately
Places a band of glass in a soft state over the colored
or filigree canes which have thus become the exterior
surface of this eylindrical mass, in order to fix them
more firmly on the globe. The whole being thus
arranged at the end of the blow-pipe, the workman
takes it to the side hole of the oven in order to soften
it, to cause all the parts to adhere together, and to
give it an elasticity which would make it yield easily
to the action of blowing. Then he rolls it on the






CHAPTER XX.
MILLEFIORI, OR PAPER WEIGHTS.

Every one knows these paper weights of solid
colorless glass in a hemispherical shape, in the centre
of which are bouquets, portraits, and even watches
and barometers, etc., etc., but few persons know how
or by what means these things are incarcerated in the
centre of the glass.

There is a great distinction to be made, not merely
between the objects, but also between the materials
of which they are composed.

As those representing flowers and bouquets in
glass—those from which the name is derived—are
the most ancient and the best known, we will begin
with them.

The first thing to be done is to sort and arrange
a certain quantity of small glass tubes of different
colors in the cavities of a thick molten disc, disposing
them according to the object to be represented. This
done, the tubes are enclosed between two layers of
glass: to do this they begin by placing on one side
~f the disc which contains the tubes a layer of crys-
tal, to which the tubes soon became attached. When
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this is done the disc is removed and a second layer of
crystal is placed on the opposite side.

The object being placed in the centre between
these two layers of glass thus soldered together, it
becomes necessary to give the ball its hemispherica)
form, which is done, when the crystal is again heated,
by wmeans of a concave spatula of moistened wood.
It then only remains to anneal it and to polish it on
the wheel.

That a glase ornament, being covered with alayer
of hot glass, chould rececive no injury or change of
color, may be easily understood from its extremely
refractory nature; but it is not the same with objects
in metal, such as watches, barometers, etc., which a
far less degree of heat would oxidize or even en-
tirely destroy. The mode of manufacture, therefore,
of these latter objects is quite different from that of
the first. It is easy to prove this. If we look at a
paper weight, provided the interior be of glass, the
apper and under part of the recipient will be also of
glass. If we now examine a paper weight contain-
ing a watch or barometer, under the lower part of the
ball will be found a piece of green cloth, the use of
which is to keep in place the objects which, instead
of only forming one body with the covering of glasr
which surrounds them, are only placed in a cavity
made beforehand in the centre of the half-spherical
ball. In a word, to take out the glass ornaments it
would be necessary to break the paper weight, whilst
to take out the others it would suffice to take off the
cloth. :






CHAPTER XXI.
GLASSES OF OLOOKS ANDI WATCHES.

Waron glasses are distinguished as ordinary and
concave glasses.

Ordinary glasses.—After having allowed a glass
globe (containing the bases potash and lime) pre-
viously blown, to cool, the workman cuts with a dia-
mond, guided by a glass which serves as a model, as
many segments as the circumference of the globe can
furnish. The rounds, when separated from the globe,
receive by means of the grindstone the circular bevel-
ling which allows the glass to enter and remain in the
bezil. These glasses, as they are usually very bulging,
car only be used for thick watches.

COencave glasses.—Obtained by exactly the same
process as the preceding, the concave glasses intended
for flat watches are made from a globe of much finer
glass (glass or erystal containing oxide of lead), and
require extra labor to diminish their too great con-
cavity. To attain this result each round of glass is
placed on a cylinder, the upper part of which is
shaped as a much flattened globe. When exposed to
the heat of the reverberatory furnace, they take ex-









CHAPTER XXIili.
SOLUBLE GLAsS.*

ReapErs, confess that there are certain moments
in life when human carelessness is sufliciently revolt-
ing to become a crime.

Which of us has not a hundred times deplored
the disastrous as well as rapid effects occasioned by
fire? Sometimes it is a theatre that burns and buries
part of the spectators, imprisoning them in the midst
of the flames; and at another, and this misfortune is,
alas! very frequent, it is a young girl who, filled with
delight at going to a ball, throws a last look before
starting at her mirror ; a spark falls on her dress, the
flame rises, envelops her, and the poor child, a short
time before thinking only of joy and happincss, soon
dies in dreadful anguish.

Every one knows of these deplorable events and
laments them, and yet no one does what is necessary
to render themn, if not impossible, at least extremely
rare.

* Jolubility is the property of a body to dissolve in boiling water or
any other liquid.
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By what mcans, it will be said, can you pretend
to prevent fires ¢

If man, alasi does not possess this power, he af
all events has that of neutralizing the intensity of the
flame, which, excited by the wind, increases disasters
a hundredfold ; and this means consists in employing
the soluble glass invented in 1825, by Dr. Fnsch, of
Munich, and by him named water-glass.

To appreciate the importance of this discovery,
and understand by what means soluble glass prevents
flame, it is sufficient to recall the fact that to enable
all vegetable matters, wood, wearing apparel, paper,
ete., to jflame, the conjunction of two conditions s
required ; a high temperature and contact with the
air that furnishes the oxygen necessary for their trans
formation into water and carbonic acid. Suppress
the contact with the air by means of soluble glass,
and these materials will become red hot, will slowly
carbonize, but will never burst into flaraes.

The physical fact established, it only remains to
show of what soluble glass consists, and what is the
method of its employment prescribed by the German
dector.

Soluble glass is obtained by melting in a refrac-
tory crucible a mixture of ten parts of potash, fifteen
parts of quartz finely pulverized, and one part of
charcoai powder. When it is melted, the glass is
cast; it is afterwards pulverized and treated with
four or five times its weight of boiling water. A
golution is thus obtuined which applied to other
bodies dries rapidly on contact with the air.
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Let skilful workmen take up this idea and perfect
it, and above all let the good semse of the public
adopt it, and we shall then have one plague the less
to fear.

The word perfection which we have just pro-
nounced, naturally implying the idea of a defect, le
us see what, according to M. Péligot, is that in the
soluble glass.

‘A material, even a very fine one such as gauze
cr muslin, plunged in a weak solution of silicate of
potash and dried, loses the property of burning with
a flame. The organic matter, covered with a net-
work of fusible mineral substance, blackens and car-
bonizes as if it were heated in a retort preserved from
contact with the air, but it does not flame. It may
consequently be understood of what importance such
a preservative against fire must be. But without
speaking of the carelessness generally felt about pre-
gervation from a possible danger, its employment pre-
sents several inconveniences. The alkaline reaction
of the soluble glass often changes the colors of mate-
rials or paintings, and as the substance is always
rather deliquescent, the materials, although dried,
attract the humidity of the air, remain more or less
damp, and obstinately retain the dust. Thus after
numerous trials it has been fonnd necessary to give
up its employment as a means of preserving from fire
the decorations of theatres, hangings, materials for
dresses, ete.”

After such an authoritative recognition of the






CHAPTER XXIV.

FALSE PEARLS.

HISTORICAL.

Avrtrouen false pearls were manufactured in
Egypt at least fifteen centuries before our era, the
manufacture seems to have remained stationary there
for a long time; for the first Latin author who men-
tions it is Petronius,* who, in his Satyricon (Chap.
67), puts the following words in the mouth of Haben-
nas: “You tormented me to make me buy you those
glass trinkets (two earrings). Most assuredly if I had
a daughter I should have her ears cut off.”

Do these words mean earrings made of false
pearls, or merely rings of blown glass?

The text not being sufficiently precise to allow a
judgment to be formed, we only give the words of °
the Latin author for what they are worth, seeking
elsewhere the means of fixing in a more precise and
logical manner the probable period of the introduc-
tion of false pearls at Rome.

* Petronius, a Latin author who died in the year 66 of our era.
16
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If the manufacture of a false article is only car-
ried on while it is the imitation of an object of value,
the origin of false pearls at Rome must be carried
back to the period when the taste for fine pearls be-
came general ; and Pliny indicates this in the most
precise manner.

These are his words (Book xxxvii. Chap. 6): It
was this conquest by Pompeius Magnus that first
introduced so general a taste for pearls and precious
stones.”

Before continuing we must be allowed to insert a
ghort parenthesis. Why, it will be asked, do you
gpeak to us of precious stones and a hundred other
things perhaps, when the question is only of pearls?
To this we reply, that fearing to falsify or at least to
alter the text by quoting detached sentences, we give
the author’s own words, hoping that, if all the objects
mentioned do not come absolutely within our subject,
we shall gain the advantage of having respected the
text, and the reader a pleasure which cannot be en-
joyed every day, that of being present at the return
of a victorious army into the eternal city.

Acquitted by our natural jury, at least we hope
80, let us resume, “sans peur et sans reproche,” the
text of the Latin historian.

“It was this conquest by Pompeins Magnus that
first introduced so general a taste for pearls and pre-
cious stones ; just as the victories gained by L. Scipio
and Cn. Manlius had first turned the public opinion
to chased silver, Attalic tissues, and banqueting-
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| couches decorated with bronze; and the conquests

of L. Mummius had brought Corinthian bronzes and
pictures into notice.

“To prove more fully that this was the case, ]
will here give the very words of the public registers
with reference to the trinmphs of Pompeins Magnus.
On the occasion of this third triumph, over the pirates
and over the kings and nations of Asia and Pontus
that have been already enumerated in the seventh
book of this work, M. Piso and M. Messala being
consuls (in the year of Rome 693), on the day before
the calends of October (30th Sept.), the anniversary
of his birth, he displayed in publi¢, with its pieces, a
chess-board made of two precious stones, three feet in
width by two in length (and to leave no doubt that
the resources of nature do become exhausted, for no
precious stones are to be found at the present day at
all approaching such dimensions as these, I will add
that there was upon this board a moon of solid gold,
thirty pounds in weight) ; three banqueting-couches
ornamented with pe‘ulb ; vases of gold and precious
stones decorating nine buffets ; th1 ee golden statues
of Minerva, Mars, and Apollo; thirty-three tiaras of
pearls; a square meountain of gold, with stags upon
it, lions, and all kinds of fruit, and surrounded with
a vine of gold; as also a cabinet adorned with pearls,
with an horologe upon the top.

¢ There was a likeness also in pearls of Pompeius
himself, his noble countenance, with the hair thrown
back from the forehead, delighting the eye. Yes, I
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say, those frank features, so venerated throughout all
nations, were here displayed in pearls ; the severity
of our ancient manners being thus subdued, and the
display being more the triumph of luxury than the
trimmph of conquest.”

The anathema launched by Pliny against the ex-
cessive lnxury of PPompey’s portrait, did not prevent
the taste for pearls from spreading in Rome, if not
amongst the citizens, who were not rich enough to
pay for such a faney, at all events at the court of cer-
tain of the emperors. First we see Caligula, who,
not contented with wearing shoes decorated with
pearls, and having the collars of his horse /ncitatus
adorned with them, also composed for his private use
a liquor made of pearls of the greatest price dissolved
in vinegar; and aftterwards Nero, who decorated with
fine pearls his sceptre, his couches, and the masks of
actors.®

The silence of ancient authors on false pearls only
allowing us to conjecture their use amongst the infe-
rior classes, which in all ages have considered them-
selves obliged to imitate cheaply the luxury of the
bigher circles ; we must abandon those remote times
and-come directly to Venice, where we shall find, if
not the origin, at least the mention of an industry
the first productions of which are lost in the night of
time,

The first mention of false pearls is in the year

* Pliny, Book xxxvii. Chap. 6.
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1318 ; and according to M. Lazari,* ¢ the manufac-
turers, called by the name of paternoster-makers and
pearl-inakers, were established either at Venice or at
. Murano. and already formed a sufficiently numerous
society to be regulated about the commencement of
the same year by a special statute.”

Although this manufacture already produced im-
mense profits to the Republic by the exportation of
its works to the East and to barbarous countiies, we
cannot but believe that it had not yet attained its
greatest height; for the same author adds: ¢ The
fabrication of false pearls by the enameller’s lamp
renders the name of Andrea Vidaore immortal, as to
him is owing, in 1528, the perfecting, if not the re-
invention of them.”

Although these two words, re¢invention, referring
doubtless to ancient manufacture, and perfecting,
both applied to Vidaore, and the two dates 1318 and
1528, are all that we can discover about the history
of the false pearls of Venice, a still greater ignorance
prevails as to the mode of their manufacture, for not
a single author, as far as we know, says a single word
about it.

It is this gap that we shall endeavor to fill up.

MANUFACTURE OF FALSE PEARLS.

The workroom of the pearl-blower is most simple.
It is composed of the small table about a yard in

* Notizia delle opere d'arte e d’antichitd della racolta Correr. Ve
nezia, 1859,
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length, on which is placed a lamp with a large wick.
This lamyp, fed either with oil or lard, gives a long
jet of flame blown by a pair of bellows under the
table, which are put in motion with the foot.

On this table are placed tubes of hollow glass of
two kinds, some of common glass, which serve for
the manufacture of common pearls; the others, of
a slightly iridescent tint, approaching opal, are only
employed for the finer pearls, designated in com-
merce oriental pearls.

The secret of the composition of this latter glass,
due to the researches of M. Pierrelot, a chemist who
died a few years ago, now belongs to the firm of
Valez and Co.

The first material being known, let us now seek
to understand by what means from a tube of hollow
glass, in every respect like those which children use
as pea-shooters, the makers succeed, without using
any mould,* in making pearls of all sorts, from the
most common to those which in shape and opales-
cence imitate perfectly the most splendid pearls of
the East.

The blower seated at his table has his lamp before
him, and at his right hand are placed tubes of about
} of an inch in diameter and one foot in length. The
thickness of the tube to be employed being necessa-

* The only exception to this is for the pearls called fluted, which
must be done in a mould. As they are now out of fashion we shall say
nothing more about their manufacture, which belongs more to the sub-
ject of blown and moulded glasses.
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rily in proportion to the size of the pearls to be made,
the first labor of the blower is to draw out the tube,
that is to say, to increase its length by diminishing
its thickness.

When the tube is made of the size desired, he
breaks it in fragments of from four to six inches;
afterwards he takes one of these, and brings one end
of it to the lamp. As soon as the glass begins to
melt, he blows gently through the tube, which al-
though drawn out has always preserved its internal -
bore, and the air goon dilating the heated extremity,
a ball appears.

It is this ball that is to become a pearl, but it is
still only in a rudimentary state. Three operations
are necessary to make it a pearl.

1st. The piercing of two holes, for round pearls
intended to form a necklace; or of a single one if
they are round or pear-shaped, to be set either for
necklaces or earrings, or for buttons or pins, ete.

2nd. To give the form, round or pear-shaped.

3rd. The interior coloring.

The double piercing, indispensable for the cord to
pass through which unites the pearls and forms a
necklace, is done at the moment when the spherical
glass adhering to the tube is still ductile. The first
hole is made in the lower part of the pearl by the
breath only of the workman ; and the second is natu-
rally formed by the opening to the tube when the
pearl is separated from it by means of a light blow.

This work is required in the preparation of all
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beads; but before passing on, we would call the
attention of the reader, and especially of ladies, to
one kind, we mean oriental pearls, which as their
name indicates must be the most exact imitation pos-
sible of those produced by nature.

Although made in exaetly the same manner as the
most ordinary beads, these pearls are yet distin-
guished from them, not only by the employment of
opaleseent glass, but still more by the care the blower
takes in their formation, as well as by the different
coloring they receive in the interior.

As for the shape, every one knows how rare it i«
to find a pearl without defeet; and defects not in
material but in form, and still more in color.*

The work of the blower being, as we have s»id,
to imitate nature as much as possible, his talent con-
sists not only in destroying the exaet regularity ob-
tained by the blowing, but also in producing on the
false pearl the defects usnally found in natural ones.
This work requires mueh practiee, and is only the
fruit of long observation. The good blower, the
artist, should be sufficiently acquainted with natural
pearls to execute on his own only the defects which

* A gingle example will suffice to show how difficult it is to find
many pearls almost alike in form and tint. The pearl necklace helong-
ing to the Empress of the French is only composed of thirty-three
pearls, and in order to complete this limited number, it is scarccly pos.
sible to believe, that after having chosen from amongst all the ost
perfect ones French merchants could offer, it was necessary '»> hava
recourse to those of England {
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may increase the value of his work by skilfully pre-
pared reflections. To obtain this important result,
the blower, profiting by the moment when the pearl
still adheres to the tube, takes a very small iron
palctte, with which he strikes lightly certain parts of
the still malleable pearl; and it is only by this last
operation, which places here a protuberance, therc a
flattening, both almost imperceptible, that he suc-
ceeds in producing a pearl which, losing its mathe-
matical regularity, becomes the perfect imitation of
nature.

There the work of the blower ceases; for it is
then that the pearls which, it should be remarked,
are still only objects in colorless glass, are to pass
into the hands of workwomen charged to color each
of them. But before dismissing the blower, we must
be allowed to go a little into statistics. The reader,
however, need not be alarmed: we shall be very
brief. We merely wish to say that a good workman
can make three hundred pearls in a day, and is paid
from two ghillings to two and sixpence the hundred.

COLORING OF FALSE PEARLS.

STORY OF JACQUIN.

Although the work of coloring of which we are
about to speak is the same for all pearls, it will be
easily understood that since pearls are divided'into
ordinary and oriental pearls, it is necessary to have
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two sets of work-people. This labor is gencrally en-
trosted to women ; some specially employed in color-
ing the common, and others the finer pearls.

We shall only occupy ourselves with the work of
the latter, whieh, we repeat, merely differs from that
of the other from its greater finish.

Each workwoman has before her a series of small
compartments, containing altogether several thonsand
pearls, arranged so that each of them should present
the side having the orifice pierced by the blower.

Before introducing the coloring substance, which
would be too easily detached from the glass if it were
not by some means more firmly fixed, every pearl has
to receive inside a very light coating of a glue which
is perfectly colorless, being made from parchment.
This layer being equally spread over the interior of
every pearl, the workwoman takes advantage of the
moment when the glue is still damp, and begins the
work of coloring, properly so called.

Before detailing the method of coloring as it is
done now, we must take one retrospective step, which
will prove that if, following the progressive march of
so many other manufactures, the coloring of pearls
has undergone a striking improvement, it is to a
Frenchman that it is owing.

Reader, I could tell it you in two words, but a
descendant of the fortunate inventor, I should say
Jinder, having related to me the legend, which he
had heard from his father, who had also received it
from his father, who, ete., ete., I ask your permission
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to tell it to you as it was related to me, assuring you
beforehand that if it differs from the version usually
received, it is merely in certain family particulars
which do not affect seriously the historical authen-
ticity of the narration.

Amongst the paternoster-makers and pearl-makers,
who as we know formed in the last century one of
the numerous trade-corporations established in the
good city of Paris, was Maitre Jacquin. An intelli-
gent man, of exemplary probity, and renowned
everywhere for the elegance of his necklaces and ear-
rings of false pearls, he had attracted to his shop all
the women of fashion in the court and town.

Possessing a gable over the street, a chest filled
with good crowns, a most prosperous trade, having
an only son who was going to marry demoiselle Ur-
sula, the danghter of his friend and neighbor the
apothecary, he had everything to make him happy ;
and yet Maitre Jacquin was far from happy. It was
a strange, inexplicable thing! His melancholy, un-
like that of merchants generally, increased in propor-
tion as he became rich; in short, the more he sold,
the more full of care did he become. His son even
remembered having heard him say these alarming

words one day, when he had just sold a complete set
" of false pearls to dame Roberte de Pincelicu, his son’s
godmother: “To her also! . . . infamous man that
Tam! . . . My God! grant at least that this erime
be the last!”

Astounded at these sinister words, his son was
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seeking a favorable opportunity to obtain a dreadful
confession from his father, when suddenly joy and
gayety returncd to the face of the old man, who giv-
ing free course to his delight, constantly repeated as
he rubbed his hands » “ Ah! France has at last gone
to war with Flanders. Long live the king! for,
thanks to him, no one I hope will think for a long
time of buying necklaces and earrings.”

Such an anticommereial speech would certainly
have induced the son to believe that Jacquin had
gone out of his mind, if the approach of his marriage
had left him any other thought than of his coming
happiness.

Everything was going on well in the house (sell-
ing alone excepted), when an event very slight in ap-
pearance was on the point of overthrowing his con-
templated happiness.

Profiting by the moment when all the principal
relations assembled at his house were signing the
marriage contract of his son, Maitre Jacquin, ad-
dressing himself to Ursula, said :

“ Come here, my darling, and let us talk of some
thing more agreeable, for you have no doubt noticed
that in your contract they only speak of death ; that
is what they call expectations. Well, in six days you
are to be married at the church of Saint-Nicolas dn
Chardonnet. As therc will be a fine and numerous
company, I wish, my darling, that youn should appear
handsonely dressed, as suits the condition of the twa
families. Tell me then, my daughter, what gift would
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please you the most ; speak without fear; for, there
is nothing I would not grant to the wife of my much-
loved son, I give you my word.”

“Well, my dear father,” replied Ursula, “now
that I have the honor of entering yonr family, there
16 ouly one thing I wish for. Give me one of those
pretty necklaces that you make so charmingly.”

At these words a cold perspiration covered the
forchead of the old man which had a short while be-
fore been so radiant. He stood as if spell-bound, not
being able even to pronounce the yes that Ursula was
expecting with downcast eyes ; and who knows how
cither would have extricated themselves from this
embarrassing position, if by a fortunate chance the
relations, who had all signed the contract, had not
broken the silence by insisting on an immediate de-
parture on account of the late hour of the night.
And indeed eight o’clock had just struck on the clock
ot St. Nicolas.

Left alone in his house, the poor paternoster-maker
passed the night in thinking by what means he might
reconcile the promise, made so formally to Ursula,
with the moral impossibility he felt of fulfilling it
without committing a fresh crime. Secarcely had the
day dawned, when Jaequin, who, as may be ima-
gined, had discovered nothing yet, finding himself
more tired than a gold-fish which has swum for twelve
consecutive hours around its glass bowl without
changing its direction, went out, hoping that the
change of air would open a new horizon to his imagi-
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nation. Like all men running after an idea, his first
thought being to flee all inundane distractions, he
turned towards the banks of the Seine, which he fol-
lowed by chance.

If the body was awake, the mind, alas! still
slept ; for having arrived after two hours’ walking at
the place where the bridge of Asniéres now stands
and notwithstanding his frequent invocations, ad-
dressed alternately to God, to his patron saint, and to
his good angel, the poor Jacquin was no further ad-
vanced than when he left Paris.

Harassed with fatigue, but still more desperate, hie
was perhaps thinking of making a resolution of break-
ing off his son’s marriage, if Miss Ursula persisted in
demanding the necklace, pusitively promised by him,
when, oh prodigy! there appears suddenly on the
water a mass of iridescent matter giving the reflec-
tions of the finest eastern pearls—it was what Le
sought.

If he had known Greek our pearl-maker would
assuredly have repeated the famous word eurcka,
pronounced by Archimedes on discovering the theory
of the circumscribed cylinder; but as he knew no
more of Archimedes than of Greek, he contented
himself with calling a fisherman and making him
throw his net over a considerable quantity of fishes ;
for what in his astonishment he had taken for an inert
mass, was nothing else than a kind of little fish
known under the name of bleak. To receive them
from the fisherman, take them home to his laboratory,
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take off their seales and make them into a paste, were
his sole occupations until the evening. The day had
scarcely appeared ere Jaequin, who in his delight had
not closed his eyes during the night, hastened to de-
scend to his laboratory. Oh misery! This paste,
yesterday so brilliant, so silvery, to-day is only a sort
of black glue. Certainly any other than our pearl-
maker would have gone mad after such a disappoint- -
ment ; but he was a man of sense, and instead of
wasting his time in despair he went to the ehemist,
who advised him to replace the simple water which
he had used to triturate the scales by ammonia.

This adviee was followed, and three days after-
wards Jacquin, who, thanks to science, had at last
found the composition he had sought so long, radiant
and satisfied, fastened round the neck of Ursula the
most beautiful necklace that had ever left his shop.

A few words will explain the just apprehensions
of Maitre Jacquin and the importanee of his discov-
ery, which only dates from the year 1686. It is
enough to say that if the use of false pearls now pre-
sents no danger, from the coloring matter being per-
fectly harmless, it was not certainly the case formerly,
since their coloring was effected by means of quick-
silver, the deleterious emanations of which must have
brought grave disorders into the economy of the
human frame.

Now that we know the substances employed in
the manufacture of false pearls, and also that the in-
terior coloring is obtained by means of a paste made
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with the scales of bleak, let us take up the subject
where we had dropped it, that is to say, at the mo-
ment when the parchinent glue, still damp, is waiting
for the workwomen to add the coloring matter, and
let us see in what this fresh work consists, which, as
we shall see, requires great skill added to extreme
rapidity of execution.

After having again taken up the thin and hollow
tube, and soaking it in the bleak paste, the work-
woman introduces a certain quantity into each of the
pearls by her breath; and would yon know how
many she must do in a day to enable her to earn the
moderate sum of from two and sevenpence to three
and fourpence? Forty thonsand! For every thou-
sand glued and filled with the paste is only paid at
the rate of about one penny.

Colored beads are done in exactly the same way,
but instead of the bleak paste, a paste of the color
desired is blown into them.

For certain other beads or chaplet grains which
are not obtained by blowing, we refer the reader to
the article on tubes.



CHAPTER XXYV.
ON OPTICAL GLASSBES.

Tae following is the definition given by M. Bou
tet de Monvel * of optical instruments. “ The name
of optical instruments is given to the instruments des-
tined to aid our sight, too imperfect to enable us to
distinguish clearly all the details of an object which
is either very minute, although within the limits of
distinet vision ; or is at an enormous distance from
the eye, although of very considerable dimensions.

“Indeed, in both cases, the apparent diameter of
the whole object being very small, the secondary axes
passing through two different points of that object
form an extremely small angle. The points where
the rays strike the retina are then so near each other
that they affect the same nerve, and then tle sensa-
tions are no longer distinct; or else if the points
where the rays fall affect different nerves, there is a
confusion in the sensations, because the vibration
given at a certain point must spread to a certain dis-
tance around that point; and then if the points are
very near each other there would be superposition of

* Cours de physique, page 869, Librairie Hachette.
17
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the two zones affected by the vibration, however nar-
row they may be supposed to be.

“ Optical instruments, by a well understood appli-
cation of different systems of lenses or mirrors, will
‘remedy this inconvenience by substituting for a dircct
view of the object, sometimes that of a real and mag-
nified image of that object, received on a screer
where the eye may study the details, at the distance
of distinct sight, under a much greater visual angle;
sometimes that of a virtual image seen at the distance
of distinct sight, and with an apparent diameter much
greater than that of the object placed at the same
distance ; sometimes, lastly, the view of a real image
of the object.”

After such a lucid definition of optical instru-
ments, it only remains for us to solicit the reader’s
indulgence while we speak of a subject which we
should have preferred to see treated by a more learned
pen than our own. But if “noblesse oblige,” work
obliges also, and it is in the name of this obligation
that we shall endeavor to show the reader the impor-
tant part played by glass in almost every science, but
especially in opties,* which only exists through its
medium,

Although general opinion may be almost unani-
mous in denying to the ancients the important dis-
covery of optics, we must ask leave to make two quo-
tations which would tend to prove the contrary. The
Chinese chronology of P. Gaubil tells us that the

* From the Greek fem. adj. optiké,



ON OPTICAL GLASSES, 259

Emperor Chan, 2283 s.c., had recourse to an optical
instrument to observe the planets;* and Sir David
Brewster announces that there was found amongst
the ruins of Nineveh a crystal lens that had belonged
to an optical instrument.+

Supported by these two isolated facts, we may
add a consideration at least admissible, if it be not
materially convincing. Is it probable that glass-
makers so skilful in all the productions of the glass
manufacture should not have been led by chance—if
their knowledge of optics may not be admitted—to
perceive that a biconvex glass, that is to say, one
with its centre thicker on each side than at the edges,
has the property of magnifying objccts ¢

If they did not know magnifying lenses, we have
yet to learn by what factitious force that galaxy of
celebrated engravers of fine stones, both Greck and
Roman, could, by merely the power of their eyes,
obtain an execation so remarkable for finish, that in
order to appreciate all their delicacy, we moderns are
obliged to use magnifying glasses. We may perhaps
be told of those globes filled with water, of which
Seneca speaks (II. 1xxxiii.), which, when lighted from
behind, serve to magnify objects ; but, whilst recog-
nizing the services which these globes may render in
certain trades, that of shoemakers amongst cthers,
who still employ them, we persist in believing that
their magnifying power was ncither sufficientry pow-

* Echo du monde savant, April 8rd, 1835,
t Atheneum frangais, September 18th, 1852.
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erful, nor sufticiently clear, regular, and practical, 10
be utilized by artists. Althongh palpable proofs are
as yet wanting, it may be only a delay for the cause
of the ancients; for the rescarches undertaken a few
vears ago have already brought to light so many
objects, the knowledge of" which was refused to them
in past centuries, that there is nothing to indicate
that it will not be the same in optical glasses.

Leaving the cause of the ancients, it remains for
us to show the immense services that glass has ren-
dered and still renders to humanity, as well as to the
scicnces, which owe their progress to it; to make
known the name and method of manufacture em-
ployed in each of them ; and lastly, the reason for
the employment of one or more glasses in optical in-
struments. To attain this result, we shall often neg-
lect the external part of the instrument, which every
one is acqnainted with, and occupy ourselves exclu-
sively with the interior, for it is that alone which can
teach us the different use of each kind of glass.

But before going farther, and at the risk of being
unintelligible, we must say a word about light,* as
well as on its relation to optics.

What was light less than two hundred years ago ?
A vague, colorless thing, which every onc used with-
out troubling themselves in the slightest degree about
the different parts which might compose it; when the

* Light comes to us from the sun in eight minutes thirteen seconds.
To reach us it traverses in this short time 77,000 leagues.
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illustrious Newton,* more curious than the generality
of men, took it into his head to force light, which had
been left very quiet until then, to divulge its secrets
to him. He set to work then, and Europe soon
learned not only that light was decomposable, but
that it was composed of seven colors—red, orange,
yellow, green, blue, indigo, and violet.t

But how did he make this astonishing discovery ¢
How many enormous, complicated instruments was
he obliged to use? What shape were they? Do
they still exist, and can they be seen ?

Such, dear readers, are the questions I shall be
asked ; so I shall tell you at once that they do exist,
and that all the apparatus of machinery which your
imagination has conjured up was kept in Newton’s
pocket, for it was a simple little piece of glass, known
in optics by the name of prism.

As the prism played the principal, we may even
say the only part in the discovery, let us say a word
on its form, and pass afterwards to the explanation
of a phenomenon which every one can easily repeat
at home, so simple and easy is it.

THE PRISM.
In dioptrics} the name of prism is given to a

* Sir Isaac Newton, born at Woolsthorpe (Lincoln), in 1642, died
in 1727,

t This phenomenon is termed dispersion.

} From the Greek die, through, and optomai, to see. In its most
extended sense, the object of dioptrics is to consider and explain the
effects of the refraction of light when it passes through different we.
diums, such as air, water, glass, and especially lenses.
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transparent solid having the figure of a triangular
prisin, that is to say, whose two extremities form two
equal and parallel triangles, and whose three other
faces, which circumseribe the form, are highly pol-

V Violet. 7 Indigo. B Blue. V Green. J Yellow. O Orange. R Red.
Fiz. 45.—Solar Speetrum,

ished parallelograms. TFor the convenience of the
observer, the prism is generally adapted to a metallic
stand with a screw, allowing it to be placed at what-
ever height and inclination are desired.

To obtain this remarkable effect it requires a
totally dark room, only receiving light from a small
opening made in the shutter, some fractions of an
inch in diameter, by which a ray of the sun will pass,

called a pencil of solar light, S.
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Without a prism, this pencil falling directly on
the floor, S, will form a round white image ; but it a
prism of flint glass, P, be placed horizontally before
the opening, the scenc changes, for the pencil of light
on entering and leaving the prism is immrediatcly
refracted ¥ towards the base of the latter, and instead
of the colorless image which we had just now on the
floor, S, we see on a screen about five or six yards
distant  an image E, colored with the lovely hues of
the rainbow.

This image is called the solar spectrum. Seven
principal colors, as we have said, may be distin-
guished in it—red, orange, yellow, green, blue, indi-
go, and violet.

Light being decomposed into colored rays, it re-
mains to seek the means to reproduce it colorless,
such as it was before passing through the prism. If
Euler } was the first who resolved the problem, Hall
and then Dollond created achromatism.§ which, de-
stroying in glasses the superfluous colors in light, only
allows those to be seen which are the colors of the
objects looked at.

* By refraction js meant the deviation experienced by the luminous
rays when they pass obliquely from one medium to another.

1 The refracting angle of the prism being of sixty degrees, the
screen on which the spectrum is reeeived should be from five to six
yards distant. Ganot, Physique, page 418.

1 Leonard Euler, a celebrated geometrician, born at Basle, 1707.
Although he became blind when fifty-nine, he coutinued to devote
himself to stuly. He died in 1783.

i § From a, without, and chroma, color,
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Achromatism is obtained by combining,
according to certain rules, two sorts of glass-
cs, one of crown glass the other of flint

B |4 glass, united or glued together.™

There are several means of decomposing

the solar spectrum and restoring the white

Fig. 40 color to light.  We will contine ourselves to
describing three.

The first consists in causing the solar spectrum to

pass through another prism of the sawe refracting

angle as the first, but turned in an opposite direction.

Fig. 47.--Recomposition of Light.

The second is by receiving the spectral line on a bi-
convex lens, behind wlich is placed a small screen
of pastcboard, which receives all the rays as white.
The third method consists in receiving on seven
small glass mirrors, with their faces quite parallel, the
seven colors of the spectrum (Fig. 47).
* These glasses are gummed together when hot by mears of a

transparent resin, called Canada balsam, a sort of turpentine of perfect
liquidity.
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The mirrors being suitably directed, the seven
reflected pencils are first made to fall on the ceiling,
80 as to form there seven distinct images, violet, indi-
go, blue, green, yellow, orange, and red. Then mov-
ing the mirrors in such a manner that the seven im-
ages come exactly over each other, a single image is
thus obtained, which is white.

COMPOSITION OF OPTICAL GLASS.

The glasses intended for optics, having necessarily
not only an exceptional transparence and limpidity,
but being also obliged to be of two different densities
in order to become achromatic, are, as we have just
said, flint glass (ordinary crystal containing lead),
and crown glass (sheet glass which in the process of
making takes the form of a crown).

FLINT GLASS.

According to M. Bontemps, the composition of
flint glass is—
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Although the casting of flint glass bears much
analogy to that of other glass, since it is made in pots
heated in the furnace, yet it requires such extra care,
so delicate, and difficult even to describe well, that
instead of giving either a mutilated extract from, or
a sort of disguised imitation of the work of M. Péli-
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got, we prefer, for the reader’s sake, to transcribe
here the words of this learned chemist.

“ The materials being choscn as pure as possible,
the melting is done in a eircular furnace, in the cen-
tre of which is the melting-pot eovered over.

“The pot having been heated separately in a spe-

Fig. 48, —Furnace for Optical Glasses.

cial furnace, it is introduced by the usual means into
the melting furnace equally heated. This operation
cools the oven and the pot ; they have to be reheated
before putting it into the furnace.

“The opening of the pot, provided with two cov-
ers to prevent the smoke from entering, is uncovered,
and the mixture is introduced by portions of from
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forty-five to ninety pounds. After eight or ten hours
the whole of the mixture is in the pot. It is heated
during four honrs, then the covers are taken off, and
the earthen cylinder, previously raised to a white
heat, is introduced into the pot. A horizontal bar
with a hook, resting on an iron roller, is introduced
into the cavity arranged in the top of the cylinder,
with which the first stirring is done, which serves to
vitrify it. At the end of three minutes the bar of
iron is brought to a white heat. It is taken out, the
edge of the cylinder is placed on the edge of the pot;
this cylinder floats, slightly inclined, on the vitreous
mass. The covers are again put on and the heating
is continued. Five hours afterwards it is again
stirred. The stirrings then succeed each other every
hour, only lasting the few minutes requisite to bring
an iron hook to a white heat. '
“ After six stirrings the oven is allowed to cool
during two hours, to allow the bubbles to rise which
have not yet done so; then it is heated to its maxi-
mum during five hours. The glass is very liquid,
and entirely free from bubbles. It is stirred without
cessation during two hours; immediately that one
hooked bar has become white hot it is replaced by
another. As care has been taken to stop up the grat-
ing below, the matter, when cooling, takes a certain
consistency, and when the stirring becomes difficult,
the cylinder is taken out of the crucible. It is
stopped up as well as the openings of the furnace.
After eight days the crucible is taken out ; it is then
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broken and separated with care from the flint glass,
which is usually found in a single mass. Parallel
polished faces are then made on the sides of this mass
in order to examine its interior, and see how it ought
to be attacked. It is then sawn in parallel sheets,
according to the defects it may present.

“ As for the fragments, they are made into disks
by heating them to the temperature neecessary to
mould them.”

CROWN GLASS.

According to M. Bontemps, a pot full of crown
glass requires—
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Although, as we see, the chemieal composition of
crown glass bears much rescmblance to that of win-
dow and mirror glass, its manufacture is quite differ-
ent ; for it may be remembered that glass for win-
dows or mirrors is made from glass c¢ylinders, which,
cut down lengthways, are flattened by being spread
on a table, whilst crown glass is made without any
flattening process, but by the merc movement of
rotation that is given it.

M. P. Debette * thus deseribes this method of

* Dictionnaire des arts et manufactures, article verre.
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manufacture : * The workinan takes a small quantity
of glass at the end of his pipe, which he muaintains
in its place by continually turning his tube until the
mass begins to congeal ; he then takes a fresh supply
of glass, and so on, until the end of the pipe is suffi-
ciently laden. As soon as he has the proper amount
of glass, lie rcheats it by introducing it into the oven
by the embrasure over the glass pot; then he blows
this mass and forms it by degrees into a large globe
le rcheats this globe, resting his tube on an iron sup-

Fig. 49.—Manufacture of Crown Glass.

port, and gives it a continual rotatory movement to
prevent the piece of glass from bending and falling
down on either side.

“ He afterwards flattens the side opposite the end
of the pipe (Fig. 49, No. 1), attaches a ponty to it,
and cuts the neck of the spheroid near the end of the
pipe (No. 2). The opening ot this neck is then en-
larged by means of a flat instrument which an assist-
ant introduces into the orifice and rests against the
sides, whilst the workman turns round the whole and
produces a truncated cone like a melon glass, He
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afterwards heats it again, and then placing the tube
horizontally on an iron bar, he gives it a very rapid
rotatory movement. By the centrifugal force the
bell increases in size, and becomes so flat as to resem-
ble a round table, being of almost uniform thickness
except at the centre. When the operation is finished
the workman carries the sheet of glass, still turning
it, to a flat space in the midst of hot ashes, places it
there horizontally, and by a slight blow detaches it
from his pipe. An assistant lifts it again with a fork,
and places it in the annealing oven in a vertical posi-
tion.

“ The glass thus prepared has in its centre a nut,
called the bull’s eye, producing a disagreeable effect.
If this nut is ¢nt out, panes of very small dimensions
only can be obtained, but possessing a perfect bril-
liancy that cannot be found to the same degree in the
glass made by the new process.”

SHAPES OF OPTICAL GLASSES.

The glasses employed in optics are divided into
three classes :

The plane lens, which allows objects to be seen in
their real form and dimensions.

The conver lens (with a bulging surface), which
magnifies them.

The concave lens (with a hollowed surface), which
diminishes them.

By combining spherical surfaces with each other,
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or with flat surfaces, six species of lenses* 1aay be
formed, three of which are convergentt and three
divergent. The eonvex lenses give a great spherieal
aberration and refract light in the manner of prisins,
but this ineonvenience may be remedied by combin-
ing two sorts of glass, crown and flint glass.

It is by means of this union that it has been found
pussible to manufacture those achromatic glasses
which alone, as it has been said, show the images in
their true tints, without any mixture of foreign
colors.

The forms and use of two dissimilar glasses being
known, let us show by what means optical glasses are
obtained, which, whether they come from a thick
disk or from a simple glass plate, ean only become
optical lenses by means of a curvature, whieh is ob-
tained by wearing the glass away with moistened
emery on moulds or in copper basins.

M. Arthur Chevalier { will explain this manufac-
ture to us.

“The basin serves to make bulged or convex
glasses ; and the ball, hollow or concave ones.

“ Each tool represents a different radius of curva-

* The name of lens has been given to transparent mediums which,
owing to the curvature of their surface, have the property of causing
the luminous rays which traverse them to converge or diverge.

t By the word convergen? is understood the disposition of the rays
of luminous bodies which approach one another until they all unite in
one point. By divergent is understood, on the contrary, two rays which
go away from each other. i

$ Hygilne des yeuz, publisied 1862. Librairie Hachette.
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ture. In order to make the tool, the calibre is first
fixed by tracing on a copper plate a curve of a given
radius. Afterwards two cylinders, one concave, the
other convex, are cut out, which serve to manufac-
ture the basin or the ball.

“ The tool provided with a stem having a screw is

Basip Ball
Fig. 51

fixed on the lathe of the optician, either in a nut or
on a movable arbor, which can move round eircu-
larly.

“The fixed tool is used for glasses of a certain
diameter. Small glasses are done on the lathe, which
is a solid table unsually constructed of walnut wood.
On the left of the table is a vertical arbor supported
by bands and terminated bv a point which turns on
a pivot in a piece placed ad hoc.
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Ty this arbor is fixed a fly-wheel, and at its up-
per end a piece of iron, which, placed horizontally,
receives a wooden handle.

“ On the right of the lathe is an arbor resembling
the preceding one, and furnished with a pulley. The
fly-wheel and the pulley are united by a leathern
strap. The arbor with the pulley receives the tool.
By causing the arbor to turn to the left on its pivot
a circular motion is necessarily obtained, which turns
the tool. If the hand, sustained by a rest, presents
the glass to the surface of the tool, on which a wear-
ing substance (emery) has been placed, the effects
produced may be observed.”

As our aim is only to give here an idea of the
principal method of this manufacture, and not to fol-
low it in its numerous phases, we must refer the read-
er desirous of studying the question to the excellent
work published on the subject by M. A. Chevalier.

We have shown the chemical composition of op-
tical glasses, the different modes of their manufacture
and cutting ; we shall now endeavor to seek the ori-
gin of the principal optical instruments, and to show
their scientific importance.*

In order to proceed from the simple to the com-
plex, we shall begin by the instrumnent which offers
the fewest complications, and which, from its general

* For the instruments specially relating to phantasmagoria, etc., we
refer the reader to the Merveilles de Poptique, described by F. Marion.
Parig, Hachette.

18
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employment, can scarcely be considered an optica.
instrument properly so called.

All our readers will easily guess that we mean
spectacles.

SPECTACLES.

The origin of spectacles is, alas! involved in ob.
scurity ; for in no ancient author speaking of glass
and its numerous uses, is there a single word refer-
ring to the use of spectacles.

The most ancient document that we can quote
relating to spectacles, is dated in the year 1303, and
is to be found in the Grande Chirurgie, of Gui de
Chauliac. After having prescribed the use of certain
eye-salves, this author adds: If that does not suffice,
recourse must be had to spectacles.

The use of spectacles was known then in 1303.

Jerome Savonarola (1490), in a discourse on death,
informs us “that, as spectacles fell off, it was neces-
sary to put a small bar or hook to fix them, and pre-
vent them from falling.”

This is an indication of the first improvement.

An ancient Latin chronicle, formerly existing at
the convent of St. Catherine of Pisa, recorded that,
“ Brother Alexander of Spina, a good and modest
man, possessed the talent of copying every work that
he saw or that was described to him. He made spec-
tacles, the manufacture of which the inventor was
not willing to teach, and freely made known the pro-
cesses.”
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Thanks to Alexander of Spina, then, the employ-
ment of spectacles has spread ; but who was the in-
ventor? For we sce that Spina was only a ski'ful
copier. The Florence Illustrated, of Leopoldo del
Migliore, a celebrated Florentine antiquarian, raises
the veil and informs us that the first inventor of spec-
tacles was Signor Salvino Armato, which is confirmed
by the inseription on his tomb.

QUI GIACE
SALVINO D'ARMATO DEGLI ARMATI
DI FIRENZE
INVENTOR DEGLI OCCHIALI
DIO GILI PERDONIE A PECCATA
ANNO DMCCCXVII,

(Here lies Salvino Armato d’Armati of Florence,
inventor of spectacles. May God pardon his sins.
The year 1317.)

If the rcader wishes to study more thoroughly the
different changes and successive improvements in
spectaeles, he may consult with advantage the work
of M. Arthur Chevalier.

THE MAGNIFYING GLABS, .

If we are to believe certain authors, the inventor
of the magnifying glass as we know it, and which is
nothing else than a simple biconvex lens, did not live.
at a more remote period than the fourteenth cen-
tury ; * and it was to its magnifying power, which is

* See at page 259, what we have said abaut a lens found amongst
the ruins of Nineveh.
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fifty times its diameter, that Leuvenhoeck, Swammer
dam, and Lyonnet owed their success in their cele-
brated anatomical labors.

The magnifying glass always presents two great
inconveniences, especially for scientific purposes,
whether it is placed in the cavity of the eye or held
in the hand ; namely, the coloring of the outlines of
objects seen at a certain distance, and a continual
oscillation, due as much to the nervous movement of
the eye as to that of the hand.

Desiring to obviate these two defects, science in-
vented an instrument which not only destroyed at
once the spherical aberration and the movement of
oscillation, but also gave a very considerably in-
creased magnifying power. '

This instrument is known as the microscope.*

Before entering on this subject, we would call the
attention of the reader to the importance of micro-
scopes, which, as we shall see, offer the greatest and
most wonderful results, not only to science but also
to manufacture.

Holding it a point of honor to bring forward
nothing but positive facts, it is necessary to say be-
forehand that the examples quoted by us, however
extraordinary they may appear, have been faithfully
taken from the gravest documents, collected by the
researches of scientific men.

Four sorts of microscopes are known :

* From the Greek mikros, small, and skopeo, I look.
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The simple microscope ;

The compound microscope ;
The solar microscope ;

The photo-electric microscope ;

SIMPLE MICROSCOPE.

The simple microscope
is composed of omne or
several convergent lenses
placed over each other,
which, acting like a single
one, give a real image of
the object straight and
magnified.

This lens, which is
placed in the lower part
of the eye-piece, bas be-
low it the stage for the
object, which contains,
either between two glasses or on a single one, the
object to be observed. DBeneath it, and in order that
the object may be better lighted, a small concave and
movable mirror is adapted, which reflects, whilst it
increases, the light on the object.

A simple microscope may magnify the object
clearly to a hundred and twenty times its diame-
ter.®

Fig. 52.— Simple Micioscope.

* Ganot, Traité élémentaire de physique, page 429, no. 463.
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THE COMPOUND MICROSCOPE.

If it is not known who was the inventor of the
simple microseope, which is yet a very simple inven-
tion, as we have already seen, since it was only neces-
sary to place a magnifying glass in a fixed stand—it
is not the same with the compound microscope. Two
inventors, both Dutch, claim the honor of the first
idea of it—one of them, Cornelius Drebbel, who con-
ceived the idea in 1572 ; the other, Zachary Jansen,
who preseuted his in 1590 to the archduke of Aus-
tria, Charles Albert.

This first essay, we speak of that of Jansen, was
not happy ; for, notwithstanding the great length of
his microscope (it measured two yards in length), the
savants could scarcely magnify objects to more than
one hundred and fifty to two hundred times their
diameter, and then in a diffuse manner.

This attempt, not having fulfilled the object hoped
for, remained forgotten until two hundred years later,
when John Dollond, an English optician, taking up
the idea of Jansen, applied the laws of achromatism
which he had just discovered to the microscope, and
the result of this was, as we have just said, to correct
that aberration of refrangibility which was the prin-
cipal defect of the instrument of Jansen.

Now that we know the history of the compound
microscope, let us see what is its external form,
of what it is composed, and what effects it pro-
duces.
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It is unnecessary to say that the
componnd mieroscope has the form
of a round and perpendicular tube,
the upper part of which can be
raised or lowered at will, by the
help of a screw, E, which by bring-
ing the eye mnearer to, or farther
from the object, allows the observer
to obtain more or less magnifying
power. In the lower part is an-
other screw, A, serving to give the
desired inclination to the little mir-
ror which, placed under the object
stage, 13 a concave reflector, the re-
flected rays from which increase the |
power of the light. At the upper ¢ -
end of the microscope is the eye Fig. 53.
lens, which, corresponding to the C°pound Microscope.
object, much smaller than it, is placed in the small
cylinder near the object stage.

Under the direction of M. . Marion,* let us now
endeavor to understand the path of luminous rays.

“The object to be observed is placed on @, on a
sheet of glass called the object stage. A small con-
vergent lens, b, gives at ¢ d a real image, reversed
and amplified, of the object placed at- @. Another
larger convergent lens is placed at B, so that the eye
which looks through, instead of secing the image ¢ d
simply magnified by the first lens, sees in C D a vir-

* Biblioth>que des Merveilles 5 I Optique. Librairie Hachette,
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tual image magnified anew. The lens placed near
the object is called the object glass ; that placed near
the eye the eye-piecce. The magnifying power de-
pends especially on the object glass. DBy using three
lenses placed one over the other, the magnifying
power is much increased. Thanks to the progress
made in optics by modern opticians, the magnifying
power of the microscope has been carried to one
thousand eight hundred times the diameter of an
object. It is difficult to conceive such an increase

Fig. 54¢.—Progress of Luminous Rays.

for we must remember that to increase the diameter-
of an object one thousand eight hundred times, is to
increase its surface three million two hundred and
sixty thousand times! Consequently, such great en-
largements much diminish the distinctness of the out-
lines and the clearness of the images.

“In the majority of cases, and for analytical
studies, a good magnitying power does not exceed six
hundred times the diameter, that is to say, threc hun-
dred and sixty thousand times the real surface of the
object observed.”
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At these words, three hundred and sixty thou-
sand, which I repeat in writing in order to prove that
it is not a typographical error, I already hear some
of my readers call out at the exaggeration. There
are even some who would go so far as to tax with
presumption those scientific men who, in the opinion
of these critics, may with impunity place as many
figures as they like in a row, certain beforehand, that
through the impossibility of verifying their calcula-
tions, their word will have to be received.

Do not believe, dear reader, that scientific men,
who all descend in a direct line from St. Thomas, and
who certainly, even less than their ancestor, can be
reproached with credulity, ever advance a fact with-
out being in a position to prove it. This is the case
with the subject we are now upon. Knowing that it
is materially impossible to prove in the gross the
truth of an enlargement of three hundred and sixty
thousand times, they have invented an instrument
which renders the verification of the results of the
microscope extremely easy.

This instrument is termed the micrometer.*

THE MICROMETER.

As may be seen in the accompanying plate, this
instrument for attaining accuracy consists of a small
sheet of glass on which parallel lines are traced with
the diamond, at a distance of from 5} to 35k of an

* From the Greek mikros, small, and mefron, a measure.
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inch from one another. The micrometer is placed be-
fore the object glass, so that
instead of receiving the rays
which emerge from the eye-
piece, O, directly in the eye,
the observer receives them on
a sheet of glass with parallel
faces, L, inclined at an angle
of 45. Below the micrometer
is placed a scale, E, which is

Fig. 55.—Micrometer.  divided into twenty-fifths of an

inch. It is enough then to
count the divisions of the scale, which correspond to
a certain number of lines on the image, to know the
exact enlargement.

One example will suffice to explain this caleula-
tion, which is very easy to make. Let us suppose
that the image occupies 14 inches on the scale, whilst
it only covers fifteen lines on the micrometer. Sup-
posing that the intervals on the latter be 545 of an
inch, the absolute size of the object will be 315 ;
and as the image is 1% indles, the enlargement will
be the quotient of 14 l)y , or 300. The enlarge-
ment being known, it is eas) to deduce from it the
absolute size of the objects placed before the object
glass. Indeed, the enlargement being the quotient
of the size of the image by the size of the object, it
follows that, to have the size of the latter, we have
only to divide the size of the image by the enlarge-
ment.
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Now that, owing to the mathematical precision of
the micrometer, the most extraordinary results of the
microscope cannot be disputed, we must be allowed,
by borrowing the elegant pen of M. L. Figuier,* to
give the reader some idea of the numerous marvels
for the knowledge of which we are indebted to the
microscope.

‘“ Applied to a multitude of natural objects, the
microscope charms our eyes, astonishes our minds,
and delights our imagination, before the marvellous
constructions which it reveals to us in organic bodies.
A small fragment of the grass of our meadows, the
most imperceptible eye of an insect, submitted to the
action of this admirable instrument, reveals to us a
whole new world filled with activity and life. A
drop of water taken from a stream filled with decay-
ing vegetable substance or organic matter in a state
of decomposition, teems, when looked at through the
microscope, with myriads of living beings, with crea-
tures having each a separate organisation, and accom-
plishing their physiological functions like the larger
animals which are known to us.

“The revelation of this invisible world, which the
ancients did not know,t is an additional motive for us
moderns to admire the omnipotence of the Creator.

* Les Grandes Inventions Anciennee et Modernes, page 155, Paris,
Hachette, 1861.

+ Notwithstanding the authority of M. Louis Figuier, we must still
express the doubt we feel as to the ignorance of the ancients. See

page 259,



284 WONDERS OF GLASS-MAKING.

“In the sciences properly so called, the applica-
tions of the microscope are numerous. Chemists em-
ploy this instrument to discover the crystals which
render certain liquids opaline or mnacreous, to study
their forms, and distinguish them from other analo
gous substances. In the hands of the physician it
may serve to discover certain diseases by the mere
inspection of the vital liquids, the blood, the milk,
the urine, the mucus, the saliva, ete. It also serves
to make evident the numerous falsifications to which
thread, silk, wool, etc., are exposed, as well as ali-
mentary matters, such as starch and flour. It also
serves to measure the smallest bodies. In this man
ner it has been discovered that the globules of blood
are only 3¢5y of an inch in diameter.*

“Jt will doubtless much surprise our readers, and
inspire them with great admiration for science, when
we inform them that by certain mechanical meaus a
thousand lines of division have been made in the
small space contained in the twenty-fifth of an inch.
When we look through the microscope at this minute

* In confirmation of M. Figuier’s words, we think it will be inter-
esting to give a quotation here from Dr. Francis Roussin, professor of
chemistry at the time of the case of Philippe (from the newspaper La
Liberté, June 28th, 1866): ‘“ Blood is composed of solid particles and
of water. The water disappears, but there remain concave globules
of a fixed diameter. Observation through a microscope makes apparent
white globules, which are less resistant than the red; besides, in the
stain of blood there are regular fibrines, It is by these three character-
istics that the chemist recognizes the presence of blood in stuffs or
other objects.”
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scale, thus divided into a thousand equal parts, each
of the divisions may be clearly seen.” ¥

To add to these different phenomena described by
M. L. Figuier, and to conclude the marvels of the
microscope, we cannot do better than mention a
rather new discovery which is inserted in a memoir
read at the Académie des Sciences (1866), by M.
Athanase Dupré.

Would you know, dear reader, how many mole-
cules there may be in a drop of water? M. Dupré
has proved that a cube of water, visible only with a
powerful microscope, contains more than a hundred
and twenty-five thousand millions of molecules. The
consequence of this enormous figure is, that in a cube
of 5% of an inch, there would be found more than a
hundred and twenty-five quintillions.

Let us thank M. Dupré for having kindly omitted
the fractions. 7

Befure concluding the wonders of the microscope,
which wonders, however, we might easily multiply,
there is one thing to which we would invite the read-
er’s special attention, because, as it destroys the only
defect of the microscope, it has become its almost in-
dispensable accompaniment.

Indeed, although the microscope has the power
of magnifying objects to such a degree that it opens
to our observation a whole world which the visual
organs would not perceive without its aid, it must be
recognized that the enlargement obtained escapes us

* See page 282, what has been said on the micrometer,
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as soon as our eye is no longer applied to the eye-
piece. From this arises the impossibility of preserv.
ing the result, the complete and real figuring otz
magnified object, which being only compared with
our remembrances, becomes consequently fugitive,
doubtful, and always erroneous.

Amongst the intelligent discoveries due to the
MM. Nachet, opticians, there is one which enters too
much into our subject for us not to mention the revo-
lution it has introduced into microscopic observa-
tions.

Alone, as we have just said, the microscope only
offers a passing image, incapable of being fixed ;

., thanks to the Nachet prism (camera lucida), the

alargement given by the microscope, the infinite de-
cails of form which it presents to the sight, are placed
on paper by the observer’s own hand.

We give the reader the few lines that the MM.
Nachet have kindly sent us on the effect of their
prism adapted to the microscope.

“This apparatus, which may be termed a camera
lucida, consists of a glass prism, A, B, C, D, of an
almost rhomboid shape. To the face A, C, there is
applied, by means of a transparent matter, a small
prism, E, constructed and placed in such a manner
that one of its faces is parallel to the face A, B, so
that the rays leaving the eye-piece, O, of the micro-
scope may reach the eye placed at I without under-
going any refraction, just as if one looked throngh a
sheet of glass with parallel surfaces. Now if we
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' place a pencil, F, under the face B, D, its image re-
flected by that face will be sent on the face A, C, and
- rcflected it will reach the cye, which at the
 same time perceives the object seen in the micro-
 scope. The two impressions being superimposed in
the eye, nothing is easier than to follow the outlines
on the paper placed under the projection of the sur-
face B, D, at a distance equal to that of distinet vis-
ion. To be able to trace an image which only exists
in the eye, it is enough for the pencil to be sufficient-

e
1N
il

]

Flg. 56.—Camera Lucida.

"1y well lighted and for the point to be clearly per-
ceived by the retina already impressed by the out-
lines of the objects intended to be represented. Then,
without removing the eye from the eye-piece of the
microscope, it is only necessary to follow.”
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After such a clear description of the effects of the
prism, we have only to recommend its adoption by
all who possess microscopes ; for if the enlargement
given by microscopes enables us to study and admire
in the smallest details the varied and curious forms
of infinitely small creatures, let us not forget that it
is by means of the prism alone that we can obtain an
exact and durable copy.

The marvels of the compound microscope, as well
as the means of controlling them, being made known,
we have now to speak of the solar microscope, as well
as of that denominated the photo-electric microscope ;
but before doing so, and without leaving our subject,
we may be allowed to say a word on that old-fash-
ioned plaything, that delight of the children of for-
mer days, which was called the magic lantern.

Readers, let not your manly dignity revolt at
these words of plaything and magic lantern. Our
intention, if you will believe it, is not to oblige you
to look at the sun and moon and the usual things de-
scribed by the showman, but only to demonstrate the
influence of the poor, mean, and abandoned play-
thing, which, perfected in 1675 by the celebrated
Jesuit Kircher, is the point of departure, the almost
complete type, and even the mother, if we may so
say, of the two serious microscopes which remain to
be studied.

THE MAGIC LANTERN.

The box of the lantern, constructed of tin, eon-
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tains in the interior a lamp with a concave reflector
of polished metal. Opposite this reflector is a tube
composed of two parts, one of which is movable, C,
D, and goes into the other. The extremity of the
tube is provided with a plano-convex lens or half
ball, ¢, whilst in the other is a biconvex lens, d.

Each glass slide, representing one or several sub-
_]ects painted in very transparent colors, is inserted
into the groove b b.

ENSSSSSSSSANSSN\
Fig. 57.—Magic Lantern.

It will be understood that, fromn the rays of the
lamp being directly concentrated on the lens ¢, a very
vivid light is thrown on the glass slides, the painted
objects on which are thus rendered visible on the
white sheet, P, Q, fixed to the wall, and the more so
as this is placed in a room in almost total darkness.

The white sheet on which the objects appear
being immovable, since, as we have just said, it is
spread on the wall, means had to be found to vary

19
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the distance and the size of the image: this effect is
obtained by inserting the second part of a tube more
or less deeply into the first, which is fixed.

As at no period of history, even the most ancient,
have men been seen walking on their heads, trees
with their roots in the air, or animals trotting on
their backs, the exhibitor destroys this unsuitable
effect by putting in the slide upside down. Reversed
by the laws of optics, the subject will then be seen
in a natural position.*

Let us now show the points of resemblance be-
tween the magic lantern and the microscope.

THE SOLAR MICROSCOPE.

The solar microscope, invented in 1740, by Lie-
berkuhn, is, as its name indicates, lighted by the rays
of the sun, which replace the lamp of the magic lan-
tern.
Placed like the magic lantern, in a totally dark
room, the solar rays are obtained by fitting the micro-
scope into a window provided with a wooden shutter,
in which a very small opening has been arranged
corresponding to the lens placed in the tube. Out-
side the window is a mirror, which receives the solar
rays and reflects themn on to a convergent lens; from
that they pass to a second lens, which forms a focus
and concentrates them.

The object to be examined is placed between twc
sheets of glass, united by means of a spring.

* This observation applies to all microscopical labors.
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Notwithstanding the phenomena it exhibits, and
of which we shall presently say a few words, the
solar microscope is attended with several incon-
veniences. The first of these arises from the con-
stant movement of the light from the sun, which,
notwithstanding the inclination given to the mirror

Fig. 58.—Solar M icroscope.

hy means of a screw, frequently does not permit an
operation to be completed. The second is the con-
centration of such an intense heat on the object that
it speedily becomes changed.

This last defect is remedied in part oy placing
before the object a layer of water saturated with
alum ; this substance, being a non-conductor of heat,
allows the light to pass without the heat.

Having mentioned the defects inherent to the in-
strument we should be ungrateful if we did not
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mention some of the wonders it produces. Its power
is so great that, with its aid, it has become possible to
observe the cirenlation of the blood in the tails of
tadpoles (the larvee of the frog), as well as in the legs
of frogs, the animalculee—invisible to the naked eye
—to be found in vinegar, in paste made of flour, in
water, and lastly the crystallization of salts.

PIIOTO-ELEQTRIC MICROSCOPE.*

The construction and the results of this new mi-
croscope being precisely the same as those of the
solar microscope, of which we have just spoken, we
have only to speak of the manner in which it is
lighted.

The lucidity with which the learned M. Ganotf
has treated a inatter of some d]ﬁiculty, induces us to
employ his own words:

“ The photo-electric microscope is merely a solar
microscope which is illuminated by electric light in-
stead of by the sun. This light, by its intensity, by
the fixity which may be given it, and by the facility
with which it may be procured at any hour of the
day, is far preferable to the use of the solar light.

“ MM. Foucault and Donné first conceived the
idea of the photo-electric microscope.

“On a rectangular box of yellow copper is fixed
externally a solar microscope, similar in every respect

* From the Greek phéds, phétos, light.
t Cours de physique, page 457.
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to that described above. In the interior there are
two charcoal rods which do not guite touch, the in-

Fig. 59.—Photo-Electric Microscope.

terval between them corresponding e}'{ac’dy to the
axis of the lenses of the microscope. The electricity
of a strong pile is brought by a copper wirc to the
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first piece of charcoal ; from this it passes to the sec-
ond, which, in consequence, must at first touch the
other; afterwards they are separated a little, the elec-
tricity being sufficiently conducted by the vaporized
charcoal. Lastly, from the upper charcoal, the elec-
tricity rejoins, by a metallic column, the second cop-
per wire, which brings it back to the pile.

“ This done, during the passage of the electricity
the extremities of the two pieces of charcoal become
incandescent, and give out a light of the greatest
brilliancy, which illuminates the microscope very
strongly. For this there is placed in the interior of
the tube a convergent lens, the principal focus of
which corresponds to the interval between the two
pieces of charcoal. So that the luminous rays which
enter the tubes are parallel to their axis, and every-
thing then going on as in an ordinary solar micro-
scope, there is formed on the screen, at a greater or
less distance, a highly-magnified image of small ob-
jects placed between two sheets of glass at the end
of the tube. In the accompanying plate (Fig. 59)
the object figured on the screen is the acarus of the
itch.”

ASTRONOMICAL TELESCOPE. s

After what we have already said (p. 259), both
of the optical glasses found amongst the remains of
Nineveh and of the glass with which, according to
Chinese chronology, the Emperor Chan (who lived
about the year 2283 B.0.) used to observe the stars,
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must we not conclude that astronomical glasses go
back to an indefinite period ?

Far be it from us, certainly, to think of establish-
ing the slightest comparison between the glass of his
Majesty Chan and those which now leave the work-
rooms of Lerebours and Secretan; but we always
consider it a duty to assign to the ancients the just
acknowledgments for what we owe to them, although
this was possibly only an improvement on a previous

Fig. 60.— Astronomical Telescope.—Interior.

invention, tor we must not forget the words of Eccle-
siastes : “ There is no new thing under the sun. Is
there anything whereof it may be said, See, this is
new? It hath been already of old time, which was
before us.”

Now that mention has been made of the ancients,
and it being an impossibility to reconstruct, even in
thought, the glass of his Chinese Majesty, we shall
come immediately to that used at the present day by
scientific men, and of which the celebrated German
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astronomer, Kepler,* must be regarded as the in-
ventor.

The astronomical glass, destined specially, as its
name indicates, for the observation of the stars, pre-
gents the greatest similarity to the microscope: like
the microscope, it is only composed of a convergent
object glass and eye-lens.

From this similarity in internal arrangement, it
results that the astronomical glass presents the same
inconvenience as the microscope, which consists in
giving a reversed image.

This reversing, which certainly would be an im-
mense defect if it concerned terrestrial things, such
as houses, trees, and people, is no disadvantage in
astronomical labors, which only observe bodies of a
circular form.

Wishing doubtless to prove La Fontaine in the
right when he says,

“On a souvent besoin d’un plus petit que soi,”

our glass, so large in itself, and whose power of. mag-
nifying is from a thousand to twelve hundred times,
is notwithstanding incomplete without the addition
of three accessories, which, although small in com-
parison with its size, yet play, as we shall see, an im-
portant part in its application, which they complete.

The first of these is termed a cross wire. It is
composed of a small metallic plate having the form

* John Kepler, born at Weil (Wittemberg), in 1571, died at Ratis
bon, 1631,
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of a wheel hollowed in its centre, and bearing twe
very fine threads of metal or silk in the shape of a
Cross.

The cross wire is placed at the exact spot where
the reversed image given by the object glass is pro-
duced, and the point where the threads cross must be

Fig. 61.—Astronomical Telescope.

on the optical axis of the glass, which thus becomes
the line of sight.

This instrument is employed when the astronomer
wishes to measure with precision the distance of stars,
their zenith distance, their ascension, or their passage
over the meridian.

The second, still more simple, and which is only
employed in examining the sum, is composed of a
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black glass, which, placed in a ring adapted to the
eye-piece, dims the rays sufficiently to prevent the
too dazzling light from injuring the sight of the ob
server.

The third is that little glass placed by the side of
the greater one, and whose object it is difficult to un-
derstand, convinced as we must be, that by its small
dimensions it cannot pretend to give the same results
as the larger one on which it is fixed. If we may be
allowed the comparison, we shall say that this small
glass, termed a jfinder, renders the astronomer the
same service that the dog renders the sportsman, for
it, like the dog, finds and points.

The immensity of the field open to the eye of the
observer in the astronomical glass being the more
restricted according to the magnifying power ob-
tained, there naturally results a certain difficulty in
finding, in the immensity of the sky, the stars sought
for. To obviate this labor and to shorten the search,
the finder has been invented, which, having a far
lower magnifying power, contains consequently a
much larger space.

The point sought for being found by means of the
Jinder, it is only necessary to bring the star into the
direction of the axis of the finder, in order that it
may be at the same time the field of the glass; and
this is the easier as the optical axes of the two glasses
are parallel.
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THE REFLECTING TELESCOPE.

Although the reflecting telescope,* the invention
of which was posterior to that of the refracting, is,
like the instrument last described, specially conse-
crated to the study of the stars, there yet exists such
a difference between them in internal construetion,
that they constitute, so to speak, two different instru-
ments. Indeed, if in the astronomical refracting
telescope the objects are magnified by mere refraction
through lenses, in the reflecting telescope the same
effect is obtained by means of curved metallic mir-
rors; an invention which, as it is said, must be attrib-
uted to the Rev. Father Zeucchi.

There are three kinds of reflecting telescopes :

The telescppe of Gregory ;t

Of Sir Isaac Newton ; }

And lastly that of Sir William Herschel.§

Gregory’s telescope, invented about 1650, is com-
posed of a long copper tube, one of the extremities
of which is closed by a large mirror which is metal-
lic, polished and concave, and has in its centre a cir-
cular opening, allowing the rays of light to pass
through to the eye-lens. At the other extremity is a
second concave mirror, of the same metal.

To Gregory’s telescope succeeded that of Newton
(1672), which differs from the former in that the great
mirror is not pierced, and that the small one on which

* From the tele, at a distance, skopeo, I look.
+ Born at New Aberdeen (in Scotland), 1636, died 1675.

1 Born at Woolsthorpe (Lincoln), 1642, died 1727,
§ Bor» in Hanover, 1738, died 1822.
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it reflects the light is inclined laterally towards an
eye-piece placed at the side of the tube of the tele-
scope. It was abandoned for some time because of

Fig. 62.—Gregorian Telescope.

the difficulty of preparing large metallic surfaces, and
only came into favor again when a skilful French
physician, M. Foucault, had not only discovered the
method of silvering glass mirrors without destroying
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their polish, but also of substituting a rectangular
prism for the small plane mirror.

The few lines that M. Louis Figuier has devoted
to Herschel’s telescope ¥ are so interesting, that we
do not hesitate to quote his words :

¢ The astronomer Sir William Herschel, who lived
at the end of the last century, contributed much, by
the gigantic dimensions of the telescopes he con-
structed, to spread a knowledge of that instrument
amongst the people, whose imagination was struck
by their size.

¢ Herschel was neither destined nor prepared by
his position to embrace the career of astronomical
labors: he was a simple musician. A telescope fell
accidentally into his hands. Delighted with the
wonders which the heavens offered to his view,
thanks to this optical instrument, he was seized with
a great enthusiasm for celestial observation. The
telescope that he first used was only of a low magni-
fying power ; he endeavored soon to procure one of
greater dimensions. But the price of the new instru-
ment was too high for the purse of a simple amateur.
Herschel, however, did not lose courage ; the instru-
ment that he could not buy he constructed himself.
ITe had thus become a mathematician, workman, and
optician, In 1781, he had inade more than four hun-
dred reflecting mirrors for telescopes.

“The powerful telescopes of Herschel consisted

* Les Grandes Inventions Anciennes et Modernes, page 146. Li
brairie ITachette,
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of a metallic mirror placed at the bottom of a large
copper or wooden tube, slightly inclined, so as to
throw the highly magnified and very luminous image
of a star at the edge of the orifice of the tube, where
he examined it by the help of a magnifying glass,
that is to say, suppressing the second mirror em-
ployed by Gregory, which necessarily implies a loss
by that second reflection on the small mirror.

“The greatest telescope used by Herschel was
formed with a mirror of more than four feet in dia-
meter. The tube was forty feet in length, and the ob-
server stood at its extremity, with a strong lens in his
hand, to look at the image. The magnifying power
could be carried to six thousand times the diameter
of the object observed. In order to give the tele-
scope the suitable inclination for each observation,
Herschel erected an immense apparatus of masts,
cords, and pulleys. The whole construction rested
on rollers, and it could be moved altogether by the
help of a windlass. The observer stood on a plat-
form suspended from the orifice of the tube. Her-
schel, however, rarely used this immense telescope ;
there were only a hundred hours in the year during
which, under the foggy sky of England, the air was
sufficiently clear to employ this instrument success-
fully.

“In our own days, Lord Rosse has constructed a
still more powerful and enormous telescope than that
of Herschel. The mirror of Lord Rosse’s telescope
weighs 8380 lbs., and the tube 14,529 lbs.
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“We must say, however, that since the beginning
of the present century, the use'of the reflecting tele-
scope has been abandoned in France as a means of
celestial observation. In the observation of the stars,
astronomers now usually employ refracting instru-
ments, that is to say—

THE TERRESTRIAL TELESCOPE.

This glass only differs from the astronomical glass
by the addition of two convergent lenses, which,
placed between the object glass and the eye-piece,
turn the objects round and show them to our eyes as
they are in nature.

This addition being the only difference which ex-
ists between the two glasses, we shall, in order to
avoid useless repetitions, come at once to the history
of the terrestrial telescope.

To whom is the discovery of this instrument to
be attributed ? It is certainly rather difficult to de-
cide, for there are several claimants for the honor.
The first in date is Roger Bacon, that English monk
who was surnamed the admirable, and died about
1294 ; then the Dutchman, James Metius, who died
in 1575 ; and lastly the Neapolitan, J. B. Porta, who
died in 1615.

In this uncertainty, deprived as we are of the
smallest evidence proving the right of either of the
claimants, we are doubtful which side to take, when
six lines of the fable of Les Voleurs et U Ane gives
us a fresh ~hoice :—
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“Pour un ine enlevé deux voleurs se battaient:
L’un voulait le garder, l'autre voulait le vendre,
Tandis que coups de poing trottaient,

Et que nos champions songeaient i se défendre,

Arrive un troisi¢me larron,
Qui saisit maitre Aliboron.”

If the reader will kindly mentally replace the
odious word woleur by savant, that of dne by sublime
tnvention, and we, like La Fontaine, shall also pre-
sent not a third, but a fourth competitor, who, com-
ing armed with the authority of an old Dutch legend,
will once more show us that the reflection of man
often takes a less important part than chance in some
of the greatest discoveries, and that without chance,
to quote again from La Fontaine, “il n’est pas de
science.”

According to this legend, John Lippershey, a skil-
ful optician of Middelbourg, received a stranger in
his shop one day, who ordered two glasses from him,
one concave, the other convex.

The day to deliver them having arrived, and Lip-
pershey, full of his art, was lovingly admiring the
works of his hands. In this he was certainly right,
for he had never perhaps fashioned glasses of a more
limpid material or more irreproachable cutting. He
looked upon them as masterpieces. So, in his artistic
joy, he amused himself with looking at them on
every side, sometimes bringing them together, and
sometimes separating them from each other. Sud-
denly he stops. By what miracle has the parish
stecple, which a moment ago he could scarcely dis-
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tinguish, suddenly come close to him? How does it
happen that his two children, playing at such a dis-
tance that he could scarcely see them just now, lLe
can now see as distinctly as if they were at his side 1
Are his glasses enchanted? Certainly at that period
many would have believed it ; but Maitre Lippershey
was too practical a man ever to admit that the devil,
in spite of his power of transformation, could slip be-
tween two glasses. So he began to seek for the rea-
son; and soon, what so many persons would have
taken for a supernatural thing, became for him the
natural consequence of the position which accidental-
ly he had given to his two glasses.

Immediately he had a tube made, placed the two
glasses in it, and the telescope was invented. Desir-
ing, as a good Dutchman who understands business,
to insure the exclusive property of his discovery,
Lippershey in 1606 addressed to the States-General
of Holland the demand for an exclusive privilege for
thirty years, which was granted him, on the condi-
tion, however, that he should adapt to his glass a
second tube, which should allow beth eyes to look
through it.

Whether this last condition was observed we do
not know, but in any case we find in this reserve of
the States the indication and perhaps the origin of
our binocular glasses.

Three years had scarcely elapsed since the inven-
tion, when the telescopes of Lippershey made their
appearance in Paris. The proof of this is found in

20
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these terms in the journal of L’Estoile (Vol. IIL. p.
251): “On Thursday, the 80th of April, 1609, hav-
ing crossed the bridge Marchand, I stopped at an
optician’s, who was showing to several persons glass-
es newly invented and used. These glasses are com-
posed of a tube about a foot long. At each end there
is a glass, but they are not alike; they are used to
see objects clearly whose distance renders them indis-
tinet. This glass is brought to one eye and the other
is closed ; and looking at the object that you wish to
see, it appears to come nearer and you see it distinct-
ly, 80 as to be able to recognize a person half a league
off. I was told that the invention was due to an
tptician of Middelbourg, in Zealand, and that last
tear he had made a present of two to the Prince
Maurice, with which oljects at from three to four
leagues’ distance might be seen clearly. This prince
sent them to the council of the United Provinces,
which, as a recompense, gave three hundred erowns
to the inventor, on condition that he should not com-
municate his invention to others.”

GALILEO’S GLASS, OR OPERA GLASS.—BINOCULAR
GLASSES,

This glass—which was long termed Galileo’
glass,* either becanse it was believed to have been

* Galileo Galilei, born at Pisa, 1564, died 1642, The invention
of this glass is falsely attributed to him; the real author was Metzu
(1609). Galileo merely mproved it.
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invented by that genius, or perhaps because it was
by its aid that he discovered the
mountains in the moon, the satel-
lites of Jupiter, and the spots in the
sun—owing to its simplicity, bears
a very great resemblance to the as-
tronomical glass, as they are both
composed of only two lenses. The
sole difference between them, which
is yet an enormous one, is that the [
astronomical glass gives, as we have |
said, a reversed image. Galileo’s Jill
glass produces it rectified, being
composed of a divergent eye-lens
formed by a biconvex flint lens be-
tween two biconcave lenses, thus forming an achro-
matic system; and of a convergent object glass

7 7
2 s
-
Fig. 65.—Opera Glass,

Fig. €6.—Binocular Glass.

formed by a biconcave flint lens placed between two
biconvex lenses of crown glass, also producing an
achromatic svstem.






CHAPTER XXVI
LIGHTHOUSES,

Up to the present time we have been considering
glass only as a material intended to furnish objects
of daily use for all, and to supply the sciences with
the means of studying what nature hides from our
eyes. DBut glass has yet another application, so im-
portant that we cannot pass it over in silence. We
will now speak of the apparatus which under the
general nanme of lighthouses serves to guide mariners
in their course during the night, to point out rocks
and shoals, the mouths of rivers, or the entrance to
ports.

The services which lighthouses render to naviga-
tion could not escape the notice of the ancients;
therefore the lighthouse built on the Isle of Pharos
(a little island near the port of Alexandria) by Sos-
tratus of Cuidus, in the reign of Ptolemy Philadel-
phus, 470 years after the foundation of Rome, was
not only looked upon for a long time as a wonder,
but was named from the city where it had been built.
The Romans also were acquainted with the use of
lighthouses, for in 1643 there was still to be seen the



810 WONDERS OF GLASS-MAKING.

lighthouse which they had erected at Boulogne tc
gnide the ships across the Channel. These light-
Louses, very different from ours, and of a primitive
simplicity, were only composed of a wood fire, which,
placed on the top of the tower, burnt in the open
uir.

As we cannot say exactly how long this mode was
employed, we will point out, as briefly as possible,
the principal improvements which have been intro-
duced.

The first name we have to mention is that of
Borda,* who replaced the method employed before
his time, and of which we are ignorant, by lamps
with reflectors. This first step accomplished, and the
carcer of innovations being opened, other scientific
men introduced snccessively the fruits of their re-
searches, and soon lamps with reflectors were suc-
ceeded by those with a double dranght of air, invent-
ed by Ami Argant, which in their turn were replaced
by parabolic mirrors. Having attained this point of
. perfection, they thought there was nothing more to
discover, when Augustin Fresnel{ invented the sys-
tem of lighthouses having éckelun, or annular lenses.
This latter innovation being, with some improvements

* Borda, a celebrated French physician and sailor. Made many
researches on nautical art. He was born at Dax, in 1738, and died at
Paris, 1799.

t A learned French physician and engineer. He was horn at
Broglie (Eure), in 1788, and died in 1827, just when the Royal Society
of London had sent him the Rumford gold medal,
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in detail, the present condition of the science, we will
describe the structure, its site, its internal apparatus,
and its different classes.

Lighthouses, as every one knows, are concentrated
lights placed on a building erccted either on the main-
land ; on an isolated rock surrounded by the sea ; on
the top of a mountain, nke Cape Béarn, near Iort
Vendres ; or on a cliff, like Ailly, Fécamp, and La
Héve, on the shores of Normandy.

Each lighthouse is composed of a tower, generally
of a c¢ylindrical form. In the interior there is a stair-
case, the room with the lighting apparatus, the stores
containing the provision of oil destined to feed the
lantern, as well as water for the use of the keepers,
and lastly, the rooms provided for the engineers hav-
ing the charge of the edifice.

The height of the lighthouses, although always
considerable, varies according to the place where they
are erected. The highest lighthouse on the French
shores is that at Barfleur point, which is 233 fect
high ; Cordouan lighthouse, 207 feet (almost as high
as the towers of Notre Dame in Paris); the light-
houses at Dunkirk, 187 feet; at Calais, 167 feet; and
at Beleines (at the western point of the Ile de Ré),
164 feet. We must not forget to mention here the
lighthouse which was placed at the entrance of the
Champ de Mars during the Universal Exhibition of
1867. This lighthouse, which is 185 feet in height,
is destined for the isle of Roches Douvres, situated
between the isles of Brehat and Guernsey, and about
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thirty-one miles from the shores of Drittany. It 1s
furnished with twenty-four lenses, and the intensity
of its light is such that it is thrown to a distance of
twenty-eight miles. It has becn estimated that 2450
Carcel lamps at least would be required to obtain an
equal amount of light.

Having described the interior and exterior of the
lighthouse, we will ascend to the lantern and examine
the apparatus, which multiplies a hundred-fold the
light of the lamp placed in its centre. It is known
that by placing a luminous point at the principal
focus of a lenticular glass, a cylindrical pencil of par-
allel rays is produced behind the lens, which ean be
seen at a great distance; but to obtain the results
that were desired, many difficulties had to be encoun-
tered. First, the alinost impossibility of fabricating
lenses of sufficiently large dimensions; and after-
wards, when this was achieved, not only was their
weight enormous, but the thickness of their centre
was such that it absorbed the greater part of the
light. Then it was that Fresnel invented those annu-
lar lenses composed of a central glass of the usual
form, surrounded by a series of rings, not very deep,
so arranged as to have the same principal focus.

This apparatus for lighting is contained in a lan-
tern having glass of from a quarter to nearly half an
inch in thickness; and notwithstanding the resistance
they offer, these glasses are often broken by the sea-
birds, who dash themselves against the light.

Lighthouses are divided into four classes, each of
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which is intended for a special object. Those of the
first order, usually placed about thirty-four miles
from cach other, serve to indicate the shores, and to
cnable ships at sea to correct their reckoning (this
nautical word means the calculation of the daily
progress of a ship); those of the second and third
orders point out the shoals and bays; and lastly,
those of the fourth order mark the channels, the
mouths of rivers, and the entrance of harbors.

From this multiplicity of lights there would natu-
rally arise a very dangerous confusion, for if one indi-
cated a port another might point out a shoal; so to
avoid all confusion a ditfercnt light has been given to
each of the lighthouses. Some have fixed lights,
sending out their rays without interruption in every
direction ; others, and these are the most numerous,
have eclipses. Although the duration of the eclipse
and of the brilliancy varies according to the distance
of the observer, the time which separates one eclipse
from the following one being constantly the same, it
thus makes known the distinctive character of the
light. Others give a fixed light, alternated with pe-
riodical bursts of extreme brilliancy, which forms
another means of distinction. As here below every-
thing is born, lives, and disappears, to give place to
something new, several innovations have been recent-
ly proposed to give more power to lighthouses. One
adds to the light so many bells, that in case of a fog
ships would be preserved from the vicinity of the
coast ; another still more radical change, proposed by



316 WONDERS OF GLASS-MAKING.

the engineer Mr. Temple Humphrey, suppresses the
whole system of lighting, which is replaced by a sys-
tem of wheels and pistons, which, continually set in
movement by the water, whatever may be its level,
and driving the air violently through a narrow open-
ing, produce a most piercing whistle, never stopping
day or night. According to the inventor, the expense
of such an apparatus would be only about one-tenth
of the lighthouses, as well in construction and light-
ing as in keepers.

As we have just pronounced the word kecpers, we
must be allowed to conclude this article by an anec-
dote. The scene is at the commencement of the
present century, and the theatre represents the Eng-
lish lighthouse placed on the rocks of Smalls. One
winter was so stormy, that for four months the two
lighthouse keepers remained deprived of all inter-
course with the land. It was in vain that ships were
sent towards the rocks ; the furious sea always pre-
vented them from landing. One of them returned
one day bringing strange news; the crew had per-
ceived a man standing motionless in a corner of the
exterior gallery. Near him floated a signal of dis-
tress Dut was he living or dead? No one could
tell. Every evening eyes were turned anxiously
towards the lighthouse, to see if the light would ap-
pear, and every evening it was seen regularly; this
proved that there was still some one in the light-
house. But were both keepers alive, and if thera
were only one, which of the two had survived his
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comrade? It was known later. One evening a fish-
erman from Milford, who had succeeded in landing
in a moment of calm, brought back both the keepers
to Solway, but one of them was a corpse. The sur-
vivor had made a coffin for his dead comrade ; then
after having carried this coffin up to the outer gal-
lery, he had placed it upright, firmly fastened in one
corner. Left alone he had done good service, but
when he returned to land he was so much changed
- that his relations and friends could scarcely recognize
him. His statement was that his companion had
died from disease. He was believed ; but from that
moment three keepers were always placed in that
lighthouse instead of two, a wise precaution, which
has been adopted for all lighthouses placed in a simi-
lar situation.*

* See the book entitled Les Phares, by M, Renard, (Bibliothéque
les Merveilles.)



CHAPTER XXVIL
ARTIFICIAL EYES,

i~ the commencement of this rapid sketch of the
history of glass, we endeavored to call the reader’s
attention to the numerous services rendered by glass,
not only to domestic life and to the sciences, of which
it is the most powerful auxiliary, but also to human-
ity, whose infirmities it relieves by restoring exist-
erce, 50 to speak, to the failing organ of sight.

This last blessing has been proved in what we
1 ave said on spectacles, hut there is another human
infirmity much more cruel, for it is, alas! without a
remedy. It is of this that we have now to speak.

We have now to speak of the artificial eye, which
although it cannot restore life to the one it replaccs,
has, at least, the advantage of almost concealing its
loss from the eyes of others.

If we may believe history, artificial eyes, already
known and in use under Ptolemy Philadelphus, king
of Egypt, who came to the throne 885 B.c., were
divided into two classes.

The esblephari* and the hypoblephari.t

* From the Greek es, on, blepharon, eyelid,
$ From the Greek upo, under, blepharon, eyelid.
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The esblephari were formed of a circle of iron
which, passing ronnd the head, had at one of its ex-
tremities a thin sheet of mectal, covered with very fine
skin, on which was painted an eye with its eyelids
and lashes.

The esblephari then were nothing else than a kind
of small painted bandage, which concealed the cavity
of the lost eye. '

To this first attempt, still in a very rndimental
form, succeeded the Aypoblephari, which marked an
immense step in progress, and already bore some
likeness to the method now adopted.

The hiypoblephari, which, as their name indicates,
were no longer placed in the exterior of the eye, but
in the orbital cavity itself, were formed of a metallie
shell something like a walnut shell, on which was
painted, by the aid, doubtless, of some mordant, the
iris, the pupil, and the white of the eye.

A complete revolution had thus been effected ;
for kept in their place by the eyelids (as is now done),
and without any ecxterior support indicating their
presence, the only objection to the hypoblephari was
the weight of the metal and the constant fixity of the
look.

We know not how long their employment in this
form may have lasted, called, as they doubtless were,
gometimes by one name and sometimes by another.
For notwithstanding all the researches by which he
hoped to bind the present to the past, by quoting
glass eyes, which have also had their time of glory,
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M. Hazard Mirault, in his excellent work on the sub-
ject, passes without any transition from autiquity to
the year 1818, when he published his researches and
labors.

GLASS EYES.

As the comparison of the labors of past times
with those carried on in our own days is the only
method of appreciating the improvements introduced,
we shall indicate the method of manufacture of glass
eyes as it is described by M. Bax.*

“ The manufacture of glass eyes consists of three
operations: casting the glass lenses, grinding and pol-
ishing them, and painting them.

“In a flat box of cast iron, without joints and
only open on one side, is placed a movable tray of
the same metal, on which sceveral pieces of glass form-
ing lenses are laid, which are cut to the thickness and
size of the natural eye. When this work is com-
pleted, in order to avoid the glass adhering to the
tray from the heat, the tray is covered either with a
layer of dry white lead or of tine sand. The fire
being placed in the box, which replaces the oven, the
fusion of cach lens begins at its circumference, which
in sinking down becomes rounded ; and whilst the
upper face is thus rounded, the lower one is moulded
to the plane surface on which it rests. To this oper-
ation succeeds that of polishing, which is performed

* Inserted in the JManuel du Fabricant de Verre, by M. Julia de
Fontenille.  Roret, 1829, page 214,



ARTIFICIAL EYES. 321

on the plane surface, and is done by rubbing it on
even and wetted sandstone until the lenses, reduced
to a segment of a sphere, represent the interior seg-
ment of an eye cut perpendicularly at the iris. In
order to avoid a partial polishing, which would entail
great loss of time, the lenses are collected in a circle,
by solidifving them by means of a mixture of pitch
and plaster. When the polishing is terminated, it
only remains to remove the opacity of the glass, by
rubbing it at first on a board sprinkled with porphyr-
ized pumice-stone or of pewter, and lastly on a picce
of felt.” *

To this mannal labor succeeds what may almost
be termed the artist’s work, for it is to give life, so to
speak, to this inert eye by means of color. These
are the words of M. Bax on this important work:
“T take up with small pincers the lens I wish to
paint ; I present the convex face to a looking-glass
placed before me, consequently the flat side is turned
towards me. In the centre of this face I then place
a drop of black paint, which I extend until it has
attained the dimensions of the pupil that I wish to
represent. The looking-glass shows me when I have
come to that point. The pupil being dry, I color the
iris. The colors employed should be always pounded
with fresh linsced oil, as drying the most quickly.”

Such was the process announced as new in a work
published in 1829. A learned man, however, of

* Traité Pratique de P (il Artificiel. Paris, Duponcet, 1818, in
8vo,

21
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whom we have just spoken, M. Ilazard Mirault, had
already, in a work published in 1813, traced such
just and progressive rules for the manufacture, that
except for small modifications in detail, the manufac-
ture of artificial eyes has not made one step forward
in the space of halt a century.

However, this statu quo inay be easily understood,
from the fact of every manufacturer having as he
says a seeret, which he conceals, not only from his
companions, but from all the world, so much does he
fear to find a wolf in sheep’s clothing.

Notwithstanding this silence, preserved with so
much care, notwithstanding the refusals we have ex-
perienced, the veil has been drawn aside, owing to
the complaisance of a young manufacturer, the more
confiding as his works, fromn their perfection, fear no
rivalry. Thanks to M. Emile Pilon, then,* we can
initiate the rcader into secrets until now impenetra-
ble. Not only did he kindly show us his casket ad-
mitted to the Universal Exhibition, and explain to us
the method of manufacture, but he also made several
artificial eyes in our presence.

Readers, we are now about to tell you what we
heard with our own ears, and describe to you what

* As we have considered it a duty to quote the names of the
authors from whom we have quoted, we think it is only right to men.
tion those manufacturers who have kindly helped us by their advice.
And if merely the name of M. Pilon is found here, although he is not
the only maker of artificial eyes, our silence about the others is only
the natural consequence of their reserve to us,
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we saw with our cwn eyes. DBut before entering the
workroom of M. Pilon, let us give a definition of
what is now meant by artificial eyes.

ARTIFICIAL EYES,

The arthicial eye being only a light shell of
enamel without any precise form, since it has to be
suited to the different size of eyeballs, is placed under
the eyelid, and i3 composed of two parts; the one
exterior, which gives the colors of the iris, of the
sclerotica, as well as of the blood-vessels of the
healthy eye; the other interior, which, fitting into
and capping the stump, receives movement from it.

The manufacture of artificial cyes consists in three
very distinct operations.* Let us first represent the
artist seated at his table. DBefore him is a lamp, the
flame of which, blown by a bellows moved by the
foot, gives a pointed jet of the strength he desires,
and within reach of his hand are placed rods of
enamel of different colors. He begins by taking a
hollow tube of colorless erystal, one of the extremi-
ties of which, being soon melted by the fire of the
lamp, forms a ball when blown. As the color given
by the crystal has no resemblance to that of the scle-
rotica, usually called the white of the eye, his first
1abor is to color the ball in such a manner that it
‘may be of the same tint as the natural eye.

* It is a remarkable thing that artificial eyes, which require such

different sizes, yet always so exact, are made without the help of any
sort of mould, and only by the breath and the hand of the arcist.
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To attain this result, he applies to this ball enam-
els of different colors, which, amalgamating with that
of the crystal in a pasty state, gradually give it the
natural tint of the eye, which, as we all know, differs
in each individual.

This tint obtained, he makes a circular opening
in the centre of the ball, destined to receive the globe
of the eye.

When the hole is made the ball is put on one
side.

The following is the method followed in the prepa-
ration of the globe of the eye. The artist begins by
forming the iris, which is done by the use of several
amalgamated enamels. The iris finished, he places
in its centre a spot of black enamel; this is the pupil,
which he encircles with its areola; and he concludes
by drawing those inlinitely small fibres which are
found in the iris.

The globe of the eye being completed, it remains
now to place it in the centre of the ball. Nothing is
more simple. The hole made in the ball, which be-
comes the sclerotica, or white part of the eye, having
been calculated according to the size of the eye-globe,
it is placed in it and soldered by means of the lamp.

That done, and the artist’s finishing touch having
rectified the small imperfections of the whole work,
it only remains to pare this ball in order to obtain a
shell, which, softencd at the edges, may perfectly re-
semble the living eye with which it is to be placed.
not merely in form but also in color.
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After having lifted the veil with which the manu-
facture of artificial eyes has been covered, must we
conclude that there is no particular mystery for every
manufacturer? To require from them an absolute
frankness, while secrecy is permitted to all other
trades, would be such an injustice, that we cannot
blame the manufacturers of artificial eyes for keeping
their little sceret also, which consists in the composi-
tion of their enamels.

Each of them, persnaded that he alone possesses
the best formula producing the most limpid enamels,
whose color is most like that of nature, naturally
keeps his processes a secret.

We counld easily unveil them partially ; but be-
sides the fact that snch a description would not in
the least interest the reader, it is to be considered
that similar formule are, generally speaking, the re-
sult of laborions and often of very costly researches.
On this account they become in our opinion private
property, and consequently inviolable.

Since we can only speak here of M. Pilon, we
will call the reader’s attention to a real four de force
performed by that artist without a mould, end by
mere manual dexterity. Ile produces on a given
model an infinite number of eyes, so identical in
form, size, and color, that it is impossible to discover
the least distinction between the originals and copies.

Such multiplied studies and labors must have
their reward. M. Emile Pilon obtained at the Uni-
versal Exhibition of 1867 the highest reward adjudged
to this art.
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